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Abstract 

The food industry, which has been one of the key drivers of Thailand's economy for many 

decades, is a dynamic and always growing sector. Recent changes in the structure of the global 

market suggest that Thailand must operate strategic changes in order to diversify its economic 

activities to withstand greater worldwide competition. In the new global market, Thai 

companies will have to face more subsidies, non-traffic barriers, and stricter international food 

standards and regulations enforced by the buyer. The guarantee of the better quality and safety 

of food products for domestic and international market will be a key point in ensuring the future 

of the Thai agri-business sector. As technology is a factor to increase competitiveness, effort 

must be made to upgrade, develop and transfer new technologies to production lines. To 

promote sustainable growth of Thailand's agribusiness sector by developing safe and better 

quality food products, a multidisciplinary food safety and innovation project entitled 

"Innovations for the Improvement for the Food Safety and Food Quality For New Word 

Economy" has been initiated and include the following four areas: 

Project 1: Innovation of research and development of analytical methods and test kits. 

Project 2: Innovation of safe, healthy and nutritious food products. 

Project 3:.Innovation of quality assurance and quality control systems for safety of food 

products, 

Project 4: Knowledge and technology transfer. 
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I )  iAoRn~ini~douln~utYauiou!~~oJ"ido~m~uu i$u-lio%M"a-fl-nQTnclliiu iiaz i$u,i$u-l~i~o 

4QnlnTmlulon ria: RnlnmZ~iunwZm51'mCMd~~ndiaoon~inuo~w~ulud~Zuiaisu1ms~iu 

2) i d o ~ n ~ i ~ 1 r d o u l n ~ u h u n s ~ l s l ~ ~ n a o 3 n 1 n u ~ n 8 u ~ a m ~ 1 b ~ ~ n ~ a u i d o i m ~ u u 1 n a " o n ~ ~ n  

clriiiu"lI~snads6iia~ R n ~ i n i Z i ~ u n ~ ~ ~ ~ ~ ~ . n " ~ ~ n ~ ~ a ~ o n o ~ n u o ~ ~ ~ % ~ l u d ~ ~ u i ~ ~ ~ u ~ m ~ ~ ~ ~  



I 1  
4 4  Y rl. ~rnmmrdoui 2.2 ~ i i ~ ~ ~ d ~ n ~ ( ~ ~ f i 6 o 9 ~ 0 d ~ ~ 1 ~ ~ b i ~ ~ e a ~ i : 6 ~ o 9 a 1 s ~ ~ ~ ~ 1 b 8 ~ n ~  (Prebiotics) imzllo~$ 

8@tl$llGl0d6 (Antioxidants) 
4 W  d d  lnr  tms~~u~u~n~tnu1ulun1swiimn1~nn'n~1ne~"n~al~udrzi~~ln~lnul4i~nG~~1~ 
A . 4  4 d 

iou~.arimdociouna~uiuoiuo noiwudrz~n%mnlun1snn'nv~qiwaad1q7 s a u & a ~ r l d ~  ndu s n  ltaz 
d mmonqnaniq"anln& m~uiidaza~nvoq~mqgu ~nu~~diunrzu?un1riiunn1n~~8~uo1w1s~on 

n'~ldnlr~<n~1#t~n~?npI1o~6dJznoui~uiii~na1ui(u*u(u*uuinu"u r n u 1 r o i 1 ~ l 6 n u 1 u o i w 1 r d ~  

~G~diamz(functiona~ food) ~ ~ Y ~ O W R ~ ~ M U ~ I S I Q I ~ ~ ~ ~ ~ I I Z ~  n r ~ ~ n i ~ n i r ~ ~ ~ ~ u t ~ a r i ~ u y a e i ~ I X ~ u  

wa"msl'g.n" 

imqdrznqnido wii~~irnriAoinw'niifizwalol* lnulinnGnmcioulroJ'lun~rtiounaiu 
~4~ d iuoiuowa moiwudrr~n~rnn~unirnn"n6uo~1waa~1~q rauv&rnrlt% n i u  rn  iiazmronnqnamq 

a a2nlwodu7 i ~ ~ d m r n r i ~ d l ~ t ~ i ~ ? n ~ ~ ~ ~ ~ d s z n o u i ~ u i i a z ~ ' ~ n ~ ~ u o i n i r l ~ i ~ i d n a i u i ( u * u ~ u u ~ n d u  
cia 9 a' 

~ I ~ ~ I S ~ ~ ~ ' I ~ ~ ~ ~ W ~ ~ ~ ~ D I H ~ S W ~ ~ ~ I M ~ W W I ~  ~ ~ o M ~ ~ ~ ~ M M ~ I o I ~ ~ I s ~ ~ ~ ~ ~ I ~ ~  f l ~ n 2 n d 8 m ~ % # 4 l ~ i i a ~  

iw'uuad~lXn'u wiims7"ol.n" 

a1n~1u%i~lu0 2550 @~l#8nviimz~nta"onw"niiazwaldw"o~~u~da"nun1wlun1sw'oarui 
ua  9 4 B u d d w  duiiwdavoca1solwlr6u~ul~i~w1z ~ ~ w u ~ i ~ ~ ~ ~ a n ~ o l z ~ ~ u a i a z ~ n i r w ~ ~ ~ t ~ w i z ~ ~ u ~ ~ ~ w ~  

IuloZnlkiri nhunouiiazynn ri2u~aniud1X~iiazn1s~1uoon~in~u l k i 6  lui~uwou dfeiinq 

uzpu uzliac imumpd iiaziiKa&nrn~c iildQ~iuslo'ulu?I2ssi dl#inlnnrzu~un~si~dr~diiaz 

m ~ z d i n l n m ~ l u n 1 s n ~ " n o ~ n ~ ~ ~ ~ i ~ ~ a n 1 w 6 ~ o ~ a " m ~ Z ~ ~ ~ i a z ~ ~ n ~ a u i o 0 d l e l l o ~ "  T~udrzoouAau 

&moumsnk i~on~qZu  m s t A u o k q Z u l ~ f i n ~ i u n ~ ~ a A ~ u ~ i i a ~ o c ~ d r r n o ~ ~ ~ ~ ~ q  i n v ~ m r a z i  

muizaulumrn'ic1u6uo~i8u!elld u n z i n l n ~ ~ o l z ~ a w ~ z v o ~ n ~ s n n " n i ~ X  d~ainwamrnnao.rwui~ 

n~sl~oulrulunrzu~un~s~a"m~z~aud?ud~c~olmwuo.rn~rn~~ ri~ui6na1ronnqn~~142an1w 
I ,m& A im:mr&u'uoy yatnrr  d?udlc~ninvolziuo~ueJ'niiazdolnuu%n~si~u~~a~u~o~wiims7"oln~nnu4vu 



Cu mn&mFioc iduh  iia:ludszmnlnui~udszi~a~i~nisin~ms i~mp8umtnisinvmsu1nu1u 

m n ~ i n i i u ~ ~ u ? r i i j n i s i i ~ s ~ ~ ~ : ? # s ~ n i R i  u ~ i u 6 o ~ i i n q r n t n i s i n ~ m s ~ n i i 6 u u ~ i ~ ~ s E ~ i ~ o  lauigu 
A '  2 oiniri"nu.nao ~ ~ d ~ ~ ~ ~ # ~ ~ n ' l % ~ t a " H $ ~ l 9 ~ 1 ~ i ~ M ~ ~ i ~ ~ ~ ~ b ~ ~ : i d ~ ~ l ~ ~ R & ~ ~ ~ 1 ~ ~ ~ % ~ ~ ~ ~ 8 ~  

4au 
I '44 dszmn?ns8udsz~n~lui~m~0ua0dnunaiu~a1nna1u"~o~~a"u~iu"~~ &piiun'i$ndiud 

ui~ai i~mu~snwi imarisdi~f iM~~q~~wu~~a'aqn~~n~sin~ms?~ nd.rluiicrntiidlkiri mswiimms 

d ~ z i n n w o ~ u ~ n n i ? s ~ o ~ o ~ i ~ d ? ~ ~ d a i u i s n l ~ d s z ~ u a o d " l u ~ n a ~ n n ~ s u o i m ~  "uiuuciuii a i l  

w ? ~ ~ ~ R ~ ~ ~ ~ M s u T R u  Leuconostoc mesenteroides i i%~l in~TR~ Xanthomonas campestris L ~ O ~ R ~ ~ ~ U T R U  
B 

Alcaligenes faecalis var. myxogenes ainsoTsn~iinu~~u Sclerotium rqffsii 1 a 1  w.ll~uwoiiii$nni?sii 

F 4 a ' ~ ? f l R ~ i u ~ ~ ~ ~ i i a ~ S l  ~ 1 ~ 1 ~ 0 d l ~ l 1 f l ~ ~ ~ ~ l ~ ~ 3 3 ~ ~ l ~ l ~ 1 ~ ~ ~ # ~ ~ l ~ ~ ~ R i ~ ~ i ~ ~ ~ 9 ~ ~ ? ~ ~ ~ ? ~  

B ZIR$R i iazi i ind ~ u v ~ z ~ ~ u a ~ u a i s ~ ~ ~  ibu n s ~ w o ~ i i n u u i n ~ ~ i ~ n w ~ ~ a " m T ~ l u i i ~ n ~ ~ u  i? 
I d 0  ?~?us~unui~in~iund~~iaz~fluqma~~nssuoin~s ibu lums$i?uTotlblX mrw~nmsinai;m 

l f l ~ d ~ ~ ~ ~ t ~ ~ i s i u ~ ~ ~ p ~ l ~ d  ~ ~ 1 ~ ~ ~ 9 d ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ d n " ~ ~ ~ a ' H $ i ~ a " ~ ~ ~ ~ 1 9 ~ 1 ~ i ~ f l ~ ~ i ~ ~ ~ u " 9 ~ 1 ~  

l ~ ~ ~ u W ' 4 $ d l i U n ~ # 5 1 1 ~ 1 ~ n ] 5 ~ i ~ ~  

4 w  dYd 9 w  d d  imqdrzaqnido ciuaouuidu~iu?~udoido~~in~iuaoud~ I (-ruJrzuioliiduiiudsz413 n.n. 2550) 

d~.rnigbun?u"~inaiua~u~~~lun~swiim~oa"iu~~dmu~rndszyn~a"ugma~nnssuoims ciud 

? ~ ; i u ~ i u ? . ~ 9 u r i u - n u ~ 1 ~ " u a , u ~ ~ & ~ ~  1 &ufiMzdl~iiimr~'iiiiunisioaM"o9 diniu3daotudnud 

i ~ u o l ~ ~ o m ~ m g n s o ~ n ~ s s ~ n ~ q n i i ~ u o ~ n ~ s i ~ ~ n i ~ ~ ~ ~ ~ s ~ n ~ i ~ ~ ~ i i a z n ~ s ~ ~ n ~ a z d ~ ~ ~ u n ~ s i d u ~ l ~  

inuizioniswa"mws2iuoi 
Y Y  Y 

?~<Riiinn~a6inuq~un'4$a1uw"ui~~02 i ~ u r n u ~ u ~ ~ a i i n u ~ u n i s ~ n ~ i ~ ~ " ~ ~ a i u i u ~ d  
a dd a i~onud~8umunir~dl#wn~~mg.1ain~iiunsuniaon luR~ulu~fnv in imaz i iaz~a~pi~. r~  d 

B E; ~ ~ ~ u ~ ~ n s ~ u w ~ ~ ~ ~ ~ u n i s i d u ~ l u o ~ ~ ~ s i ~ ~ w ~ ~ ~ u " a i a u q m ~ o ~ n ~ s d a z w " ~ u i v u l ~ ~ ~ u ~ z ~ ~ m ~ u ~ m s  

o~m~~ibnna~n~ula%nisii~u~Kaua~so~nissi~ idu i~u?mBol~n~tmr in~msna"~n~si ids~d 

budaudd~<~d~.iino imd~rn~uou~mzimd~~u~msi~u 1inzn]?ud.rdinboidol#~~~01s~inissini 

qninn?ula" 



a a n d  1~111113uinuu aisa~i i~~~1~~aaanini5uais3~1uia~a~aiuirnf io5o~"uCu~~ nkt'lKointluntifsu 

n iiadan'uieau'n 1nabiuiiid~utd~lumai~wo~aisd~einsizdwicinii iiTns.mhwainnaiu ii 
- A 4  TnrcnhtiSuitoulvhIn (Amphiphatic structure) ~iI#iiiii(anuu~dtianiie<u itazknciiqanuunnn 

ntnulbdlu p~ 4acnfiq q0lwr~UPimzmBon~iui4u4uii~q i8uwal~airnsnriiu1dsz~ndflu 
B s a  

gmniwnrru61e~ idu 01~1s UI im~o.!dioiq !!a:: DTa3ini? u ~ n ~ i n ~ n ~ ~ n ~ i i ~ ~ a e ~ a ~ a n i w i $ u ~ ~ s d  

hunaiul l  I u~ rsua i t  iinaiut0uw"udi anzrnuisowiim1Aina'aqwiq nistmmsmuludsnnn $93 
8 9 4  a d 4  naiui8uld!Kq.rdoz~inis ~ i i m n ~ ~ a ~ i i s ~ a ~ w c ~ a n ~ w ~ ~ n j ~ u ~ ~ u ~ ~ o u ~ l ~ ~ d n ~ s w " ~ a ] u ~ n ~ z u a u n ~ s  

wn'slo~msi&~niwb~Gnlwi i~olfi~wi~(aal;~ln"diiiii(an~wZ tmziinaiudaonC~q~ 
cia w  o ~ ~ i s l n ~ a G ~ ~ ~ i i ~ o i n n ~ ~ ~ f i u v ~ c i d n d i $ u d ~  (aqueous) iiazdaunuanlcocz~iCu ibu m?u 

~.Laa"n UIUO~IULI. ~iianYP1SiOinuu LUU UUUW?IV ~iaztutnod59ii~~ T R U W ~ ~ ~ $ O ~ ~ ~ ~ # ~ J O ~ I U ~ I I  woe 
" ' 4  

~Ca$u $ n ~ i u o i ~ ~ i i k ~ ~ n ~ ~ l z ~ . ! n a ' i a # o c ~ n a i u i n ~ ~ ~ ~ ~ o z ~ ~ ~ u ~ d ~ n ~ & i i a z ~ n ~ o c z t d o  
d d  d iudszmunidu~uouiu'b~u{w~1nn B u a ~ t L ~ u A n d ~ ~ i d ~ o ~ n n ~ s a ~ n a ~ u Z c ~ z w d ~ c w " ~ d s z a ' u  

P W  w  24' 9 s  s w  
(intersurface tension) szniie~caocidfisu~8i~uauaauvu ~nunr~uaunisn'i~rrinnoua$u~u~ 

4 2  a unuinviil#oirnsiw~~a40diiaz~utu~uinuu 

n 1 r d o z ~ # i ~ n ~ ~ a ~ u ~ u ~ 1 w 1 ~ ~ u ~ o ~ n i r ~ 1 s ~ ~ ~ u " a ~ u ~ ~ ~ n i 1 6 a ~ ~ d i o o ~ ~ c n 1 r w " 1 c 1 u  
a 9 0 1  9 

iiuuuhnunau naiuanuii (hydrophi1ic)l R?IUIG~OUI!I (hydrophobic) mrdniu1~01#i8uouan~ 

tooiluoiwir8waicrau"R 6b.u ta37uuazoyiukocinaiu ion~noiwocnsn'lwsJ"ldwo~~110$~it~u idu 
a d d a  B n r C  Gu ~ o p ~ u m m s n w ~ m a ~ s f i o ~ u " a ~ u ~ ~ ~ ~ n ~ ~ u ~ ~ u ~ i r ~ n < u ~ n ~ s a ~ t t s m ~ w ~ a ~ m a  8cmrdjiiu 

a d 9  24' A 
nsu w a n a ~ r ~ u i w o n i s n a i ~ i i a z ~ d " ~ n ~ s o ~ ~ ~ ~ i ~ ~ i ~ a a " i u  t$udrdlAFun.nunu~oi$u~"iapI iiloesin 

i$uni3wiiadiiu ~ 3 ~ 6 - 2  1 G ~ u ~ u 6 1 i i n z ~ ~ r i o ~ r n n i c d . j i t a ~ a " o x 1  6 a ~ d 1 ~ ~ 0 . a n i s n ~ ~ t ~  R G a  
a d u w  
a3mrrdidung on& !Aiifi lnnTn5n"nain Arthrobacter sp. 1.a'tdTr aiiw'nain Torulopsis bornbicola 

i i 3 ~ ~ 2 d n ' ~ ~ ~ l f l  Pseudomonas spp. $lhiiW.l O l f l  Acinetobacter calcoaceticus Liar ldw%d~%.l(6%8$ 

~rdnsu) TRU Bacillus subtilir. Bacillus licheni/ormir I ~ U ~ U  ni3mdidlK?unisl#wniiMuaisanii3e 

kw'~ai i~~ct~nztinictn~luqaa~wnssui~c q hodicidu ms14 InaTnbBn (glycolipid) ltnu 

~oanofnsnluriuuotfuTuiiaz~on'Tnii~nni~r6 I Ao i f Iut l i i ldioni luoims mslaYlrTdn'w'nn'u 

i i f l ~ i d o l ~ t u r n w Z i i a z d n o ~ ~ n i s i ~ u  ~ ~ ~ l ~ l i c t ~ a ~ d I ~ F u n ~ s l ~ T n ~ l a ~ ~ ~ c ~ n g l "  (~accharom~ces 

uvarum) % ~ f r l 5 ~ ~ ~ l J l f l l % l  I$M#V 
4 w  ' ainno^~n~su'iihmsanii~e~ew^a air~ooua~uitazmroyW"u<uocnruqan1snsdsz41~ 

2547 ~ui iGnis i i iC i i~uqadin i~ 105 d ' iu~ i~doq  iin:ijiiua1$uPe$u ~ W d a i ~ u n i ~ ~ ~ i m u n ~ r i i i ~ ~  
d u a  a 
on~i~odunis~eauaoq!n o~annun '1 i~u~~z~ocGn1~~un~1~ ia~w~ma1r~a1u ia~a~a1u1snan i i~c  



%ii~iiazt-iotriai?u!t% iwdonnunuais~i.rndiaui14 d~ifluwn~n~dszin~aiuisawa"noiwi~d8 
I 

u i n s ~ i ~ ~ w u  ~ i u 1 s a i i ~ ~ ~ u f i U ~ u ~ 1 ~ 1 n d 1 ~ d s z 6 ~ a a a a z d ~ 1 ~ u n 1 s d ~ i n ~ u n 1 s n a i ~ n 1 o ~ u  i iaz 

muuonds:iwagn62u 
8 n 4 '  

Pichia anornola PYI iflu~~siniuGu~~Zds:~n~niw~uniswa"nn~ra~~is~n~wav~niwd~~ 
8 n d iiun!kinoimsnrin&fliu (h2wu in)  ( a J n m  i%utqiYu, 2549) n1saniis.1n~w2~?filiwdwa"~11~5 

8 4  ' 
n'liirdnqw2n'iqn 29-30 mN/m f i l n l m ~ : o l u ~ l ~  69.43 m l i ~ l w u 6 1 u a s  ~ i ~ ~ ~ n q n ~ o ~ n i s i i i n ~ ~ i d ~ a a "  

(CMC) 180 Saa"nYuBioa"ns iiazlXwawa"n 0.26 nYudo;ms i9unisaniisqZqiiaflszinn1naFna"w"~ uaz 
4 uuaaluia~aitiuui~u~n"ulw'idlsa"w'~l~11FdFsa"w"~ (sophornlipid) 1flumre8nistiu11~1u 

gnmnnsrudic~ ulnuiu ~.~uab1u1sowiin~.a~~lsa"w"n1~ul4iiw~~n1~uou~a:a1u$1 (hydrophilie 
a 

carbon source) ~ m z ~ : ~ W d u ~ a ~ t d n u i n b ~ u ! ~ 1 d ~ i 5 u ~ i ~ a ' ~ n 1 ~ ~ o u ~ ~ a z ~ 1 u ~ u ~ i  (hydrophobic carbon 

source) (Casas iiW%WQE,1997; Hommel iLWZntML,1994; Stuwer LitXflBb%, 1987; Bednarski IiaZflSMZ, 2004; 

Gumienna LLtXflBbZ, 2005) 
A d dd 8 9 4 w n d  is/ 4qds,-n.r&do n'rtin'oniaop~unsunwa"nmsn~irs~ndrr~aan~w~~r)olnuun~dunnotni~~u 

J 
gnmwnrruoiwir i i n u i B r g a r o i n i r i ~ u ~ ~ ~ o i i a z n i a z ~ i w u i z ~ u i ~ o n ~ s w S n ~ s  Rnlnr)ol<nuor: 

I nuu%uotms r n s n a i u w i r ~ ~ ~ u n " r X i d ~ z ~ ~ S n i w l u n i ~ w a " n ~ ~ u  n a n ~ a u n n u u u ? u n i r I u n i s  

wa'na.isIusz~uuuiudau 

capsaisin M ~ ~ ~ 1 5 ~ n k ~ 1 ~ ~ ~ ~ i b ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ 1 ~ ~ 1 ~ ~ l h ~ ~ ~ ~ i ~ ~ : ~ ~ ~ ~ d ! ~ ~ ~  T R U ~ I I I ~ U ~ ~ ~ ~  

t o u l r a f l u ~ k ~  iu~uri-mrz~~wrnsiu~il~a'3uluiitmu arnzn~uirnl~unisnau~ud~~ JR i f luh 

% ~ d d 2 ~ b u ~ ~ ~ 1 ~ ~ 1 ~ ~ 1 ~ a ' 1 d ~ ~ i ~ ~ ! ~ ~ ~ a " ~ d i ! ~  35,000 {U f l ~ ~ n n n i u % u d s z i n f f ~ o o a z  

45 d a n o n W s i i ~ d r z i n a i i q q  idu !&iu dl]u 2.rnTlli u~iai%una:oornnsi% Fouaz 55 luva:i 

~ a 1 ~ ~ a n ~ n u i n m : o ~ 1 ~ ~ ~ ~ ~ s d i i a z o i u ~ n 1 d ~ 8 n a 1 u ~ o ~ n 1 s ~ 1 ~ n u i n  rns l$dsz lu .au 'uoc~ i lu  





n1rmdouw'ai~oilotn"uni~i~1i~uvoto1w1m4ownlfl~iiin1rl4n"uu1rzuz~aa1~id"ti~da 
1 4 4  TRuliiumai;uqolauu%lunirb?"1uM1odn1sqQ?i3ud diuJ:tqolrnwvotib ri~u~nlnn$ull~zrauo.r 

k r d  9 msrzmuiiv rauiitAiumumrio3~i~ulnve,ti"11oiiunGGu 3aumlaindouii~rnu1roin?uuo1nn1~ 

vUPm61.1q d u  nobi.anm7sn'Tdslu n?o!uGu u ' u ~ ~ ~ 1 t 6 h f l l ~ i n d ~ ~ ~ 3 & a ~ ? n ~ f i % 1 ~ ~ 1 ~ 1 ~ a d ~ ~ d ~ 9  

clmmwiin:iwdurzuztaa~lunis~~unnoiuni%inzr~niuo~~~~' mrifh'irn5u inloii i ntlucdu 
a ri m~ouw'avoawalGt1i?~naiunuIouinvu i u o t ~ ~ n m u i s o l n o i ~ v o t ~ a " n C m n " i s a z i d ~ ~ m ~ ~ ~ ~ t  

o~wirwotwiiiln'arw'~uq m r w ' ~ l u 1 ~ h ' u ~ l n 3 u ~ 0 1 n ? n ~ n ~ 1 u ~ ~ n 1 s ~ ~ u i 1 n a ~ 3 u u  lnBn w"r 5n1nSu"o 

lurzriunaiuiQGu-qc3 
s w  2.3 

~ n ~ ~ m r a a u u a t ~ t i n i u n f 1 t ~ v n 1 ~ v o t d r z ~ 1 n s i i a z ~ ~ ~ o i ~ 1 ~ u n 1 s w " w ~ d 1 ~ a ? u * ~  
& 2 4  

mloui--m in8oiiiiiaz~m8u~Aoi~K~~~1n1rv1nn1ro1w1sdszinm'in1~~1ia~ina"oii ntutwodauln' 

dsznnsijmazTnau1n1r3u"u 

ifiqdszntnidr, 
r  . A 4  Id u I. nisw"wu13au~inuindoiiiat?d 1nuina"oitsmiaonlfli~in' iinaiiiuu iiundiiiuu f i n d  11az 

intn T R ~ G U ~ P I ~ O . I ~ ~ B O ~ ~ ~ ~ ~ ~ ~ ~ Q ? ~ Q ~ ~ ~ ~ ~ G U ~  10 % V O ~  RDI i laz i~on~~tGt~zlG~~oawaXui iuu 
Y Y 

a9iwTun1s8nnr1lun~ti 
d d 9  g 

2. nir~wui~aunifiuu1u'u~oiuni-3 nirwnu61riufomn1-3 a tuuwa l~as t i i ~u ld !~u~n  

f$n t~u?bf  tlk~?uuLioJ'uloiun1-3 ln'odlulJ30J'a$uiiou~~a"a$tin3uui8u3a"~ Inu@a'uvi'aui 
94 

7lin1r~PiZ~~ multilayer emulsion iWd~ l f i I&~r i~<~~~td i  ~ u ~ u i ~ ~ n a i u i a ~ u r  iiazanCnr~nlr 
4 2 - w  A oon%m$'oa Tnuludu~aautePruu secondary emulsion wisPSuuT~ulndou primary emulsion d i j ~ 6 h . d ~  

9 w  4 o u n % r h u i o o i i a u ~ b ~ i u o i ( ~ ~ ~ ~  naz InTnnu) ~jngu:uwdt w"wu13EilluiaAi~uin8oiii nr<iu'u~o 

ium-3 ~rnlnrnrnluuuw~nC~~.n"~~tn~rin~lwr!i 

~rn~rn-iciaui 2.7 ai~r816~aarm%d%an"0dq~~511~~1~i%6~~810inn%r"~1u6i 

nuoridou (Dementia) i~um~z~nuo~iisz~una~un~uisolumrCnn~r~~~~iwu R.liiiu 

Sonrruiitq anac ~ i I n ' { ~ a u i i i l ~ w i ? o j a ~ u i r n ~ u u $ d ~ I w i ~  ~ ~ d t s i l t ~  Iojaon yngnmw 

idduuiidnt 3nnnjaa sa~$ t$u i~h  niatauotldou$u~iitOinna1uiiidoo~ (Forgetfullness) TnuGnij 

oln136u uoflOlflfl7l~a'll~o~f ao~rn"XJ15fl~i7?~111%~6~ (Alzheimer's disease, AD) 1 8 u t l l i ~ y ~ 0 t ~ u o t  
a 

i ~ n u i w u I ~ ~ ' l i o u ~ n w u ~ u ~ q t o i ~  n ' i ~ f i i ~ u ~ ~ m i ~ ~ ~ ~ z i ~ a ? ~ u $ ~ ~ 1 o a a u ~ q ~ o 1 ~ 8 1 1 n v u ~ n ~  im: 
A Y Y  

m r : 9 u m r ~ A i ~ r i ~ ~ n ~ 1 1 1 ~ u ~ a w ~ ~ 1 i a z ~ i ~ ~ 0 z i r , t ~ u i n w u ~ a ~  &a~~n~df i~s: ina?~uriaz$alanft  

l~naiunul0dntnnaz3~uFsn~a11iuo~i8uoii~uin Wii~:luds:t~uilotn"uwio?n~~i I l o y h u j l a i  



i iui$inlnl8niuuiw1kitt~3ui~~oioiaunau~uoini 'sdi~ lfl$ouatld$?en? ttsilrn8ozdi!iju 

sjolddoul &oiicsrur6i8uuin7 rni;azWlka 

mmq)uot~mo'~1~.6au~~~auu~~iuiiaiuisfilt~mu"u\a~oin~aiuflian~&aun"u td&lu'tdui 
A d u  u  nnutlli+m 1~unitn~8di<~a1rn~nta~nno ad~uoklnuoia~iifp,~i~t~aa"~uo~ae,a~ttazari~~o 

w a A t  
drzaln Acetylcholine (ACh) IVIP~&~U f l ~ ~ ~ ~ ~ ~ l N v ? ~ t W d ~ 1 ~ f ~ i 0 1 1 V 0 4  Ach 1 ~ 1 ~ 8 4  ~ ~ u f l o n ~ ~ ~ 6 l u  

Acetylcholinesterase (AChE) % 0 ~ f l a 1 ~ 1  ACh $0 AChE inhibitors t h  tacrine, rivastigrnine llaz 
I 2a 

galantarnine u i 1 w m u o ~ ~ a u 1 n ~ ~ ~ ? u ~ a ~ . 6 t u 8 ~ ~ o i n i r ~ ~ u ~ k i  t taz%zaoni~n~~aq6uoq~rndi~f l f lu  

szuz6uusn ttsi~zlu'W"ilfl5nniu~iw 
g oinnis8n~lituos#uuocn4~u?~uwa"n51"6~.n"~ssu~i5 nin?viinii nmz?nuiaiami Iunir 
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im~~~n~ni~"a?mwl~dni~~u8~t0u~e~xr"ozt~~~"a~nZut0at~otra 

luilaluirnuii iiwfiniitu~j t ~ u  ~?Gnszmudi ~tnzoiwis~a^su~wa'moinnrz~iudiiiuau 

uin itiujlriiimrno?onou ?tnnrd~~aznau~ucl~niwd?uinaai~diC~Iuwa"wii~w"~~na'i  mr14 

miufkiiutni;w~n61'~ld.n"~'s~u~i~~unis~auna~1~u~~niw w a " n ~ ~ l d w " ~ ~ n d i a o z f l i u i s n w " ~ ~ . A * w ~ n ~ ~ ~ ~  

votdrzm~~mumrnra~i~liiuI4odi~~~du~taz~~~dni~~~u~daiuuia~~1uaina 

~n~drzn~niwdo 
d, d d 

2.1 8 n ~ 1 ~ n ~ u u ~ ~ t o ~ ~ v o J " o z 1 v ~ " a ~ n ~ u ~ o a ~ n o 1 ~ a t 6 a z ~ ~ ~ n i ~ ~ ~ n 1 ~ ~ u  ~ a ~ m r u ? q n ~  

duunlkinmhnsznudi r~ub tdn~ i~n is tdo~#u1un i r~~ana iz ia i5n~~d  

2.2 t~odrztijuqamndqan"w ~8nt iors i~~nzoimr t~?uoinn i~z~iu~ i  

nmudaonn 'uuodoin is18u1$o~di~~~~nwu1~nai%~u~ lugnainnrruoiwirmr 
c; , e  

drz~un?i~daomfiuo~w2inn'ol.n"oi~isgwfliu6ruknauunoumrnr~~aouttn%n?upuingiu 
ad4 u s  

nszuauniswR'a naowauo'~n~rurr~wa'm~~dLn"t~aznirtf u8u~it-ioud~a~uoQ~r~nfl uonlniiooin 
9 019 a wsda 

fl15dgPIflm~~n'ntfl~.n"n15dQ~@~m (Good Manufacturing Practice; GMP) t t l z f l l 3 ~ l % ~ ~ ~ t f l 3 l z d  

cu~l3luttazn2~g~~m?nqn (Hazard Analysis and Critical Control Point; HACCP) %ldfll~W&l0lH13 fl l3 

1 9  4 ~ 4 a i r ~ i u t t u n ~ i ~ r u l ~ ~ d u ~ ~ ~ w a " m ~ i t ~ u ~ o ~ ~ ~ t ~ o ~ o ~ n " o a ~ u n r i u ~ o i o t i i ~ 1 t n ~ u ~ 1 n n  ~intii~twq 
so. A o A nm~nunml~t~mm~dut~~uuo~ttun~~ulurzniitnszu?umrwiin ttnztwoiloqn'unisto'iquoc 
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I 

~etmwaaznaiudaoF;18tllvo~ai~ia : lutaa3uKuluw3m8~.i;ia3uii~i3 

rns~rzriugarnmiiarnaiu~ao~~u~o.t~inish~szuu innudi~siodlzinaodi~dq 
~ X A  a n~uluo~ein~u?~nfl~haiudi<qn'~1naiudaon~u~ia:q6~ni~81wis~~6~uoEii~uin nmudszmmit 

1 1nnsmr~um~lfiiaa~Bu*or~,adin"El~u8iuin"~u(~achance, 2004) &u&umsafiqrzuudszn'oauu 
Y o  n n$flnis traceability d ~ 0 ~ ~ ~ ~ ~ n ~ ~ f l i n ~ ~ i ~ ~ ~ i 6 u 0 d f l i ~ ~ ~ d ~ ~ i ~ ~ ~ ~ ~ d i ~ ~ ( ~ a c h a n c e  and Saba, 

2002) 

oriit!ri;ii nisR'i6u'unisdius:uu~ (Good Agricultural Practice) GMP (Good 
a a 

Manufactural Practice) n a ~ q u ~ ~ ~ i d & u ~ ~ m ~ d ~ d a i u M i ~  n i r ~ ' i i i i u n i s a ~ i l ~ i 6 u " 0 ~ a i 6 u a ~ 0 ~ i n a ~ ~ u  
A  w Innuiu u ' u o i n u ' o ~ a ~ n g ~ u ~ u ~ i ~ ~ ~ ~ s i u a z i ~ u a d a i u ~ i ~  ms~sonmsiwoa~msBu*~sJ,a~s~u~~Bu"~sJ,a 

A 
nliunyu ~nrounprc& nssuz nszuaumsw~sliiarwaa"W6"lu~dw~~~fi~n"daiu~i~ nis~aouluq 

br?a~nr i id luZdi iuu~~uni~az1&nopI~&;Bi i~u&o~oia"u in~o~~o~auadol~ i i i~na iuaraansaa i~~  

(WHO, 2003) 



n?oo'lAilrzluarioz~soinu is"lKni~uu i;aJ (Lachanee and Saba, 2002 ilaz Lockley and Bardsley, 2000). 
994 d 

31% 2 u f i n t r un i i  QR code!i$?~iun?l~u'uu r$aknn'iarnuiso%nisCoya!m"uin~c 4296 6'agnvr 

diuu~zdrzuanb~n1Aotiicsan~a ~i~ndou!u~u~d?n~n~"fi~~un~s~~c~uiiazszuus~ad!&iun~r 
4 0  w ddi 4 B JUIQ~UIA~~IU AIM JEIDA l i a r  s o  18004 ~iAiuaznmn~muisa~ius~a!&~~nl~~~wnuoo r e  

19 azi~unir~~~ii~uoebua!d~Yus~nndai~wic~~i4iu~fi~auiau~unis~u~~oUa~~azBoair~~rzuu 
1 ~woi$unn'ndsziiulupaniw~~aznaiudaon~u~uoi~is!m" (www.qrcode.com) 

?~UIR~~UIG~~IS~U~QR code~114 ~Wdodsz~unisu~~nn~iidoa"a~~ (BSE) az!iI(ul~ 

wa"fi61"~dsi(/{u?l'r~nfiiton80 uone1ndkl~61n'u4~S~nicn1~~n~~s~w'0i5u4oya1aa~~n1rl4~u uidi 

IIUR~ im:in~in~~r$u ~ ~ s t ~ u ~ ~ f i ~ i i a z w a ! f l n u ~ m ~ d n " u ~ a ~ u ~ i ~ u ~ d s ~ f l b a a z ~ z u u n " ~ a " c v u ~ u ~ a  
Y 

nraunqugaainnssuoi~i~M"~num 

dszmf f ' l nu~u imrzup~~oc  ~ u d ~ i a ~ i r o ~ ~ o u l u e ~ o ~  a R e i ~ i ~ u w i c ~ u ~ ~ n ~ s f i s a ~ ~ ~ n s i z ~  

impSulurzniiwir w ~ " ~ ~ L L B ~ ~ ~ I u M I ~ ~ u ~ ~ w ? w ~ N ~ "  i m z u ~ n ~ o . m i t l u m s l ~ ~ o ~ a i ~ a ' i ~ u ~ ~ u ~ o l o d  
srdprs 
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s z ~ ~ u u ~ ~ d u a 6 ~ n ' u n 1 s ~ ~ a ~ ~ ~ a 1 n 1 1 a z n a f l ~ u o 1 ~ 1 s ~ m ~ ~ d ~ w " u q n s ~ u v o ~ d s ~ ~ ~ ~ 1 u ~ n ~ o  

f l W f l l W ~ l S d  Regulation 1829 llnz 1830/2003(European Parliamant and the Council of European Union, 

~ 0 o 3 ) ~ m s z n s o u n q u n i ~ ~ ~ a ~ u s z ~ n 1 s d u h u ~ ~ ~ u ~ 1 ~ d r w ' u g n ~ s ~ ! ~ ~ ~ u  0.9% llazi'q{ul#! 

s%uu$oy n ~ ~ u l s n 8 ~ n ? u n a " ~ ~ ~  (traceability) ~ ~ n ~ n ~ l d i l k ~ l ~ l ~  ~ ? o T R ~ ~ u o ~ ~ S ~ ~ $ I ~  

dsz~nnlu~n~oanmwQ1sdn"~wu~~o~~iunis~sao~ouo~i~~n4~nfm ~~X?&n'iln'naiudrz~~nlX 
LK nai~i i~n' tylumsssaoa~u(u"oya~~azdzd~d~a~a"n~~u~~~~dsw'u~nrsuu~nu (Lockley and Bardsley. 

2000) 

drz~nn!nu~~u~~iin'noiwisd~oon i j s z ~ u n i s w 3 n d l 4 i n ~ ~ u ~ s s u ~ 1 ~ ~  ~ ~ f i n a i v  
4 d d  IhlPruulun?iul9uo'un4uldu~ultirc 

bialwn $lam5 f i d &  ~ ~ ~ o m n ~ u n ~ r d u ~ ~ o u u ~ ~ a ' n ~ ~ u ~ n ~ i d ~ w ' u ~ n s s  itaztiNinszns~~ 
A fliaisorqv ' 1 8 o o n d r z n i u  251 uu~~~ums~~am.raainnauqu~~azn"1n'u~~~ao1~1sQ1"n~~ds 

w'u2nsru 1uwiin~Gi!$%inG1aIwfi~kazBa1'9.~a"oq ~ ~ ~ i ; ~ i n s ~ u n q ~ m s ~ ~ ~ G u n i s d ~ ~ n i a z  GMOS 

~auszuunoun?u ( t r a c e a b i ~ t y ) ( n S ~ M S 2 ~ ~ 1 ~ 1 ~ Q a ~ ~ ,  2545) ~~ii.r!dlnnoin~n~91'dn"inufiuo~ 

nmmnylsrl n'ilX~zuunis~~nm~~ain1iaomndo~~~a~duw'~6"n'u dszrnnujwifisruud~~ou~u~4oya 

rzniitmrna~puinq ~ u u " i ~ ~ ~ ~ m ~ n a ~ u ~ o ~ n i s I ~ ~ ~ a z a ' n ~ a z d ~ ~ ~ ~ z v o ~ a ' n ~ ~ u  nirnfinou 
d 9- m a r n s ~ l a a n ~ ~ u u o ~ ~ d s z n o u n i s  mamsdwiisr nisnaupu tinzmsn'in'uqaa imznisunmc 

nuaz~i;ufiuotbya Baz~iYudszlualisio~utlnn l~fiwal~udo(drznounis~fd~~~~zuunsaoaou~w"o 

m s i u s o t m s i r ~ o o n ~ d ~ ~ ~ ~ X o ~ l ~ w a " n ~ ~ u ~ ~ ~ ~ n ~ ~ ~ ~ a ~ i ~ ~ a : I o ~ a n " ~ n " u a o ~ n d o ~ n ' u ~ z u u a o u n a u  

~ndrznoutwdomsd~oon~& im~iii~wn~iiuio~~zi~~~~d~t~ni~iilu~omnm.rmrsra~~iiaz~nunin~~ 

nisi~9i.rii'uIus~u~uia 
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qruniw nh~n?iuwfoulurns~i~~6u"u~uouinn 

l n s ~ n ~ s l o ' u i i i m ~ d s z a ~ ~ ~ o n f ~ ~ ~ z u u ~ ~ o o ~ l u t & ~ a ~ i s n n I u ~ n ~ ~ ~ s ~ u ~ ~ a $ n ~ ~ ~ s ~  

nraanou4oy nTmqtu niammsdu wanimmou mswiim rinlcaz~arnznitq~niwuo~w~m8an" nis 
'4' imfi.raainilazszuuso~?u ~oduurtu2iuuotw$nnisnoun3u dmuisa~samouboya~in 

9 w H ~ u 6 y a $ n h ~ d c i ~ u s z u u d B u m n ~ ~ ~ ~ w ~ z ~ ~ u  ilaz a e e c s s C o y a ' l f l ~ ~ d ~ i ~ a ~ d i ~ f i c i ~ ~ d ~ z ~ u  
9 4.44 t2'4 

mn?ociiu IfiadinuinnmaaUoq $dllrznounir $?Inn ttazgnh&lultazsii.rdsztmfl ntu~wo$audu 

wiin~sz~u1umriuso4w~n~aW"~ao~ G M O ~  luszuu u n s z ~ u r n i u R o ~ ~ " u u ~ ~ a ~ u ~ i u o ~ ~ s z i ~ ~  
9 d luvliunqfl 

n i s 5 ~ n s ~ u n q u n ~ r ~ n ~ ~ s z u u n ~ s 4 ~ ~ ~ u ~ ~ u ~ ~ n z n ~ ~ l 4 n ~ s a r u a m a i 4 ~ u ~ ~ ~ o ~ l u ~ l u  

iiqdrzmn u'o~~aa~~lunisn' i~~unisludsz~vl f i  iioll~suut~iuu Ilnz?iqrzuu~i8uu%nss~l6~0~ 

szuu4oya r ~ o u ~ u . r ~ ~ y a $ ~ i l ~ u d i n i u s o ~ ? u s z u u  traceability ~unir?uso'lqruni~~~aznaiu 
A t  d dno~n'u~uo1nisnqularu~~8a'm~~11~@6id~w'unssu lburiuar~ouRiqlda'n~~u&uniqalardsz~ 

P 019 inqFiu 4waw~adaiunic 1 f i u l ~ n n l u I a i i a i s n u ~ w ~ l u ~ d s z u u d ~ u m n 1 r 1 ~ a ~ a z ~ u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w a  

llutr interface ~ U ~ Y O ~ Z  web base (on line) T R U ~ ~ ~ J ~ ~ U ~ O Y ~  I ~ ~ ~ & ~ ~ u ~ ~ U R ~ I U ~ I ~ $ ~ ~ ~ ~ I ~ ~ ~  

6 r ? n u a z a i u u m u ~ n n d ~ ~ u ~ ~ ~ ~ a u ~ ~ u ~ i d u a ~ ~ ~  i%oulu.rboga 8-runzd.rtiiu40ua~dood"i~d~nis 

d ~ ~ n i r ~ z u u  traceability $ I ~ ~ ~ o I ~ ~ I ~ ~ u ~ ~ u ~ ~ ~ ~ " ~ ~ ~ E ~ ~ ~ s I ~ ~ J I U ~ ' I ~ ~ U  GMOS ~AOIWY~IUISO 
mr?cnou~oynnoiuniwnaiudu G M O S - F ~ ~ ~  ~~maomlaaiain&~uiiaziiqdrzima 





Wet Inr6uor'lurnrud1n?un15fi5a~ screening GMOs ~ Z U U ? ~ W ? Y ~ ~ S ~ B  bovine species I%UU~IM?'LJ 

I 
f l l ls15?~f l l~~~1%0 Xanthornonas monopodis pv citri t i a z 1 z u ~ d i ~ ? u n 1 ~ ~ 5 a ~ n i s d u 6 ~ ~ ~ ~ ~ l ~ a q a ~ ~ i ~ f i  

a i n ~ a ~ i n ~ ~ n a ~ n n ~ w a ~ ~ ~ t l ~ d ~ n l n ~ ~ ~ ~ ~ ~ ~ a , ~ ~ r a ~ n ~ r r d ~ u u i i n ] a ~ ~ ~ ~ I d ~ ~ ~ n ~  ~wunnanoud@Gui 

d i ~ ~ n a  4 3 d ~ z f l i ~ l k t f i  specificity sensitivity 168:: reproducibility 

3.) w'~lui%mr3~nsi:<uu~u~iun11 ~ i ~ d f l ~ n i u l u ~ a a T ~ ~ a ~ a t u h ' n ~ o l ~ $ ~ ~ d  4nw 

t t a z n k c u i ~ d ~ ~ u u ~ ~ r n r a ~ n o u n i ~ ~ n ~ ~ d # ~ ? ~ ~ ~ $ n ~ s ~ ~ a s z ~ ~ i c  binder fiU Z6$~601urzuu 

nraonou ~"n lndou~uuot~~n~u1~Ao~~uoa~(u ' in" '~~~~16~~d~w"~a iu1 tU"u  

4.) $wu1Tula~atil~uiolR~nir8195t 

- ~ a ~ ~ r u u b t o ~ a ~ ~ d u ~ o ~ ~ o n i r d i ~ ~ ~ ~ ~ u ~ ~ ~ i 0 ~ i ~ 1 1 u ~ u 1 a ~ ~ 1 0 d ~ o a n 1 r s 1 s a o ' 1 o ~ ~ ~ ~ ~ 8 ~  
2 dpr M 

I U F I ~ R ~ R ' J U ? ~ V D ~  Meyer et. al., 1995 ~ 5 ~ % ? 0 ~ 0 ~ ~ ~ 0 0 1 ~ ~ ~ ~ ~ ~ ~ 6 ~ ~ i O  LLBXXfl53BdOU R53BQO'U 



Z d d  a i i n u o ~ b i w i a b o  1.)lnnuauniouioi614 nnin i i~ lnuni innir  TA cloning i i ~ t 5 o n l ~ n ~ d l ~  140 
~~i~sinil8uAi$utoaim~~iu 

A 
5.) ~ ~ ~ ~ ~ z Y u ~ ? s R ~ ~ Q ~ ~ R ~ I z ~ P J P ~ w P ~ ~ I o ~  IS0 17025 ~ U Q I ~ I  SOP Iitt:: worksheet dtd~?bOq 

tta~~lltiuuni5diiCun13 

1n5miariead 1.2 n1~n3~a~tnaiziai~uiai~win~pd~taztunipIo~a0;~a~wpIiai~m~n~pdp1n~~~1od~n~i; 

tWlZ6iffl;cl.r kiafl6?lfl%l LC-MSMS 66amngo WLC-W-Visible 

" a ~ ~ i ~ ~ I R ~ 6 ? l f I G f I  LC-MSIMS 
-4 asnaaes  
9 a~nsizibnertolniln LC-MSIMS 

d m r o ~ i i o t l a z n m ~ s i t ~ u i z ~ a  

HPLC: Agilent 1 100 

Column: Higgins C18,3x150 mm, 5 Om 

Mobile phase: A: 0.05 M Ammonium acetate pH 4.5 B: Acetonitrile 

Gradient mode: Time (min) A(%) B(%) 

0 95 5 

6 5 95 

8 5 95 , 

9 95 5 

12 95 5 

Injection volume: 25 pL 

Flow rate: 800 pUmin, split 275525 

Column temperature: 40°C 

Mass spectrometer: API 3000 (Triple quadrupoles mass spectrometer) 

Scan type: MRM 

Polarity: positive 

Ion source: Turbo spray 

Ion pairs: MG 329.31208.2, 329.3131 3.1 

LMG 331.31165.4, 331.31239.3 

CV (internal standard) 372.21356.3 



M 

a.sin?ouGaoeiiq 

' 1 fituodm (n';o$~) @a$u~it~?  2.00~0.01 g ~ $ ~ ~ ~ 2 ~ t l ~ 2 ~ d n l J n l : u 8 n ' u u i R  50 mL iftu 

si?~ln%aluflflll 1: 3 0.05 M ammonium acetate pH 4.5 : acetonitrile ~ ~ U I R S  8.00 mL u'l!d~Fl~tl"e?u~$ 

naiudasnu 24000 rpm L ~ I ~ E I I  10 ?UI$ (luau 3 n ? ~  ~ R ~ I ~ U ? R ~ ~ ~ U ~ U W I ~ I ~ ~ " ~ ~ ~ U ~ W U ~ Y I J ~ ~ O ~  

~i?d?itlud1cttii?nau~dudiu~u6nai~ 9 $3 duss1di 600 mL u ' i d ~ ~ $ ~ ~ R ~ d ~ u i ~ ~ i o ' u ? u ~ n s ~ a d  1; 

nBu?u~nsndd 270 watts ~8ui -m 5 u13 ngqQin$u~i?dt.aum<%ai$44oog 1fiutmi 10 uiCi 1GJidm 
~ ~ m r a z a i u l n u i  4.00 mL Itiluuan~nluvwd.r ~ ~ l d v i u ~ ~ u u ~ n ? u l n s i o u l u d ~ ~ ~ i ~ ~ u n a u ~  

p o l ~ r ? ~ $  4 0 ' ~  Q U L I $ ~  31d1 internal standard CV (100 pg1L) f i ~ 1 ~ 1 3  50 pL  i I ~ % $ h ~ l Q % a l ~  1:l 0.05 
Y Y W r t  

M ammonium acetate p~ 4.5 : acetonitrile I E U I ~ J  950 p~ W R U ~ W I V I ~ ~ R  Gi?dnso~diu syringe filter 

WMlft 0.45 pm a J ~ V l f t  HPLC vial 
949 

a.sarn51zw"fiuim 
6'4 

%?ifl51%~fl0 standard addition method 66Q: internal standard calibration curve ~ w u ~ P I ~ u u ~ w  

Phodl4 2.00 g + I pg/kg MG + I pglkg LMG 

~"adl9 2.00 g + 2 p g k g  MG + 2 pglkg LMG 

g'2odlq 2.00 g + 3 pg/kg MG + 3 pglkg LMG 

6kldl3 2.00 g + 5 p g k g  MG + 5 pg/kg LMG 

JI signal V ~ J ~ R & B ~ I ~ U I Z ~ ~ I ~  internal standard calibration curve 6611%*11fi~101 MG Lilt:: LMG 1~ 
~ ~ ~ ~ l J ~ l f l ~ ~ ~ l 3 ~ 1 0 9  curve 

Linear equation: y = mx + b 

fiultli MG (W?Q LMG) = b/m 

compound 

MG 

LMG 

mass 

329.31313.2 

329.31208.4 

33 1.31165.4 

33 1.31239.4 

Linear equation 

Y 4 . 0 2 ~  + -0.00124 

Y 4 . 0 6 6 9 ~  + -0.002 15 

Y=0.00758~ + 0.000421 

Y=O. 1 0 2 ~  + -0.0169 

r 

0.9991 

0.9996 

0.9858 

0.991 3 

Accuracy 

(%recovery) 

81.8-115 

87.1-108 

93.9-112 

95.9-1 16 

Precision 

(%RSD) 

12.46 

6.45 

11.06 

.77 



compound . Linear equation ( Accuracy 

Accuracy 

(%recovery) 

78.6- 103 

68.8-106 

66.8-122 

83.8-110 

4 

aawx1:&hn8lmn% HPLC-DAD 

i d o ~ i ; o l l a z n r n 3 z i ~ ~ u 1 z ~ u  

HPLC: Agilent 1100 

Column: Zorbax stable bond C18, 150~4.6 nm, 5 Om 

Guard column: Zorbax stable bond C18,4x4 nm, 5 Om 

Column temperature: 3 0 ' ~  

Mobile phase: ammonium acetate buffer (0.05 M, pH 4.5) : acetonitrile 

Gradient mode: $050 (0.00-7.00 min) 

65:35 (7.01-12.50 min) 

80:20 (12.11-20.00 min) 

Flow rate: 2 mL/min 

Detection: Diode array detector (DAD, multiwavelength 

618 nm (0.00-7.00 min) 

585 nm (7.01-12.00 min) 

265 nm (12.01-20.00 min) 

r 

0.9579 

0.9892 

0.99 17 

0.9829 

Linear equation 

Y=O.O0966x + -0.000237 

Y=0.036~ + -0.00363 

Y=0.0207~ + -0.0043 1 

Y=0.25~ + -0.0645 

compound 

MG 

LMG 

mass 

329.313 13.2 

329,31208.4 

33 1.31165.4 

33 1.31239.4 



qrJ asln~uui'aneils 
1 i ~ t u o d a i  ( n ' f o & ) n ~ u ~ ~ d a  so.oo~o.os g i d l u w a ~ t l 6 3 w u 1 ~  250 mL ~Rut=risarai~ 

hydroxylamine 25 % ~ ' ? U I B I S  5 mL fllSR",lU p-toluenesulfonic acid 1 M d ' ? ~ l f l ~  0.5 mL l l ~ Z ~ l S ~ " , l C I  

ammonium acetate buffer 0.05 M (pH 4.5) 15 mL I I#~(IT~TI .J~IUG~ 10000 rpm $UI%'I 1 ~ 1 ;  l&.J 

acetonitrile 75 rnL TsTuiiluQn 1 W I C ~  3 n R  ~ i t 4 ' I i m o u ~ u l n s n v l ~  450 watts rbul3a1 20 3~1; r i l ~  

n r o ~ g n ~ u n s a u y n ~ u o ~ " i ~ u ~ # n s z ~ ~ ~ n s ~ ~ ~ ~ o  4 f i1urnrara1udnso~?k;a4~wa~n*una~~ui~ 250 

mL ~ i ? d n ~ u l l u u a ~ n ~ ~ o J ~ u ~  40.c ~ u n ~ s a z a ~ u i j f i ~ i ~ s ~ w a " ~ n l s z u ~ m  5 rnL f i i u r n r a z a ~ ~ a ~ d ~ ? ~  

T~d%Jlfl!jUodlf~ 10 mL ~ ? V ~ ~ U I B I S ~ U  10 mL # ~ u f l i s a z a i u w f l ~ ~ ~ ~  0.05 M ammonium acetate buffer 

(pH 4.5) LlaZ acetonitrile (1:l) f l l ~ . ~ f l l ~ ~ ~ ~ l f J C i ? ~  syringe filter WUlR 0.45 Om tl.11~ HPLC vial 
e a P  a s a l n s ~ z i f i u ~ m  

& d  4 B d r l v  
o i n m r ~ u n ~ b o ~ a l d u ~ n " u n i ~ ~ ~ d ~ w ~ ~ ~ ~ w u i ~  MG r ~ ~ ~ r ( ~ - l B u - ~  W ~ ~ D I Q ~ ? U ~  

chromatic MG ~ d o l ~ i ! ~ o ~ ~ u l ~ a i v o ~ ~ r n a " J ~  da1 o Z ~ J & J U ~ ~ ) ~ ~ I U ~ ~ )  carbinol MG O $ G ? U D ~  

% ~ t l % n n '  tlazenld8uuI1)l3u leucomalachite green (LMG) ~ ; ~ u I u ~ ~ L u o ~ $ u u o ~ ~ ~ ~  1d61-31 U O I  MG 

unns1ugdG 1 

1 d o n s ~ o n o u E i 2 u l n n ~  LC-MS W U ~ I  carbinol MG 0:$61 retention time 6Vilfk LMG (co- 

elution) i i a z d o l ~ n n i i n  HPLC-w aeIrimuirnflr2aTfiilun~1nn"uIk; u o n o i n d t ~ w u i ~ m r a z a ~ u  

U I P I ~ ~ I U  MG ~ U ~ F J W ~ ~ U ~ ~ I Z I Y ~ I U ~ ~ ~  ammonium acetate azdnna carbinol form D ~ $ ~ U ~ P I U O  

d I 4Yd dnngmraiauuawalXd~ % recovery wo4 MG d i t i i u ~ d ~ ~ a r ~ o q  LMG q;lliiu1do~1t=ruo11ar1~~lu 

dluo4l4uufY CV !la: LCV Aau 

Chromatic MG Carbinol Base Leuco MG 

GZ 145; IriZi? 



lurnrnr2o?inn::6fiuiann~i9vo9~i~w"9 4 o::nu~iuwatdulPruipl total malachite 

green (total MG) J.I~OI.EUIDIUO.I MG I - - J U ~ ~ U I U R C U O ~ ~ X L M G  L I~LIEUIO~  total crystal violet (total 

1 A 4  
fiulfLllu~d7lo9 total MG LM:: total CV TRU calibration curve ~ $ u n i r ~ B a ~ l n ' i ~ u ~ ~ ~ n v ~ ~  MG UB:: 

4 44 
LMG ~ 2 ~ f k l L L ~ % 6 1 ~ 9 d l ? ~ f l ~ 1 8 9  CV LLW:: LCV 3 9 u f k  ~ ~ ~ l f l 2 1 0 ~ L ~ ~ ~ 0 a " u 0 9  MG + LMG M?Q total MG 

~m:: cv + LCV N ~ O  total cv nsiv(uiplrgiu~t 2 i r n ~ t i i . r ~ d $ z  ua:: 3 n iud i&~ 

O0 

-- 

-I 

O.OOM] 0.Olh) 0.02(M 0.03M) 0.0400 0.0500 0.0600 0.0700 

Total MG (mglL) 

80 00 

S 
4 5000- 
E - 
5 00 
n 
x 2 3000- 
a - g 2000- 
I- 

10 00 

I 

y = 995.2568~ - 3.0371 j t nndlnm3iur::nil-a 
R? = 0.9960 

. .  - - -  - - - Total MG (mg/L) fill Total peak 
I 
I 
9 area (mAU) 
I 
i 
I 

1 
I 

0.00 4 I 
0.0000 0.0100 0.0200 0.03h) 0.0400 0.0500 0.0600 0.0700 

Total CV (mglL) 

30 00 - 

5 
4 2500 - 
E - 
2 20M) 
L a 
x g 1500- 
a 

g 1000 -. 
I- 

5 00 

I 

/ 
y = 53 1.7056~ - 0.0848 / s d i 3  tlnm-mnrlrnnrgiu 

I 

-- - -- ' ~%wa'19TotalCV(mg/L);~ 
I 
I 
I Total peak area (mAU) 
1 

- - I 
i 



0 8  i 2 5  5 7 5 10 - _ _ ~ 2 2  i s  17.5 nun 

Y 
2 

Linearity: r > 0.9900 (<4 total MG LlQZ total CV ) 
Y 

Linear working concentration range: 0.6 pg/kg - 6 pglkg (fi total MG 6 6 f i : :  total CV) 

Limit of detection (LOD): 0.5053 pglkg dlM~¶J total MG 

0.4087 pg/kg dlM?¶J total CV 

Limit of quantitation (LOQ): 1.684 pg/kg din% total MG 

1.362 pgtkg dlM%J total CV 

% recovery ( ~ L G ~ I  2 pgkg ): 55.95 % Od4 75.92 %BIW;IJ total MG 

68.01 % 39 104.47 % d l~? f i  total CV 

% RSD ( d 5 3 ~ 1 ~  2 pgkg) : 4.36 - 9.60 % dlM?IJ total MG 

1.26 - 6.44 % dl~?¶J  total CV 

8to~!usi~tduouiul~~1~udn"i~od~la"aod AOAC ~ ~ ~ d r ~ ~ I J f l ? l u l ~ S . J ~ o d  1 pg/kg ~ ~ W U R  %recovery 

~~!odd?d 40-120% 6mZ % RSD I ~ ? u  30% 



nirnr~okr$n~R*i~ (rcwnlnc) 

I) Eioml Mdc Iliii ATR IT-1R Mlcron~wtnnmp) 10 ATRC'. CSHO, KLO, UHS, DEHS. 

2) Contact-and Collecl Mode xk)IU'c ATR IT-IR M s m ~ p e t m ~ p y  l i  OA, [..A. DIZHP. DIiiP, DINCII. 

3) A b m o n  Enhancement hfodz lis r\TR FT-IR Mlcmspn~mnpy 10 TAC. xM;, PRF 

DEIIP. DINP, DIDP. DIKCII, 

TAC, acPG, X t L 4  

nru'inui~cincliulinir n ~ z n r a ~ i ~ u 1 n 1 n c l i ~ 1 a z i ~ n " b ~ 1 n ~ ~ ~ u ~ g d a ~ ~ 1 ~ ~ 1 8 ~ u n 1 ~ s i 1 u n o a ~  nir 

fimri:i1aumn~nc1n"n~nrui~clnri~d~~~'~odiu4~ uolzdnruiwuimnniu~ni5~1~q 

~' i tGumrJsziSu3nir~~n~iz~ (method validaton) 16~:l';~!~fl?~u?m5~lr~~?mn:~ 

h ~ a w z ~ a o $ i t ~ ~ i i ~ n i n i ~ n ' ~ o a 6 a  q d 



C 4-  

b3.ml.rrioai 1.5 m.r~wulmnitno13m3a~~m a n z p d n . r m d ~ u n o i s ~ 1 f d ~ ~ 6 1 ~ ~ ~ 1 ~ ~ a ~ a " m ~ 1 3 m n ~ 1 9  
.I 

d.r:6nnuld~~auz6~~zbnnzdu~~ood~fdaiwi~ 

1.) ~un%$D~allan~nalriidnua$o9 

2.) 8wid~%u1rntm3!dflisllo~1awz~z~a ilnfliduu ita~~ocii~.rl~ul61~asa6a"n~i9ifi~?d$111uu 

I ~ f i a " n 9 a a ~ t ~ u s u ~ 7  

2.1) 8n~1d~%uinl~~~i!dflibuo~lawz~zkaluia~~n~dfl1 -0.2 8.1 -0.951aad TRUI#&MW I 
d d  4 

miuou w'uwitn"si~u~aldfl~l~~iodluairazaiu~didora~u~~o i i o a  7 d scan mte so ijaSlaa6io 

Su1Fi 

2.2) 4nuid~E~ini~m3Idfli"~e,~Fawz~~n~iiu0~luia~~n~di -0.2 $4 -0.9 l a a 6  TRUW 
W '1dflI 

d d  a 
~1~uouijun'nn"rulSuGa!dfl114~1u1u~isa~niu~~~or~ouo~on Qioa 7 4 scan rate 50 i inShn6io 

5u1: 

~ . ~ ~ l n l n J ~ % r n r n a a ~ ~ ~ . r J ~ 1 6 ~ o ~ F a ~ ~ ~ o ~ ~ ~ ~ ~ ~ 0 d ~ a ~ ~ n ~ d R i  o b.r -o.ssFaan' ~~sl4$?:?1dR1 

I. msdm~iia~m%msdap.o%~~~~oJ~~p.o?u 

n~sa~?uuii'aogi~s d1w?ufis~1m3rn~iz6 

CAP iiaz DCAP 

1.1  w i a i i ~ ~ ~ n z f i u ~ o l u o ~ ~ a M " i a z a i u ~  

1NsJI~dsJ %~ftl5Clf% CAP 16aZ DCAP 66aZ 

mr ri1biunfn$lu~iori1c$firrw8a$a6 

Gfl 

.A 
1.2 Nlnal~16Ojul6a~nalui~u96~o9nlrffn"fl 

ihu6aM"iazaiu 
d w  w 

1.3 ds~qnnnunaodi~~:q (~017w?n) 

3 2  
t 

rn"ooa$ 

2 

* 

t 

1 0 1 2  

4 

4 
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8 

b 



d d  a m~uouw'u~nn'rut~u~a~dfl11#~1u1unisazaiu~d~do51ou~t0a %oa 7 Ci' scan rate so iiaaraa&o 

Su1i 

2.4)8nlnwauot scan rate d n ~ a d ~ o l m m t a ~ i ~ ~ o ~ l a ~ z n z ~ a  lmnlzuu llaZM8dlM4 

(Linearity) 

5.) ~ ~ J ~ Y I ~ ~ ~ ~ ~ ; R R ? I U ~ I U I ~ ~ ~ I ~ R I W ~ I ~ ~ ~ ~ S I , " ~  (Limit of Determination; LOD) lla: (il~R~?lU 

mulm ~lnR~um5fm51z~l5-rf i lnol~6 (Limit of Quantitative ; LOQ) 

6.) jin~1n?n?l~i6iuil (Precision) 61az R?IUBR#BJ (Accuracy) I U R ~ ~ ~ * ~ O ? R T ~ M ~ W $ ~  A ~ ~ R ~ G U U  
llaEM89lbfi9 

cts d 
7.) 8 n ~ 1 m l ~ 5 ~ 1 ~ 1 ~ n t n z k a  rinn6Guu 1 m ~ n o c ~ ~ ~ t ~ u ~ 1 w n ~ d 6 a u l ~ n ~ n ? % ~ 1 ~ s ? w n z w " a a 1 s o ~ ~ n ~ ~ 5  

~ ~ ~ n a r i a u n " P l n i s ~ s a ~ i ~ w i ~ a n ~ 1 ~ ~ 1 1 ~ ~ ~ l ~ t o u ~ w ~ " b 5 ~ u a 3  

~n=i.misdoui 2.1 m s w E ~ ~ i r n s ~ a i u ~ v r n ~ t ~ ~ ~ ~ ~ n " ~ d ~ a ~ ~ u " ~ n s ~ ~ n ~ B ~ u ~ i n ~ n l ~ ~ n ~ i ~ i ~ ~ ~ i ~  

1) f l l 5 ~ 6 ~ ~ ~ ~ 6 0 ~ ? % ~  

a. ~un~itazsauraubo P ~ L $ u ~ B ~ " o ~ ~ " P I ~ I ~ ~ ~ u  

b. 4RP4lnl5lfliillazin~3EldtlL5u 

c. I1 Aeromonas hydrophila MOK-1 f f ~ l f i O ~ ~ l U ~ ~ ~ l l ~ j ~ 1 ~ 1 ~ 1 ~ ~ ~ ~ f l l 0 ~ ~ % o J " ~ 0 ' b f l ~ ~ ~ ~  

ainm. Yz Gaqicp mn%amii ~win-mrduminu~riu rnn'1ms$c~wdu~1uau1w"~I11nl 
A' 

, inEllPi8 ltazi8'~1du stock la8 

d. ~ n l n 6 n n ~ ~ l ~ ~ ~ l ~ u ~ f l ~ i a z n l ~ ~ ~ n 6 8 u ? % o J " v ~ 9  Aeromonas hydrophila MOK-1 MI 
2 '4' o.milsznouuo~o1~i~iau~~ao1~az~~u~~~au0~~zn0~~~n1s~a"~~00d1~oJ"Iup~,ui~u1n i4u 

m s ~ m n r h i i n z i u s i ~ l a ~ ~ u ~ s ~ & u  0.5, I ,  1.5 itaz 2% iflu~mritmiuou 



;annu'; 30 - 50°c 

e. niarnia:$iwuizarun'nrniseiouwoqioul%oJ" 

atungiidmlnznuiiiqi8u 2 424 n"o 30 - 4 5 ' ~  iiaz 45 - 60°c 

dioadiwln:nu~~u4np111~4a~ p~ 3.5 - 8 

f. doulnfluf;?uioulru"l~I$w~fi61'~~91"i~u~ifiiaii~~luluia~ai~uaiaa:1uiaa lnul4? 
9d A 
aannniintiuun?~tiim, ituun~i~ido.~ iiiln~uueiotdo~ 

g. dinisilun~i~aluta~atdua t l a z d ~ ~ i a h a ~ a ~ l ~ u ? ~ ~ ~  
a s  d u 

h. ?msiz$ nTdwa iiazi%~ui%~uriuciu iiaziniuuunnaiuiAoa~nwuw wso Q R ~ ) M ~ { ~ T  

2) f l l ~ d ~ ~ $ 2 ~ f l ~ F l  

a. n'un.iiii~:s~us2ub~aii"nuaGoqn"'pIqiu?ier 

b. okmmrin i j~ ia :~~~ud~1~8u 

c. 4 f l l n m s ~ o ~ ' l ~ ~ ~ 9 l f l 6 d a " ~ n ~ 9 ' ~ 1 R 9 1 ~ 1 F l 2 O O  mesh ~2un~~!81~Sfl~lo~nt6v*1]$0d (12 M) i 
~:uzl7aiii~q5u b~~lavGinif i~f i2u 

d u 
d. n ' i n i s u u n w ~ n ~ ~ w a n a o n ~ ~ n v i i j u ~ s ~ ~ s n n o ~ r  6 (GICNHCI) ~ ~ o ~ i 4 i 1 ~ 1 0 1 ~ 1 1 d 0 ~  

&ukawh ~lrruuiduutiurnrinu1~u!il~na'odlell~in~n~~ 

e. m activity ~ o ~ m s ~ ~ u ~ ~ u ~ ~ ~ % i i i f l m ~ i i ~ u 6 ~ ~ ~ u i ~ ~ d ~ ~ u i n i ~ e i ~ u  
pr gl drcr 

f. 4 n ~ 1 J ~ i u w o ~ ~ ~ s 1 ~ a u s : ~ a ' i ~ ~ ~ 1 ~ d l n f l u 5 u n s ~ l ~ l ~ s n a o ~ n i 6 ~ u " ~ ~ d m u n o i d o i i ~ u ~  

waw~niiuu%a%~inin~f 

g. mil p~ tia: ~anf?~dinln:nudi~?unisdou 

h. ~saenouw~nn'ar.n"~l&~inni~iou$aer HPLC 
d p r s  

i. lanwlinn'ruwlwurg~:4au nisnn~mow w3onTnsuilnnnd3 
rcs d d 

j. iiiuunuqiu iin:m'ruuunn21uidoaqnwuw nso o~iin7Gns 



4 4  gl cl Irn.mi.nioa~ 2.2 w ~ 8 n ~ b i r i n w d ~ 6 e ~ 6 0 d ~ ~ ~ p . o 0 d i ~ t ~ ~ 1 s 6 ~ o ~ a i ~ ~ ~ ~ ~ 1 ~ o ~ n 6  (Prebioties) II~LIIOUG 

08ft%tt61~6 (Antioxidants) 

t t w u n i i u n i u  d=iznou&u m m i ~ v a : t a w 1 r d ~ o ~ n 1 ~ ~ 1 w ~ ~ ~ ~ ~ ~ ~ 1 t t 6 ; i a z ~ s z t  d o  
d w 

nirtm7~sau%~8u~t~uizn~]miu~t6ar~~n(uo~wa"m~a4 oin~urnm~nisoranmlmu~~toulcH0~" tmr 

~n~na'nvactawiruo~wa"~~a4~tnr1r~ttaz~mm1ua'nvazt~w1zuo~~a"m61"a~ttam~lum1~~$ 1 

4 1  4 
1n3amsiotli 2.3 m ~ w ~ 8 n w ~ ~ 8 t u o ~ n n ~ ~ o a w ~ a t w a ~ ~ s ~ n ~ 1 ~ 0 d ~ n a i ~ n ~ ~ ~ o i ~ 1 ~  

2 B 
1.) n i ~ ~ i m ~ z i m u ~ ~ a u u o ~ o i w ~ ~ t a ~ ~ a a o  

1.1) i / n ~ i ~ d t 1 ~ ~ n i ~ t D ' i ~ t t a ~ n 1 ~ ~ a " m w ~ ~ t t ~ n n 1 9 r 4 l u o i ~ i s t ~ a a n " 1 ~ u m q m  t i u ~ t t ~ n i i ~ 5 u  
* B  w M 

o i w i s ~ u ~ t a o t w n ~ ~ ~ m t t d a ~ ~ i n o i w i ~ ~ m  Brornfield 53UnU36UO4 Tallgren tIIzRaz (1998) l ~ u t t d r  

tmriqmiunu 3 aiim iio nglnn ~ l n r n  tmrttanlmn R~mrmirto?qluo.att~~n~~u 
* A' 2 1 2  

1.2) 8 n ~ 1 i o ~ ~ d f j ~ r n 0 ~ 1 " ~ ~ o i n i ~ t ~ u ~ t a o  t ~ a ~ ~ ~ i ~ ~ ~ ~ u d ~ r n o ~ ~ u o ~ o i ~ i r t a u ~ t a ~ ~ t n u i r ~ ~ ~  
2 d pion13wa"mwottt~nni  tiu.1tt~n$~1u1uolm~tau9t"11~tna~d~m~tda9olno1~13gn3 Bromfield $4; 

nirudrh%~muo~ttnd~ni$p~outtaz~u~mru s?u~~finauo~m$~ou1taz~u'bo13~ou~tnuiznu~;io 



d d  n 
1.4) ?insif dnisio<adun~~iun~~u6iazan"aiiun~na"ii$nn~~s6an'aiiunwna"6i$nn~~sa~~an 

I d 4  
IlainoimriSu~~.aowiwuizauoinCo 1.2 ~iazmazdinuiznnoinn 1.3 l~unirnnnznnuhu 

6ObIUBa 

dCi s d st - d 
1.5) f l n ~ ~ ~ u u ~ u ~ ~ ~ ~ a " i ~ $ n n ~ ~ s a w ~ a a ~ ~  mrin'ruuwoa"ii$nni~sa~nusq~6ui~~au ~ R U  

n i rnnnznou~au in~ iunn~ '181  3 rnu u'iwoaa$nnii!r6d!&;a'insiz~d~uis~'bds~ud18u 

n ~ ~ d r m o u u n ~ w o a " ~ i ~ n n i l s ~ l m ~ ~  Protein Dye Binding ?insizdni~~mdsz9v~~~na"ii$nni!s6 
d p s  d 

1.6) i n ~ u u w 0 ~ u ~ n m l s m ~ p . 1 ~ s ~ ~ ~ u i ~ a i a u  ~i~znraanouwfin~aCMd~innisu'nuaaiuwna" 
d d  P d s  P 

n$nnilranwnnlA 6i?uT~in~o.r~nl~iwoidn~iiuucHnnaa~nsoJ~~~nsi~ (high performance liquid 

chromatography, HPLC) ~dnniv~aun~~inin~uia~ai~uadi~pdo~~dsznouoinn~~dnu~a~uwoa" 

i~$nni!sd~aunra?s~asnao<n 

2.) n ~ s ~ w u ~ ~ n r o i m r d ~ f l u n ~ ~ w a " n ~ o ~ i u ~ ~ ~ ~ n a ' a ~ ~ ~ ~ n ~ ~ i n ~ n s  

2.1) ~ n ~ i n i a z $ m u i z a u l u n 1 ~ t i n u a " a ~ ~ ~ d o l 4 ~ 1 ~ n 1 ~ ~ n ~ 1 n s l a u i c ~ a i n  GC22O (Genecor) 

B~drmnu~auinulri~nulan~ni~ua~aa~~o0d1cHi~Xin~lna3~aan1u%~n~ Ghose (1987) 1 1 ~  

Sternberg (1976) n i ~ d i i i ' ~  ~ i n i a z d i n u i z a ~ u i i n u a " a ~ i ~ a " n l G w i ~ n ~ ~ i n ~ n s d M ' ~ n ~ s d ~ u a n i w  

oin$u'imrir6~uiaJimia~~a4lu1sl~s1ai~fi&au% DNSA 

2.2) i/nvinisl~Taqin~ol~w~~mrmlrnn~nJ~un~uiind~?u~n~~ou Tauviims?ms~zd 

d~uiar?ulnr~oulu~aq~nBnl4wi~n1~invnsunzlslns'lainnlau?~ Kjeldah diuaamlp5uitu 

lulnsiou 
2 l a  aa d o ,  

2.3) i/n~in~nil~znnuvn~ninisinu~i~owinuizau1unisidu~~iunwisuwnmiiun1$i~w"~wa"n~oa" 

iuni ~nviuwdtmiunudiwuizaulaud~idsw'u~ind~nifu~u?~iifi n ~ l n a  iiilaiiuindzniiq mniinin 

imzlslarlnmndl~ainnistinu.aiu~nu h a h a  i141a iinznnnu imzbuiimd~lulnsloudinuizau 

~nniswa"nwna"iun~~~u~id~w"u~ind~!u~nsi~u 14116 i ~ ~ u ~ u i ~ u o ~ ~ u i n s n  i~nucbui~ou~aida 

iinuluiiiuunanlt6 lc~iAuulu~nsm imzlslaslnmnvotninkaindo~ ninmunziu iinzninci 1dol4 
Im~.rmiuouitaz~u~nsiou$iwuizau oinB~a~'imri~r~'ufiuis~iip.1uizauio1f1 

4 4  d w  
2.4) itnlnniazdinu1zauluniri8u~i1unni~u~n~iiun~&~nw~nwoa"~uniluniw1s~ns 

~kiidn9 ~ ~ u i ~ ~ z i d u ~ ~ i u ~ ~ i ~ u ~ u o i ~ i s d i j i i n ~ ~ m f u n u ~ i a z l u ~ n s i o u ~ u ~ ~ u ~ s ~ d n u ~ z ~ u  
I A  

i in i r~nv imazd inu izau i~~~ i i '~ i :  ( i i n a i u ~ S u n s ~ ~ u n v n ~ ~ i n i s ~ ~ u ~ i . a n i ~ u ~ u  i i n z ~ ~ l ~ ~ ~ ~ ~ u n i s  
Y 

iw1zi"aus 



cp s  4  4d 4 1n7wmioei 2.4 ~ I ~ W ~ W I I ~ ~ B R I I ~ ~ ~ ~ W ~ ~ ~ ~ ~ W B ~ ~ ~ ~ O ~ ~ ~ ~ I W Q ~ ~ O ~ ~ ~ ~ I ~ ~ ~ ~ P I Q ~ H ~ ~  

4  s  a  4  s  4  
1) n1~~a"niia~n5ma1ramiis~a~wavani~n1s wa"n~isamii~~n~wa~aniw$uszm"fl(uama.ueii 

A' A' TmuiPPruuGaianluoiw~siwaa YM auioiy 18 h ~ u c  diu~aianasluoilnsiwaad?fld~q 

B ~ ~ i t ~ ~ ~ z n u  IEUI~S 50 oniiiia~ Iuva~ii6a'msannuuuim 250 oa i i a~ l~  i 1 1 1 1 i ~ d ~ ~ l w ~ i i  30 
% A '  A' 

oq~~i.aniQun nd~dn.nu$a 200 soudou~Q if luna~ 7 7' GIUI~ZIU~LTO uiduiiuni.aaioon Aaui~~foq 

ducnjvqnauquqawBfii 4 ow~iraloun na~uldrasou 8,000 soudnulft i f luna~ 20 ~ I Q  oin$u~Id 

daulnlnankkuiotinoz%innfiuins 1 dl Qiiaudi.ru~iiunnnk 3 4 iihiidauuuuiszmu 
A ~on'ao:%mnnnnMaumsos evaporator niuI&c~n~azgtgtg~ni~~ oin$iinim~mdlKuinzaiuAauiuMi 

A e w  
uoa iiaz{ic$aasni.au 2 rou ~worno~riiGukauiiiuoon!d r i ~ m r ~ l b ~ n f i n o u n ~ s n s z o ~ u d ~ ~ u  

8 9 4  
Lm: rndinu'nna&ikuota~ramits~n~wa"~~aniw 

8 4 4  
2) n ~ ~ d i u ~ g ~ ~ m s a ~ i i s ~ ~ ~ ~ a % a n 1 ~ ~ a u ~ ~ n s ~ 1 1 ~ ~ 1 n s i ~  

a s 4  A 
2.1) msia~uuarls am~~~~a~wa%an10"(~f i f l?q~~f l14dau~au analytical Thin-Layer 

Chromatography 
8 4 4  d 

2.2) m 5 l d u ~ ~ l s a ~ i i ~ ~ a ~ ~ a ~ a n l w ~ f i u ? ~ ~ 6 f l 1 ~ d a u ~ a u  preparative Thin-Layer 

Chromatography 
d s  s  

2.3) rnsuunltnz?innz~ar~~&autnf ~ ~ ~ s ~ w o ~ ~ o ~ ~ a % 1 0 d ~ a n a m F n r 0 ~ 1 ~ 0 1 n s i ~  (High Performance 

Liquid Chromatography: HPLC) 
4 - 4  

3) ~ m n z ~ ~ ~ s ~ a $ ~ t u ~ ~ a r i s a m i ~ s ~ ~ ~ ~ a " ~ ~ a n ~ w ~ w a " a ~ ~  
a s  a  

3.1) n i s ~ m s i z ~ w i ~ i ~ ~ n ~ u i a Q a v o ~ a r ~ r a m ~ i ~ ~ a ~ w a v a n ~ w ~ a u % i ~ u a , a , i f l n ~ ~ s i u o 1 ~  (Liquid 

chromatography-mass spectrometry: LC-MS) 
a s 4  nus u d 

3.2) n i s T 1 ~ s 1 ~ ~ I ~ s ~ n $ 1 ~ ~ i ~ i n ~ w o ~ a 1 s a e l ~ ~ ~ ~ a ~ ~ a ' ~ a n 1 ~ ~ a ~ a ~ u a 1 n a u s ~ ~ ~ n ~ u ~ n ~ s F ~ 1 1 1 1 u 0 d ~  

t7idflIMSflSflq (Nuclear Magnetic Resonance Spectroscopy, NMR) 
4 - 4  

4) ~nvorsnuu3ms~ainiuo~ari~amiir~~~wa~afili~dwa"a1M 
4  9  4  

4.1) ( i ~ ~ a ~ u i ~ u n r ~ d ~ ~ d i ~ ~ ~ ~ z a r u ~ o n ~ s w " i ~ ~ u u o ~ a c ~ ~ a m i i s ~ a ~ ~ a ~ a n ~ w  
4  4  4 

4.2) w a " ~ o ~ i ~ n a i u d u n ~ m i ~ ~ B i o n a ~ u ~ a r ~ u s v ~ ~ M " i ~ ~ ~ d v o ~ n ~ ~ a m i ~ s ~ n ~ w a ~ a n ~ w  
=? 9 4  

4.3) ~awo~p~ln~iiionaiuiar~uswo~M"1~1u6~o~n1sam1i~~~~e3avan1~ 
d n d  

4.4) ~~1ui6$u~o11.a~huunao1s~diw0~1~aruOi~nisi1~1uvo~a1~amair~a9~a~anlw 
4 - 4  

4.5) w a v ~ ~ l . a i Z u u n a o ~ i ~ n a 1 x l i a r 5 u ~ v o ~ i 1 ~ 1 u v o ~ a r 1 ~ a m i i s ~ ~ ~ w a v a n 1 ~  
n  

4.6) ~ ~ ' 6 l $ % ~ n 1 5 i ~ ~ ~ ~ a ~ o d  (Emulsion Index) 

4.7) ifi~uiiu~A1na1xl~~~6v"oav~~msiiimlui?ra6(~ritica1 rnicelle concentration; CMC) 
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A1 H( . LSHO, EI 0, DRS, DEtiS, 
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A I BC, DBS, DEHS, 0.4. EA, 

DEIIP, DINP. DIDP. DliiCII, 

hSBO. Par 

nru?nu~mn~liu'in~s nrrnr?~ina~nnn~iiaziwn~u~a~~3uH~au9iud~&?un~sdiuwa~ 
P4 dl aamr?mnzG1~uinn~fliin"ar1n*u11Rns7~i~~~"wu16~u uaczdnsuinuimnni 

Y ~ I S  r i1~~~1iGumrdsz~~u%n1~?~ns1z6  (method validaton) I ~ ~ ~ ~ & . J I Y R ? u  

u ' i m s r s ~ ~ i m n z ~ d ~ " i , a ~ z ~ ~ a ~ ~ ~ l X i i f i ~ ~ ~ a o n ~ u ~ a  7 G 
4. nis~wuiiwj<o~ndoqnirdui~~u 

kwni.rdoed 1.4 m ~ ~ ~ w i ~ Z m i i m ~ i z ~ ~ i a z n i r ~ i ~ ~ 1 i ~ ~ i i n ~ ~ o 1 1 % ~ ~ ~ a ~ ~ t i l ~ a I t i l 1 i 1 ~ ~ ~ 1 % ~ ~ ~  

w"a5a~w%iraz~ipsiaaaier"c;1 

. aonwin~a'n~ruz i~pavo~i~aa4u  iikaullsznouiflu nr-itivu d in in  in% ~ - I ~ U ( U R I U ?  
d d  d n  

(nrniao~i ini in-di)  dl iin-w?n 8 . r d ? u 1 w i i 8 u 6 1 d ~ z ~ - 1 n a  20-50 i d o r i r u a  ( n ~ a i n d ~ + d i t Y u r n u ~ )  

i w d ~ n 3 1 ~ d a ~ R ~ M 1 9 6 1 p . f i ~  ~wmwylrd (European Commission) 1ipazJii1luran~:nn?fii CAPS ji  
9 w 2 . 3  6i?u 50 ppm (mg/kg) & ~ u . 1 1 u ~ ~ u ~ ~ ~ l 4 w " ~ u 1 % n 1 s i ~ l ~ u u ~ a ~ e i 1 ~ ~ 0 n ~ ' i n d i n ~ u ~ ~ 1 o r ~ ~ ~ s 1 ~ G  

CAPS 63awnGn MEKC ~1~w"w~liia~aeinaipd~iulu3~ I 
c i d d  n 

~ ~ w " 1 n 1 s ~ n ~ ~ d a a " u ~ ~ ~ ~ 1 z n u d 1 ~ ~ ~ n ~ s a r n " ~ ~ 1 1 a a r ~ ~ n ~ a ~ 6 a M " i a z a 1 u ~ u w s u i ~ o a i f l s 1 ~ P A d  

f i u i m  CAPS A--~viwnfia MEKC %&iifi ~f ie \vo~~~M"iazaiu~uw~u"~l~arn"ni iazwauo~nis i~uin~a Q I ~  

r n r ~ l ~ r u u ~ i i u u ~ r z ~ ~ ~ n ~ w ~ u n ~ s ~ ~ ~ v a ~ i o ~ " a ~ z ~ i ~ w  (EtOAe) ~ I ~ ~ o L % ~ ~ I u I I I ~ ~ ( A C N )  $qiiuuG 



iduinboiia:lliduina"o I~ul#~onn'snts~suudjju CAPS 50 iiaz 100 ppm (pgig) iia:82o(ii~vonw3no3~ 

(SI-h45 iia: s6 -X~O)  o$i.ra: 3 p wuiirnrnnkRiodi~Eilu E~OAC iiuuiGuinBo 1 f i d 5 z 5 ~ 7 n i w 1 u  
4 $2 rnrn;~ CAPS i i n i 1 n i r n g m ~ 3 a  ACN i i o q a i n  ACN taunjdia:aiu8unsuna:aiud1 ~uuarzd 

rl dLi 
E~OAC i ~ u ~ ~ ~ ~ a z a i u ~ " u n s u n ~ r i a z a ~ u d ~ i i a z ~ ~ i G a u i n n i  ACN d 3 u  CAPS L ~ u ~ I s ~ R E ~ ~ I ~ & ~ [ M  

4 d i  1 4 %  h u u i n  7~azaiulu6~Yln'iaza1u~un5uwIuubua1m?ni ~ j 8 u m s n k  CAPS ain.aonw"rnh E~OAC 
4 o.rl#dllrzan~rnwdanii ~ a z r n n ~ n n ~ o i - r u i ~ u ~ ~ z ~ n ~ n i w ~ u n i ~ ~ ~ m 1 6 o ~ ~ i n w a b u o ~  salting-out 

A 
effect iiazi~uuun~u~ioono~n~~n"iazaiu~~d~~tl"a~uu 

1ums~lnlnnifiuiatna"o~i~~1zaud1n?unisan"~~~o~ii~~11 I ~ u ~ # q o m p ~ r u u $ " u ~ ~ ~  100 pprn . 

iifl~cb-t3flw^snll?4 S1-h45 i 8 ~ ~ 7 0 d l l ~ R f l 6 ~  ~ l l ~ l f i ~ l ~ d 9 1 ~ 4 i n d 8 i i ~ ~ a ~ 1 f l  0.5 ~ l ' i l ~ Q Q ~ 1 ~ ~ ~  d l 9  

hod14 ( d u  anhydrous MgSO, 1.0 nru  liaz NaCl 0.25 n?u) ~i iu~wodirn~urnsan"~~ao(i i~~on 2.5 

n ~ u  i ia :~J~inirnr i~ .aonw~no<~di  2 n h i t i u u r j u m r n r i ~  I n% w u i i r n s n ~ a 8 1 2  n h  63u E~OAC 
& A  d %J 

iiuul;uindn (0.5 diuocd1nrin.ron~3no'sq) ?$fiuiol CAPS ~wuuuianuouil'iih (iwdu$ounji 4% 

din?uhocii.rronrr;n SI-1145 iiaz iwduhunji  2% d ~ n ? u  di?odit.aonwin s6 -~3o)  ~'~8u?h1ri 
<idu&~nn'ulb:~ 2 n h  Aon?1traz~3nitnzd5z~t~iaai  

~~uni~:ni~ah~im~1:nud1n~un1~iiuni~az5in~1z9A" CAPS ~ u s i l o i ~ a q ~ n w < n i ~  
a A %wivuf lo  n&whoditronn?n 2.5 n?u 6-x~ E~OAC 10 ml i i u u i ~ u i n ~ o  (anhydrous M ~ S O ,  1.0 n?u 

Y 

ilaz NaC10.25 n?u) ~iazM°inirsl<~ 1 n?q 

o i n n i ~ s l s ~ o n o u n a ~ t r i ~ u ~ v o a ~ n i s ~ n " m r o ~ w ~ n  1&~"1nir jn in~iui~u~uo~ni~~n"m 
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4 u CAPS $ n ? i u t & h  20, 50 liaz 100 ppm W U ~ I  %RSD 710.1 %Recovery dji f l5 izdl~i i iazj~douni i  
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poln~wue~w~olfil"ol.n"iiazi~~u"~~ana~uda~m~ubu~~~~f Inn16 
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2 1 I. nisnlni?z$iwu~zauuo~oin~siau~t"tlo 
A 

tuoduatunGPsumuw'u( EN02 ~uolrnrpr Bromfield IRU% 4% b e ~ n s ~ d u ~ t w d q  
4 9 8  

m i u o u i  30 ow i t ra iGua 6s1rntnd1200 s o u d o u ~ i i  a5un"rlm~qnirl~?~~~Uigszuz~"aqa (log 
d A  s 

phase) l~uCuRi1azt41~szuz stationary 1I.l 18 XU. n ~ s ~ ~ ? a / ~ ~ q i ~ ~ n i u o n ~ ~ i ~ u l ~ u  O.D. 550 nrn 6 i R l  

d~wu'nti~~tl~~dituu~i~uui~u~n"pd~~a; ~~whwnw~nclotnoi i iuo~$uwui~ao~ndo~n"un~si~~~~fi  

wui~un'unr6a?ndita~~~eraw~flg~4fid~zuz Late log 8 4  stationary ~ ~ n ~ u f / o u  7 a ~ a 4  I~O~~UI~IJS 

firnoly~nrni'!#~1n o-5% wuild ~ 4 %  I#waw5nrzni1c 7.0-7.45 4na~rnsdu-r 12 av. udw1nlX 

tbu 5% osltiwawZn 7.4 g/l i ~ ~ a i n ~ s d ' u d  15 xu. nlsiiIJs~d~uuimdqd1nIaa$un;1na iiarnanTnn$ 

wui~  &n~aa&rcl& 3-5% ivii 7 nirln'Halrid~~kiin~olXw~a^t~~~lus~a 7.3-7.4 gn # 12 T.U. ~ t d  
9 9 ;  tmn~natinnunuuu~~ UM 1~erawlirndini1iio1~~1fisa1~azn~1nrc (7.1-7.4 g11 ~Udoi~iu~n"u 5-5.9 gn) 

, a ~2 K rnn~nuan~u~itun~~odtw"o~~odn1st~1~~~o1'wi~io~1~ ainnniinvni2zi1wuizauwui1~aw~~ 30 
4 2  u d  o~rnlrntgun riln~lul~unrRmnuoqoiwisiuqI~otrunun 6.5 ~ t a z n ~ ~ u ~ ~ ~ s o ~ ~ u m s l ~ o ~ n ~ t . r d u  

200 rouioul; k~walGitunCiPrumuiui ~ ~ 0 2  ~Iin~aiii10nmlsaAgqiiin"~ 8.32 iiaan?usio 
2 4  

i i n Z ~ n s o i w i s t l i u  I~umo5it$nn1ls6~itun~a"suwa"nl~ia11u~t~udsz~au 

2. m r r i . u i q n s o i w ~ s d ~ f l o a n ~ ~ w ~ n w ~ ~ i u ~ i ~ i n a " a r t ~ ~ ~ n i ~ ~ n ~ ~ ~  

mr'imnzdttonn'?~U~918u!c1166%aqtad GC220 (Gmecor) ~ ~ j l t ~ ~ ~ % i l Q u ~ R n ~ f l 1 6 0 d ~  ir 
aonM'?~iviin"u 86.66 unit/ml i t ~ ~ ~ ~ ~ ~ % ~ ~ ~ l ~ ~ ~ ~ ~ l ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ l n ' ~  131.39 uniVml anz'lunlr8n~l 

a 
n 1 ? z u 1 ~ d s z m ~ d ~ w a ~ o n 1 s ~ o ~ a " ~ ~ ~ ~ a " o ~ ~ ~ 1 ~ n 1 s t n v n s ~ ~ ~ t 0 u 1 ~ ~ i c 1 1 a ~ i a a ~ ~ o  w u i ~ n i ? m  

tnu1muiomrcioua1u6ouCa;aut~?1a~aarc ~ ~ 2 2 0  tio gangii 45 otmt.antCn r i ~ n ? ~ u i $ u n r ~ i u n  6.0 

~$u~?RI 6 ATUJ tdom?s&ndi?vnqlouI~iic11a~iaa GC220 d o u % q r w a " o l G ~ ~ m ~ s i n ~ n s  !&fi YIU 

Qu ~ I ~ I - - J  SIGI-I tlaziina~$~i~un~rdiuan~wttda 11~j1m2r<qnd1?tw~1st~fin1seiou"~1oa8ou 

~mzfih?td81t~utaa1$oa 96 hl14 iapd~c11oJ"~~nd1?~r(i~of ~(v '~a !%i~rn  i~adun~sTiRia"on%q 

~wi;olhitnismvnrin"ood"~u1i3uatnd~1u1Bistau w u i ~  mnn"ma"oa imzmn.r~ l f l u b s t a u f i l n t u  

3.570 14)~;6$~66651~ 3.010 6d~~t&d&~11xla°lA¶~ 
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8 - 4  

m S f l ~ n m S ~ ~ u S 4 ~ 4 ~ 3 % ~ n i ~ ~ f l ~ ~ ~ 0 1 ' ~ i c h i a  anomala cflun'ui PY 1 ~ i u l m w ~ n ~ i s ~ m t t r 4  
8 9 4  n~waaamndiidsz~n7n1w~~~mluo1n1ri~aad~ud~~~msddrznou&au KH,PO, 0.02 t d o t t 4 u i  

d d  d %  
MgS0,.7H20 0.02 i l )~-h$~i  f l l t f l f h%7d 0.3 i d ~ i l $ ¶ . l i ~ a ~ ~ ~  0.4 tl)oS6%¶.Im ¶.Il~uOj?tnso3 10.67 

tdo i t$ud iiaznglna 5.33 tdoh4dnauc)uciinai~i8unsmii~6uXodtfiin"u 5.0 Tnuinnzrns&c 

t & ~ d ~ t M ? ? ~ ~  30 8rmt.ank)ut-l I U S ~ ~ ~ ~ W J R ~ V ~ ~ I ~ ~ ~ S I G ~  200 SOU~~DUI?I I~UI?PI 7 'h TRU ~ i c h i a  
8 4 4  

anornola mu{$ PYI I fwawi ina isnni ts~n~wa~a~iwi f i i~u  0.95 niuioFinr 6 . ru inn i i tdo  
8 9 4  d v g  cu & 

t f iuut~uun 'un isw~n~~sani t~~n~wa%aniw~au Pichia anomala PIIU%!~PYI Y I ~ T ~ U I U U O ~ I M ~ ~ O ~ I ~ ~  

ttndqmiiiuur3uqaGatGua 8ol~waw5no.26 n5upioiint (r%m t"a~qnic, 2549) nonnhtrivnis 
9 2 d  a s 4  

nnaoqr iounuwnnuciu- I i  idoiin1rifiuu~uunirw~mairamttr~n~waaani~1mu14aisk~~ut~u 

ni~~u~a~sni?u~air~~0j~oudin~ot-lisdae,u!6u1~'w~z~~wawa"muinn-;11nis1~~~wa'~ni~uoutw"u~ 

aiimGu? (Linton, 1991; Hommel i6azRDIz, 1994) Imu~aiozl4diminlu6uuaunisiuniuoa"3oJu"utisn 
8 n 4 w u d  uo~nan'naz84mrlz.R"~au%o9 hydroxyl fatty acid % ~ ~ m 5 n R t l t ~ ~ 1 9 ~ ? 9 1 a n 7 ~ ~ 7 n a 7 3  ~ 9 n p d ~ t ~ o d t f i 5 ~  

8 9 d  

~ d a o u d i n ~ o m s d a o u l a u ' u  i ia:i~osdolnunr.rn'u9iaui;'t~oa~inia~o~a1samttr~~~wa~~n1~ 

drmn bnln2iw'n (Webber ~ t n z n t ~ z ,  1992) wa~6mdl#~~zija'n~azna"iuM"i~u t w r i z a ~ r a a i t s ~ ~ ~ ~ a  
=I v A d  % d 
aamn~w~n1~ioinmrknuntnluui15'uw"~~auuinozu lactonic form dldu?nns (HU itaz JU, 

200 1 a) 
8  9  4  

analytical TLC & a u I ~ s z m u ~ o ~ I o T o ~ u  tmzuo 
4 

rfl "roiaun' nuiimuirottuna~sonn!&tfiu 3 tiiiiudau iio FI i i ~ l ~ 3  1~~iii1n.1d~o~~nsiaiauni3 
d d 

moun (RJ t8od 0.88,0.72 !in: 0.62 IIU~FYY $1 ~2 i i i ~ n ~ r n s z o i u d i i i ~ ~ ~ d ~ a  imndoms~~aou 
8 9 4  #au uao'ifl ~ to t tuhu i l  F2 ttaz F3 ? f ~ n u ? n  iic~u3riiugiuI#i~nisawtts~n~wa~an~w~ Pictzia 

anomaIa niuwirf PYL w~nl~dimiat~udaudsznou~?oifluaisdr~tn~!na~na'w"a oin~utn'?uu 

air F2 preparative TLC tdoJiui~nriz6~irttaz~"11~u?~~d~au HPLC n u ~ i i ~ ~ u ~ ? u f h $ u ~ #  
A 

oin RT 15.3, 19.2, 21.9, 26.2 tm: 31.4 UI; 1 8 ~ o i i ~ o c i i q  C D E F itaz G ml~diRi( %ql$f i in l l  

nr:siuM"~riuuin r laz~nno~ri i~uiudauCi i i  RT ~ n ~ t ~ u ~ ~ u ~ n r u i T n ~ ~ n s u ~ o ~  HPLC ~int-li314Ml3 

~ ~ ~ d l ~ f l ~ a ~ , t ~ u ~ f , u  do RT d 7.5 ttaz 8.9 u i i  l ~ u l # i o i i & o d ~ . r  A ttaz B niuriiFYu t.~Ji!nl 
9  

~mnz66au'i"n LC-MS piold nnwonis?mnziiR1~6au% LC-MS u o n ~ ~ ~ 1 n ~ n u a n ~ u t a ~ a 6 u o ~ a i s  
8 9 4  ~ t a ~ m l n s n l m n ~ ~ l n s ~ a f i ~ " ~ o ~ a 1 s a ~ t 1 ~ ~ m ~ w a ~ a n i ~ d w 5 m  lurnm~no~wui iuaa lura~avo~  

aisPi~uln$iditM'in"3~ 662 702 tta:: 762 ~~t3uut i ;u . r !~ ; iua1~~~~~~ lsa^w"~d i~ns~a~1~~ insm1a~u  

tfJuotWrzoouuo.r [c22] ,, L ~ L  [c22:1]~~, 0~n&ii15?i?041qa15 G ~ ~ ) ~ P s u I D ~ u I ~ w D ~ ~ ? L ~ ~ ~ z P ~ "  



Mau3 NMR WU<I 'H-NMR spectrum IFindnn~lu4a.r chemical shift d 0.9 pprn I ~ u M ~ ~ u ? ~  (-CH,) 

1.2 i11:: 2.0 ppm Q : : ~ ~ U ~ I ~ J ~ I ~ ? ~ T A ~ ~ I ~  (-Ch), 2.4 ppm ih -CH,-COOH LIRZF(U<U~Z~ - 
B d 

CH=CH- d chemical shift d 5.4 ppm e a t I l ) U ~ i ~ U ~ ~ ~ j U f i ~ t n " f l ~ ~ U ~ ~ 4 ~ 1 ~ ? ~ ~ 9 ~ ~ l ~ ~ ~ ~ ~ f ] ~ l ~ ~  'H- 
49 d 

NMR spectrum ~ 0 4 f l l t k ~ I ( ~ 3 ~ 1 1 ~ M ~ ~ i ~ ~ ~ l ~ l f i ~ ~ i ~ ~ ~  ti chemical shift i 1.2 2.0 im:: 5.4 ppm 
4 s d  

n i ~ i ? n l n n ' n v o l : : ~ u u ~ ~ 1 ~ 3 a i n ~ ~ ~ ~ ~ i ~ a n t ~ s ~ m ~ w a ~ ~ a n i w ~ w a ' m 1 &  1nam'uun isa~ i ts r  
e n d  m~wartramw~naiulBu"uBu"u 40 Gaa"nTuioGaa"a"~lr 1182M'inisAo~iq loo rvi16'au 50 Gaa"Fuait 5i .r  

IsTnmao'lsdGdtvloi nui1na1ut8unmditdi~u1::~u~on1sw"1~1u~~a:na1uin~~s~o~~1~an~~~~8~ 
4 9 d  4 s  : , A  

i ia~mw ~ ~ ~ u r n r ~ n k a i s a f i ~ ~ ~ t ~ ~ ~ a ~ a n i w ~ ~ ~ ~ l ~ i  i$~Cu 8.0 $ ~ ~ ~ I L ~ ~ ~ T . I o ~ w ~ R I ' M ~ B I ~ I ~ ' ~  34 
4 9 d  

mN/m I I : T ~ I ~ I ~ ~ ~ ~ Q I U ~ J ~ ~ Q ~ ~  7.07 ~lisiqtvuRiumt (~m~a~i~s~mrlw?~?ml( 0.004 iinlinTulu 

u'r l iAoi f i rnas l o  1u ln~a^as dlnummnnou) IuTutisnauih 30 i u r o r m m a a o c  iiazwatuol 
4 9 4  8 9 6  q o l w ~ G ~ o n a i u m l u ~ ~ ~ ~ ~ ~ s a n i i s ~ m ~ ~ a ~ a n ~ ~ d ~ l i ~ ~ ~  wu<~m~anustntwaaan~~u"~n~u~s~M"~~iu 

~ a l d o l i u d ~ o l w ~ ~  60 imz loo o.miivatGun lgunrn 15 hbt baijri~urtkft 33-34 mN/m LLR:$I 

nisns::oiod~<luir 3.0-6.0 ~ i n t l r u z ~ i l u s l s  121 D J R I A ( ~ ~ ~ ~ U P I  sn 

4 ' ~  uonoindaimncis~~~iia~aniw~w~m~~dta1uisn.n"i~iuiia::ncnaiuialus1~~$lcfli~uunao~s~; 
4 - d  I&& 0.5-5.0 do i l h6  lnu i i d i i i s . r asw2au  32-34 mNlm I ~ Z ( ~ I ~ I I ~ ~ L Q I U ~ I ~ ~  9.0-14.0 m i t i q  

ivugiums i3uiaai 30 ?u 
8 9 d  msbnlnnaiumui~o1uni~~o~4ia ~ u t u o ~ a r i s a ~ ~ ~ s ~ m ~ w a ~ a n i w ~ w a " m ~ ~ a u n i ~ a ' n $ i  

4 4 0 1  

uiadnir~nnouagu (Emulsion Index) I ~ ~ U U I ~ ~ U Y ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ I S ~ ~ ~ ~ ~ ' L I ~ ~ ~ I A S R ? ~ ' ~ ~ D ~ ' I I ~ A S ; ~ ? . I ~  

wuilcii &dijmr~ii~~u'a$ui 24 A T U ~  i o ~ ~ J o d n i l u n i  ~iGuci~iGun~~uiJusi.~'~ia diGunon 

n'idou im:: i~ r iu  tbmiioc i id iu inn i190 idoiiQuX l n u d i i i u m l u a l  itazJiiiunonrnfiouiTiinaiu 

inGuranac4ou irlnlu 3 iulirn $0 l o  1dniiGu6 J14iut?amfioc diJuri41 aJiliuuirnri~ 

4iuirn aana 15-25 doMuii' rnuri~tiuliaznaaadszuitu 60-70 idoii$u(i n iu~u  7 TU 1u:14iu 

gn6kwkna'ia 

uon~1ndmm1~1~~in~~r0~na1~~~9~~ur0tn1~ai in1%~ivaa" (critical micelle concentration; 
4 4 4  1 4 1  

CMC) ~ I ~ ~ ~ s L ~ R ~ ~ s J ~ ~ w ~ T ~ ~ ~ w ~ ~ w s B I X  wuaiumlv-iti~ 132 GaSnYuioZms ilnzTixnt;tiia ol "IS 

B ~ I  l i inbivai  (YCMC) iviin'u 35 mNlm ~ - 1 u n i 6 i n i i n i s ~ ~ t i s ~ ~ ~ ~ a d c i n s 1 : : ~ ~ o d " ~ u 1 i ~ u u ~ ~ u u  n"o 

L ~ U L M ~  307 %MSMDU !on$ 100 iiazlcfliGuurulnin3aJatdm i~a~u"~3dnlsz2~"siwlnd~~u~n"unisa~tis~ 
4 ' 4 4  

Pldfl?%afll~"II~w$od 1h.J 1~Td1~5W4fl0ln Candida bombicola 66a~6bT9J~U~~R01fl Pseudomanas 
A d  I 

aeruginosa NUnl  CMC 1ViIf%J 130 660:: 200 ~aa"n~uPi8a"nT ~l$Ja"l~u (Otto LLaZnfllz, 1999; 

Pornsunthorntawee LitIZnQaZ, 2008) 



4 w  d 8 9 4  

~ 1 n a u a ~ ~ ~ w u ~ 1 a i r a ~ t 6 ~ a @ a ~ a a a n 1 ) ~ ~ ~ a " a ~ ~ ~ i n ~ f l 6  pichia anomala rmk f  PY 1 1 ~ ~ 1 4  
mdtmiuou 2 rrii~i?uriuSo nQTnanazdiCutaitGm P a i i a i a ~ u i r n t a ? ~ t i a z w a " a a i ~ a w t ~ ~ ~ ~ ~ ~ a  
d 9,Y ad L 
aamw!~fiuloluinniid~ 4 ivii~udoil~suu~~uu~unir~~uiuuna~n~o~afluti~i~n~~uoui~"u~'tl~mi~ua 

B e = i  en a 
1 m z m r n ~ i 1 r . m t w a a a ~ i ~ d w a " a ~ ~ t ~ u a i ~ a m i ~ ~ . t ~ . r ~ a 1 ~ ~ z i n w ! n a ~ n a ~ ~ ~ n l ~ z n o ~ ~ a u n 3 m ~ " ~ o ~ " u ~ ~  

A vri d I w d d  
Insanhalflu c22 ozmoa .a~landi.roinaiu~~~%o~~ou~aauuin~z~i0aiun~~?$1uu~6du%~m c l 8  

4 s a  
imz c2o azmu ~inlnraali~diiln'airaerti~.jaa~a'tla~iwdwa"m1~~di CMC cidiniimrnmiisa I 

B 4 Q  iia5.rtnirz6uitaGm~iaz~iniiaira~ii~~a~wa~aniwdwa"a?~~iniia01" pichia anomala t n u r * i  PY 1 

luriu.riuuoa r h o 1  i"aaq~u (2549) d~iuauuitiounllid uonoind~aiuirncio~ia~un"uJi0~'u 
so ,  2 d  4% !#nainnniuaii~ muirnoz1Jrzyneil~uqmai~nrruoi'~irlk;luouina iinz.riuaouuidu 

4 - 4  
n l 3 i n v l q o r ~ u ~ ~ m 9 % ~ 6 ~ ~ " U o ~ f l l J a m i i r ~ a 4 ~ ~ ~ a n 1 ~ ~ ~ ~ i ~ ~ n d ~ a " a ! ~ Q 1 n ' i l ~ 6 ~ i ~ h i a  anomala mu 

A d  ~ ~ U ~ P Y I  .a~iduaiu$u~6~naiunlao~~oaiaz1flki$uqaainnJ~u~i"ntla(u"o~n"uoini~ 
4 94 

lnsqnis5a'tldwiiauni~s\dn"aIk; I nu uuamrzn'uGqo~iTn 2 nu imzG3m3zR'uGtys~(ia"s I 

nu IGW4ui3z;uulul(tll2 1 ~541 

Thaniyavarn J, Chianguthai T. Sangvanich P. Roongsawang N, Washio K. Morikawa M. Thaniyavarn S. 

Production of sophorolipid biosurfactant by Pichia anomala.Biosci Biotechnol Biochem. 2008 

Aug;72(8):206 I 

1n.rqni.rdeai 2.5 ~ ~ ~ ' ~ ~ I ~ ~ ~ ~ W ~ ~ ~ ~ ~ ~ I ~ ~ B ~ I ~ ~ ~ ~ ~ ~ ~ K I ~ ~ F ~ Q I ~ ~ ~ ~ M ~ I H I . ~ ~ ~ Q ~ B I W I ~ ~ ~ ~ M  

9 w  a 1 n s a n i t a o u ~ ~ i l i a n i r 8 n p ~ i 1 ~ u ~ o ~ 4 a u ~ o  w'sn6tnzci au5airluliauvoaw'in idiilnvi 
M ?iiflirflnkt6tJn capsaicinoid 6 C l d ~ ~ ~ l ~ ~ f l l ~ ~ 1 ~ ~ ~ l ~ ~ ~ ~ ~ R f l 1 ~ i a ' 1 ! 0 ~ ~ l ~ 1 ~ ~ 1 B \ 3 ~ 1 ~ a ~ l f l d 1 4 d 3 ~ 6 ~ ~ ~ 9 ~  

nndou# la~t  66azn'$adn?lugflX09v89%f115an'm#au solvent extraction 66az'Ps?EtSlzw' HPLC 9 l f l  

a A  I flir~nvi~udnwiuuifliui~nniniaz HPLC ~mnimuionir3mnzd capsaicinoid $18di resolution 
9 9 %  uinnii 1 1taznuii9unirirnnzn' linearity range ~ ~ ~ a i t a z a i ~ u i a r ~ i u i m ~ ! ~ ~ u d n a i ~ ~ " ~ ~ v u w . r ~ ~ ~  

29 $9 1313 ppm L ~ + P I I ~ \ ~ ~ P ~ U I I I ~ ~ ~ ~ O ~ ? R I ~ ~ ' ~ ~ S ~ ~ ~ W ! ~ ? U ~  ~?IUL&J#U 15 Ba 707 ppm ?%I linear 

correlation tnnnii 0.9900 1lnzl6~mao.rfmrizdfiuiol capsaicin Q I ~ ~ ~ P ~ ~ R W ? ~ ~ I U ~ ~ ? U P I  

1Psmol capsaicin aindaakw?nfhy n'fn%Ii einuni.rpiiaq wu i i l~arz i iundt  otii~lriimnmr 
d s a s  

w ' ~ 9 ~ ~ ~ ~ ~ ~ l ~ 6 ~ ~ d ~ ~ ~ ' ~ 1 ~ ~ ~ 1 l d ~ ~ ~ i f l ~ ~ d l ~ l ~ ~ ~ l ~ i 5 6 1 ' ~ ~ ~ 1 9 d n ] ~ l ~ ~ l f l f l l 4 f l ~ ~  capsaicinoid 

1mz!lidrnsuinrgiu41~.fodiu uonoind' l~8nwnir~n'~~tn1~~uou6~~a~m5a~~ou~uis\d1~n1rSuou6 

331~ (total carotenoid) ~uw?nfl~~$ufpii.r~ L $ D ~ I ! ~ ( ~ ~ ~ ~ ~ T U T ~ I ~ L ~ ~ ~ U ~ I J ~  B a ~ u j i t ~ ~ n i r 8 n ~ i  

tWdo9+1)r:~ur6otii~~8u~nani~"uo~w~n 



~lu?&lud2u~o.rdI 16;nnk iiuniia:dqo6iona"np1ad"uo.r sesaminol diglucoside tin: 
A 

sesaminol triglucoside %-l~~iid~:ft0~&3~Yi?U aglycone 80 sesaminol i l i ) :~d?~%~d l . l~ ih  glucose 

huau 2 iia: 3 w~aumiun'itiu ido.rainhrtn~i.riidauuot~imiao~&acI~~~"ilw"nirlun~udini~ 
z A d  d 

n:aiu!uuim flniltflsnt$J sesamin tin: sesamolin % ~ N ~ I U ~ I C U ~ I  t l l rhn ju  sesarninol glyeoside fi 
d qnam.r"a?mnwmuoei~t~od~aula ibu qmf~iun~~afinr::  nirnr:djupii{utiuuo.riitn~u l a l  d-~u 

4 w  Acl 4 d 
Iw~n#i~na.rnunu5iu~iuIu sesamin iia: sesamolin (a.ri~uo-lnilr:nouwa"nIuJioJ"odti O-mm~iimr 

24 d 
luf l ju sesaminol glycoside 0 1 ~ i ~ A ~ l l d t 3 ~ ~ a l U ! 8  sesaminol I ~ I S U R I S ~ O D ~ ~ ~ E ! # M " R I G U ~ ~ P I  

a 
sesamin [la: sesamolin ~in~ni r~ in int id~~a1nn1rn6~iRdiu i r~ i~ i?mnn"~~~3nn~.r~~o41n1~Iun~u 

sesaminol glycoside UII#~T:TUTUI ~ :dun i r~Wduq~~~ i~6n~n . r~ i$u~ t i~~u~ f l  

~namlaioad 2.6 wa?hdoqumwdm~oan~Btt~Iia~3mi~oddiH5pI~Bao~Q 

I .) n i s ~ w u i ~ i ~ ~ 1 ( 1 ~ 8 i u i ~ ~ i . r ~ ~ l u i n a " ~ ~ i i  

~iu~im?uuuinrns wnur:niiina"oiiiiia:wo~iu~iT~~mr~~inuniri~~suuiinai3~ui8u 

oynin w~o!sTariau6ou ~~unobuo~d~uni~dn~i iw"oina"ouuuw'a~a~f l&i~~ i n lnnu tomlu 

aa:Lilum ~ol:@sirlka"ondazigu~iu.r l o  % votr i i  RDI uociniioiiiiioiazaih i ~ a l u n i r l n v i n ~ ~  

da:~~~tti~uwa~fi~uiiuu~unirina"ou~~u ~Rulu$u4iwn'inlr~npIifiuia"uo.rwoa"iuo$dniuisQ 

ma"ouuuna1u'i~uniii~r~in~~lunisn"1~u~n~,u1ol"~o.r~na"o1iida:~n~na"o~1uu~a!o~" ainmslnw 

wui16'a?iium ua:ioni~paanuis~~~woa"iuoi~anai.r~# 1nuwa1d$ana"eu&auiaai~ua~~naiui8uo~"u 

aiauinnii 

ariudrtuina"nlliat?&u wuii~aiiumR~uiulii~nl~Guin"u~inai3~uI8 od i t l r  k iu iaai lu  

~~ui ia :hTm.aiu~a"u~i i"ne\n l~~ui l~~6uina"~~~f  dii?uaqid 
d d 9  : 

2.) m~~wu1~au~imuuioJ"u~oiun1-3 I ~ U O S ~ ~ S ~ ~ O P I  

9 4 9 w  n 
2.1) primary emulsion UO~TOIURI-~ mui~06m?~u~t iT~1~~(~in%ui~u~ua%diuioo l h : ~ ~  oil in 

d d 
water emulsion TAU primary emulsion fiJr:9iflua~ ~ti1(unis~u~u~1~~k~u$im?~u1~%in~u#ou~t3u 

ou'i~lrt=fmiuiudo.rainii zeta potential Zdi&osnii -3OmV i ina.r l i i iui i  primary emulsion ~W~~UUIGY 

~u"un%u~XoarounumJi~udou n'ilfiiir.rwn'nrn.r!dfli (electrostatic repulsion) &~ITFIU pi.rualflli 
1 9 0 1  

i a ~ ~ r i ~ i i d n a r  IAU primary emulsion ~ ~ ? U U T R U I #  1.5% IR~UWU?IOU~~U~;UU~RI;~~ nirnrraiuh 
: w e 4  

uo.rnu~uiuuunirns~aiu~a~i inu ~ i n ~ u u i ~ u o t ~ s : ~ i ; n a i u ~ ~ u a ~ ~ ~ u i n  iudoil~ruut~u~~ii'unaiu 
s h w 8  9 9 2  i6u4umSupii.rq ~j~unol:~?auo.ria"onl~naiuivuvpdu 



B Y  i n % ~ i 3 ~ ' l d ~ ~ ~ % ~ ~ ~ ~ d 6 9 ~ o d  pH U ' O P I ~ W ~ ~ O ~ ~ I U ~ ~ ~ U S V O ~  primary emulsion fA pH V09 

- a ,  cI A .4 n o ,  or a=. z nirnzmuoua.avhuio~ii~iiviin'u 4 tin:: 5 wlnXn"uTii PI V O J ~ ~ % U (  p1=4.7) d9oua%uninR~uli~iw 

m'lus iiazd PH 6 3ria~uiinaiuinbusu1n~~a 

2.2) secondary emulsion 
s w  4 

Secondaq emulsion m~i=j0ia~uuT~uin8ou primary emulsion d i i i n % u i ~ u o u a ~ 1 ( 1 u ~ o ~ $ & ~ ~ ~ o  

ZiuOi PDAD) iLI1'. 1flTslTi11l) an'h~udd $a'ul&%inln 

2.2.1) ~ ~ U I B I  BI ganuyarzniic prirnay emulsion iiaz~~~~uoidlflunir~n~tlu 
d 4  9 w  

lurn54nlniT VII~I~~~WII~ % transimsision iAntYctnanirolmnoua~u wuiiiudofu primary mulsion d 
iim%uiguo"83vhuld ita~~dr::yt9J (pH 6) ~I.I~~IU~TIX~:~IIU PDADMAC $d~dl::~lfl~U?fl$dli i~ 

iLrtddgRm9~dfll~zn~ldd5z~uanVod PDAD ii~~zdr::~auV~din%u Vhl%l?a secondary emulsion $G 
2 

PDAD &ou~o~o~niuuon~u!& a15 ~ ~ u ~ d o ~ l u ~ d ~ o ~  colloid ~ 1 a h d t ~ a m r a n a : : n 8 ~ i ~ o ~ ~ ~ ~ n ~ ~  a 

rmiidfiu1BIVod PDAD Uaz primary emulsion 41% transimsision dlTI@ id~i%.J primary emulsion 
I 4 a 

Ulf lVU Yl¶Jili'in complex UU ~ R U  complex %nd12flnnzn0uo~flul ddwaI<fil% transimsision BtVu 
d A g w . 4  

odi.rr?nts? r . roz i~uqadi rnnd~~~nr i~auui~unf lu in~n"uw~s~~i~d  pima; emulsion ~ ~ ~ : : w o ~ I u D ~  
cis  24 24  dl4 TRU complex ~ ~ ~ R V U U ~ R Q ~ ~ ~ I ~ ~ ~ ~ ~ ~ U ~ ~ ~ ~ ~ ~ ~  primary emulsion ~ ~ l ~ t ~ ~ ~ ~ l / l ~ ~ ~ U l ~ ~  

secondary emulsion din: t l5Ulh~ 

o ~ n n m s n ~ a o ~ w u i ~ ~ n s ~ a i a u ~ a u ~ ~ n ~ n ~ ~ ~ u i ~ n ~ ~ z p . o d ~ ~  PDADMAC !in:: primary 

emulsion ii6iiM'in"u 2.6 ~~~a~fiu~nsid~uTaufi%~i~ilrrznii~ primary emulsion (1.5%  in?^) tifig 

* w  C1 
fll5aza3U PDAD tdlfk 0.25 69~u1Unll~n~llWdO6n~UU secondary emulsion 414 PDAD l!Ma?ofJlfiDfl 

r w d p ,  
~a~idauui~un~uoun.d i  2.6 i8n$ou 

Q n d w  Tnud~~~5r::ni id primary emulsion t i a z ~ i s a z f i i ~  chitosan O.I%W/V d t n ~ i ~ t ~  

~AOIGPSUU secondary emulsion i g ~  0.2-0.3 % d f i ~ i ~  ehitosan d 2 ~ ~ i i ~ i d n l l B ~  

2.2.2) ~ I S ~ ~ ~ U U I R U D ~ O ~ ~ I ~ ~ ~ ~ ~ ~ ~ I  zeta potential VOd primary emulsion itti:. secondary 

emulsion polydisperse 1 i ~ ~ R d ~ ~ V ~ 9 O ~ f l l f l ~ ~ " ~ ~ 1 R f l 5 ~ 3 1 1 ~  280 ~.JRIOU %Jlnnil95% 

l u n s i d l ~  PDAD irnzhln.aiuifiuvloa"iuoii~o~a7uu secondary emulsion ~ u ~ u i i n i s  

nrzaiv6aujn.si~uiluu polydisperse i duh  iiazido~fl51i2u~aufiuinsi8u o.~(~af~d?u~auf iu ins  
9 w  w  d 

6ouii.rq~nuqa) iiaz 0.3 (bsid~uTaufilnnsInd~aarx1ya) wuiioymnuotouaauu%uia~n$~u 
B d 

i lazf i l  zeta potential ~ ~ J U U ~ ~ V ~ ~ ~ U ~ ~ : : ~ V C I ~  PDAD ~$OUSDU primary emulsion ~ ' f t l t l ~ 4 d l l ~ ~  
I A 

secondary emulsion vu ~doOYssi i i~uT~ufiu~ns~b~d I r ~ l ~ ~ ~ n r i d a ~ n 5 ~ ~ a n u ~ a  nui1uu1auo.r 
P w  w  =l 3 4 d l  

ounauuuuiai8na4 tiazds::puuwuw?umldo ~ i n a - r i i o ~ r n n d ~ u ~ ~ ~ ~ u n i ~ w a r ~ ~ d ~ z ~ i ~ o u i ~ u  



gudd.ruon~sflirrau~an"odsz~~~~ secondary emulsion 66az PDAD ~ d i u ~ f l r l d a ~ 1 ~ 1 ~ ~ ~ n i 1 ~ ~ 1 i z d u  

~dfl156fl?XI secondary emulsion 80 2.6 

~nwrn~riwir 2.7 m5r~1~~uarni%d~:~~d~~~5)iw~i~ia6a~~~i~n~:%iu~1 

1.) n 1 a ~ n ~ l i n ~ ~ d r ~ n ~ u n i . ~ ~ n " u ~ ~ ~ ~ ~ 1 9 " 1 n r ~ ' t l i u 6 1  

a ~ n f l i r ~ t u n r n s u ~ ~ n ~ ~ o d d ~ a ~ ~ ~ u n ~ ~ u  (mr 1-3)uazlanaotriimu (mr 4-10) I b ~ r d a i h -  

u n u R i l r z m n ~ a ~ ~ ~ u d ~ f ~ , ~ ~ i ~ u i n w o  lo a i i ~  daz~ildn~anu~n<n1~3aniw$u~ sin 



dw 
3.) n1~~anouq~6uu~~tou~c11~o::t~l(~a~w~uionrnotsn &au% microplate 

dw 
u'~ntsdailau 1-14 amaaou qnavu$~iou~rh::iellM"aFn"autoat~o~sn ?nu% microplate 

tdomri~ ./. msh& dnluiUu4u 1 mmg/ml l t ~ r 4 a ~ 9 b  

13 

14 

galantamine (Std.) 

dw * 
w u i ~  mr a itar 7 iiqnnuuujiviih 56.20 tm:: 44.20 K a~a i i t i u  ~ I : : R Y U ~ ~ I U ~ ' U " ~ U ~  I 

4 49 d ,  
GniinTulliounnnas uonoindair 11, 13 tin:: 14 i;qn~u~~jto~~c11ljo::t1~a~n~utoat~otrn~"e,an<1 

HI9 6 ttaZ7 
d  

4.) m m ~ n o u ~ n a r n ~ h n i w ~ u ~  
d Y 

nirnnnoutln~vl~~n~w6uo~aisitun1~oinnr::~iu~~ (1-10) tdu qnitull&toulrlittod~n~Fn 

Gian ( l rntu~miu) tt~::~n~#1u'lumri~3~i~ulmvo9~a3~ n::Mqndn'ouhwh ctpiijtamrnIr 1 $18 
dw 

q ~ 6 ~ ~ ~ 9 n 1 ~ 6 9 8 y ~ l ~ i 6 ~ a i ~ ~ ~ ~ ~ t l ~ ~ d ~ l ~ ~ ~ $ ~ ~ l ~ ~ ~ ~ ~  Sacchommyces cerevisiae 

5.) mr8nlnnn1a::dtwu1::n~d1~Tun1s~tn~1::.A"n1sd1~~~3uinn~n HPLC an:: GC 

s~nn~r'itnn::.A"n~sd~~~Xauann~n HPLC ttnr GC tdol~mn::68~ar;~1ta::w~m6sldn""~o9 

nr::aiuci~ a u i ~  %'am4 GC I t Y A i  retention time n & n j ~  tdoq GC a::R?n ram% ~tnrijdi?ttl)rfiounii 

uonelnB mslunriub~bioctn:uuo~ Gui  pi~umr'itns~::n'ms 6 iaar 7 lui&aii~nr::a~u~i&au% 

GC nu41 Bf iu~arn~s a u ~ n n i i  m r  7 i 9  3 i h w i a  k~uluwlia'olwlau'arii~uiamsnns~adlod 

fiaiorgtqn ro~n.slnlkttillndTa tmr~iac niuR'ipiu o ~ n w n ~ o ~ r n r n i i n r n s l u ~ ~ n ~ ~ ~ n " n ~ z ~ i u ~ ~  

&?uInnnoIrBinu nui1i;nlr 6 tin:: 7 i ~ u o t ~ s r n o u w ~ n i t n ~ ~ d ~ % ~ i m a r i r d 1 ~ ~ ( 6  tin:: 7)dIri 

1t~uou%uaiia::~a~ti19 

6.) mr uds~dn~rnun'l~.r~~w ~au'Pamrn'~~$ii$~uu~tt$atf 9 (freeze-dry) 



lna~maciou< 2.8 d a z ' i n ' s m w ~ o ~ r n a 6 i 0 d n i a i a ~ ~ v o ~ ~ ~ ~ d m ~ ~ v ~ ~ ~ i ~ ~ n " ( ; 1 a i n ~ % 1 d 6 \ 0 ~ z f i a ~  

1. n i r a $ a a i s ~ i n i u i a u z i a q  
a &  d d  

nisa~anisoinaua"auzlia~1au~4Ji ttaztonaiuen 4~dunisazaiuuualwonata~fiari 
A4 , 

polyphenol (Kabuki, 2000) dijs1u.r1uiiWuaisnuaau~1~qfun1soon~o1~~1'iun1~~a~~~o~ 

ctunfiPsudo'lroluoinis a i r n t i ~ ~ l ~ 3 $ 1 ~ i n  T~uuzria~idnzw'oa(azlXpP,u~~dar1sarn"a~i~1n~i~n"uoii~ 

iiriudwYqrnqaiifl 1 u ~ ~ u z i ~ . r i ~ u a ~ ~ n o 1 1 ~ ~ u i ~ ~ a i s d a r n " a ~ d ~ . r q a  18.63 % &$ iku~~az%u$m 

oriusiroaatui~~uif iui~baisdaCaI~ 17.48 %[la:: 13.46 %mudlii~ u Y , I ~ ~ P w Y u $ ~ ~ D c M ~ $ ~ ~ ~ ~ I M  

aj~i~qnrra$clazGwa"a~~u~f~G l~fiuiolrnr~nkl~liii~n~ii~n"uni~fi3~ ~oionriR'11 i3.46+_ 1.25% 
d d Y  

aai4.20 2 1.80% ~ ~ u d i R j l  daui~ia~zia.1~diunisa~.ri~u~up'~~nood"uo1 n l n f i u i a a i s ~ n k l d  

1io1fidia~uni~ar~~oinau~a0~zia+aa i?o~#nisnn"fi idiu 13.605 0.02 %liaz 14.20& 1.80 % niua"16'u 

2. qn~6~u~~unll"suuo~n~sn~fia~n~ubauzia~%ui~i.r7 

mrnfiRein~ut;nuzia~W"uf~Oua%~snw Ianoi i 'u i '  i i a z f l i $u62uJ i  dqn$lunls&~ulums 

l ~ ~ q ~ o ~ l l u f l f f i ?  tl Staphylococcus aureus, Bacillus cereus ~ia%Pseudomonos aureginosa I[fi 6 6 l ~ ~ & ~ ~ j l f i 1 1  
44 4 a k u o ~ ~ u n " a u z ~ a ~ r i u $ ~ ~ ~ a n " u a ~ u ~ ~ n X ~ ~ d n i ~ ~ ~ ? q $ ~ o ~ ~ i u n i ~ u l u a d ~ ~ ~ u a n " u ~ ~ o i i i ~ a i u w " u  I& 

lan i i . rCu 1mni~ru~nuiornrnnk6~o~~%~8auzia~~audi~~$~mi?o ~ 1 .  perjfiringem 16637 tine E.coli 
4 4  d 

8739 nisHtiRu~+~~i~~:lja~ariuw"uioii~n"u ~ l ~ 1 5 Q 6 l ~ ~ 1 ~ L ~ ~ ~ l L ~ ~ G b ; 1 l l ~ ~ ~ l 5 ~ ~ ~ ( i r " ~ ~ ~ ~ ~ 1 ! ~ l l 0 1 t i d 1 9  

n"od l iu a r i s a r ~ ~ e i n t ~ ~ d a u z ~ a ~ a f  u a u s n ~  ar1uisa81Pdi6azdI S. aureus 25923 ?f ini1f l15ar~~vo91ubw 

u : i a . r T w m ~ u ~ i ~ a z f l i k u  ~ISI~XIW B. cereus 11778 la%niiai~aCa~~ia"uo~u:ia~fliku ~diql.iifwiu 
d 

mrnnkaln~udnuz~~a~~niuw"u$~~ndia i iqnalumsn' ,uw40&~mun'uf~run~~ud~uln~d~i ln  
n~nou!E;l i i iani ia$u tiauairnnkointua"a%~z~a~w"~d(iQua~~rn~ ~ a n o u i r d  i t n r f l i t h  h a o n a i u o a  

m u l 3 0 d i l u ~ l 5 l d i f $ ~ o ~  ~ac i l lus  cereus 11778 ila%Pseudomonas aureginosa !&?dqR T~fJijdl MIC 50 
U 4 1  l$lh 390.63 pglrnl l l ~ 6 l U ~ 1 5 l ~ f $ ~ 0 ~  S. aureus 65388 I ~ ~ ~ D U ~ ~ R R B U R I U  MIC 50 1$1i%I 6250 pgiml 

o & ~ l r ~ s n s a i r n n " a ~ i n ~ u d f i u z i a ~ ~ ~ a i % ~ " ~ ~ ~ a ~ ~ n d i a  ijqn~1unirdiuw?o%ii~~uw'u{i~uni~udaod1w@ 

$u'iuinnnoulflG~~~n~ii~n"u msnfinain~u~~uda~w"up'i0uaurnn ~ a n o u i r k m ~ f l 1 8 ~ 6 a u ~ o ' ~ ~ i u o a  

~~nhunir~i'lun"r~t~u~~~uni(~~"pdg'di+ 7 l ~ i u i n a n o u  ~ i i i n i i r n r i i n ~ d a u J i  
A 3 Adl 

3. q n ~ n i s ~ ~ u ~ ~ ~ ~ ~ ~ u u o ~ a 1 r a r n ' ~ a ~ n i ~ d a ~ ~ ~ a ~ n a ~ ~ ~ ~ z d ~ n ~ u ~ ~ ~ n ~ 9 n " U  



d ~niimsAnri~~aaonaiuoa i t a z m r a r i ~ i ~ ~ ~ ~ ~ ~ a ~ ~ a u 6 1 ~ i a ~ i ~ ~ b i u 0 a ~ i n w " ~ n o ~ i i ~ ~ ~ p 1 ~ n i i a r ~ ~ q w ~  

~ i u  Bacillus r&iBBR m s n < a i ~ t R u : ~ ~ ~ ~ u ~ ~ ' ~ l n ~ ~ u ~ ~ ~ ~ n ~ ~ d ~ ~ n ~ a i ~ u ~ I n i  gau i i  Z ~ I O ~ ~ T G U  

l w n i s o o n q n ~ ~ ~ u m s i ~ 5 q ~ ~ ~ ~ i u n ~ ~ ~ f l , n ~ G ~ ~ l ~ u n ~ s ~ ~ a ~ u 1 4 g ~ n a ' ~ a ~ s ~ n " ~ ~ ~ n u z i a ~ l a n o u i r d  

n o d ~ g n ~ u ~ q n T ~ q w s s u  ~ ~ u m s n i i ~ i u B ~ u z i a ~ d ~ ~ n 1 u ~ ~ ~ ~ a i ~ u ~ 1 n i a 1 u 1 s n ~ i u n 1 ~ ~ ~ ~ q 6 ~ ~ ~  s. 
aureus (?4?38t t f l "~~{)  ctaz B. cereus (<~IO~RIUKU~) IR%Bqfl ~R(lf i9i l  MIC50 Au4 30 pl/ml L L P I ~ ~  

d 
n '~ lmd1  MBC 6 U 0 4 ~ s ~ n k i ~ ! R ~ z ~ ~ 4 d d B n ~ ~ i ~ ~ 4 ~ ~ ~ ~ : ~ q ~ 6 ~ ~ n l ~ w " l l  B.cereur 11778 Salmonella 

Typhimurium LIP. L. monocytogenes l&BYIa T ~ U z f i l  MBC L%Jd 125 pl/ml I U U N ~ ~ ~ S ~ < R ~ U ( ~ R U ~ ~ ~ ~  

oinojninqnsrol~i~n~~q~I~~un~rio~qiia:~au B. cereus I 1778 I R R ~ ~ R  IRUS~I MIC50 iviitill 30 
d 4 d l  

pVml iii?'. MBCI$I~~ 250 pVml ~ ~ ~ A L ~ ~ R ~ ~ W E I U ~ I I ~  ~ I ~ I U I ~ U R W P S U ~ ~ ~ I S ~ % G R ~ ~ ~  )I#dOU ROURI MBC 

d d l  
4. q ~ f n ~ ~ J i u i ~ u ~ ~ i ~ u ~ o ~ m s a 5 ~ ~ 1 ~ 1 ~ ~ ~ ~  

d Y  msa5~iu~~uzia~n~iiaziu~~~~ia~~~~0dn1sao~~n0~~a~od"1l.;9"~alun1sJi~n1~i~5q~iazw'1 

n"son'iaiunun8~u4auI~~~tG~~nou1~n~i%o~n"u ndian"omu1snJiu s oureus (& 2 muGu{) B. 

cereus (A 2 PTIU$U{) Salmonella Typhimurium liaS L. monocytogenes !R%dqR TRfJiifil MIC 50 LlaE 

aureus (& 2 ~TIu$u$ B. cereus ($4 2 RIUGU~) ilBz Salmonella Typhimurium 1151% L. monocytogenes %?I 
~ B R  T ~ ~ i i d i  MIC5O id1611 30 p g / m l ~ 8 d f I ~ ~ i %  E. coIi ($4 2 niuw'ui) i6az Salmonella Choleraeruis TRU 

wanisPd" in i~ac~~ iu~~%1~u 'a~u i f l~~~ f ld i  MBC w~liia(isan"~oin~u!~%~:ia~afii~azuziaq 
cia d 

Roa&auil ~ulsnn'laluL%aa"6UO4iiunni~un~~Mw~~u ?#iifi B. cereus 11778 b%i h u i i f i l  MBC 1 i U 4  125 

p ~ m l  iinziiaiamd S. a u r a  (6 2 P(IU$U{) E coli 2 rnuniri) rm:: saaonella Cholcraesuis 14 
4 4  A 

artat Inui f i1 MBC iYii511 250 pVml im:nisa~n$~ao~' I I~mdoz~qM~w"iaiui i f ln~isuw~~na~ou AO Cl. 

peg+ingens (A 2 ~IUI!'~{) 1111:: P aenrginosa 1 4 d i n i i i i ~ n f f ~ u v ~ ~ &  I R U Z ~ I  MBC gtni i  500 pl/ml 
d 

d?uqnxIumrw"iaiaana' Salmonella . Typhimuriurn iitlt. L. monocytogenes %OMIS ~ n k 8 d f l O d ~ ~ i l i  

d.4 & 
naiuiinn61tn"Pd 8s a i s a r ~ ~ o i n i u ~ n u z u ' a ~ a r ~ ~ z n ~ u ~ ~ n ~ " ~ a i ~ i ~ a a " " ~ o ~ ~ i u ~ n i ~ u ~ ~ ~ ~ ~ " ~ ~ ~ ~ ~ ~ n a ' ~  id1 



wa.nu?~~uflir~n"uw"n1~~91lnissz~~l"111~ 1 ¶JMn?iu (proceeding) 80 

A e 40, d vuon drziin+uimui oirnidszm d u a t ~ o ~  qiu6 6ui~sllri??us kin:: qnannn quluiiail* 2551 

d ~ z ~ n ~ ~ ~ u ~ ~ l ~ ~ 1 ~ ~ 1 5 i o ? ~ ~ ~ 9 ~ ~ ~ ~ ~ ~ ~ 8 ~ f l 1 ~ ~ n " R ~ l n l ~ 1 ~ n ~ 1 : ~ ~ 9  (Mangifem indica Linn.) l u  

tonmrdsznounisdrzyu~~az~wu~~~~ua"nn~suazna~ $#iunaiudaon&untoi~is 3 w61 17- 

is i'unnu 2551 oimsumang nor:inuirnnni ~wiatnsaiuw13nuiL n794tmn 

awualuiktioui 3 u~sm~~um~viiocu1~zu~1nauf;?u~~azn3a0a~u~mni~na1u~a~n~uvoa~1~1~ 

In5~13docm3 3.1 ni-iw'suuiszuuGaya* 2 iil aazni3naupul5~y~wini510dni~fiin"~1q~~a 

qwmnaaznaiudaonKuvo4oi~i3 : ~u6nahu&u!uluw~nfioldta?uoio1i3 

' I ~ 1 t ~ u n 1 s s a u ~ a ~ ~ o y a ~ ~ a ~ ~ ~ 1 ~ g 1 u # 6 y a ~ 1 ~ l u ~ u ~ ~ ~ f ~ ~ o n ~ ~ u u 1 ~  7,314 SIU~IS 

drmouldhu mumsszuu tauluPhnq( ~owfin61"mgi inuunzojnqu noiuz drrmrr$~iin luoyqia 
'49 s 

(~8n $?uouoyqpn dodliazlud16~ iryQanaiudaon~u~laz~unoumyuslnnnarf 1nuda.rCynain 

~6Uhl8ulSfl f l o f~ lu~d  excel file l&$u;d Access file LLa:: PHP di?~ldSl6flsu PHP ~ ~ a d m i n ~ ~  

~ns~n~19~ds i~nsa~1u#ob~ ,ao1~1s tn?u~un1~  i%oala.rbt/ail3u excel file l h d l u ~ d  

PHP document I~~gR6Rlff¶J?fl~ server computer ~ D f l 6 l ~ ~ f l l ~ ~ 1 9 1 ~ ~ ~ 9 ~ d ~ i l f l ~ ~ ~ ~ g d  web brower 

~ ~ M U R ~ % D U I U ~ ~ * ~ ~ ~ I ~ ~ J  net interactive ~~<U~Un ' l * l uu l  domain address V O ~ L ~ ~ I P ~ I U & I ~ ( R ~ ~ ~  QR 

~awizuocidarsianis~o~ 6tazdlua9?d~4glu$~ya~au 

n 1 ~ i 1 t i i u n 1 s ~ d o s o ~ ~ ~ n i s 4 1 ~ 1 u ~ ~ ~ 1 t i i u n 1 ~ ~ ~ ~ i ~ d ? ~ 1 1 ~ t ~ u u ~ ~ ~ w 1  ii domain name 41 

htrp:l/www.qr.chulacom d l ~ M ~ ~ ~ a r z u u ~ i u ~ o b J , a i ~ ~ d i ~ ~ u n i r w " i ~ ~ u i i u  interactive 1~2d  QR code 

wanirn~nouflirdiutiaz~~8u~u~~~ code n"u#oy ao iw i~~n?uqvm ~ ~ U I & F < D ~  

d B  a 
TnrXwnmaounmuisndius~n QR 14 1 ~ u t ~ o u ~ u t n " u m o i ~ ~ ~ n " E l ~ a d ? ~ 6  www.kaywa.com ua:: 

d A  ' 
byaIusiumsd~iua#o9oin http://www.qr.chulacom l~u1drkinr uazd?uI6l~r8wwinaou~a1~iso 

a~11n~aonnuhtt~r i~~tazdiu~Ga QR 66az$1~16h~ Mode i i % ~ a ~ ~ q ~ R u a s q i i ~ ~ d s ~ ~ n s u  web 

browser idu MS explorer ~uiid~dbyaiiu~ittaz#oyanaiudnon61"u 

~U1~i iuni~d1uno~mi0~fn1~Q~w"is~~1u n ~ s ~ ' ~ ~ i i u n ~ s d o l ~ ~ ~ u ~ ~ ~ ~ n " u  i6wfiduo.r ou. 

~ugdituunirousun~uu'oulodia~ igau ?~~inu-Cuuiuu 2551 

l i imsnraanounisl4~iuiaun"u~~~~~1~ ou. rii~iiunismnnoudiul~s~ww"~ndou~ ol on 

~1nri1~~un"lTn~ui?u~on"uf1~dn~nsd~wla9nsd%1~1~n~1a"~~un1snnn~un1~~~91u wammRnac 

nisdrza~unis%~9iuw~la'i n isd i~w"un i~~~f l iu  a ~ n r i a n i s ~ ~ ~ i u  nisiinnas.R"n QR code ~us~ni?u81 



iia:n~nournrlb~iu~?~~~~naiu~u~ou ou'it'ls8Anaiu<i~~ulunird9u~iu(u*o~a~uXiiaun"'~1 

mnionaudui~u ido.ro1n~.r~riun1r80d~1~'l~~du'~~a~1n~11.ra~1~n~1una:nr~un1~oin1riia:tl1o~i 

mriw"u~iumr u"or?a1~nrunfuiia:~naiu~un J U ~ ~ " ~ L ~ ~ X U M I ~  o:hulXmrdr:ynhirn 
A 9 a 

QR 2 % ? ~ l l T ? 9 l U n ' l j & l ( l ~ ~  ~ ~ ~ ~ d ~ ~ ~ f l ? ~ ~ ~ ~ ~ l ~ ~ ~ U ~ ~ n ' ~ 1 ~ d ~ ~ ~ 0 f ) f l 1 ~ ~ l ~ o l " l ~ ~ ~ l f l  U O f l U l f l d  

~ ~ ~ a i u i ~ u ~ ~ u m s i u r ~ ~ ~ ~ u n ~ a ~ ~ ~ i u i ~ ~ o . r  idot~1nmu1rodi~~81~~.rb%1'11~~a1"11a~i~~'l6 n%ouu 

6.r ~ 6 1 ~ ' l ~ 8 " o 1 ~ i i n ' ~ ~ ~ 1 ~ ~ ~ d 1 ~ ~ 6 8 ~ : $ 3 t l ~ d f l 1 ~ ~ ~ 9 1 ~ ~ d ~ ~ 8 ~ ~ ~ 1 ~  

ainh8uk r n u 1 ~ n l k ~ n r ~ ~ r i m ~ 0 u $ ~ 9 f i ~ ~ I d $ ~ ~ a c  QR 14Guii iia:uwi~uo.rriin QR 

$iia~.ruu<unasiiuui~~~~na'idn~ i f foa:aao6ornr1~~~ar"wdina"ou~doni~oinr~~z i1~~~ mr 
2Y 

81sa~a0PI~ul~o.r~'ld~V.d?wu1~41o9 QR code ~as~0/?nfl~? 5 x5 %u. 
9 a  9 r~uunir i in~. rdu 'oqnnl~unir I4rdn QR idauld{u?Tnnmulroiuincuoyaiwdo 

dr:nounir~mindutal~i~~u m'u~otm~~umrboflir(u*oYadid~na~.r~uH~i~u~(u*~qa~~i~r *%I 

ni~~w'uiRub~neiic q n'iln'n~uisnnraanou nauqu hh~iiaw5n6adin~uquniwlXa5anaix1 

dao~n'u lu'ditnrrwqaiiiunlr n'ioiioudisl~ulripnPtlA 

~ ~ t l t r ~ u o . r n ? r d ? 6 ~ ~ n ? s 6 ~ 0 d ~ ~ l ~ 1 % 1 ~ 6 w ~ d n 1 s ~ a ~ ~ ~ ~ ~ n s ~ z n s  nnuo.rmrd~iiiumrki?u 
44 * i$u~iciBon.Iri i i i~nirnau~u n'l~'LI'uaiiao~mnn?u~~nl~iia:~9i~u~~uuoi~9~Rdln~u819~9~io 

u'i1ddiut~~u81mrn~u6u i b u o i w 1 r ~ u n q ' u u u ~ a d n ~ ~ ~ ~ 1 ~ 6 ~ ~ ~ s f l 8 a u i ~ a ~ ~ s ~ u 1 ~ n 1 ~ o 1 n 1 r ~ u  
d A d  
mn .a.r6~u~~ninl~~.rnuo6i9uiniia:o:~~ai.riiwuiw"onir~ii~unirU"do!d 

~n.rtm.rdoad 3.2 t r u u n n n e u n ~ u g u a a e ~ 1 ~ u ~ ~ 1 a ~ 1 n 1 ~ ~ a a ~ ~ . r ~ " o a ~ n ~ ~ ~ 1 ~ ~ 0 d ~ a i  

wanirifiuuiRuur:uunisnauq%~ hn'uua:~imo~mr~ma~drw"uqn~ru sznii.ri$/u 

eorliultaztlrzinn!~ NU~I ni sn~ i . 1~zuudmu1t0~1ra~a .~u~n~~p1  a. ~um~ijnaiu~~ui:nu 
.4 ~t'l~dii~unirahc~diiuu~6a:r:~ui~nn1~r~.rf~n1rdii~un1r~~a:n1~n~d~u~~ou'1~~~~ 

~i~u'umrn'u~~~uo1wird~wlnznuriunn1azmrw~~vo.r~na1tln~s~1vo.rdsz~'y1~1 ait&nolmir 
1 ~ ' i i u ' u n i r i ~ n : m r n ~ a ~ ~ ~ n r i : ~ ~ ~ u w u ~ ~ u u o ~  n i r ~ ~ a i ~ ~ d i i u u r n r n ~ n o u ~ a o i i ~ a ' n q ~ u  itlurruu 

d 9& &' nmqun'~tiu~imn"u~nni~n~ruwl~~ai~Bo~n?o~~anlw~~~o(u*ia uuwu~iuvo4nir6~$unina TRU 

dint% traceability uinJ~ul4 6 ~ ~ i f l  nira~.rszuuiona.ird<ldun1u~a"flfl1r IS017025 flimr?r 
9 mn:d GMOS Rigurnna bmrnrao?mri:~?udau$i$u 3ss Tdr Tuiaof din~umrnsaonknso.r 

(LMBG L 25.03.01 1999) (LMBG L 24.00-1 1997) (LMBG L 23.01.22 1998) d l ~ ~ ~ # l ~ ~ ~ R 6 6 0 ~ # 1 ~ ~ % ~  
a inw I:~W"~UIVU (Matsuoka et al., 2001, Matsuoka, et al. , 2000) ~ani~nsaon~uBu~~o:i8ui6u*i~ 

3iuu'or?aidomrfftu~l~ai~.ri~ur~uuiia:i~~u1~~n"~in"soi~u internet 



tonnlsiu~iodialdnnis5tfis1zi work sheet zhn?unis?u &odia tonalr calibration L~$O&J 

n 919 w a d  
l8nfllSvalidation methods SOPS ~ 4 M ~ f l d 1 f l U f l l T ~ l f l l l z 6  ~ o n m s n ~ s d ~ u ~ ~ i u n n f l a ~ ~ u ~ o o ~ n  

w i d  w a d  
C20dl4 Work sheet d ~ ~ ~ ~ ~ ~ ~ ~ 3 S ~ ~ ~ ~ f l 1 ~ ~ 1 8  t ~ f l t l l ~ d l f l ~ l ~ t ~ ~ t e )  ~8f1dl~n"lfk reference materials 

~~na1sn"in'nrnist~ufiuia~t~wto61"a~ei1~ work s h e e t d 3 ~ n 0 ~ n l ~ t ~ ~ ~ ~ l ~ ~ t ~ ~ t ~  tonnisi16uwa 

4 s, msoonIu3~s~c msu'unnroyaricszuu online 

9 - 
S ~ ~ ? U S I U ~ S ~ S ? Q  screening & 3 sl~nll&nd12&4h h~ 2 siunls 0140.1 Standard official 

methods LMBGL 23.01.22 LMBGL24.01-1 LMBGL25.03.01 LMBGL25.03.01 IlazEU JRC 
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- n i s W " ~ u i ~ Z f l i s o i i a 4 i u t t a : G d ~ z ~ ~ 1 3 f i l i ~ l u n i ~ ~ ~ a o f l i ~ n ] u ~ o ~ u ' i a  i6un15 

~uro.r$u@ouu:g 105 (iw"o~uouinanzifiuui~uudwdau~~uu"~odw"up'~ou 

u:; 105 fiu internal sps zu d u a i f l f l i s t b o n ~ ~ $ o ~ a d ~ ~ u ~ a n " a ~ ~ ~ ~ ~ i i a z  

nnaou~s:lin~mwuo.11 ?wstuofIur:uu~in?~in~sasa~ screening GMOs 5:UU 
Y 

81M?uC4530 bovine species 5 : ~ ~ ~ 1 ~ ? ~ ~ 1 5 ~ 5 3 ~ ~ 1 5 ~ f l ~ ~ ~  Xanthornorzas 

mor~opodi.~ pv citri tia:~:uu~i~?unixa~aofli~d0d~o~1utaqa~Gatw"oin~a:7aat 

~flainn~wa~~~d1u~dni5i?~9~badiia:fli1n]duuu~a~md!ddiin~ 
Y 

IYSHUFI 

~nnoud@i?ui diumfild4 3 drzmslhif; specificity sensitivity i t ~ :  reproducibility 

~ n l n t ~ a : ~ m u i ~ f l t ~ u ~ i ~ i s w ~ a o a ~ u ~ i ~ i n ~ ~ d d i ~ m o ~ ~ n i 5 ~ u 6 a r : ~ ~ i r  binder 

4.) ~auiluiaqa5i6uioiwdoni58id5a 

- i&uu~uiaqa~i$uisiw"oni5~i~5.rai%~~~5ier~iulu~~uia5~iu1uf l i~a~aonou 
Y 

d 9  -6 

~ ~ W W ~ ~ ~ ~ B ~ ~ ~ R ' X ' J ~ B % ~ ~  Meyer et. a/., 1995 f l l 5 ~ 5 ~ 0 ~ ~ f ) ? ~ o ~ ~ b i ~ ~ & ~ 1 d ~ i ~  
Y 

i i a ~ f l i 5 a f  aonou araonou~fiw~od~ia~i& i.)lnau%uAi~uioih~ waia5~1 

1wentYnflis 1 A  cloning ri~idon%nnu~~A i ~ O ~ d 6 ~ 5 1 L 6 i ~ U ~ i 6 U i 0 U 1 0 l ~ i U  

a 
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Inrtmr~oi~Gol&ifiuuluni5nra~&au"buia~a~i$uio anl~lunisGwuims 
a2 a c: 

nsaouu&giuinnu'nnirtf ud?uis~Zt6uto du$didrnrnnnnlouio$iiuitazt$a "is 
a a d  

i~uniouiordiiuulni~~unii isothermal DNA amplification ~ I R ~ ~ - I I ~ P ~ s ~ D & ? u ~ R I ~ % J ~ J " ~  

m ~ ! ~ ~ i m ~ ~ ~ ~ ~ n ~ s a s a o ~ ~ u ~ s n d ~ i ~ u f l i r ~ ~ ~ u m n n u ~ u  ~u'wddwifload~~nir nnu 

&flms point of care t & ~ n l l d ~ 9 1 ~ ~ & <  nl~~1210n13d~~0d GMOs flisduV89i~oiLa: 
cl n~outna inhuaznsz~o i~o idu"bu ina8 i i~o~d~u~u~ iaze~a lu~d~n8 i i~  d uon~in<& 

t~uni~n~id~uiaqau1~9~1ui~891~bt~uni r?~  Certified Referance Materials ~ % S I F ~ L ~ W J  

iiaznisntsruulwdanis9ii~91u msnranimnzdno~nbod5u~5na1na 

- n1rRs2o GMOs liuu screening i~U1uU$U2lu%D3m5r"l52D~d~ 35s promoter 

element p R n n ~ ~ u ~ d n ~ l ? ~ 1 ~ l ~ d ~ ~ l a ~ w ~  El76 ~ ~ ~ M B D J G T S  40-3-2 

Y Y 

- mrolr2-a bovine species ~ U I U U ~ U Z I U  f l 1 3 9 1 5 1 0 % ~ < ~  bovine ; U ~ R  

~dfl61aiP.ouizar0~~~1n1r~raon1sd~voJ bovine %u81~15t?nad 
Y Y 

- ni5a~aon~~RPnA0 Xanthomonas axonopodis pv citri (Xac I )  ~au iuudu~iuuo~ 
a 8 pr 
uu rpf gene ~ ~ % ~ n a i ~ i ~ t ~ i z d o  Xac I 

- nirnraams~uvot~utaqaq~i i~"~ inQI"a~n~ uuiugiuuo~u Ara hr 

rln.pm"sodiiford~w"Pa]ui~u diunirnnnouni~msld~dina 3 8 6 1 ~  $8 

nnnou specificity sensitivity iiaz reproducibility ~ n ~ ~ n ~ u ~ i u i s n d i ~ d ~ ~ d i u d n u o n h a  
Y 

nisnrao~&fldn1rm5aoflounirdo~ii~~aiaznism5aonou~~~an~~dd1 

ludauuo~niriwui'i7m~'ii~s1z~uu~u~iuni~ii1d~B~u1lvl~lm~'lu~d 

;!ad l & d f l ~ d o ~ l ~ n : n ~ ~ ~ d ~ i i ? u ~  ifaqtunoii naiui$u$uuo.r DNA binder uar 



slliiuufumsinidiuuf clu<~r:uudiidunirT~u PCR iia:s:~udi~iu'umsbnu 

bnnu'n isothennal DNA amplification UOflDlfli~d~$il DNA stick ~iJ5:~fl&SnY dlld 
d I 

mrnsani~h5:uunir i$udiuia<uIwid;i11~s3nn2uu 

d 2 
1ud?uuor~uin~a'ii$uiBiW"Bnis6id~d InYAiiQumrirrsoaulu3-ruds:rne 

2550 iida k~ulu3~udr:uiru 2551 i9diiu'um~iw"uin'uiaw1:lud~u$l4d5:nnutiu 

kit 1hif-i 1utnqaBi~d~diwi~ni5m5a~ni5duv~~kaa"a,9 m~duuotuYia 1ia:rnr 

~ s ' J ~ ) ~ ~ ~ I u ~ I ~ s s w L $ o " u ~ ~  canker 

Piyasak Chaumpluk. 2008. Simple and Rapid Detection of Trace Amounts of Peanut in Foods 

Based on Ala h l  Gene Using Loop-mediated Isothermal DNA Amplification and Electrochelnical 

DNA Sensor. Pure and Applied Chemistry International Conference 2008 (PACCON2008) 30 

Jan -3 Feb 2008. Sofitel Centara Grand Bangkok. 



~ ~ ~ P ~ ? U M U ~ ~ U B . I U Y B ~ J ~ ~ ~ M  meat species detection U l d 5 : f l 0 ' U f l l 5 ~ ~ U d ~ ~ a 9 1 ~  

Boonjira Boontha, Jeerawat Nakkuntod, Nattiya Hirankam, Piyasak Chaumpluk, and Tirayut 

Vilaivan. 2008. Multiplex Mass Spectrometric Genotyping of Single Nucleotide Poly~norphisms 

Employing Pyrrolidinyl Peptide Nucleic Acid in Combination with Ion-Exchange Capture. Anal. 

Chem.. 80 (2 l), 8 178-8 186. 
B 

wa~iuuos%nr~nis54uaiau~.9u~iauwa"~od"n#nwiounir8nwii au 1Aiaf-i 
u iuap qasssldiimi?. 2551. ELECTROCHEMICAL GENESENSOR BASED ON DNA 

SEQUENCES FOR THE DETECTION OF ALLERGENIC FOODS OF PLANT ORIGIN. 

Master Thesis, Faculty of Science, Chulalongkom University 
Y 

uonoin~wai i l l~n~uo~~n~~ni51$~unir~ iunon~~a~dr:nnunird iumrC~nu 
4 a d  

~uuuiiwh~dscnounirniaion"~u~u~soc~iou6oh point of care test l uqnn i~ns~u  

oimr iuqnid 25 nrnpinu 2551 i?m 8.30-16.00 ru ti'o~usruiuiiiau 100214 ih 10 iia: 
4 9  91 1 N'oad~fi~rns~biin:~Rnouoi~ir norzfjnuininn; I w i a ~ n s O ; ~ ~ ~ j ~ u i ~  I~uuyiuirau 

U1flfillfliBfl"llU 23 flu 
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iiazdyunii7 1 aanainn"uIul2s 

q m n ~ w ? 8  

-msauasuuiinane4a~a:w"mu 1 

5:uunismsae GMOs Gialwn 

MON 8 10 &ao% PCR aaa: 
PCR electrochemical 
biosensor 
-wsaaa~uaaa:w"mwl marker 

diw?unismsaila~:a:n~ GMOs 

oi~71u6dsGiuad~en<uu~1a 

PRSV 
- a ~ n a i u u " d ~ i u o ~ ~ ~ i a w i z ~ o  

XacI Iun15msaa 

Xanthomonas 

-w"muis:s~s~nismsau bovine 

species o i n b  bovine 

parathyroid gene baa: 12s 

rRNA % ~ ~ u 1 m 5 ~ 1 u ~ ~ Q u  

validationa~a:?6wa9iu~w"%~w" 

u i u ~ v i Z  I wasiw 



$mui~daauunis~u6as:9n4id 

b i n d e r ~ u ~ ~ $ a i s  PCR 

kaa: LAMP LL~O:;~L~VPI 

(~?a~?enssu~oaawu 2 isou 

~ ~ w " i 0 r ~ ~ 9 ~ ~ s ~ d ~ ~ % 1 l s l b  2550) 

-$wuiawn%nnisa$ud?uim;18~ 

lo InuIGu pth Zu 

w~nounis4iaiu 

~"mui~~nisa$ud?uim~a$uao 

9 1 ~ 1 9 h  pth Zu 6au PCR aaa: 

LAMP iaa:8n~-i~daau.un7sa"o 

wisani7"adi 

.uosiaia:~n 

wasiunsounqu 

-nisnsao GMOs amPr 

screening %u E 176 
GTS40-2-3 
-nisnsaanou bovine species 

-rnsisa%nou canker(Xac1) 

IutYuIoaisosn 

-nismsianisduuosFu~aqn 

allergen oin&i;or 

8np1inis~d$ou~adadvo9dlwia 

iwd?ddiiaa:warUodd9ibama"8%~ 

gsuwgG naiu1$u$uvm binder 

ain:afiuut~uu~di~~]unisa"m9~~~ 

4.a 2 r:uu rnrdrryn6'ni5in 

6au DNA stick 





n. nisii~4u~iu: [XI 1~A1i~uaiumuuwu~iu~1$aiala"~nnlrznis an:: 

[ 1 1~idiuuudnsawuaiuk1$aia1a"~ad~a 

.................................................................................................................................................................................. 

b. nqplwanisiit4u-aiu 

%wuii5mms~aqamwiaa:naiudaonfiu~i~~inis~n]i~~1~1Inai InuIIIumna&bu 

tot~u8olu~u'iidanmsW"~wiX0i~l~s~"~nia Inr~msuliw,iutSu 4 d m  1Atk rnsGmui?% 

~=i-~~lj in~iz$ n i ~ ~ ~ u d ~ u i t 4 i i i ~ u ~ ~ ~ a u ~ t 4 n ~ ~ ~ ~ u i ~ a ~ ~ ~  ni5riRIuini5~~2onnuuu 

iu;iumdmt?ddi nirw"wui~u6a?ai i l~ub~<i~6diax1~un15~fl~u i i azn lsa i~3 :~u~u  

n i r n r - ~ ~ n ~ u  ~ ~ 1 . l ~ 5 ~ l ~ i 5 ~ ~ ~ ~ l b M ~ ~ ~ b 6 ~ ~ ~ f l d i b ~ ~ ~ n ) d 1 V ~ f l ~ 5 ? 0 f l 1 ~ d ~ ~ 0 ~ ~ 1 ?  

n~~anouw".ariR~adrw"ub,n~su El76 la&?: GTS 40-3 RS?O~IS~]UVD.I bovine species n5asm5 

dUUB.Ii&I Xanlhornonar 16~ Xacl L l ~ ~ l 5 ~ 5 2 0 L ~ O V l ~ l 5 d ~ V 8 9 ~ l 8 ~ 6 ~  ~ l f l k ~ ~ ¶ J k ? ~ f l J  
Y 

Inul6~nnoun~iuaawi:aoiz~~ naiul~uo.1J~Aui~~a:na1%~ac1ui~f;\luni~9;iiJi drjziuietj 

uuiu3iuuo.r LAMP i R l r ~ ~ ~ u i o ~ ~ ~ n i u ~ u  40 uiii ~ncl1liiplqWdq~imdo.1 PCR taazllanwa 

~ ~ ~ ~ 1 u ~ d ~ 5 6 ~ ~ ~ l l ~ ~ b b ~ : n i 5 R 5 2 Q Y ~ ~ ~ n f l 1 5 ~ ~ ~ i b f l ~  9ud~uuo.rmrw"muia~nGfi~i~ 

~ s ? o ~ ~ n ~ i ~ ~ ~ u ~ ~ n n ~ ~ ~ d f l i b r n ~ ~ ~ ~ n ~ n ~ ~ n i ? ~ i b w % ~ ~ : d % ]  a~azms61 DNA stick ~ l l l & l u  
e w a  ' a d  lunindgua ~anundi1n~msns?onbou6o$iu 12na??aiaznuotnbmr point of care bluqn 

14l1nau~ud~uuotduiAo1w"a~u<i~~~d~:nounir~iio~o<u~an~~od~'wui~u~iazl~~i~ 
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bnlzbib: ~ ~ j w t 6 i i  LC-MSIMS uazttlii(~ HPLC-UV-VISIBLE 

Determination of Malachite Green and Its Metabolite Residue in Aquacultures Using 

LC-MSIMS and HPLC-UV-Visible 

deii3a"u U ~ a u ~ i ~ ~ s i o i ~ k s w ~ s r n  ~nuniqouuitn' 

~ ' r i 3 u ~ i ~ a n q i . r 8  RS. q-mai ;ayTmuqa 
d u  u 

MU~~JIM~RJ~IVI ninim~nu' n w i n u i ~ i ~ ~ i  ~ma~n3nlUllljnLI1R*LIu~~inui$u 

I. Y ~ J I  

~ u r f a c ~ u u i a l l n s i n i w  (Malachite green, MG) l%Lilut~aulu$mm~n3Tui~no ud 

d o a i ~ ~ n n ~ i u ~ ~ + ~ ~ ~ u i ~ i u d ~ ~ m  U & a n  u a m i u g a ~ ~ u ~ i i i ~ w i t ~ f u ~ ~ ~ a t i i ~ ~ ~ ~ t ~ ~  
3 u 6 Y  d' mw i ~ l i n i ~ l a ' o c i i ~ u w i ~ a i ~ l u n i ~ ~ a u ~ ~ m 3 f i i  l a u  i a w i t n r i i ~ ~ ~ n i ~ i a u ~ I I a i ~ ~ a t ~ ~  uaruaa 

u 6 Y  ~aun~~~~r1. ior ldtuwla i~n6n"5u'bd~i lu i3~nuia i~~~nw (Leucomalachite green, LMG) 
d' u 6" ~t~uoci~u.a"~Iuuiuo~~ua~a3fii U daui~6limrwuiiuiai~n~niuaio~i~M"~ii~b~nut~i~~~~::ni 

n a i u w U u $ u C ~ i d i ~ ~ ~ 3 u ~ ~ ~ u a t ~ ~ t ~ a ~ K 3 u  6~1fu~u~n.~ .1978 I I ~ t ~ n ~ m T ~ n t u i n i k  

n ~ ~ ? u n i ~ ~ % u i a i ~ n 6 n ~ ~ o d i ~ ~ u ' u ~ ~ a ~ a t a ~ q 1 m ~ ~ ~ % ~ ~ w 1 t ~ ~ ~ t l ~ i u 1 w 1 t ~ ~ u ~ ~ ~ a ~ w i ~ u f  

~riib d s r m ~ l u n $ u m n i w  q~3d~aiauaim'It9~%~dun"u 'I aI ni~~iu~aiwntt0u&m~1tldaay~d 
d' 6d d u uotrio~~ilns~~i~nnt~~~~anol6dotw~~il8uiiun1~mnn"1 m a  ~msd~; i i3ur$ 

J iu i<uf i6wuwui i i?^~nntd MG uat LMG w?oun'~ luC~adi~<ma'~ i~w~: :~fu~ Iqa 
d.4 UY a 

n 3 i u n n n ' o ~ d u d i ~ ~  U n i u m ~ ~ ~ i u u R i o ~ i ~ n u ~ u m a u ~ i ~ ~ ~ a t ~ a a ~ ~ 3 v u  H e i o u l u h ~ n f i  

n i ~ ~ ~ t a ~ a t n # u E h  ~ f l t?L f l3 i td  MG LLat LMG 63uinnCn LC-MSIMS ~~373~?R<8'b3laLih 

(Crystal violet, CV) L ~ W  internal standard d ionpairs &d : MG 329.31208.2. 329.31313.1. 

LMG 331.311 65.4, 331.31239.3 LLar CV(interna1 standard) 372.21356.3 

ua:~iio~oiniiln:n~ LC-MSIMS ~ ~ u ~ n ~ o ~ ~ a ~ d n n i r r ~ u i n ~ ~ a t ~ a ~ a i ~ ~ n " n ~ : : u " u ~ ~  U 

lwnirla' ~ ~ 1 ~ d ~ ~ ~ . a " l ~ M " ~ J d ~ ~ ~ n 7 ~ ~ 5 3 ~ ~ ~ ~ 3 7 t d ~ ] l ~ i T n " 3 ~ d  J ~ ~ ~ ~ u ~ J I ~ v u " w u I ? ^ ~  
d cr 8.d ~ ~ ~ ~ ~ 6 ~ ~ ~ 3 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ $ 1 ' ~ ~ d & 1 ^ ~ ~ ~ i T ~ L ~ ) ~ i t d ~ i ~ 1 i ~ ~ 3 1  3 a r n s ~ . r ~ o i t n n L k i a i  

I n f i u  i ~ l w i a i l n s i n i u  ni~aiRI31o~R"m iqlnn?~6iRI3la~Ba ~ ~ C ~ J I U C ~ ~ ~ I L ~ ~ W ~ ~ L B U J  L ~ W  

dai (J w%un'usi?uLnnGn HPLC-DAD(multiiavelength) no&ah~a Zorbax stable bond 

C18, 150~4.6 mm, 5 pm ~ f Y i l l l  guard column Ti i~L~07f i i .4 mobile phase ammonium 

acetate buffer (0.05 M, pH 4.5) LLRL acetonitrile UR::~$ yadient elution n3?a~aklT&hi(a 

~ ? ~ u ~ ~ ~ u L ~ ~ ~ ~ J Q S ~ Q ? " ~ L L U Y  diode array detector (DAD) ~ ~ a i n i U i 3 u L L  618 

nrn(0.00-7.00 min), 585 nm(7.01-12.00 min), 265 nm(12.01-20.00 rnin) ?bf l~ izdd?~~m~mu 

~I$U external calibration curve 2105 total MG (d?Uim MG+LMG) 1~atlli)J total CV (d5~1m 



4 

ar~a7z~"Fmtlrne\%~ LC-MSlMS 
d ~nsa~~arrat~.ni?ri i~ui::au 

HPLC: Agilent 1 100 

Column: Higgins C18, 3x150 mm, 5 pm 

Mobile phase: A: 0.05 M Ammonium acetate pH 4.5 6: Acetonitrile 

Gradient mode: Time (min) A (%) B (%) 

0 95 5 

6 5 95 

8 5 95 

9 95 5 

Injection volume: 25 pL ' 

Flow rate: 800 pUmin, split 275:525 

Column temperature: 4 0 ' ~  

Mass spectrometer: API 3000 (Triple quadrupoles mass spectrometer) 

Scan type: MRM 

Polarity: positive 

Ion source: Turbo spray 

Ion pairs: MG 329.31208.2, 329.31313.1 

LMG 331.31165.4, 331.31239.3 

CV (internal standard) 372.21356.3 

5&n?w~b;ijadi~ 

iJ~u"Oda1 (M?a?j) anilJn~(i? 2.005.01 g ~ f f ~ ~ ~ ? ~ u r i ? ~ d ~ ~ ~ n l ~ U a n ~ ~ l n  50 mL 

~6iub; i?diaz~i t l~~ 1: 3 0.05 M ammonium acetate pH 4.5 : acetonitrile d h i n ~  8.00 mL 

Jlldlaluauca"inaiu~?a30~ 24000 rpm iflunni 10 iu-6 i i w ? w  3 n& Ondinuamninuwu 
2 A wisifl6a~~ns~crsaui~ri?u ~ i ~ d a i ~ ~ u d i ~ ~ m f i n a u r ~ ~ ~ i u ~ u o " n a i ~  9 u-a nung i i  600 rnL 

r t id i t~~~mlr i lurmiau~uln3~~A iGn$uIuInrn~i 270 watts 6.lunai 5 uiG ~fiiJlinifu 

iilWrawm%Va$d 44000 idut?ai 10 win '  I~r~nnnm~at.aiulRui 91 4.00 r n ~  ItiIuuanZnIlr 

V ~ J  ~ 7 ~ d r i u n i a r b n " ~ ~ ~ 1 n s ~ i J l u ~ u ~ l ~ i l s ' ~ ~ ~ 3 U ~ ~ ~ ~ ~ ~ u ^ n "  4 0 0 ~  JUUGJ ilrdn internal 

standard CV (100 pg/L) L(?aJlm~ 50 pL r t ~ t ~ 3 ~ 1 a t a l t l  1:l 0.05 M ammonium acetate pH 
Y Y  U d  

4.5 : acetonitrile d5uims 950 pL wau'l~lulnum ~ I ~ ~ ~ T ~ J W I U  syringe filter 2 1 M 7 W  0.45 pm 

RJ$?R HPLC vial 



?%L$lTlf f i d 3 ~ 1 ~  
?fi?lnTl:%El standard addition method bla: internal standard calibration curve I~u 

~ n i o ~ n n i a t i i ~ s i ~ d  

G?3EltilJ 2.00 g + 1 pglkg MG + 1 pglkg LMG 

$i?atilJ 2.00 g + 2 pglkg MG + 2 pglkg LMG 

f i a d l ~  2.00 g + 3 pglkg MG + 3 pglkg LMG 

R i a t i i d  2.00 g + 5 pglkg MG + 5 pglkg LMG 

GI signal ~ ~ ~ ~ ~ n i a t i l J u l ~ i 1 ~  internal standard calibration curve UQLIII~~UIN MG ka: 

LMG ~tbG?~ac i l~~ in~aJn iT~a~ curve 

Linear equation: y = mx + b 

d?u%l& MG (M% LMG) = blm 

compound 

MG 

LMG 

mass 

329.31313.2 

329.31208.4 

331.31165.4 

337.31239.4 

compound 

MG 

LMG 

n i n t i i ~ :  ?j 

Linear equation 

Y=0.00966~ + -0.000237 

YzO.036~ + -0.00363 

Y=0.0207~ + -0.00431 

Y=0.25~ + -0.0645 

mass 

329.31313.2 

329.31208.4 

331.311 65.4 

331.31239.4 

Linear equation 

Y=0.02~ + -0.00124 

Y=0.0669~ + -0.00215 

Y=0.00758~ + 0.000421 

Y=O. 1 0 2 ~  + -0.01 69 

Accuracy 

(%recovery) 

83.6-107 

93.4-103 

92.5-123 

r 

0.9579 

0.9892 

0.9917 

0.9829 

compound 

MG 

LMG 

r 

0.9991 

0.9996 

0.9858 

0.9913 

Accuracy 

(%recovery) 

78.6-1 03 

68.8-106 

66.8-122 

83.8-1 10 

Linear equation 

Y=O.O178x + 0.00274 

Y=0.0618~ + 0.0169 

Y=0.00562~ + -0.00287 

mass 

329.3131 3.2 

329.31208.4 

33 1.311 65.4 

r 

0.9792 

0.9805 

0.9716 

Accuracy 

(%recovery) 

81.8-115 

87.1-108 

93.9-1 12 

95.9-1 16 

Precision 

(%RSD) 

12.46 

6.45 

11.06 

7.77 



d d 
L ~ ~ ~ J ~ ~ ~ ~ R E R ~ ~ ? ~ ~ I M u ~ ~ ~ U  

HPLC: Agilent 1100 

Column: Zorbax stable bond C18, 150~4.6 nm, 5 pm 

Guard column: Zorbax stable bond C18,4x4 nm, 5 pm 

Column temperature: 3 0 * ~  

Mobile phase: ammonium acetate buffer (0.05 M, pH 4.5) : acetonitrile 

Gradient mode: 50:50 (0.00-7.00 min) 

65:35 (7.01-12.50 min) 

80:20 (12.1 1-20.00 min) 

Flow rate: 2 mumin + 

Detection: Diode array detector (DAD, multiwavelength 

618 nm (0.00-7.00 min) 

585 nm (7.01-12.00 min) 

265 nm (12.01-20.00 min) 

?%irn?uu&adi~ 

ii,iiU"adai ( ) ~ ? D ? ~ ) R R u R u ~ ~  50.00+_0.05 g ~~~uvanLI6a~u ln  250 mL Iiiumrarelu 

hydroxylamine 25 % LIZUIWT 5 mL 647Ta~alu p-toluenesulfonic acid 1 M f i u i m  0.5 mL LbaE 

RI3BEAILI ammonium acetate buffer 0.05 M (pH 4.5) 15 mL utbkJb.Jfl%$d 10000 rpm lgu 

taai 1 UIC~ IAU acetonitrile 75 mL I d u a u d t n  1 uiCi 3 nR ~~~u icn iou ' lu In . in~d  450 

watts rilunai 20 iuiii ci1uinm~~nR'?unnu~n~u~~mu2.a"n~~~iwn~a~iua 4 diu 

mra:~iu~n~o~~~a~~a616unauvuin 91 250 m~ ~ i ~ d n < ~ i ; u u u a n n a i ~ u  40°c ou 

mra:a1udd3~irn~~y1~a21~=:~1m 5 mL riitrai~a~aiaa~Siuae,a"e,d7aifir~~~fi 10 mL d?' 
91 

1)%.J16131ilU 10 mL 6aumaa:aiuw~uva~ 0.05 M ammonium acetate buffer (pH 4.5) LW: 

acetonitrile (1:l) n.ro~m.r~:aiuR'?u syringe filter vuln 0.45 pm ~ R J ~ N  HPLC vial 

i%?~nritdd5aim 
Y I  I 
U P  n d p l ~  * o ~ n n i f i n i i ~ ~ a ~ n " u ~ ~ u ~ ~ ~ n ~ ~ ~ w ~ i ~ u r ( ~  I MG ~ ~ u n ~ i - t i i r r ?  niaolotian 

chromatic MG L ~ D L ~ ~ J D U ? M L V R & Y ~ J $ W ? " ~ I  91 l h  dB1 o:6dduuhiild?~~d w u carbinol MG ad w 

dii~uanuo~~.aa& ~a:~nul~uw'l,d~ilu leuoomalachite green (LMG) ~ L I L U ~ ~ U ~ ~ ~ ~ U V ~ J  

~ R I  5ddl-I 91 7 3 D J MG 1 i ~ ~ ~ I ~ ~ l . i  1 

~%osls~oaausijwn+-t~+-t LC-MS W U ~ I  carbinal MG orddi retention time 6Yi7n"Y LMG 

(co-elution) unz~u'a~$~nn~n HPLC-UV oelrima13onr?o<nuuno?nn"~\K uonoindtY~wuii 



RI IE I :AIL IU~~~~~U MG r U d a o ~ ~ u ( i ? i i ~ ~ ~ i ~ d d  ammonium acetate il:dnng carbinol form 

8$ihi?e~Nuo d 3 I n g n i - i & . d ~ ~ ~ W ~ ~ t s ' ~ i  % recovery u o ~  MG d ibf tu~d~~:uo~ LMG g~bfidd 

odiNuaLLarbn^m~tbn"luoJ6m"uan"~~~ CV &la: LCV 6aa 

Chromatic MG Carbinol Base Leuco MG 

~umsm.rrsi~nnr~iliuiI;lbmn~i~~o~m~nd 4 il~n~~itb~Abflud?uiI;lb total malachite 

green (total MG) d J  w a d i ~ i ~ o ~  MG 3au<uua:¶J d ~ 6  LMG ulltd?~lI;lb total crystal violet 

(total CV) $ ~ ~ r i i ~ u d i u i n r  cv sauii'uJiuinnum:uo1~6 LCV k$uiJ$oonuuun~s 

~ ~ Z U ? R U R U R : ~ ~ ~ ~ U I I ; ~ ~ ~ M ~ ~ " U ~ J  total MG lrRr total CV IafJ calibration curve ~dunl3W~aa 
I dcr I rid Fi~wunwnue~ MG ua: LMG nunUM u~:iiwunwnua~ cv ua: LCV s a u h  nuYeiimaiu 

L<IIu"~"uod MG + LMG M% total MG UQZ CV + LCV R?O total CV ~ ~ Y I U I ~ ~ S ~ I ~ U ~ J  2 LURRJ 

4itdn" 2 mr 3 aiuBi6iU 

80.00 -- - 

S y = 995.2568~ - 3.0371 
a 50.00 - .  
E - 
I t 40.00 - I4419 Total MG (mg/L) 
I 
x 2 30.00 - 
P 

Total peak area (rnAU) - 
3 20.00 - 
r-0 I 

I 
10.00 - 

0.00 I I 
0.MXX) 0.0100 0.0200 0.0300 0.0400 0.0500 0.0600 0.0700 

Total MG (mglL) 

30.00 - 
y = 53 1.7056~ - 0.0848 

S q 25.00 
di 3 t~a~cnrid 
91 

E - 
3 20.00 - 

simrgiurzniic ~ o t a l  cv 
I 
x 3 15.00 - 
0. I 

(mglL) $¶J Total peak area - g 10.00 .. 

I- (mAU) 
5.00 

0.00 -I I 
0 . m  0.0100 0.0200 0.0300 0.0400 0.0500 0.0600 0.0700 

Total CV (mglL) 



Linearity: f 2 0.9900 ($4 total MG LLR:: total CV ) 
Y 

Linear working concentration range: 0.6 pglkg - 6 pgkg (SJ total MG Lba:: total CV) 

Limit of detection (LOD): 0.5053 pglkg hM% total MG 

0.4087 pglkg fiM% total CV 

Limit of quantitation (LOQ): 1.684 pg/kg &M?U total MG 

1.362 pglkg hM?U total CV 

% recovery (d3m6~I 2 pglkg ): 55.95 % 8 J  75.92 %hM?lJ total MG 

68.01 % $4 104.47 % &IM% total CV 

% RSD (dp& 2 pg/kg) : 4.36 - 9.60 % h ~ %  total MG 

1.26 - 6.44 % &IM?U total CV 

d~ o dlu$2ds U auiul<ai un"fiivuala"lu AOAC l a  I r V ~ I ~ C J  ~IMUR 

%recovery ~dlu.d.1~ 40-12090 uer 90 RSD bh+fiu 30% 
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2. ~iui<tl~6~mu1ni~ar~~iiiln~izM"~~~u~a1l~1inf~~~a~iiluaz~il~ai~~ln~~a1lni 

niwmnni~~wf 'o i i ikRir i i l fu~  Risiilnniin HPLC-UV-VISIBLE d~~fluiilnf a ~ d n n i d n i ~ w  
U 

* a ~ d f i ~ n i l i ~ n n : C i ~ i ~ I a t l n " q I ~ ~  bawu~uinir~aiauniodi~~M"mu73n?~n~~z~"1a~u 

st& MRPL 2 @kg ~az?~nimld~u1mCil~un?~udu~i~n~ni~6id~n"~n1r~~n~~f)1niilun 

Zn$ 
3. nir6fluW"~lu?<tl~u$a I L L R ~  $9 2 1 ~ 7 i ~ m . i ~ < a ~ ~ a i i l ~ t l i i l ~ w i ~ a I ~  
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(Y 

twist3us iauawni3n LC-MS/MS ttazrwnan HPLC-UV-VISIBLE 

Determination of Malachite green and its metabolite residues in aquacultures using LC- 

MSlMS and HPLC-UV-VISIBLE 
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~uludrzma~nul~ui~on~n~iuss~5adJrzi~1~waia5n~uda~oinZnis 1kiun.iiauaic 

%kyfyrn~~-lms blooming g4 i ~ a z ~ j i j n i r n ~ ~ ~ u ~ ~ o i ~ a ~ u w b ~ l n ~ ~ f l i a  
s d prw n 4.4 

nainmnnI.anuluniswBmuss~Sl'a.fl"ijnii 30 TGR au~nuilagwipcqfi go 63% 3liioqsinijnirlGnirGu 
aaa d d v w  

nd~wainiinqqbtfoua-a 40 lacl$iw~n wanllu?icqnlanuuinludi8iuluuo~vaaiin"ausr~~i~is 

$~o'o.rciiunrzuaurnr~Xnaiufou$uiaaiuiui~aw~~~~ nr t i ih~ iu lu  
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I) hurmal htink 'hi; A1 R I'T-IK Mrrugrctrciscopy 10 A1 BC. ESBO, bLO. DBS, DCIIS. 

2 )  ~ m k t - m i  ~ n l l a ' t  h4& biii ATR FT-IR Mtcm.*ecliwcep). 15 Oh, EA, DEHP, DIKP DINCF1, 

3)  Abwrtton Enhancement Modc 'IGt ATR FT-IR Mmospatro~mpy 20 TAT. r P G .  Pas 
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nsu?wui~ia~i~1?nls ~ : ~ 5 ~ d ? ~ ~ i ~ f l B ~ 1 i a : 1 f l n b ~ 1 ~ " u i 3 0 d ~ ~ 2 ~ ~ 1 ~ ~ ~ ~ 5 " ~ 1 n ~ ~  
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9s 0. 4 2 9 4 ,  
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Y 
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4 4 
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Y 
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3 f i b ~ i f f l ~ S i l ~ d i ~ ~ 1 ~  solid phase extraction tdanis 
P 

?bnti:viwnibantafid 6 a$nqinuo~qn'm6 
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~ani~?~~mtfi~i~n~a~?dlnfiu~ln~~fi~~itln"~'bdIu 
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olus~uniriiuauirfiuysm"fii I (w.n. 2550) 
P V  d; 2 4.4 e 

n i s ~ a u a ~ a a i u a ~ o ~ s a a n i ~ d u ~ d a u ~ i a ~ ~ u ~ ~ n ~ ~ i n  
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u i n n s ~ u ~ ~ a z n ~ ~ u ~ ~ i u n ~ i u d a ~ ~ n " ~ ~ i a ~ ~ ~ i s  
I 
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C 
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ATR-FTIR microspectroscopy 
sd 
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Y 

20 aQm wuni~du~floumn di-isononyl 

cyclohexane-I ,2-dicarboxylate (DINCH), oleamide 

(OA), epoxidized soybean oil (ESBO), erucamide 

(EA), polyadipates (PAS), dibutyl sebacate (DBS) 

113; triacetin ~ P ~ U W W W ~ H ~ ~ ? ~ L ~ O ~ " ~ W U G ~ L ~ ~ M ? O U  

3: 28.3-41.2 1 t l ~ ~ 7 l l ~ k I i n l l ~ ~ 4 8 1 ~ ~ n  

f i ik6niiunit 
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nitLfiua~fiinai$o9 Rapid determination of 
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microspectroscopy N ~ l ~ d t ~ ~ ~ n l ~ ~ , i r l ~ l ~  16" 
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b~1d51fl91~fll5q~fl (Executive Summary) 
4 4 J; 2 (n.n. 2550 5.r o.u. 2551) 

(capsaicinoids, CAPS) l ~ ~ O ~ ~ d ~ Z n 0 ~ ~ 3 ~ l W ~ i f l ~ L i n d 1 ~ 1 ( 3 ~  (capsaicin, CAP) 66ar?~llllns 

iind?a$u (dihydrocapsaicin, DCAP)  id^$?^ d ~ n n i ~ q T ~ d  (European Commission) 1; 

oiwisds:inoluonw?ni~a:~inavo9I~u 
9, d l 

o i n r i u a i u n i ~ o u n w ~ u u i i " n u a ~ f ~ n i s ~ i n s i z ~ " ~ i ~ ~ ~ i ~  CAP I~R: DCAP ~ui iao i ia  

wmw?n %4raa1lwnisim?uu~aodia$~iu ~~d?1nma?"aiiazniu~u~?~~sad?uimuin s i f l i  
*or ddl 

1iw.r ia~uluciuaou~oal~"~nisw'muinisiw?tlu6aoii~dhi~nw?nl~9iu nzman 5 a ~ S a  

d3zntT~ i ~ a z l ~ n . n a ~ n ~ o ~ u o . r d ? u 1 m ~ ~ ~ ~ i : w " ~ ~ u ~ w n ~ n ~ a i ~ 1 1 a a i r ' ~ i d n F ~ ~ ~ n ~ u M ^ n % f l ~  

UIl~nnq (micellar electrokinetic chromatography, MEKC) d l  ~ G P U U I ~ U U I I U ~ ~  1 



w"mui%nista?u%1~a~d1~aS1~?~1d?~~1aSin~izw" CAP tiaz DCAP %u<asiiaclrsn 

9 40, .aonwrnuanrarz~fiu~~dinaaCu ijdaudrznouiqu ns:Auu I in% 
* * 

d d  d  9 &~'urnuy (nranoQlniia:rji) JI uaznfn B~daulnqjt~u~1ds:oIim 20-50 dnsi.aua (nn 
Y Y  ri 

ainii+iii#umuy) non~iadaoniiuniroiwis arnmwyTsd (European Commission) iiu*i 

iituronw3nnasi CAPS !$tiiu 50 ppm (mg/kg) 6q$uqiuS6&q1&$mui%ni3ia?uu 

~aaadii;rsaaw?ndin?p~d?ui.naSin~~zi CAPS 8atrm~Gn MEKC ~78w'mwi la~ao~n~1~?o"ulu  

ad 
4 d B  ! & ~ ~ n ~ s ~ n ~ ~ ~ ~ b ~ i ~ u i z a ~ d ~ ~ ? f l n i ~ a n " n ~ o f l w f n & a u ~ a i ~ a z a ~ u ~ ~ f l s u i w o  

P 

atnsi:w'pliuim CAPS &auinnGn MEKC l&iii rGnvo;l~aiiazaiuZu'~?u"~14nn"miiazwa 

vssmsi3ulna"a oinnisifitr~i~cr~1ds:dw6"niw~ufl1~dn"n$18~1ow"ao:~iaa (E~OAC) tmzoz 

?h!ulnri' (ACN) $9iluudlturn$olla:liLtuina"~ lnul&onwint~1~uui@ CAPS 50 

100 ppm (pglg) i~a:62sEjiq~llonw3no?~ (si-h45 iia: S6-x30) odisa: 3 ~m ~u;inis~lf?in 



taetiisAau E~OAC ttuuiGuinilo I~dsz?w~niwlunisnn"n CAPS ~n~inisan"~Aau ACN 

i:oqain ACN i8uhiiazaiu5uw?~iazaiuii' i  luuarrff E~OAC t ~ u ~ a i i a z m u ~ u n i i i 1 i  

azmuii;tmz~iiRuinnii ACN dau CAPS ifiunis~azrnu~i!&~ouuin %~azaiuIutai~ 
c t d c i  8 4  t azaiu~unsunluava1~~nii ih~urnsniin CAPS o~n~nnnin#?u E ~ A C  i;3lNY 

drz~nimnAi in i i  imznirt~umloi~udud~zdw~ni~lunisnn"n~iado.ro~nwav~~ satting- 
Y Y  

out effect tiazi?uiiun~uirliioonoin~aiinzaiu~uwy~"a~+Qu 

~ u n 1 ~ ~ n l n m d ? u 1 ~ r ~ n ~ 8 ~ i ~ u 1 z n u a ~ 1 ~  ~ u n i ~ t f n " n ~ a o ~ i ~ w n  ~ n u l # ~ o n d u u i  
'3 a ,  C CAPS 100 ppm itaz%onw?n0?9 SI-h45 t~uCaoCii~wntfou wujiP1?uiPruo~inao~i~1ua~ 

111 0.5 d1uoq6nrinmr~~aorii.a (6b anhydrous M~SO, 1.0 nfu 161:: NaCl 0.25 nfu) 
Y 

titutwodiw?urnsnn"nta~eii~~otf 2.5 n h  imz16iimsnn"~ronw?no?.r41 2 nfqt~uuiiu 

rnwrih I nf.r wuiimrnriah 2 nR J2u E ~ A C  ituutRutniio (0.5 tviivoq<in~n~oaWjn 

a?,) I~~~IJIN CAPS i ~ u d i # n ~ o u t i i &  ( t ~ u ~ o u n i i  4% diwJu~ai?odi.r%onwfn s 1 - h ~  

[la: ~w'uhunii 2% din% &oCii.rronv?n s6-xso) k$u?lrkldh$uhqatiRh 2 $3 148 

na~uaznaf1ttazdszn6n~aai 

6~ium~znlrnn"nitMulznu~ln?unl~iiuni~az~~ns1zw" CAPS lutaociiq.aonw?ni 

?8$iuui$udo nn'Rkodi~aonnVn 2.5 n f i  diau EtoAc 10 ml ttuudutnilo (anhydrous 
Y 

M ~ S O ,  1.0 n% ttaz N ~ C I  0.25 nfu) rtaziinisagn 1 nFq 

f l l ~ h % . !  (intraday precision, n = 5 batch) ila:dlqauPdn"~ (interday precision, n = 5 'h ~ w u % &  

%offtfl?tlui~ CAPS #IR?IUI&.J~U 20, 50 LIP:: 100 ppm NU~I %RSD %Recovery 4 
9 

amnzd&idaziudouna'i 3.7% itat %RSD uotciita-du %Recovery & 5 ?u (n = 25) 608 
n i l  2.5% tiuriu ~ t m . r i i ~ n a i u ~ ~ u ~ ~ ~ ~ o . r n i ~ n ~ n n ~ ( ~ ~ u ~ u ~ ~ a : ~ ~ ~ ~ u  a %Recovery 

I~urauo~ludat  96-105% ~ m n t i i ~ d r d n ~ r n w % u n i r n n " n q ~  

ainmrdrrynhnu'n MEKC d i ~ ~ u d ? u i ~ l ~ t ~ ~ i : w " v o ~  CAPS ~ w o ~ w ? ~ o ? ~  

taod ic  ~nu~~1?uuhocii.rXau%~w'uu18u wuiiiid7uioc CAPS lu4a.r 21-128 ppm 1~"; 3 

taoditiid?lnar CAPS uinn-ii 50 ppm dtfludiuiariiiin uonoinifd?uIor CAPS ndjmnzi' 
d ci ~ ~ ~ 1 n d i l r k d u ~ o i b l ~ d n a 1 u a r " u w ' u 6 " ~ a d ? ~ 1 m ~ ? n ~ ~ z ~ ~ ~ u 1 1  ~~n:~z~unaiusnn 

d w  2 " a  s-q1?' k i u  MEKC ~taz%ni~ioliuuhodi~wwuuiuuG nqigutnrnc6l;onndtroIrnr 
9 

amnr~d?lntu CAPS luronwjn ~~onaurluqPrm~uoa~a"~n"Pr4i~azi~u.u"o~ana~u 

daonsiuuoa~u?bnnl~ 



4. tl%d!tCl%ttlu~!tU% 

~iu?~~8~~ui?"6niria"s~0~6aod19~1~f'~1d?u1w?inrlzw" CAP im:: DCAP ~u 

6aodistlronw?n 5oiinisarn'm<aodi~tlroarw?n 2.5 n?u #?a E~OAC 10 ml i~uui$utnih 

(anhydrous M~SO,  1.0 n f ~  iiaz NaC10.25 n f ~ )  ~lazdini~nliR 1 nA ainiudinirimnsn' 
A -  

~3u iw  CAPS 8aumnrin MEKC i L [ ~ i a i r i i i a ~ i n ~ i u ~ ~ " u ~ u ~ ~  i w?~niria:uusi?oii~i 
BI 2'4: 

l8w'auiuuuuuumnu~lid~uin 1~d?lncuhodicanzd?~iw6aiiazaiu~un~~lud?uifi~ 

680 iiaz$#taai%unisiw"suu6a8di9d~u 
0 1 9 4  2 ti~~uaanirta~uu4i?otii~~1#w"nuiuu~taztwn5 CE iiuu MEKC riiazi3ui?n 

niata"snnid8~v~Jni~9tnrizM"wid?91ia CAP l iar DCAP lum'aecii9vaarw?n 1inzoiwirrat8m 
A v~nimii6?odi9~19q n'u oz~d?uiwuosnir~~ndiaitan~i9n'uitaz~1n~nirrz~w5?o$m 

do ,  9 9 

aaind?uiwuo.mir~u6a~~i~~~ndiaazi~udrz'bu"11unu~waaoi~ist~az~'~1?'bnn 





B ~ ~ S I ( I ~ ~ U ~ S ~ & ~  (Executive Summary) 

1. ¶JnG1 . 1 

y n m q ~ d a a a d u i a m d ~ ~ i ~ i i n i a ? ~ ~  

winin j a n r ~ ~ i ~ ~ i i ~ ~ i r a ~ d n ~ ~ u ~ ~ a z i n ~ u u  n'o stldl+ihouui 

(capsaicinoids, CAPS) ~~u~a$rmoudaul~fi6~8u~~nd1~11?u (capsaicin, CAP) 11azInlaTn3 
A d  kmdlclr$u (dihydrocapsaicin, DCAP) LUO LJ 27 11lIftl~(l~5d (European Commission) 18 

~1unun~i~~duuaaam50un1s~nu1~1afl5"ni401~1~Idnu~n'u CAPS ~ ~ u i r n r z $ d i i Y ~  
d Y d  ~in1su?~naei~1ssnt~~o~un~1uor'uw'u6'1~azna1~tdu~uo~n1~~~~1~nuzd~n~z~r(1z tiaz 

rnsdi~uundsz~nnuo~~ini~fli]~d?u1~~'~8~ CAPS 

(1ranw7n 3 ~ ~ a a i l u n i s t ~ u ~ 1 ~ ~ 0 ~ i i ~ ~ u i u  l&d?uiwtai1aza1u~~n7u"Z~fiu1w~1n sin1 
Y I 

a w  44 

1lw4 ~~~u"lu4iuaouuo~lt;in1~W'~11u1n1~~~~uo~~aorii~~onw?nIN"i1u nzwn rami?a 

d r z n k  t ~ ~ : ~ h n u ~ n & ~ r o d ? ~ ~ m ~ ~ n r i : M ' ~ a u a ~ ~ u " ~ ~ u ~ ~ n a i ~ ~ t ~ n ~ n s ~ a ~ u w " n ~ ~ ~  

¶.ll~nfl31$ (micellar electrokinetic chromatography, MEKC) ~ ~ ~ ~ ~ U l d U l ~ U ~ d  1 



3. tmniz?Get 
4 a w  cHonwrnuanvtllzt~uvo~6~aa~od iiziaudrznouigu n 3 ~ d u u  i l m a  tnto 

Y Y  A d d  d  n &&muT (nrauoQR^ntinzlii) lii iiazn~n atri7u1najtttu&dszuitll 20-50 tdornu~ (nn 
9 9 

e i n ~ i + Q i k u n i u ~ )  idon-nudaonhn1toina m t n ~ r r q l d  (European Commission) tiurtii 
I Y 

a'l~u%o8~?nfl25! CAPS ! n i t i i . ~  50 ppm (mglkg) 6s~~lu?o"uii~S!~fip~u1%n151a~uu 

~aocii;r%naw?ndi~s"ud?u~~?an~i~M"c~~s hsmnu"~  MEKC ~~~w"mra~ua"auinsiu?o"u~~ 

a i  1 
d d r i  1 r ~ riinis8nln1lub~~~~1znudi~~'11ni~~n'~~110n~?n~~er~ai1a~ai~~~~s~t~~ 

9 a d d  91 w arnr~zw"nl?u~na CAPS &aua~fiijifl MEKC lit6 ~iji~ves~~.jiiaza1~1~~~1ru~11~nn~ttaz~a 
.vosfilsti?olrnbs ~ l ~ f l l ~ ~ ~ ~ U t ~ B ~ d 5 ~ ~ ' ~ ~ ~ 1 ~ ~ ~ f l 1 ' i f f n " ~ ~ 8 9 i 8 w " a 8 ~ ~ i f l ~  (EtOAc) trnzaz 

lln'luhrn' (ACN) &rtuudrzam~onaz~dt~utn~o l~ulhonwfnm~~euffi i  CAPS 50 iraz 

loo ppm (pg/g) 6651~638~1~%~HW~ft0ff (Sl-h45 uaz S6-x30) 8 ~ 1 9 a z  3 2pl Wflilfl13Hf?iR 



6-~odic4?u EtoAc ~tuu15uinila lWYdr:~~~niv(%unisnn'a CAPS ~niiniraflat%u ACN 

tdoaoin ACN ~3u~~iiamiu~unS.tia:aiuii luuolzd E ~ A C  ~ f ~ ~ i ' ~ i i a z a i ~ ~ u n i t i ~ o i  

azaiuiiaa:lrii~guinnii ACN dm CAPS ~ ~ I U B I ~ ~ ~ ~ ~ I U ~ ~ ~ A G O U U  iiqazaiu1uAiYi1 
ar.4 1 4  C v 

nzniu5unru~1uuu~l~Anii 5cGunisn6a CAPS einclron~?n#w E~OAC 6alG 
drzrininiw6hii unznirluinBod~ut~udrz~~~niwlun~~~n'atu"ac~inwavoa salting- 

Y 

out effect sa:i~atunhriioonainGa~iazaiu~un7u"l~udu 
a A 

~ ~ ~ i ~ ~ ~ ~ i l l i ? ~ l ~ i f l a 8 ~ ~ ~ u l ~ ~ ~ h W s ' Y ~ i ~ ~ ~ f l ~ 7 o ~ ~ % ~ ~  Fnuli7.asnim5aud 
4 A s  il CAPS 100 pprn ~ ~ W S I O ~ W ? A O ? ~  S1-h45 iIS~6qadiena~10~ ~ ~ i i d ~ ~ i f ~ v o ; l i n a o ~ t f l u a a  

1d 0.5 rriiaoc~iiu'nrnrhodic (i%l anhydrous MgSO, 1.0 n* ltn: NaCl 0.25 nfu) $ 

~~butrro~in<unirn~~~~oriicc11oa 2.5 nfu ita:~i~inirnri~Ponw~n~~aii 2 nfaiiiuuriu 

~1~i7unzn?nm:ds:nGat3ai 

~c~n i~~nnnt i~~muiznua~ i~5 '11n i r t tun i~a~~t~1~ i :d  CAPS luhoditronw?nff 

!&'wuiudun"o nticlhociitaoanin 2.5 niu h u  ElOAc 10 ml I ~ U U ~ ~ U L ~ % J  (anhydrous 
Y 

MgSO, 1.0 n;u Im: NaC10.25 n<u) tta:6inlsn6R 1 n:a 

mulu?u (intritday precision, n = 5 batch) aa:diiiuriu (interday precision, n = 5 iU ~ R U ~ C  

ainflirdrzytnimniin MEKC diwiufiuiol?mnziviua9 CAPS ~uroaw?na?c 
( 4  9 h o d i a  ~Ruduuhodi~hu3iw"Puuidu nu?iudruicu CAPS luhc 21-128 pprn T R U ~  3 

A &?oditirtlimr CAPS nnn i i  50 pprn %~~I?u~~u I~ IJ~ I~~ I  uon~in%?uia CAPS d?msi:i 
d a 1 ~ ~ 1 ~ d i j ' u 6 r * ~ ' 1 ~ 1 ~ i u d u w ' u ~ E u d ~ u i c u ~ i n ~ ~ ~ ~ 1 ~ u ~ ~ ~ ~ w ~ n  aazr:riunnunan 

aY 2' 5:qI'i i'c:u MEKC ~ta:~niri~S.uu6i~adic~w'p11~1auu kt3u~nniciilon~dauaan1r 

i CAPS luronwjn m d o n - ~ u ~ u ~ ~ l n m u o e w a " w n ' 0 ~ 4 i t a ~ 1 ~ u ~ o ~ a n ~ ~ 1 ~  

dao~5u.vs.r(u?Tnn1~ 



4. ~ ~ ~ I L ~ Z I ~ P ~ B L I M Z  

~iuib~1~w"~ui%nisic1?uuiaodi~din5"~1d?uiau~tnsiz~ CAP aaz DCAP lu 

iY-~otii;l~oarw?n $og/iinirn6agaotiia(11~aw?n 2.5 n?u 69tr E~OAC 10 ml L L P I U ~ ~ ~ L ~ % I  

(anhydrous MgSO, 1.0 nfu llnr NaCl0.25 f l ? ~ )  ~ l ~ z d l ~ l ~ ~ ~  1 fl;4 S l n ~ ~ d l n l r ' i 6 ~ 5 1 z ~  
4 4 Jima CAPS /i7~mnCn MERC ~ ; I J ~ ~ U I ~ I U ~ ~ ~ & S I ~ ~ ~ U ~ O " U I U ~ ~  i r~ui rnr l~ fuui ioc i i .4  

2 2'4: 1~~wuiuuuuuu~oudItl~.;1uin ~ ~ ~ u i ~ 1 ~ o d 1 c 6 t a ~ d ~ u i ~ ~ ~ ~ i a : n i t r ~ u ~ ~ ~ ~ u d ? ~ i ~  

h a  tlazl$t3mlun1at~15!uug?~~i~G~u 
2 

~~~u%mrduus i?od i~~ lk ;w '~u iuu~~az~~n i in  CE uuu MEKC iia:iSui;n 



"am36i tCodni3  2550 

ni~riouui3nisuunt1azS1nsiz6ttnd!(11Su 

(CAP) t t n z l ~ l s r I ~ s t i f i d 1 ~ ~ 3 ~  (DCAP) IRU 
~&iru i~s~ iueazd~u~~n '~y~?n~~un is  

VlRT(611 (test analyte) 

1. h f l ~ i t t n ~ 1 3 ~ 3 3 ~ ~ ~ a  

2. ~ i m 3 z u o ~  CE ituv MEKC EQinjUttun 

ms  ui~s~iu66nzd?uan'flw?n 

3. nim?zv04 CE 6tuu MEEKC dinruYtlun 

ai~uioss~iuttazd3uan'mw?n 

4. ~ ~ S A S ~ Q T I O U ~ ~ ~ ~ U Q ~ X Q ~ ~ B Q ~ ~ I S  
(validation of method) 

5. nistGuua~uvd?uifi~Stn~izi~in MEKC, 

MEEKC ilnz HPLC 

6. ~ m ~ i r l i b o ~ a a t a z a ~ d w a n i ~ o 1 ~ ~ 0 ~  

94 a ~ n i s i i a 2 ~ n i ~ l o d ? l 2 ~ ~ 1  

m ~ i i n l n t ~ a z m ~ ~ n i s ~ a ~ u i : ~ ( ~ ~ d i ~ s " u n i s  

~~~t lui3sCj iq 6i~?ufj?uim?tnsi:M'c~~ 

6 6 ~ :  DCAP 

1. nitru'~ttazd?~iswvs~~a.jiiazaiufi 

lMlllz6ll h n l T d 6 ~  CAP 6taZ DCAP 16az 

nir~iioktu~?n~luGaotii~~t~uw~~n'~.n' 

w?n 

2. n i n 3 i u 1 ~ ~ u t 6 a z ~ ? i u ~ ~ u ~ v o ~ n i ~ n n ' ~ ~ ~ u  

63viiazniu 

3. dszyn66uG~oCji;1o?4 (ronn?n) 



~ ~ d 3 1 ~ 1 4 1 ~ f l l 5 ? % l  (Executive Summary) 
4 4 dn 2 (n.n.2550 SQ n.a. 2551) 

(capsaicinoids. CAPS) ~ ~ ~ ~ q i d l r n o ~ d r n l ~ d t s  u ttnd?c11?~ (capsaicin, CAP) 16a:lfiI~lfi1 
b d  * 

llnd!%?u (dihydmcapsaicin, DCAP) lu0151q f l I I n I W 4 h d  (European Commission) 1& 

oi~isdsztnnroarw?nttazttn~uo01nu 
9" a I 

oinsiu~iunis~au~~iuuiI"nuan'~ni1~tn~iz6wid?~ia CAP tta: DCAP luhoriw 

~ o ~ w 7 n  %~~~ai%unistpiiuu~3otii~~u1u l ~ d ~ ~ i ~ ~ ~ i i a z n i u 5 u n ? u " ~ u ~ ~ i ~ 1 ~ 1 n  rini 
s w  a4 

tmq ~~u~u.nua~u~at~~ni~w'~uinirt~1?uu6aoii~~11oaw?nlw*31u arclan n ~ d a  
IlrznL t taz l~mugn~~uo~~J~~i f~Stns1zw"~autnmu"n~0~~~11aa1~~t~nlnsl~tun"nIms 

uiTnnsi3 (micellar electrokinetic chromatography, MEKC) $I'~%MU~<UUIIU$~ 1 



f q J r z n ~ c i r a ~ l ~ r ~ n i r ~ 8 ~  

w ' 6 3 1 ~ l % f l l 3 t R ? ~ ~ ~ ~ ~ ~ d l 9 8 1 ~ ~ ' ~ ~ ? ~ l W ~ t ~ 5 1 ~ . n " ~ ~ ~  LtaZ DCAP % ~ ~ 2 0 d 1 9 % 0 f l  

w?n 

3. erarns%a 
9 4 w  

romsnaan~pczrSuuoor~aaCu iri.luJsznou8u nrzi i iuu &aia tndo 
Y Y  

d c :  d  4 ~ i # u n i u 1  (nrntm31ntmzrii) 61 ttaznin $.rd?ulw ~ t ~ u ~ i d r z r r l o l i  20-50 tllostaua (nR 
Y Y  

o i n J i + J i b a i u ~ )  ~ ~ o n ? i u d a o n l n i a o i w i s  m n i n g l r d  (European Commission) ttuzrii 
4 w  dad 

i i lu.aondnn3ri i  CAPS 1AtRu 50 ppm (mglkg) ~ ~ ~ u . ~ I u ~ ~ u & J ~ ~ ~ ~ I ~ I ~  nirta? uu 

~aodiaaondndi~s'Yfl?uis~~t~~izM'c~~s 6~ultlfiGn MEKC ~ 1 ~ W ' w u i t t ~ a o i n ~ i u 5 ~ u l u  

a; I 
4 d A  9~~1n1~~n~1~oo'tl~t~u1za,u~i~5'un1~an'~(11onn3n8~tlta~ii1a:a1u~uw~utwo 

9 4 d d  v w 

at~siz$d?uia CAPS 6autwnGn MEKC lit16 r ~ n s l s ~ ; l ~ a ~ i a z ~ 1 i u ~ u w ~ u ~ l ~ n n ~ t a a z w a  

wmisiEutna"s o i n n i s i ~ a ~ a ~ u ~ ~ d ~ z ~ w ~ n ~ ~ l ~ n i s n n " n ~ s a ~ o % a o z ~ i a a  (E~OAC) ttazoz 

STalulnrR' (ACN) ~~nuu~iZutn8oiia:?oitZtlindo ~ ~ u ~ + ~ a n n i n m ? a u d i i  CAPS 50 i la t  

100 ppm (pglg) l ~ ~ f t a 6 i l 9 1 ~ ~ w ? f l ~ ? a  (~1-h45 1151: ~6-x30) 0 6 1 9 ~ ~  3 w u i i n i ~ ~ 6 ~  

1. nirin~ittazni'ilms~t~uiznuahwhnis 

tn?uu&3oriia d i ~ f 1 ~ 1 j ? u i w 5 t n 5 i z N d c ~ ~  

6602 DCAP 

1.1 ni.du'nuazll?uiwvoatai~azaiu~ 

rnuiznu fwn i~a<n  CAP ttaz DCAP ua~n15 

~ i C ~ t t m ? n 4 l u ~ a s ~ ~ ~ ~ ~ 5 ~ ~ 1 a " ~ ~ s ~ . n ' w ~ n  

1.2 ~ ~ ~ ~ ~ u i t i u t t a z n a ~ ~ ~ t ~ u ~ " ~ o a n ~ ~ n n " n ~ ~ u  

$a$iazaia 

1.3 I l rzynGiuhodiroia (vondn)  

3 2  

6~b0d?l 

2 

+ 

4 

e 

6 

4 

8 

* 

10 

+ 

12 

t. 

C 



~aatiia6au E ~ A C  utuut~ulni% 1i;dszSw~niwlunis n5fi CAPS h4inisn6fi&au ACN 

t i oc~ in  ACN tSusi?$inzniu~un?6$azaia~1 IUVOI~B E~OAC ~ S U ~ ~ I Q ~ E I I U ~ U W % $ I ~ ~  
azatu6ittazIdliiihlnnni1 ACN riau CAPS dunirdazmu~iIt~ouum Z~azaialu~ii?rii 

aza iusun?i i j t i iE?~~ni i  hiunirnfiul CAPS ~ i n r o m ~ n ~ a u  E ~ A C  3.116 
dszZnininind~nii ~mmms~~~mi;ati~utiu~zz~winini~~~n~~n~~~tdoaoin~~nuo~ salting- 

I 9  

out effect tm:d?attun+uiioanoin6atriinza~u~uw?fi&~udu 

1uniz~nlr1n1d?uiortndoda~uizz~udi~5'~1nira.n'fi~30~i14~ ~mu%$~~nifi?c~u$ 
u d s  ii CAPS loo ppm ~tnz%oaw?no?a SI-h45 t~uK?edi4nfiaou wuiid?uiaruo.rtna~~t~1ila4 

?d 0.5 ~ d i w o . r ~ i n n f i ~ s i a  (tAu anhydrous MgSO, 1.0 n%.~ 1 6 ~ l :  NaCl 0.25 n5'~) $ 

dumod~niurnmiiR~aotii~%on 2.5 n?u 6mz1~imm~i~wnn?no?aii 2 nktiiuun'u 

nttnrivl i R f 4  vivjinisn~wii 2 n h  tiau ELOAC ttuuttutn~;~ (0.5 li~uo~dw~nc11anmjn . * 
d Y 

U?J) I&~?UIOI CAPS Gu~utnnuoutriiifu (AuGaunii 4% diniu6~atiitaonn?n SI-h45 

tmz duliouni~ 2% rhnh Risciianro~n?n ~ 6 - X ~ O )  k$u%~dit?lubtnriRh 2 nta d o  

naiunzfianttazdzznG~~tani 

k&m?zmsfi%~t~uiza.udinfunistauntta~~tnriz~ CAPS luri?odi4aomtni 

IAW'WUI$U% fl?k~?o~3aqfet'fM?n 2.5 n5'I.J 6au EtoAc 10 ml I IYU~U~~%I  (anhydmus 
v 

M ~ S O ,  1.0 nsYoJ ttaz NaC10.25 n?u) uaziinisn6fi 1 n% 

o~nmrmra~naunnur~~~voa%nir~n"fi~11~~w~n l&i1niswin?iut~usvo~ni5fin'm 

JTIB%U~UU (intraday precision, n = 5 batch) ttazdiikn'u (interday precision, n = 5 YU Ifiu%$ 
d 

aOtllfi?uud~ CAPS ~ R ~ I U & U ' ~ J  20, 50 ttaz 100 ppm WiJ'h %RSD Wo4 %Recovery %I 

P 

1 ~ ~ l z ~ ~ 6 1 1 3 . 7 %  Itaz %RSD ~ ~ 4 ~ 1 l ~ ~ u  %Recovery i 4  5 :U (n = 25) I?OU 

n i l  2.5% tGuf* ~~n~diiiflaiu~d~4~4vo~fli~nn'fi~iu1ua"u~tnz~i(fa'u 1taz %Recovery 

Tfiur~mdluiw 96-105% an~~~ijld3r8n~niw!un13dn'fi$4 

~innirdsz~nd~nnGfl MEKC din?ud?uiorjmnz& CAPS luroaw?nuic 
y - a *  

n"aari1a Ifiaw'irruhadiaaaua~nw~uiiu m v i ~ i d b i t u  CAPS l u j w  21-128 ppm 'ifi@~ 3 

6aoditid7mol CAPS uinnji 50 ppm Ja i i u f i u i o l~ i r i ~~  uonain$d?uia CAPS d5tnsizd 
d v  Y Id~~~ndi~vno~~~iin?iuduw'uin'ud~~~~w?ndsz~~a"1u~11~nw~ ant.sz~iu~nut&i$ 

Y Y  a d r3.411 541% MEKC uaz%mrt~?uuK~i?oriiad~~~uivuu kt~u5nni~tiannUd~v~anis 
9 

~mnz?fd;lliumr CAPS lurom7n t~onaugutlorrnnuo~wl~n'fusl'~~~zt5uCoO?a~a~u 

dasfin'tlvos~u?lnnM 







3 l u s i ~ r m 3 ~ c u ~ ~ i a 0 a ~ 1 ~ 0 a ~  2550 

I. &nliboy ~uar to f lm3 i~$~a#~9  

2. 8 n ~ 1 1 ~ 1 f l f i 1 a : ~ i ~ ~ 1 : f l ~ d 1 ~ ~ ~ n 1 ~ n 5 a ~  

imr1:i<~ldu1bdtdo~~ulfiul4~wn~nl~~na"n 
l a  ~iiwutun; 

3. 8n~11~1an1a:d~~u1zauditls'un15nsav 

i~nsi:M"Saldu1lu6l~~%~~wn3~I~i~oi 
~o~u i~~~n i~ l lnsu i1nn~1~~aun"u iwn i ln t to  

lJt~8136~Pl7 

4. 8 n ~ 1 1 n a i u ~ 0 ~ ~ ~ 6 ~ ~ a d u n s 9 ~ : ~ ~ 1 ~ n a 1 u  

tu'r~#uuo~~1isn'fldins:ai~Idfli~lk;01nn1r 

prl530TR (Linearity) 

5 .  Bnlnmdi4~naiurnuisn~i~fi l~nis 
9 

aln51~6 (Limit of Determination; LOD) LLA: d1;R 

naiumlnrohq~tunir~~nsi:M"i~~n~sui~~~fi 

(Limit of Quantitative ; LOQ) 

6. ~ ~ M I M M ~ ~ ~ ~ L L ~ U ~ I  (Precision) 66OZ fl3191 

~ d b 9  (Accuracy) ~ u ~ ~ ~ A s ~ u ? R ~ A ~ ~ u I ~ . J ~  

7. ~ ~ n ~ 1 ~ 6 ~ i ~ ~ 1 0 l < a l d u 1 l u ~ l ~ ~ $ ~ ~ s  

i?atl%i Standard addition 't'if0U~9Nlf8Un:nl3;M 

nti'u (% recovery) 1 f i ~ l $ t ~ l n i i ~ I ~ i ~ ~ f d ~ s " ~ 1 u G  

~ n i ~ ~ n s u i 6 ~ n s l ~ ~ % a u n " ~ ~ n n ~ ~ l ~ ~ b 0 ~ ~ ~ 8 b r ~ u n ~  

~lusloann4i~ad%~~l~~Oanl31~tt~a1Oa~ 2550 

I .  I & # U R S I G B ~ R L ~ ~ L ~ O ~ ~ R ~ ~ ~ L $ U ~ V ' ~ ~  

2. ~ & ; " a ~ ~ 1 1 ~ l ~ ~ ~ : ~ ~ o ~ l ~ ~ ~ d l ~ ~ ~ " u n 5  

nraa&ri:6~abdullu6tdo9&ubnul4twnGnl~ 

nSnlaattwuaun7 

3. 1~nnr1~1nrna:~t~u1:nus~1~s 'uni~  

~lsao3~nsi:M"<aldui~0~~Ffitl%4~wn~n~~~wo~ 

dofu~u~a"n?nTns~~~bwns~fliaun'uiwnGn 

ti8~LMFIl3i~9l~ 

4. ~ ~ n ~ i n a 1 u 8 ~ W ' u i i ~ ~ ~ d u ~ 1 s ~ s ~ ~ . d i ~  

naiu~u'o~u'uuo~nis~udinr:t~n~dfl i~~~~i~nis 

flra~?+? (Linearity) 

5. ~~nuiwin ' i i f inm~1~1uisf l~ i~~1unis  
9 

a6nsl:$ (Limit of Determination; LOD) tin: d l ? ~  
m m m l n m A ~ ~ ~ ~ ~ n ~ ~ i ~ n ~ ~ : W " i ~ ~ ~ u ~ f ~  (Limit 

of Quantitative ; LOQ) v € I ~ $ A ~ ~ M I ~ . J $ ;  

6. ? ~ f l ? i l ~ l f l ' 2 1 ~ ~ 6 l ~ U t r ' l  (Precision) lla: 

~alIJfp&89 (Accuracy) %un1sn~a~i+?<alduiIu6 

7, 16lns1z6~in~s0l1~~~abduilu6lu~do 

?;&~UH Standard addition ~~oU~Jnifotln:nir 

i%.~ntYu (% recovery) ~ F I F I I ~ ~ w ~ G ~ ~ B ~ w B ~ ~  

do~uiu~a"n?fi~nsui$~nsi~iau~utnn~niio 

¶JiW8'65llJFl? 



aiu~i~dnia?~uh~taod~!dod~ 2551 

I. h n - 5 ~ ~  atta:tonmri$uaGea 

2. irnlnd~~u~rn~m~!dflivesba~:a:ka 

tanatiuu t~a:wsatta~Fau%$nismsa~a'~nia 

~nij!d~ittuuIrnSnFaaa~wutum"s 

3. ~n~1nnla:~~wul:nudl~5'~n1~~tunbaw:  

a:ka unfiazuu ua:mesua.r ns'au$aar?o?ani 

fiuiak;auamniinlubnshn:w'a~~~~~nb~sde"r 

~nlaun"Prn~saraaa"~mi~~n~Idflittu~tt~utwebs~u 

a: 

4. ~n~inaiu~u$uil%s~#ua5~s:).rji~naiu 

~u'uu'uueanisn"u6ins:~~a1dfli~1&;~1nn1~ 

fi~20a"R (Linearity) 

5. iin~1mciiiwnaiumui~~8;9i~fi1~ni 

?tFl~l:Wd(~itnit of Determination; LOD) lla: i1?@ 

naiurnrnmhq~lunis~tnsi:M'~3~fiui~1~ 

(Limit of Quantitative ; LOQ) 

6. 8 f 1 M l ~ l ~ a l 0 1 ~ t d ~ ~ l  (Precision) Ltnz na141 

gn&q (Accuracy) l u n i ~ a s ? ~ ? ~ ~ a ~ : a : k a  

tbnR6!0fl LLiXWD461R9 

7. ~ ~ M I M ~ ~ ~ o J I ~ ~ B M : ~ : ~ ~  taf~nlGu~ LLWZ 

ne?run~lw~iwa211"~auamn~n1ubn5hnzw'aa~ 

t~n~wrde~%niaun'Pln1~a~aoa"awiatni1d~iatuu 

t t ~ ~ t ~ € l ' i ~ t ~ f l ~  

aiersiPamai~uh&diit~odn~a~dti~a~od~ 2551 

I. 1finlibeyauaztonni~~$uau'ea 

2. !#[~id~3uimiqtnG1dq1ve~ba~:a:ka 

unat iuu ua:nosu~sbwu%$nisn5aua"arni~ 

mG1d~iuuulclrna'nbaauwnrtua~ 

3. l&~n~ ian ia : i~u i :nu~ i~~"~n isa tun  

'ia~:a:ka t tmQau uazneauaa wfelm&swr?o?w 

~iPr"suia&au~mniin!uFns~~1n:w'aa1"5~t~n~rn~d 

si~n4aun"nrn1sasaoa"ww1stnG?dfli~~u~lt1eutwe 

bsaua3 

4. ~ ~ ~ f l ~ l n a l u ~ u w " ~ 6 " t ? 9 t d ~ ~ s ~ s : ~ ~ 1 a n a 1 u  

ru"uu'u~esn1~h61ns:tt~1d~i~~~uifinis 

~15aD?fi (Linearity) 

5 .  I#~M~MI~I~R~~I~~I~I~~B;: I~~~u~I  
P 

atfl51:Md ( ~ i m i t  of Determination; LOD) LLR: dl%l 

na1ua1lnroh~~t~ni~~tn51:Wdt?~fiuia1a 

(Limit of Quantitative ; LOQ) 

6. ~ ~ ~ M l ~ 1 ~ a l ~ t ~ u ' ~ t r " l  (Precision) tta: na iu  

g n b c  (Accuracy) I u n i 5 ~ n ~ a " ~ ~ n n z a : k a  

t t f l t I 6 i~11  LttlZ018966W9 

7. ~ tGn~1~1 f i u l aFn~ :s l : ka  unaduu ata: 

n e ~ t ~ ~ ~ % u ~ i ~ a 1 o ~ ' & a ~ a m n ~ ~ 1 u ' i n s ~ ~ : ~ a a 7 " s e  

tadnlnsde"r"s3iaun'unisn~aoa"fiwi~~nij1d41ttuu 

~ t @ l J t ~ t l b t ~ P l ?  



4 9  (i 

! d ~ d w ~ ~ ~ ~ a ~ s a r a n F w ~ d a ~ b % a ~ a ~ n " u n ~ ~ m ~ a ~ a " m b b ' ~ ~  uaurwnkrun"s 

d~cn~~nis'ib~nros%a~~u~a9rlr (MICROCHIP CAPILLARY 

ELECTROPHORESIS WITH AMPEROMETRIC DETECTION FOR METAL 

ION ANALYSIS) 

44 a 
l ~ l n ~ ~ ~ ~ c a ~ i ? a L a n f ~ 5 ' d a ? ~ ~  (Microchip capillary electrophoresis) LfluLMn%? 

d 
~~~unaiuau1qo~i4~1n~ud4q1n~au1mb~n ~ 1 ~ 1 ~ 0 ~ ~ ~ ~ 1 ~ ~ 6 ~ ~ ~ ~ ~ ~ b ~ ~ 1 d ~ 0 ~ ~ ~ ~  

4 d ~ i r ~ ~ l n i n n a a u v l a a ~ a i f d i u ~ a n a i ~ c i ~ f l u a i o a z a i u ~ b ~ n ~ m ~ ~ a m ~ ~ u o ~ ~ ~ u ~ z ~ a a 7 " f l u 1 m  
2 ~AnniuliGn'awaao~auiuldfli iniodozqnsimniinulunioL~unai~adluaiaioLbaz 

I 

34~~am6au 

bazaCnd~adu1do~aiob~azd~~~am~au~flud4~i1l~~'im~a1u~mnn"~aa lmei?a~d 

&rzaCn~Wgnmiu6aonnuaun1t~1~1a4~u1 laaztt~naiuio0nzwuluuy~16 Tin 
5 d.4 J' nio~uyrrbu?~n6~~azu~nun~odu~dauaa~~avzvPdYn 4i\$$mnaiubflu~adaq"31niw ~ d u  

2 w 2 d 
b a i o  oinio~~u?aroao~ Kuqnviiaiu 6atn~quaariniwuiJulan 8~16iiia!ivum~oaq 

nion?uqufiuinr~aazv~n~du mznL? unmdau k o ~ i u u  uaz~aaza~niu 1 ~ u a i a i t ~ & ~  



94 

a~n i~ i ibGun~$?Ta 

I. k ~ i i h ~ a u a z r e n a i s d b " n ~ a i ~ ~  
944 

2. ~ n ~ i ~ ~ n s c l i ~ i ~ r ~ ~ ~ ~ % i " ~ ~ ~ . ~ T a w z l i i l z n " ~  u~miiau uerznm4um 

f mo74nism$aq5mnidb~343iuuul~~3nTaasb~~buliil5 

8nwd ~ ~ ~ ~ I ~ ~ . ~ ~ R ~ ~ I ~ ~ ~ " I I ~ ~ F ~ H z [ P ~ : : X ~ I M ~ ~ ~ ~ ~ U " ~ ~ W I  -0.2 5.r -0.95 

&an' f f i f l 1 a ' ~ 9 ~ ~ 1 f i l ~ ~ ~ ~ f i ~ w ' f l ~ ~ b ~ M ~ 3 1 d ~ 7 1 ~ 4 l M 1 ~ f l 7 ~ ~ Z ~ 7 U u ' d ~ d ~ ~ b d ~ ~ b O f l  h a  

7 #I scan rate 50 iinlbn6&aiu?l 

inmd j i i w ~ ~ i . r r ~ i j I d W ~ " ~ ~ ~ ~ C a v ~ z ~ ~ ~ m ~ ~ ~ u I ~ d ~ . r K n ~ d W  -0.2 '14 -0.9 

ban' 1 m u 1 $ $ ~ ~ ~ i ~ 1 i $ ~ o u ~ u w ' ~ n ~ u ~ ~ ~ ~ ~ ~ d ~ 1 b ~ . r ~ ~ ~ u a ~ r a t . o 1 ~ u ' d b d o ~ ~ ~ u ~ ~ ~ f l  h a  
d 

7 M scan rate 50 ~ag l9a6 ia iu i :  

8nwd ~ ~ i M 7 ~ b f i ~ ~ d % i " I I ~ ~ ~ ~ ~ Z ~ ~ 4 b b ~ 4 ~ ~ d 9 4 6 n ~ d ~ i O  '14 -0.95 

ban'  ~ f i s l s ~ ~ ~ d ~ i f i i ~ u a u ~ ~ ~ f l n ~ u b f l ~ ~ ~ ~ ~ ~ ~ ~ % . r i ~ ~ ~ f l ~ f o z a i ~ u ' d ~ d a ~ b ~ x ~ ~ a f l  itma 
d 

7 II scan rate 50 9o5laaAdo?uii 

2.4 8nwwoao.r scan rate d o ~ ~ n d i m n ~ ~ m ~ ~ ~ ~ a ~ l o ~ z m z k ~  ~~fimislsu 



4. ~ n w i ~ a i x r 8 u ~ u b r 3 ~ ~ ~ w t i ; l s ~ ~ ~ ~ i ~ a a i x r ~ C u C u ~ a ~ ~ ~ s n " p 1 i 1 n ~ a a l ~ 3 1  

$'%wnrnsms?s% (Linearity) 

5. ~nln~~ri i~~~aiuriuisndi~m1un1s3b~mzo;i  (Limit of Determination; 

LOD) wr di~n~a?uaiuisndi~mZunis~b~mr~bb%4~u1m~6 (Limit of Quantitative 

; LOQ) 

6. ~nwiMirtaiuuriu~i (Precision) Wr Raiugnim4 (Accuracy) Zunis 
& 

msa"~5mTs~zmsna as~m~Zau uazna4asm4 

7. ~ n w i w ~ u i a a r r a  URRL~EIU aa%nmaum~~j~~<itIdu"6aabn~~rt1u~ 

dwasGaai~5~a*nlnsda?3~4aun"YnismsasTmni~s~~d31~buuasau~~alsb~m~ 



tdi3 aI I Ztdnl~$lsunsuaoq I .o ~aa&a7+mq&vzslzk URWLG~UUR:: n ~ q ~ ~ l a i  

pi~&nfid.l~olnqimrPii.j 1 (a) -0.90 h a &  (b) -0.85 laadi (c) -0.80 haw' (d )  -0.75 h a 6  
Ccs  4 4 44 

UAE (e) -0.70 l iaA C / ~ I P R ~ A I ~ C ~ L ~ Q O L ~ ~ Q L B ~  25 C ~ A ~ N R I ~ L L R Z U B ~ ~ ~ ~ M V I U  ;LQd 7.0 

p~nu~d.l~C/~Lccln 1000 l~aw'l~s'Lii~~ilrl~i~is"'~~~~~w"an3~ 

dd 2 iL~n~ns~&~~nouao~&vzwzA3 LLRWL~VUUAZ na.1~~mad~nfid~1n73bLun 
91 

h 4 l  fib (A) L ~ m 4 ~ ? 7 u ~ ~ ~ ~ ~ ~ ~ 4 & ~ ~ 7 t l d n i ~ ~ ~ ~ a ' W ~ ~ n 0 ~ d ~ 7 d  (a) 1200 &a& (b) 

1 100 I?R& (c) 1000 1 ~ 6  f % I L i ~ l  (B) ) ~ f i ~ ~ ? 1 ~ ~ 1 ~ n 1 ~ s l 0 1 4 ~ ~ ~ ' U  

d'nu"dWin~s~~un 

50 - (B) 

40 - 

4 Cd(l1) 

lo - 

0 I I I 

1 ~K1 1 loo 1200 
Separation voltage (b') 

(A) 

h 

5 - 
C 

..# r 
5 

i, 
(G) 1000 v 

-i (I7) 1 100 V 

U - 1 

(a) 1 200 V 

1 

0 100 200 300 100 

Time (s) 
J 



3. ~ n m ~ a i u l w i ~ ~ ~ ~ ~ ~ u m t ~ t z ~ 4 i ~ ~ a i u ~ i u i ~ ~ a ~ a i t n ' u d i n t ~ ~ ~ ~ 1 d ~ i ~ \ m " ~ i n  

nis[iiit?+h (Linearity) 

50 

40 

n 2 30 
V 
i.r 
E g 20 

Cu(l1) 
3 
0 

10 

0 
0 500 1000 1500 

Concentration (uM) 



1) URLI.IRTJJIBURL~J~MI PI q91 

In%.& (chitin) L ~ U W ~ B L U ~ ~ ~ ~ ~ U % I G ~ ~ T : : ~ ~ U ~ ~ ~ I ~ ~ J Q ~ I J W I J L ~ ~ C G  poly(P-(1-4)-2- 

acetarnido-2-deoxy-D-glucose) ~ i o ~ Q u - u a ~ f i a - ~ - n ~ l n ~ i i i u  (N-acetyl-Pglucosamine) ~fhMG?(lh 

~iiltumuwafi iuni huln~a%lu (chitosan) 'l6-ainmnldijn7a111 ~ Z % W L R % U Y ~ J ~ R ~ ~ M ~ U ~ P ~ ~ ~ ~ ~ I U  
dlJL$~<M & ~ ~ \ ~ ~ R % I u I J ~ ~ ~ ~ ~ u G ? ~ ~ R ~ J R ~ ~ J ~ ~ ~ L R ~ [ ~ ? u \ M ~ L ~ ~ u  p01~(~-(1-4)-2-amin0-2- 

a d 
deoxy-Dglucose) MTO~-~;~R%I~U (Dglucosamine) l~UM~~i?~hll~il lniu~a~lnla~i~Jlm3~Rii~ 

ni~Lfl!n~lun~~<~l%~~~~H ~ R ~ ( ~ ~ J < ~ C / M ~ L ~ U C / ~ ] U ~ ~ ~ ~ ' L I ~ ~ M O ~ ~ ~ U ~ ; ~ ~ ~ ~ M ~ J ~ Q B J ~ ~ ? J L L M ? O ~ ~ W ~ ~  
2 IUR (pyranose ring) diilhMi?EIdEluTlEl J ~ B ~ ~ ~ ~ ~ ~ ~ ~ U ' M ~ U ~ U ~ ~ ~ ~ ~ L M ~ J U ~ O J I C ~ ~ Q ~ ~ ~ Q B E L ~ U M ~ ~ ~  91 

~san%eudao~hiu~i l~ndi l r%niluR'  (NHAC) ri?u\nlac~~iuiilu~intmu 91 (NH,) 

1 n ~ u - ~ n ~ a ~ 1 1 ~ u # w ~ a u ' u ~ i ~ ~ ~ d a ~ 1 n 4 1 d 2 ~ 1 ~ ~ a ~ ~ ~ o a n ~ u ~ d ~ a ~ a " ~ ~ ~ u n i n  U (Rhniuar 
400-1000 uin) s j ~ $ u n i ~ ~ ~ u l 6 o ~ i ~ " b n i ~ ~ ~ ~ w ~ a n ' ~ ~ ~ d ~ ~ ~ i i ~ ~ ~ u  $~~1luni2$.d?utdiouua~a~o 

A d  a 

~ ~ o i n ~ ~ ~ i ~ n s ~ u o i ~ i ~ n : : ~ a ~ a ~ ~ ~ u " ~ ~ M " n ~ i u ~ ~ ~ n ~ ~  u ~ n n n i a  JdleLn~ $J<'~R'~I tilwniri~ 
~ d a ~ w i r n n ~ u ~ ~ 8 d ~ u ~ ~ b ~ a r ~ ~ f i u  ~3u-uo$?a-l-n$l~nGu d u i u \ u ~ ~ m ~ ~ n i i i l ~ ? ~ " u ~ r ~ n i n i i  

57,700 uin18lan?u klul~~uai~a J~RGUZO ~5u.~~~-l~~a%fia~nlalulaa iinni pnii 9oo.000 
2 v c  

uin/niu uarIo^~'in~u oidiium 3-7 ~h u $ u i i ~ i ~ ~ ~ ~ ~ u ~ ~ ~ n a i u ~ i ~ u '  QJRISLM~~IUI~IJ~ 
r i ~ w w ~ u ~ a ' n ~ u u i i n w o i n ~ ~ ~ ~ u d ~ m m i u u ' o n . r ~ ~ n h m i u ~ ~ a u d t ~ u ~ ~ n o a ~ ~ ~ a a i ~ n ~ ~ ~  - u d'a 
(osteoarth~sf ~ ~ ~ ~ n i 3 2 l ? o ~ u ~ ~ o i ~ ~ a ~ 6 i i ~ i l ~ ~ & 1 i ~ 6 ~ t l a ~ n i ~ ~ d f ~ d ? " n ~ ~ ~ ~ a ~ ~ ~ u  q# uatlnh%iu 

~ ~ t ~ u m n n d ~ u ~ a ~ a ~ ~ i m ~ ~ n a ~ d d d ~ r ~ u % ~ % u n i ~ ~ n ~ n ~ z u d ~ ~ n i ~ ~ ~ u  %I 

~u~~ui~ddiuuo~rnwuiitau~~aJ"i)in Burkoderia cepacia r n u i s n l $ w G ~ ~ ~ ~ - u a ~ ~ a - ~ - n q  

lnaiiiu oin lniu uinnii 90% IUL?RI 1 Tu ~fiu~andl~.a"~iu~uni~w~a'Iu~::~11M"a~d~u~ni~a~ 
oriddcuinr U 800-1500 uin~ilaniu u a ~ r i i u u ~ u u w i ~ m s ~ ~ ~ i i ~ r m ~ i ~ n a m ~ ~ n i n i ~ ~ ~ m ~ a ~ ~ a n ~ u  

R J ~ ~ I J ~ ~ ~ I ~ ~ J ~ ~ ~ I  o d l ~ ' l 3 i i m 1 ~ ~ a ~ d u u o ~ n i ~ ~ a " ~ ~ 1 j 1 ~ a ~ ~ 6 ~ ~ ~ n ~ ~ ~ ^ R 6 1 i i ~ ~ ~ ~ ~ u ~ a d i ~ ~ ~ u ?  
d d  a 

~ ~ ~ ~ # R ? ~ ~ ~ ~ ~ R I I ~ U ~ L ~ ? ~ ~ L ~ ~ ~ ~ ~ ( ~ ~ ~ ~ U ? R ~ ~ U ~ ~ U ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ P ~ I R ~ I ~ H ~ ~ L ~ U % J U  91 

nsnu~un13ii ~ G R ~ " ~ V ~ M " I I ~ ~ % $ J ~ I ~ I Y C ~ ' ~ ~  



2.33n1541rG~n133Sg 

1) nndauhuiau'hu' 
a. ~ i u n i i u a c z ~ u n u ~ a ~ a ~ ~ d u a ~ a ~ n " u ~ ~ u ^ a ~ u  
b. CmnirnanJuatim?~u~Bi~ilu 

c. $1 Aeromonas hydrophila MOK-1 ~ ~ a l ~ a n m l l ~ ~ L L ~ a ~ l m u l r n ~ ~ ~ ~ a ~ ~ % a J "  

dau\n?Iulsi 9inms. ii~ Giaql~ts ninQ?~ni i  ~ r n a ~ n r & ~ i i n u i R i r  u i i l in l r  
I 

~8~~i~ud~u~u~dnd1111~n~isia uar~ i iu~ i lu  stock n n  

d. ~ ~ ~ W I ~ ~ ~ ~ I ~ ~ P ~ ~ ~ ~ ~ ~ ~ U ~ ~ ~ I ~ W ^ ~ ~ L D U ~ C I I & ~ ~  a A e m o n a s  hydrqphila MOK-1 
2 I 

M ~ D ~ ~ ~ ~ ~ ~ D U Y B J ~ ~ I ~ ~ L ~ ~ J L I ~ L L ~ ~ ~ N I ~ ~ ~ ; L I U ~ ~ R U ~ D ~ ~ ~ ~ ~ ~ ~ L ~ U ~ ' ~ ~ ~ W  

fiamu.a.nn L ~ U  

nirl5mavliuanu~i~n?I~dr:~u 0.5, I ,  1.5 118:: 2% ~ i l u ~ n f i ~ ~ i i u a u  

q n r n n ~ d  U 30 - 5 0 0 ~  

e. ~ i ~ n ~ ~ t . ~ ~ s u ~ r R u n " u n ~ ~ r i a ~ ~ ~ ~ i l ~ ~ a u l ~ ~  

~ ~ ~ M ~ G ~ ~ L M ~ J I ~ R ~ L L I ~ J L ~ J M  q u 2 $34 :a 30 - 4 5 0 ~  kar 45 - 6 0 0 ~  

bi~a.adnu7:~ulmsflnwilu$q~ pH 3.5 - 8 

r. ~ o ~ ~ I n ~ u h ~ ~ o u ~ ~ u l ~ ~ ~ ~ ~ m n " m ~ i i l u d ~ ~ ~ a u a ~ I u ~ u ~ a ~ a ~ ~ s ~ ~ ~ a ~ b u ~ a n a e i  u Imu 
w u A 

la? 'nnirnu'nuuu~urm, ~ u u i f ~ d a ~ i i a ~  L \ B ~ L L U ~ ~ B L ~ ; J J  
Y Y 

g. 6 l n l - i ~ u n ~ l R l ~ ~ u ~ ~ ~ a L ~ ~ 1 3  U R L G ~ R ~ R ~ U L R ? R $ ' I ~ ~ " ~ ~ ~ W ~  

h. iLfll?tlf R ~ ~ W R  U R ~ L ~ U U L ! L I U ~ ~ L ~ J I U  L L R ~ L R ~ ~ U U ~ R ~ ~ U L ~ D ~ ~ ~ ~ U W "  l?%l 9W 

Zn%GUmz 

2) ~ I I T ~ D U & ~ U ~ I T ~  
a. c i u n i i u e t ~ ~ u r ~ u ~ a ~ a ~ ~ d u a ~ a ~ n " ~ ~ i ~ " a ~ u  

b. Cmn1ms~nii~a:~~~~udBl~ilu 

C. flnwms8au~n8uoin~d80nn'~u~"uuia 200 mesh si?~lnaa~a~a~~~a?n~u"uu'u (12 M) 

Cir tutnair i i~  9ni( lmsl.a"l~ir~n~mai$au 
c 4 

d. i i n i ~ ~ s n w ~ ~ ~ l " ~ ~ ~ n a a n ~ I n ~ ~ ~ u ~ a ~ ~ ~ ~ ~ a ~ ~ A  U (GICNHCI) W ~ ~ U G J J F ~ I U ~ N M ~  
dai~cIIw6wawia ~lrrsu~~s~n"un13daslmslu25nduI~fl~~~~mai 

e. MI activity %a dnl~daulm I I ~ $  l%i(~fi~~ai~iluTi?$? u ~ ~ d d f i ~ u i n i b d a u  
d.4 

f. f i n ~ i ~ ~ ~ s ~ a d ~ ~ ~ 7 ~ ~ m ~ i ~ f i u i a ~ n ~ u n " ~ n ~ w ~ ~ ~ ~ ~ n a a f  n~$uU"unuma~IIaii~uA 
waw3m~~unrl~cIIi(~ntmaT" 

g. M I ~ I  p~ La: q ~ ~ q Z f l ~ ~ ~ i m ~ k l n ~ ~ n i a B a u  
h. wr~il~auw~wdim4~16ainnir~iatl~~ HPLC 

i. u o n w l w d i n r n i ~ " u 5 ~ ~ ~ ~ ~  niswnaznau vizaInruihns-ld?I 
d r( 

j. L ~ L I U ~ U J I U  L L ~ ~ L ~ ; U U U ~ ~ ~ I U ~ ~ ~ J ~ G U W  ~ s a  o a h X w z  



3. wan+%% 

1) ni sda~~G~u~auhUI  
rodcaah~nn Asperyillus fumigatus (4 Ull g of chitin) mu7~nBaolnRu (3% wlv) C( pH 

13% 3 q anr~na  U 4 0 " ~  \6~iw8an'mw"~3% GlcNAc hu~dai~su6wairswGa 72% n7uh?a72  Tu 
ni-rdna!nsu (390 wlv) s;?~L~~\%&ln~~auLb¶J~~a"r~ Senatia sp. (1 UI1 g of chitin) d pH 

~ri75u 6 anr~gD 3 7 ' ~  i7mmiu~iluna7 6 ~~bM'~^Rfln"m6pl"bilu (GlcNAc), ua: GlcNAc $ 2 ~  

doi~aun'ulan"nr6 4390 ua:: 2.6% a&emniri~1w"~1~~~6?t121uaun~~d~~uiu~?naiu~1~~~ 
<d v ua~u3an"m6~nlaq~ 

2) nisrioo67unsa 
nqrd a dnquF;? onsa\~~asnno"rn~u'uu'u b on~-rI%u~:IiI%niu~aa~7Iq~fi~AoI~~~l'in~an~ 

ha70u IaIasnsaIrR' ( G ~ N H C I )  d~~n7?:d\ f lun7naiuu~n~a GICNHCI ~ a ~ . ~ ~ n c i ? w b ~ u i a n s n  
'Idasna a5n~GuGu 1 : 1 (w/w) 

4. ~ : ~ U R Z ~ Z V % Z ~ ~ ~ % Z  

1 u ~ u d o ~ d ~ : d n m n ~ s d a a ~ c l u 1 ~ r ~ ~ n t n a 6 i l u ~ n ~ u ~ o i a \ d ~ ~ ~ . n o : i i n ~ ~ ~ ~ ~ n ~ ~ z d  

~ ~ u ~ ~ ~ u d m u i ~ n l i ~ a ~ d u r ) ~ : ^ a n % ~ i ~ n i ~ r i ~ a ~ 6 ~ r i ~ ~ ~ u " o ~ n " ~  h a n ~ . r 8 n w l l ~ E u ~ n 7 s d a u  nr 
t : " "  

a m ~ q ~ u ~ : n a 7 d i l ~ h  uan~inuua~cla~~auin7~asa~~au w~n"mw"~\~ie~nn7sriao~?o HPLC 
w d y  

~ ? ~ ~ ~ ~ J ~ ~ ~ ~ ~ ~ J ~ Y ? ~ ~ ~ T ~ I I A ~ ~ ~ ~ M ~ " I I M ~ ~ ~ ~ ~ Y L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' U ~ ~ J ~ L O I B M ~ M " ~  39% 
d oul"i\d ~1ln~u~ausau~a~aua:wan7fnaaa~d!6ui~flounu~lu U ~ : ~ ~ L ~ U ~ I T Q I U U U U ~ I S  

a - d'a dr:Io.auluni~ds:~nRIUa~ w a~iu~~uu~an~rC~u1ns~ui5n~~\unls~nriln~un"ij 
d . r : h ~ n l w ~ ~ l d n '  u l ~ b ~ 1 ~ a 4  (GlcNAc), !auai  [(GIcNAcM ~ ? u $ ~ ~ n 8 a l u b u u o i  (Glc) ~ a ~ ' l n f t ~ d  
muisnfiu~l%ui~nn~i]uoi~~s~~uila~n"ulsnu'an~~an~~aui~~d 91 



v w  & d m  v d  u3w5m4wlir u ~ = : w a ~ ~ n a ~ n u n ~ ~ ~ ' ~ m ~ ~ ~ ~ z ~ ' i l ~ ' ~ l ~ ~ w ~ ~ ~ e ~ n d ~ ~ = : u a ~ ~ a ' i l n ~ % ~ ~ u ~  
Local Fruits and Vegetables products with Functional Substance of Prebiotic and Antioxidants 

uarrqgjlq u i l ~ w  
~ n o ~ n ~ o i s ' c l ~ i i ~ m ~ s u u ~ u l u n ~ ~ ~ 1 5 m a i t a ~ i ~ ~ 1 n C j n ~ a l ~ r u d r z ~ n ~ h u T m u l ~  

a d  a innii~ma~aulauida~iauaa7u1ua~ua ~w~~~~dor3n5n7mlun7tan"a"11a~~~1aq~i74~ T~UI?~ 

d 
~ 7 o l f i  4 n$u oa uaza? ooonqn~n7q~qn7wou1 m~uusiazairhaotiolt$h  ma Wiiu 

d 
ntaaun7ti i~nn7nh\uai~?won ~i~~~~tfin'csn~m"o'~a.~r'nma~6drznaui' iu~iGi~~?i~ 

A4 dd s, d d iiiu4uu~naw ~ 7 U l r n ~ 7 ~ f l . a " w ~ u ' L ~ a 7 ~ l ~ n ~ ~ 1 u 7 ~ b ~ w i z  (functional food) rwnnmLmun7o 

13fiisk~nnrri azn~nsion~oZ~~~uiiaz~~uqa~i~Zw"n'~w5mn'm6 
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huoifidRfiniodouijtaTdg48 
" dd f rrs.tnqsdoufl 1 f l q q a ~ u w a o i o n i n n ' m ~ ~ a z ~ ~ ~ ~ d f i i o a o n ~ w f n ~ 4 ~ a n ~ w ~ ~ f i z n ~ u  

d 
aodu~rnavau (Pandanus amary/lifo/ius) wuii ~lacnau7zau'liiun7s~au~udfi~~in7~ 

~i i~~dosaatayw'rs'~f io~t~na"lu~u~no ~mu?"setallochlorophyll complexes go nauqu 

r i l~ la lu~qunon-siw 4-6. ~ a ~ u t ~ u ~ u " u o - J  Z ~ C I ~  400 ppm ~ ~ ~ ~ t - ~ ~ . ~ i j ~ . ~ n l o f i ~ ~ B u $  

110 OC ~ d l l . 4  15 ~1; 

f ~s~n~sr inad  2 nszuaun~oniauu'ba~d~vQu~~ds~dla?dna"auv~u (Musa 

acuminate L.) ~ ~ o ~ i l u o ~ ~ ~ o v ~ a w i z  wu4l nlazd~vlulzfiu~iv?uLrdo~dla?dna"aa 
4.4 9 v ~ u ~ d o ~ ~ u a ~ r n o w u ~ ~ d ~ w r ~ w ~ ~ ~ ~ ~ ~ . n " ~ a u ' b " d ~ b w ~ ~ r u ~ w i ~ n ~ t ~  Ao ~ e c t i n e f  ultra SP-L 



dnl7u~iu%uqociau2mu'0.5% fiuwoeia:7tllin (i71.I j iPt17 S &ITUP irl&l~4dnkerrou6 
d P 

l iui jatuaa un;un&u~ou%mau 4kaiiaoniwqc 

'~~s.tn~stioaA 3 waao~nioa~m6i?u~au'I~bbl'eiaa~~vdii~~wi::~ud~~~~m~ (Psidium 

guajava L.) wui7 n~~rClauiraulunioi~do~d\~bfddk~~~[il~~~u~~u\~di6~'~iwn~~ufi 
4 d 

(pectinex" ultra SP-L ) nannl iu~4uGuaa~mUraJ 0.5% fiuinroio&vGn did j i i s a i  

~~(ULIRI 300 uiff dqmvaa 35.c 

(Aegle marmel L.) wuil nlnLdo~~~fduzqum"a~~~u\~biLwn~bu~ (pectinex@ Ultra SP-L) 
d d ' 2  
nnwrr~$u$u 2.5% (vlw) ~ ~ 5 d u z q u n ~ a n i u  2 ~~1u.rau'l.d i ~ g f i u 7 m ~ ~ l 6 ~ a i l u 6 q . ~  

d d 
n i i h ~ i 1 / l k 7 n n i l r a u  ~ m q n r u n i a  uuu thixotropic j[ilo i ~ o o z u r L l a 7 n i ~ a u  

K a 
u7nau \T?d?r$dl yield stress (r,) Mr flow behaviour 'index (n) u inau usiddl 

consistency coefficient (K) L L ~ Z  apparent viscosity (11) ~QOILZ~U 100 i1 amm 

O~s~nisdeaA 5 u a a o ~ n i ~ ~ ~ i a u ~ ~ l j d a ~ f i ~ u ~ n i w ~ ~ a ~ ~ ~ a ~ u q ~ n ~ a ~ l i l ~ ~ a ~ a ~  
Y d4 Y cr d 

ao~urri l t l i7nonIu' Mangifera indica L ~ u j i  nia::naua%unq6a nnona7u~%u%iraoq 

~aril.15' pectinex' ultra SP-L 0.5% ~ u i n o e i o ~ i a r i n  uiu 300 uiti LLAZ 1 .oOh f i u ~ ~ w i a  

i i v r i n  uiu 90 

~as.tmstiea$ 6 n i o a f i m ~ ~ u e u ~ u i a r a u u ~ ~ i ~ ~ i d " i 1 1 1 ~ ~ ~ v a ~ ~ i ~ ~ n  
r s -  W d  d y~fl%urffliu%l Ziziphus mauritiana Lam. nu41 auunraanuinaocira~~aqw~~\&~in 

yntvYu$aiun ko~iu7i~muL~uun'u~an'u~~azi~aun'~ qinniPimdi3wui i i iq7~aq~l~Z 

uh~qnow'urf~ia8uns Hylocereus polyrhizus (Weber) Britton & Rose wuil ~w@?uufi? 

I, 

t la rd l  reducing sugar 36.38 LLaZ 23.48 mg glucoselg ~ 1 ~ ~ 1 6 u  f i u i ~ n t m ~ ~ ~ u n 0 . 3 0  

iia:: 0.09 LLarfiu7maaqu~qdnra7u16tqvulil ~i lu 6.37 i lar  2.20 013t-i~ n i ~ ~ i 7 d i ~  L ~ U  

t~s.tnlsdoa$ 8 n i ? a 6 m a i ? ~ 6 i ~ b ~ w i = : ~ i n b 1 ~ ~ m 1 ~ d  Cucumis melo var. 

cantalupensis ~~~<%UL@~&~FJLQMI"IIU' WLI~I k~umigjd L ~ B L ~ I ? L ~ ~ U L ? R I  1 8dm1$ du 
d 

orarn~vu i r~u~ i~5u~~an '1%i f lu~ l i l~ ' iu '1un i~a6maio~6 id~~wi~  d a q r ~ n i i f i u w  

ao.ru~~daraiu1k~a::fiuim~inia~?a.a'~cM"~mh~ludaubda~~a=:daub1_18an 



d B d u  
6 m $ ~ n w ~ n u ~ n m r r d u 1 ~ a z ~ t l d ~ ~ ~ 1 ~ b ~ ~ 7 z ~ d 7 6 ~ c f ~ ~ w ' ~ ~ l ~ ~ u ~ 7 t W n ' b l ~ 7 ~ ~ 3 6 ) 7 ~ n " i ~  

aim'Pd~An !Bii~ri nhansu Tmn urrzn~u~1fla~odiluo~n3~m.a'~ua::f47f~w"~ r6ud d k  
d v 

L L ~ P  URUI~Q~ ~za iw  IULIIBIQN N:~ULLR: uhGnoum4 ~ ~ . r n q ' i u ~ ~ d a z ~ ~ ~ ~ z ~ " s n i f  

1 ~ ~ ~ f f l U i P l g f t U ~ ~ ~ ~ ~ 7 ~ ~ ~ ~ ~ n 7 ~ 7 d ~ ~ B 7 ' 1 1 Q 4 L ~ ~ ~ ~ ~  

d1vQ~Iui3 2551 1~nmfin~~zdau~:au~un7f~idj i i"suini ; I~~u~~~ ~dofin'h 

6ninwuz~aw~zdktnisdin~?'w~ft~ uAazdfzmn finm6nww~~wi::11'1]4 w5mfim6 
4 

1~~olz~1~az~flm1~~nwflcl=:~fl~7z11d411~nz~1~mfim6 ~ ~ a z h d  2552 ?~auwu~nmaiqn i~  

~n"u5nm n i s d o z ~ n f l 3 ~ d u d ~ ~ 1 ~ 1 0  (food ingredi'ent) f i h 4 ~ ~ f l f i 6 r n " ~ ~ r ~ ~  

nlo~wtluvliwac7uiiu f ~ ' ~ u ~ 1 ~ f 1 1 a ~ m o ~ ~ ~ a z d o i i . j f i u ~ ' ~ 7 ~ ~  a n" d 
a;lwan7nquvl6q::~gu 

d r z l u . a ~ u n ~ ~ ~ u ~ ~ n u n i ~ ' ~ ~ a ~ ~ n ~ n z w a ~ d ' ~ ~ ~ I n a  L I ~ ~ M P I L L W U ~ ~ ~ ~ L ~ ~ ~ I ~ L I ~ ~ ~ ~ A L L ~ ~  
a w niulf indtmioaw mla 



PPm 

2) nhauou ~Zanzarqnd 7 ida~u&nqoL~m 

d$inla k a ~ m d ~ o r u r ~ ~  85'~ ina7 5 uqfi LLRLLRU 
Y 

ascorbic acid 0.5 % 'Smui7ucn 

)r 

ascorbic acid 0.3 % 'Sm~<iurd'n 

w 

, ascorbic acid 0.5 % lno5uGn 

7) t t f i 1~n t  ~2 ion im~ '~ub i ia i~~~ :u7a  45-50 

?U ~ ~ ~ % ~ " L I \ ~ ~ M ~ ~ U Q U '  -1 8Oc 





3. Uni?rn7trwiuiwqAu ~ 1 ~ ~ ~ 7 t b . a " L ~ ~ ~ ~ ~ ~ ~ b ~ d  

~ d f i ~ n ~ o ~ o a i j % a a ~ d K X f  
" 44 

Ims;ln7s$aa$ I ~99uiuwnian7sfin'mu~~:m74 

p J n - 1 r n a n ~ n ~ ~ i d ? n 7 ~  u a : : n ~ u ' ~ ~ a l u ~ m u u a u  

J 
(Pandanus smary~~ifo~ius) W U ~ I  n~7:~rttu7:nuIun7s 

~?~ud~ff~17n?7~'im#d~791fl4fl\aw'~~~~Q~~~EJfi"I~ 

~ J L B ~ U  P ~ U %  metallochlorophyll complexes i i ~  ~?LIqum'l  

~ m u ~ f l u n m - 6 1 4 4 - 6  n~iu~%u%untlfl~ Z~CI ,  300 ppm ua: 

q ~ M 4 ~ ~ U n 7 ~ ~ f i ~ ? 7 ~ " w ~ d  110 "C U7U 15 ~ 7 4  

l ~ s a n i & a a i  2 ns:uaun7m7a~aulqUC 

c i7 t thds f lq%nt i?u~au  (Musa acumhate L.) ~&~Lfhd 

d 
aiu~ntir.ldLaw7:: wuil nv :wau i :n ln i7a%~~ I I~@ 

-14 ,d J l a ~ n ~ ~ ~ ~ ~ u ~ ~ a ~ ~ u a ~ u i m ~ u u ~ ~ ~ ~ ~ i : l ~ ~ ~ ~ I % ~ a u l ~ ~ ~  

l ~ ~ ~ l ~ ~ V l 7 4 n ' l ' 3 & 7  Zfl pectinex' Ultra SP-L d f l ? l U L % ~ % ~  

oo4~orilau'o.sx imr~mtrio&uin vix~ji isui 3 iqb.14 9:: 

~ ~ a ~ n ~ ? u u a u i ~ l u ~ a 4 u ~ f i  iiniunti~uuauqmLw iri 
~ f i i iuqniwty  

I a s ; l n ? s i m G  3 ~a~1aani~finYPIEi~uiaulaUc6ia 

n--mG?dLarr~:~udRu~a (Psidim guajava LL w u i ?  n w d  

wu~::nuluni~udl l t f l l~a%cld~~~~~m"~~~au~~u'm"~~~w~i  

Lua (pectinex' ultra SP-L ) i;adn?iu~%u%u'~na~aulau' 

qmuqG 35"c 

l a ~ ~ n i s $ a u i  4 n i ~ w G m h ? ~ ~ a u l v f i ~ a : n i ~  

u ~ E S n ~ t l d : ~ ~ ~ i : v a ~ l ~ ~ u : ~ u  (Aegle mame/ L.) W U ~ I  n v  

1 l l d ~ ~ \ ~ k l U : s ~ u & ? ~ l f l ~ ~ ' ~ ~ u ' ~ ~ n ~ ~ ~ ~  (pectinex" ultra SP-L) 



4 H I ~ S ~ B U L Q ~ I = ' I I Q ~ W ~ ~ ~ ' ~ ~ ~  

, I 

?RQ~UL%U%U 2.5% (VIW) b ? d ~ : ~ ~ f i ~ ? R l n ~ f i a ~  2 d j h d  

2 nuld q:i;fi~i~u~l~uas6~~niil'11~~lEiq7nni~::~u~ 

&uiiwqinssuniha uuu thixolropic & ~ ~ i a ~ r ~ : n 8 i  

2 
n~su'auuinnu h?d?::i;di yield stress (TJ UR:: ROW 

2 
behaviour index (n) U I n W  i ~ h ~ 6 l c o n s i s t e n c ~  coefficient (K) 

URZ apparent viscosity (q) !<PlTll%M 100 s-' 8mRd 

Cns~n7siaand 5 ~~n~ ; l n i~ l%~au l ' ~~u 'da  
C 

rfi"nosniwnaa5u'n$uqinlerPmtln~n~~a~u::u'~~~imanlf 
4- " 

MangiFem indica L nudl nm:noun5'unqh ~ednmu 

~ % ~ % l d ' l l ~ d l ~ M \ % ~  pectinex@ Ultra SP-L 0.5% ~ ~ U I P ~ S P ~ Q ~ I V G ~  
C 

MIM 300 MI! 11~:: 1 .o% fiu~msdaiitlMun MIM 90 1.47; 

O~s;lnqsiaa$ s nisfin"blhY~~~auI'~~UCUn: 

n u f i ~ i i ~ t l f i ~ G / n a ~ ~ ~ a ~ ~ i s q ~ n ~ ~ s i ~ ' ~ ~ f i ~ u ' t f i  Ziziphus 

i 
rnauritiana Lam. w u i ?  fi~u3dq~~1$ao~Q?3rnqw~nlEiq1n 

~ n s i f l u f f i i u ~  P ~ ~ ~ U ~ I U ~ L ~ U U L ! U ~ ~ ' ~ ~ ' ~ ~ ' ~ U W : U ' I I M ~ ' U  

w 

udi~niimuunurb n ~ i u ~ i u ~ s n l u n ~ ~ u i 1 ~ ~ ~ Q ~ 3  
C 

q w ~ i h ' i ~ i i f i i ~  73.35 nTuudi/nfuiqao'iq~iM"q 

Ons~n.lsiaa$ 7 w~na~nisI%~aul"11u'dafi7t 
C Y Y oanqGlan~w~~nrd~onun~ruei~ii~~~nwSidgiuedum~ 

Hylocereus polyrhizus (Weber) Bn'tton & Rose wuii 

~ q l u u ~ q 6 n r r i u f i i a l u L m q  ii61uon?3iire~fiitl lu 

aon3~rn.a'~ rviin'u 2.66 UA:: 1.94 pg I pg DPPH ua:Fii 

reducing sugar 36.38 UR:: 23.48 mg glucoselg P l7~616U 

f i u i m n s m v i t r u m  0.30 LLR: 0.09 u a : f i u i m ~ a d u i ~ G /  
C 

a::niullXCq?'\lttum 191-4 6.37 118:: 2.20 " ~ r i x  P~IU~I~LI  flu 

m ~ : : d a u i : : n u n o d ~ r ~ ~ u  

~ ~ s . ~ n w i i a a i  8 n~snn~sais t t f i i~~~r( i : :q~nu~uw~ 

Rd Cucumis rnelo var. caotalupensh ~ M f ~ M L R 8 ~ ~ L l l f l M h " n '  

wud7 ~i~umigd daLr?ul?~ilun~i I K d n i  ~9us:s::i 

~ ~ u r ~ ~ d i ~ ~ ~ ~ ~ e n 1 % 1 ~ ~ ? " ~ 1 ~ ~ u 1 u n ~ t ~ n ' m f i ~ m ~ ~ ~  

1~w-1:: L % ~ ~ ~ i n ~ f i u i c l d r a ~ u ~ ~ i w : : a ~ s ~ ~ u n : : ~ ~ ~ ~  
2 

~ 1 m i a ' 9 5 ~ ~ ~ ~ ~ ~ ~ ~ ~ l d ~ u i u a ~ ~ a : : n d ~ u ~ 1 1 ~ a n  

4. sz~di~nisimwiuwn 



n7rw5m 

nqu ?'mqZu vfiid LQWI: ~~~'5ufnilnisw5rn 

~ i w i u t a ' i n d  nthuvau fi~mSI11'5am'n I ~ : n &  (1) Pretreatment 

~~wi:m'?aa\ln&qj?uvau (2) Enzyme Treatment 

v"' luoiu~~n:~iu~i lun~uao\1C~3~0~ (1) pretreatment 

~la:Alfl~I~PfI%n6 (2) Extraction 

(3) Enzyme Treatment 

(4) Freeze drying 
I 

fiitbi~u tlkumd ~itlfidurn~na.~'lnInsilu 1?rniCu$ ZU (1) pretreatment 

ean%~mguun: o1v1~u~zwis&iiuoan3~m~u (2) Enzyme Treatment 

fiislfid 

unurtlqd l l 1 t ~ f i 8 ~ v 8 a d ~ a ~ n i ~ ~ u o ~ d i  n6u (1) Pretreatment 

11a:l€la1v1'3 (2) Enzyme Treatment 

~ Y U ~ Q Q  f i 7 7 ~ ~ ~ t ~ d ~ d ~ ~ d t ~ r n " 7 ~ n ~ s M ' ~ 6  niw (1) pretreatment 

~awi:~q?ro;rr~e%u 3rn19u~ounA (2) Enqme Treatment 

UZQU ~ ~ I ? ~ ~ ~ L u ~ ~ J B D ~ P ~ I ~ & ~ ~ ~ ~  a19 

SllwoGn n i u  UW:~~BIMIT 

uiiqu'nsum-a fi1~1fiidum~ne~~uiSiiI~uiCu 

(betacyanin) ~ ~ ~ I u I ?  ~ O ~ f i 7 f  hlu 

oan3~mgu 

(1) Re-greening process 

(2) Enzyme Treatment 

(3) Concentrate 

(4) Encapsulation 

(1) Pretreatment 

(2) Enzyme Treatment 

(1 ) Pretreatment 

(2) Enzyme Treatment 
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Production of microbial polymer for the application in food industry 
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l~~a~banniunua,~unSo'aluw'uf EN02 r~uma~uf~~unuiunif6n~iun~umaw'ufi 
<d 1 ~tnn~~iluma~uf~~'~~w~a~~~ingiiunrllnaon tu~u6ul~n~nlnnini~~u~:J0~aei1~~ d 

h i ~ u l ~ n n u d ~ ~ i ~ ~ e n i r ~ ~ a ~ ~ ~ a i n i ~ ~ ~ ~ w ~ f i n d  ri7uqa.roinim'arwiuui~u\~~ku~::o"an~u~m~ 

a~m~~Ban~in~~la'lj~~~unund<~amr~inimni~n ~ d u  < ~ y ~ ~ l o l . a ' n i ~ n i s m ~ m ~ ~ n i 3 u d ~ ~ d  
* A d  

laahundrhniyAnmffa und~ni$uouu~:u~d~!ulmr~qu u a ~ 3 u ~ ~ n r n i i a ~ ~ o i ~ ~ ~ ~ ~ f 0 1 ~ 1 ~ ' ~ 1 n i ~ n  

hnFu'I4' 
f t  & t u ~ m ? d r r ~ ~ h o ~ r ~ u ? < o ~ u ~ d  2 d P:~nlt7kNd5mollY~.j01~1~~6;1~~~%0 uazni?m' 
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Il ?"sl%?,u, 
.4 Y 

j. n ~ m ~ r n ~ z n t ~ a ~ z a ~ ~ ~ ~ a ~ m t t a ~ ~ t ~ a  
2 

1 .I i i n m ~ u u u n i 3 ~ o ~ n y u a : ~ 5 ~ $ ~ 1 ~ 0 t u ~ n n i ~ 3 ~ ~ a i ~ i 3 ~ ~ ~ 3 f i i n u a m 3  tauouunn'du 
U Ld 

ain is~&~~~a~na?Cf~a~da~i ) ina in i f~aa  Bmmfield nunu?maJ Taligren u a m w  (1998) l ~ u u d ~  
uxkmiunu 3 aGa ;a n$nn uaruanlma .'maiimima~nyao~u~fln"~"Su 

2 r 2 a d  
1.2 i i n ~ i n ~ c i l j ~ : n a u u a ~ n i ~ i 3 ~ a u ~ ~ ' 1 1 ~  uwrd^suinrd?ud3rnauuo~aini~~au~t~an 

3 a ~ ~ u i : a u i i o n i ~ w ~ ~ ~ a ~ u ~ n n i ~ ~ ~  ~ & ~ u u n n ' ~ ? c l ~ u a i t n ~ ~ a s ~ t ~ a ~ n a ? ~ ~ a u d a ~ o i n n i n i ~ ~ a ~  
d 

Brornfield it~dnif udfu"u6tilYJn Juni ~fl̂ riYau~a:ltilm5~-au n u n  Jcf~7rnu O JF~I~BUUB~~U'I~~LPU 
ndrvlu1~1=mdani~w~m~a~u~nni~~6 

Y dl X A  
1.3 n i n i ~ : ~ ~ n u i r r r u d a n ~ ~ ~ ~ ~ 1 ~ 0 ~ ~ ~ n n i ~ ~ 6  ~ a u ~ u u n n " ~ " a ~ u ~ i n i ~ ~ a ~ ~ t ' t l n n ~ n ~ ~ i : ~ ~  

nna'o 1.2 nn~u8nwm?r~mui:~udanif~~a~o~u~nni'Lf6 ld'uri gacrrpc 6innu~flunsatu~ 
L%~uva~ainisLiu~~~a nnuii?saui~nui:au ~ a m i n ~ l s u g m n ~ ~ u ~ ~ ~ n i ~ ~ ~ ~ ~ u u u n i ~ m  

1.4 i m n r h n p ~ ~ a ~ u u n ~ ~ u u a ~ r m " t i \ ~ u n n a f  uBnnil56 ~auonwoiiu~nni'L~6ndw Qm 
t X i  d  lsl'ainoiwirratr;rt'~~nn~nuizu~ainir'n 1.2 ~a~nia:ntnvrUi:a~-ainY"a 1.3 'Iaun7~mna:nnudijU 

LamUaQ 
rd 

1.5 % ~ i l a u u ~ ~ ~ a ~ * l o f u h n i ~ ~ ~ n w ~ m ' I ~  n i f ~ r t f s u w o i i u $ n n i ~ f ~ ~ v r ' ~ & i ~ h u  bs 
nirRnmrnauG~u~srsiuaafi~&i 3 %nu rb i * laQu~nnir" ls6~nmrM'r l^sui~~~d~~und~du 
0 ~ 6 i ] r c n n u u a ~ n n ~ u ~ n n i ~ ~ ~ ' I a u ? ~  Protein Dye Binding ?Lnmrvi41&ad~~aa~wn~u+nni~~6 

1.6 t n i t l u n a ~ u ~ n n i b m " b ~ u ~ ~ ~ u i ~ h ~  u a ~ a n ~ ~ a ~ w Q n n ' ~ w ' ~ i n n i ~ t i a u ~ a i u w a f  

dnml&~wii~Ii' ~ i u ~ a ~ ~ d s a ~ ~ a ~ e r k ~ a ~ a f ~ ~ u u d a ' ~ ~ ? t i l ~ ~ ~ u i ~ n n n ~  (high performance liquid 

chromatography, HPLC) ~6avlia~m%~~~i~ia'Iu~a~a~~u3~~ilun~dda=nau~nni~~iau1aicl~n8 

uQnnibd$-J un3m!z~~a%naâsn 

2. n ~ n i * ~ ~ t r . ~ n ~ ~ ~ l a " t ~ n ~ ~ ~ ~ r . n a ~ t ~ ~ . i ; 3 ~ n ? " ~ f ? n ~ ~ n ~ ~ t n ~ ~  

2.1 d n ~ n i ~ r C f ~ ~ ~ l r m ~ u n ~ ~ ~ i a ~ ~ ? ' ~ ~ ~ ~ ~ ~ ' L i r ' m ~ n i f ~ n m ~ t i l ' ~ u ~ ~ a ~ ~ a  O m 0  (Genemr) 

d ~ d s : n a u ~ i l n o u ~ ~ i o ~ ~ a n ~ n i ~ ~ ~ ~ a ~ ~ a ~ ~ ~ ~ ~ e s ' i n ~ ~ n a ~ t m ~ ~ i i u ~ i i ~ a  Ghose (1987) ye: 
Stemberg (1976) rnu6idiJ ~ini?:ndtnln:auuitiau?"a~~~~a~a'ni~ni~~n~a~~fiini~d~aniw 
-aint~b~~nnr~'~imBiaiai~~~~u~eilti\r~a~an~~~iij DNSA 
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Production of microbial polymer for the application in food industry 
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3. I n i s ? ~ n n ~ M ' M ~ ~ i m ~ ~ a b a ~ a " 1 1 a ~ a i s a m ~ b s ~ m ~ ~ a " 1 1 a n i ~ 6 a u ? ~ ~ b ~ f i f i ~ ~ n ~ m ~ ~ u ~ ~  

(Liquid chromatography-mass spectrometry: LC-MS) 
4 - 4 

3.2 n l ~ ? b ~ ~ l ~ M ~ ~ ~ 4 ~ ~ l d ~ l 4 L ~ ~ ~ ~ ; 1 ~ l T ~ ~ ~ ~ ~ ~ ~ ~ ~ " I T ~ ~ l ~ 6 ~ ~ ? ~ ~ ~ ~ ~ ~ ~ ~ b b ~ n t ~ ' i n b ~  

k~buu~f ibdnbsnfn~  (Nuclear Magnetic Resonance Spectroscopy, NMR) 



4  s d  

4.5 w n ~ a s l ~ ~ ~ u u n n ~ l s 6 d a f i a i u ~ f i ~ u ~ a ~ ~ i ~ i u ~ o ~ a 1 s n n ~ ~ s ~ m ~ ~ a " 1 1 a n ~ w  

4.6 ? ~ ~ 1 6 q ~ n i ~ b f i n ~ ~ ~ . n " o d  (Emulsion Index) 

4.7 ~~0ub~flu~inaiub~u~uaa~nisb"n~ub.aa6 (Critical rnicelle concentration; CMC) 

4 - 4  

nisw~malsanus~mswla ln lw~nu~~6  Pichia anomala 11u?k$ PYI ~11ulsnw~m~11. 

11 

~ J a h i u i  MgS0,.7H20 0.02 L ~ Q ~ I % . J ~  ai~arislif in' 0.3 ~l la5~3uA NaNO, 0.4 iflo5~3u6 615 

t?awaa;l 10.67 ~da5~4u6 ~men$nn 5.33 i l Ia5~3u i  nauquPi?na~u~~ransmd1(~ufiu~iiriu 
1P; 

5.0 l m u i i n i a m i s ~ 8 u t ~ ~ a w ~ m ~ ~ ~  30 acpli~an~7ha lus::6uaanndiainoid? 200 wusieuiii 
4 - 4  

iflucani 7 ju  mu Pichia anomala diLIl%df PY1 l f i ~8c l s f l f i i ~an~ t~~ .~~a"dan i~~ . / i i n " f l  0.95 
4 - 4  

n$uoiarimt ~ t u i n n d i b d ~ f i ~ u b ~ O ' ~ n " ~ n l t ~ l " a ~ ~ i 3 ~ ~ L b 7 Q ~ 9 ~ a " I I a b l i ~ ~ ~ U  Pichia anomala 
c; ,Z 

niuwirq' PY 1 MZ"IIUI ~ u h l r v f  aabfluu~d~~ifu~u~w"~~"~~~nb~ua RolGwn w A m  0.26 n%ia?ms 

a a ~ ' b ~ ~ u 9 : : ~ ~ ~ n ~ " a ~ ~ i n n ~ i n i t ~ . a " u ~ ~ 4 a 7 ~ u a u ~ ~ u ; l ~ ~ n ~ ~ u ~  (Linton, 1991; Hommel bbn:: 

nm::, I 994) ~nu~i~lbil::1+iimia1uauaunisLuwiuag1u.iiubbon"ua;Ib~n~ L L R : : ~ T ~ L R S I : : G ~ ~ ~ ~ ~  
C 

4 4 4  - 9 - 4  

~ Y ~ ~ O X Y I  fatty acid Yaqaisnnusqmqw~a?niwlinfii~R';1muwbflpdai~a'b~"11au$ivTa~isd"11au 
4 - d  

!"11u u n : : ~ ~ u s i a f n u m ~ r i u k d a ~ ~ ~ ~ u ~ i m i n a a ~ a i s a ~ ~ ~ t ~ m ~ w a " ~ ~ a n i w f l t : : m ~ ~ n a ~ ~ ~ ~ n  
A  v do/ 4 s d  

(Webber LLn::na::, 1992) wnw~m~nnq::unnwm:a~iuiifiu Lwn::aisnnL~sqmqaa"11an7wi 
9 . 4  

a5 m 1 6 ~ 1 n ~ i o ~ ~ m u w 1 ~ ~ ~ ~ ~ u ~ ~ d a ~ u i n 7 - u  lactonic form ~ w u ? ~ M $  (HU ~n:: JU, 2001a) 
4 - 4  

n i s ~ ~ n ~ i ~ M r W i ~ n m ~ b s ~ m ~ ~ ~ ~ a n i ~ $ a ~ ? d f i  analytical TLC $au1at::~~osla\lZala~pd LL~:: 

ua;a ;~aauvi wuiiaiuirnnunai~aanI~~~pd 3 616uda1.4 $8 FI ZP F3 l n u i i h n q i w ~ q  
A A 

b n d ~ u n i t m a a u w  (6) du 0.88. 0.72 un:: 0.62 miuiih'u i d  F2 iidinisns::qw$iGu2d 

d q m  ~rn::~demsi.saauiauua~w i~anuviwui7 F2 un:: F3 'jMYwnuan i ~ & u ~ w ~ i d M i n i m  
4 - 4  

oo~m.rwa.a?niwi Pichia anomala filuvk( PY1 w"am16~.ri:ininL~udauds::nauw?ebfluaif 

ds:rn~haCnGAn im&mfk.maio F2 69s preparative TLC bdfl~iui?bnsiz$fiisbba:~i~~~" 

u3qnB~su HPLC wui i6i6udsudL~u~69in RT d 15.3, 19.2, 21 -9, 26.2 ~8:: 31.4 ui; 1&0 

4iniadi;l C D E F ILR: G miu616u ~ ~ ~ ~ ~ i i n i s n ~ ~ ~ i u ~ i ~ u u i n  un::~naaqdi6udad RT 

Inn"~iioa~uPnsuiPm~bnsu"u~~ HPLC 1innisP.alvll~ii%m~l4~~u~isbfiuub~uu 'la RT d 7.5 



blaz 8.9 ui; lnub%hii~ai?odiq A bmt. B fliurii6u 'uiaiii~fibnsizes"m"au'i~ LC-MS ioh i i n  

w n n ~ r i ~ , n s ~ t . G i s a i  LC-MS uenii~i1~rinuanlu~a~a"uo~ais~~at.a1~1tn?~mtit.9~" 
4  4 d  6  4 

~nsta$~~ao.raisan~bf~ WQ wa"~~aniwiwa w'b6 'Lunisnmna~wuiiuaaFu bnqaam.~aifdauaw~!h~ 

t,viiCu 662 702 uat. 762 ~ ~ ~ ~ u u ~ f l ~ ~ 1 ~ i i u a i ~ l ~ f d ~ s 5 ~ n ~ ~ l ~ s ~ a f 1 ~ d G n t m ~ a C u ~ ~ u  

as6f)st.naum~ [CZ] ,,,tone b~az 1~22 :  i i n $ u i i ~ ~ a r i i . r a ~ s  G ddf iu~nru~nwald 

?~nnt.<m"auil NMR mudl 'H-NMR spectrum Glndnng2uia.r chemical shift $ 0.9 ppm 

b f l ~ d ~ l ? ~ ~  (-CH,) d 1.2 Lba:: 2.0 ppm ~ r b ~ u f i l u ~ l a ~ a ~ ~ ~ ~ 1 f E ] a u  (-CH*), $ 2.4 pprn bflu - 
4 "  

CH,-COOH L L ~ Z W U ~ ~ U S ~ A  -CH=CH- d chemical shift $5.4 ppm itrfludaudnriiunaanudau 
,a d 

a a ~ r i u l a k o ~ i f u a u d d s ~ n g h  'H-NMR spectrum ~ a ~ d i s ~ ~ ~ d l s a w n ~ W ~ f l u a i s ~ f i u u ~ ~ u u  
d d chemical shift M 1.2 2.0 UAz 5.4 pprn 

c l 4 d  

nisAnmrinl.nuzpl~u~~1~~~a~nd~a~plisam~~~~~~wa~an1wdw5wl6 lnanTuuaimn 
d s d 

~ ~ s ~ m ~ w a a a n i w d m a i ~ ~ 8 ~ 8 ~  40 Catnhsiajiat5ns uri ldinis~ieqw IOO ~viiAau 50 i ia t lu 

a15 w?dlalhsnaflls6<dbdaf wu~inaiubflunfniiQdb't9uit.auionis~ii7aiubba:naiuba8us 
d s cl 4 - 4  d - 

aa~fiiswus~w~wqqanqwtib~ufiita~naisanbL~~wQwaqaniwwwan~g ~vii<u 8.0 4Qaw"ilbbsQ 
4 9  d B  V 

mtwaoliwqnd~n'u 34 mN/m un::Piinisnszqiuii~u~~qn 7.07 wisi.nb~u8~unr (daisanas4 

i%iia!aniw 0.004 ire2in?ulufiddofG~~ms I o luks5ms dlflunimndmu) 'LP~~'ULLS~TU$.I 
d a  d d  s 

30 iuaa~niswnao~ uazwaaa.roruugijiamaiub~~usaa~aisalplbbs~m~ wagan1 wnwam~i wuii 
4 - d  yd A 

aisanusan;lw~'aaniw~~~7u7f61iiQ7u~nnbuadutiq61dvs?~ 60 wt. 100 oaplibaa~?iua b ~ u n a i  

15 al?lu.r ~nu~diufQk¶'l? 33-34 mN/m URt.h ln i~nsf i lu: i~~ 3.0-6.0 mln~barafi~ums bmt. 
4 - 4  

k n ~ n a i u ~ f i i i o s l ~ u " n ~ ~ m ~ ~ i r  121 o ~ ~ l n a a d u n  $niau uaniin6aisanussm.rwaganiwd 
~ d $ d  

w~m~i~~f i iu imo; i i~ i0d~baz~~~~~~bf i~us~nn~u~"db~uuna~~s6~ . i iu~u  0.5-5.0 bd~fb{u6 Pnui! 

~ i i b \ s ~ d i i q i u ~ u  32-34 mN/m u.az~inisnsz~io:iiiu 9.0-14.0 mioiamufituols iqunai  30 

a'od 
4 e -d d  4 

n i d n w n a i u ~ i u i ~ n ~ u n i s r i a ~ C ~ ~ u ~ a ~ a ~ s a n ~ ~ ~ ~ w ~ w a " ~ ~ a n i w ~ w a ~ l ~ n u n ~ s a " n h ~  

6aGnis~3~18Caair (Emulsion Index) L~uucfluu<u6iriubbazflitdst.nau'ba~nsmi?uflu"d~n 

6147 wuiipiisiaiini~c?n8Ca%ud 24 &&Q ia6luirni luai 63~uira31 diuirn6n :~~u;i~ia 

6iliunaniidauuaz:iCukab~;aQ iiPiiuinnii 90 ~daf13u6 ks$iriraoi&al imz~iuianan 

ildauiipiinaiutaiiutama~46"aud~nau 3 iuusn iio 10 ~dof6ju6 ~iCukaLmiia4 &uiailu~ls 
v V 

~ 1 ~ ~ ~ ~ 1 s l b b f A t . ~ 1 ~ ~ 9 1  FtIR89 15-25 bd~?b$'ld6 ~ l ~ ~ l ~ ~ b b f A Z ~ I R ~ 9 d ~ Z ~ l 6 1 d  60-70 bd%'h&.4K 
Y 

n~erlu 7 Tu luCifiuyn"nm6~niia 



uonqin$nlsvl~;i~m?n~?"uoqnaiub$u$u"uoQnisbfim'aub"IIaa" (Critical rnicelle 
4 s d 

concentration; CMC) qinfiitnmunmqw?q?niwdw~m~~ wuiiiiPii~YiiiiU 132 Dafin?u*ohs 
4 ,  ' 

unrP;iasq.rftaz? nr nisb??m\ub.an6 (YCMC) difiu 35 mN/m ~ 4 ~ n i ~ i n i i ~ i ~ R ~ b b t ~ i ~ ~ 9  
6 

k b n n r & d i u i b ~ u u d u u  'do m u n n  307 hsnou  an$ I 00 crnzla~oulm~n?aQ~dw uar 
4 4 4 

~;~oran~niwln~'b~uqn'ufiitambbsdwqaa"d?niw"~~~miu u klvlls3Qmlin Candida 
=id , 

bombicola ~barusufu~?mqIn Pseudomonas aeruginosa nun1 CMC ~Yilnvfl 1 30 Lba: 200 

ih~n?u!iosws miuii$u (Otto bbnznmz, 1999; Pornsunthorntawee bbazRbldZ, 2008) 
s w  ci 4 4 4  

qin.riu?qu;wuiipiisam~Lsqmqaa"11aniwdw~m1~qinZfi6 Pichia anomala f i iocuf 

PYI fnuHaudtnI5uou 2 aiami.?uhzo na~nawr&uir&!rr$op ~t?Ia6aiu1scl\q?~1bar 
4  s d 

w ~ ~ a i s n ~ ~ ~ s a m ~ w ~ ~ a n i w l K ~ ~ i m u i n n ~ i ~ ~  4 dirdo~~ou~3uun"unitla"$i~ukqbw~oq 
4 - 4  a s r i luuwd~ni fuau~~u~"~~iahb~u~ ~ ~ ~ t a i ~ ~ m ~ s ~ m ~ w ~ " d ? n i w ~ ~ ~ n w ' b ~ b ~ u f l ~ s a m ~ b s ~ ~ d ~ ? d ~ ~ m w  

a, A " 44 Wd! =i 
~n~nnwmndsmou&~untm~"u~uwu~nt~a~i~b~u c22 orwou dq~~wndi~~inqira?<u"uoqYouw 

dquuinqrnu;liunoml"ufiud~~u"~~~m Cl8 ~ m z  C20 azwou qin~nwdk;l;ii~~aiPahbbs9iQ 
4 d 4 4 

wqa~niw~wnm16~P;i CMC d~ini~a~samun~.r i i~&~bniszw"ui~"11~m~bnzhin4idisam~bs~.rf t~ 
ei s 

i ~ i i ~ n i w n w s m ~ ~ ~ i n Z f i 6  Pichia anomala f i i ~ W I U f  PY1 ~~SIU~IUUO~ I SoqqYiU 

(2549) dsiuqiuui r iauw~id uon~in3~qfiiu~scl~iQ~~w~u~u$i~uiq~~wainvIaioaiam 
4 w  2 

~ iu isn~rJ~~qn~.a"buq~~ iwnssuo i~ i t l f l uou inw ~ ~ n z ~ i u ~ q u u ~ ~ u n i r ~ n ~ i ~ b ~ ~ u u ~ ~ i ~  
4 4 4  d 4 

~ ? b ~ ~ " u ~ ~ ~ i ~ ~ ~ b b f ~ ~ ~ W ~ ~ ~ 6 1 i ~ ~ f ~ " ~ l b b f n ~ ~ ~ ~ 1 & 7 l n ? I f i 6  Pichia anomala f i lufhg' PYI 'a41,gu 

f i ~ u w i a ~ ~ ~ n ~ i r n ~ ~ l ~ ~ ~ u ~ ~ a ~ l f l ~ u ~  wfiiunssud~~ua~o~n"uoivis 
la 

s v  d  s 4-9 

fno~nis~quuwnwuvifim%m~6 I nu uuamszn'ufiyyifn 2 nu i~axil3nsrKu 

f i q ~ i w ?  I ~u M i G u v i s z 6 u u i u i i  I ocu 

Thanivavam J. Chianguthai T. Sanpvanich P. Roonysawane N. Washio K. Morikawa M. Thanivavarn S. 

Production of sophorolipid biosurfactant by Pichia anomala.Biosci Biotechnol Biochern. 2008 Aug;72(8):2061 

~ ~ u l ? l l r s n . r ~ ~ ~ ~ l 4 l u Y d n ~ ~ ~ ~ . r n i r ~ n ~ i ~ i ~ d ~ ~ u ~ 1 a " l u ~ o ~ a u ~ n i ~ 5 ~ u  n"onisw8m 
4 s d  

a~snn~~oqnqw?a?niwlPaniqrdbvuirau m r i m n z 6 l n r ~ n h t " ~ o ~ a i ~  unzfln~rinwmzauu3 
4 - 4  d cr 

aaqaisnmsandwasan7w~aarn16qin Pichia anomala mu$u< PYl luY6d.i:nuwndido 
A ' 

wiu$ilAaaiua"a d a i a r a n l ~ ~ n ~ ~ ~ f ~ a ~ u a w ~ . r w " ~ u i ~ ~ a : ~ ~ n ~ r ~ w ~ ~ w " ~ e ~ a e r ~ ~ " ~ ~ ~ a r . i r a ~ ~ ~ r . r ~ ~ ~ a  

Parnnoin ~ i c h i a  anorna~a m u h i  PYA n: f i i?blu~udold 



3 . n i ~ 8 n r n a t 6 d s r n a u a o r a i ~ i ~ ~ ~ u ~ ~ ~ a  
d d 2' 

L L R ~ ~ ~ ~ ~ ~ L M u ~ ~ ~ u ~ ~ M u ~ ~ ~ ~ ~ ~ ~ ~ T L R u J ~ ~  
d td u 

unronnmusn1nivja~~tila7snm~~.r~~~fi? 

i l l l ~ k l  ITS t"llldllgu Pichia anomala 

3. Pichia anomala mu<%f PYl Rlul~oW%I 
d n d  d 

~ 7 5 ~ ~ ~ 1 ~ ( 1 ~ ~ 2 p d ~ ~ l ~ n d u " d T ~ ~ n ^ s ~ 7 ~ ~ ~ ~ ~ L U ~  

~ ~ . u ~ I u o i ~ i s ~ n a ~ C f ~ 4 %  liltut-h~wia~lil 

d n n  d td u 
a n u s ~ m ~ w ~ r ? n i w ~ i n ~ ~ u n ~ u n n m ~ i t ) n ~ ~  

d ~vni2:n~na~i:a~ 

~ ? n i w ~ u o i ~ i s m a ~ i i ~ u m ~ m s  u a ~  Pichia 

anornab R I u W I W ~  PYI ~ ~ i ~ & ~ i i a r ; ~ l m s o  
d a d  wkmrsmnun~w~a?niwn~u j~IIn"unisio?y 

LY uaJL?Ia 



a#  ~ s a i \ ~ w n i l ? a t l i r ~ w a 1 ~ i l 2 5 5 1  e m u  a 

4 n d  
1 . ~ I ~ w ~ ~ ~ T R ~ ~ ~ ~ J ~ J w ~ T ~ ~ ~ I W L L ~ ~  

4 - 4  
~ I ~ H ~ ~ U U ~ R I ~ A ~ ~ L ~ J ~ J N ~ ~ ~ ~ I W  

~ . ~ I T L ~ " T U H I ~ R ~ ~ . ~ J G J ~ ~ ~ ~ ~ ~ I W  I$' 
u i R n f u i ~ d 2 u & s i ~ ~ 3 u i ~ m n l i ~  
%fi3i=vibfis~~%~nnr 

~ . ~ I ~ ~ ~ w I R u ~ ~ L ~ ~ J $ ~ ~ I I ~ J A I ~ ~ ~ ~ L J J ~ J  

W"-~$hniw n m ~ a ~ ~ n ~ i u m u i ~ n ~ ~ ~ ~ n m ~ a u  

n ~ i u ~ ~ ~ o m a ~ m 5 ~ ~ $ ~ ~  pH ; m ~ $  un: 
NaCl ~ . l l ~ ~ a ' u & d l J  .]%A URrnRHJU 
?tl.&tTUY?fll3?i Jiu'~.a'%@i a\21 C M A ~ ~ M  

d d $nmnn3TualnlT ua:~d.rsumsun' i iu 

~$u&"lra~ni~~i?mbl%a6 (Critical Micelle 

Concentration ; CMC) Y E J J ~ ~ ~ ~ @ L L ~ J ~ J ~ J  

~ ~ n i w ~ w ~ m ' l < < ~ r n s a a ~ ~ ~ ~ G ~ w " ~ ~ r f i ~ i z ~  

u1;r.aGm 

T i o ~ i ~ n i r ~ ~ a d I ~ i i ~ f i ~ n i ~ I ~ ~ t t ~ ~ I u  ij 2551 

I 

dlT@ 33 r n ~ / m  n ' ~ ~ n i n q m u a ~ n l r l ~ m ~ u ~ % n d  

(CMC) L$I~%J 132 mgll ( i i n i ~ n 3 r - i 1 i o ~ i ~ l ~ i <  
75.39 crn2 r l n ~ w l r i i  0.95 ns"rJ@iaimr 

2.rlirnnniounr~nu~~~~ij~~~niw9~"u?qnf 

~ 1 1 ~ ~ 2 ~  ~ 6 i 3 ~ l ~ l f ? ~ ~ l l L ~ ~ f i ~ ~ H ~ l ~ 2 1 i l ~ H l 3 ~ ~ ~ l  

~ilum~11.r:rnn'lnnIfi~~m rrwz ~ B a i r f i ~ i : ~ ~ i r  

&U LC- MS UHRJ(~IU~RIULRQRRRLLTJ~ J W " ~  
~?niw$~~mliln '  h u ~ ~ d % ( i ~ ~ r i i < u  662 702 MRL 

762 d ~ ~ ~ ~ ~ ~ ~ ~ ~ l ( i i i \ u l l m ~ ~ ? i l ~ ~ ~ 8 f i f i n d i  
~ n w ~ i l ~ ~ ~ n r n m b h ~ f i u a ~ 6 d ~ : n a u ~ a ~  [c22] 

Lactone LLQ:: [C22:1I~actone 

3 . r 6 a d n w i h w m z ~ ~ ~ ~ ~ a ~ m ~ n t i l i r ~ ~ ~ ~ f i ~  

i j~n iww~i im~i~nn ' i~ iu lm% i~n~'U"fiaiur~?ior 

d n ~ i ~ ~ i l u n . i m @ i i ~ ~ i i ~  8 Bn--aiuu?iosda 

aallg&il J Il<qUi;JalUllafi 12i0 % L L ~ I $ ~ J R ~  

~ ~ ~ I u ~ ~ ~ " ~ ~ ~ ~ ~ M ~ I ~ ~ ~ ~ % L ~ L I u ~ ~ R ~ ~ ~ ~ L ~ u U ' M  

0.5-5.0 % u a t m u l s n ~ a ~ ~ a $ u ~ a ~ l ~ U ~ ' d ~ < ~  

~ d u  ~ l ~ R l ~ ~ ~ u n l  ilfuJ7 



Biosurfactant production by microorganism for food industry 



P s d  

k t n i ~ o i ~ u i ~ i n s ~ s u l ~ ~ u i n &  aisananmaua.a~niwbfluais1a~u~a~ada7uitnria~ 

ui$ulRfl a h ~ l h ~ i n b ~ u n h i u  31 uazija6iuit.airw ku~41ulidquL~iqlumalm"uaqalfd 
4 d 

k~nsiz<wi;l~nu u f n ~ a $ Y i ~ v a i n ~ a i u  i fnsda~i~bflubb~u~d78n (Amphiphatic structure) 
-dd dilfiiiqnaauuiiumniiqn'u ~ a r U j n ~ i q ~ a u u ~ 1 ~ n  nanu?&alu PH dmn51.1 qnav~ilr~nz 

dd v oiaisuiq.atn~r~mlinnitwauaaqbdaidu~i (aqueous) uazndquv;uanwnaz$lfiu 

dl v ~~az~nnunrz~iarudozwiu1~~uduauFLl~rnu~u~~n ~ n w n a r a ~ a ~ u n j n i ~ a b ' i m ~ i n n l m  
Y 

~ ~ a i u ~ ~ s r v i i ; l B ~ r l s z ~ u  (intersurface tension) ~zv41a~ji4a~1~(\4qu~h~fluZfia.a'u~u T ~ U  

nszuaun~s~~1fiiiim~~~.a"u~u~u4nuiwdi~~oi~itb~~~a~ubbaz~~~dau~n~u 

n ~ s ~ ~ ~ ~ ~ ~ ~ m ~ C a . a ' u l u a i ~ ~ t ~ u k a ~ n i s a i ~ r i a ~ ~ d " a ~ ~ d 3 u n i i 6 a 8 Z d ~ ~ o ~ ~ n 1 s i 1 ~ 1 ~  
Y %d 

Gu~un'unuqaB n?iuaou:i (hydrophilic)l A ? i u ~ ~ a U $ i  (hydrophobic) a i s i a i u i f n ~ ~ f l u  

ZCaidM~oa41uoi~isiv~iu.atm ~ d u  ~a7Zuuazaywirshaqba33~ ~aomahaqnsmlaCuam 

aofC~mu ifluiu i l ~ ~ ~ u a i u i s n w ~ m a i s r i ~ ~ ~ a d a ' u ' b ~ ~ i n ~ 5 u ~ ~ d d ~ u n n " u 4 ~ ~ i s a m b b s ~ ~ d 2 ~  
d 4 d r n  d Y W  

qqniw 4dnis4?nunsuwanais<uLBQnifaaiu~baziiaisaivitb.iiib"iba~tu L~udaAmsunqiu 

au lq~ f l d~p lw  ~ < o c q i n ~ f l u n i s a 8 m ~ h  ?am& 'b~fiuydi ~ a t ~ ~ a i ( ~ v 1 ~ 7 \ ( d d b b a m 6 a u  
P - 4  dlr" ~i?adi~aa~sioamus~Ijil~aa"~~aniwtib~uV;;qn~u~~b~ri bnIni3Gnqin Arthrobacter sp. C ~ C S E J  

ftw%imqin Torulopsis bombicola bbt~bA%i~qin Pseudomonas spp. $fhlbau Tin 

Acinetobacter calcoaceticus bb8Z la lwf f js~u (bVF~<~bdf?fiPd) bfl Bacillus subtilis, Bacillus 
9 
4 Y" 

licheniformis b~u6u ~ 7 s b ' t g ~ i u ~ ~ s ~ n i ~ ~ . a " ~ ~ b b ~ ~ ~ i ~ a G " 1 i b t 9 ~ ~ ~ a " d ~ m & ~ b n s i ~ ~ f l i b ~ ~ % ~ d  



sla\lnis~7iwZuraa6 (CMC) 180 8n?in~uda?ino brwzIw"waw?im 0.26 n?uiaGm.s L ~ ~ U W I T ~ ~ U T ~ ; ~  

'r?drzmnhaFnirFjnm uaziiu~afu~aqadu~l13u~n'uFaFdlsS~nfaTdCs5~m (sophorolipid) 1%~ 

a i s ~ ~ n i s ~ ~ ~ i 1 ~ u q ~ f i i u n s s ~ 6 1 ~ ~  uinuiQ ~d~j~16f i i~1sn~5~~a~d~s5~mfmu1.a"bbu6d 

ni~uau~azn1u:i (hydrophilic carbon source) L L ~ z ~ z b 6 U l m C r ~ w ~ l n ~ u 1 ~ L ~ ~ L ~ U ~ L v ~ Q  
d " 

~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i f l ~ ~ ~ i  (hydrophobic carbon source) (Casas bbfi39bldz,1997; Hommel kaz 

m~Z,1994; Stuwer bbaznmz, 1987; Bednarski LLazAmz, 2004; Gumienna bbazfimz, 2005) 



iiunacm 3 P I ~ I  i i6ari id?u~uxit :1~uid~aa:%~m~~an~auim~a~ evaporator niuh-%inia: 
v d V  qqqiniPi ~in6u;r~iaitfinn~bxia:aiu6aeJiNm7uaa ~ ~ a z A i ~ 6 q o r a n i a u  2 t a u  i ~ a ~ i i m  

4 4 .4 

~ . n i t d i u ' s ~ w k i t ~ 1 m i i t ~ m ~ w a " 1 1 a n i w 6 ~ u ~ " s ~ n s ~ i ~ ~ n t i ~  
4 - d  

2.1 n i t i m ? u u f i ~ t ~ n u ~ d n ~ ~ a " ~ ~ a n i w ~ ~ u ~ ~ ~ ~ ~ i d d a u ~ u  analytical Thin-Layer 

Chromatography 
4  4  d  

2.2 n1t~m?uxlqitami~~~n~w~"11aniwISjiu3~'/1~ui;1dau6au preparative Thin-Layer 

Chromatography 

2.3 nituunimz?im~i:~fi i t6au~~iad'baiwd~do~bb~u$~m?m~fitui~mnti~ (High 

Performance Liquid Chromatography: HPLC) 

= a 4 4  
3iino~:u~nr;l~iii~"u~;1fiitam~~t;1 mdwa"~~aniw$w? w1X 

v 
4 - 4  

3.1 n i ~ i ~ m ~ i z ~ ~ i ~ i u G n T ~ ~ a q ~ ~ a ~ ~ 1 ~ a ~ ~ o ~ ~ ~ ~ ~ ~ " 1 1 a n i ~ m " a u i " s r i ~ f i f i ~ d n ~ ~ t ~ u m * 9  

(Liquid chromatography-mass spectrometry: LC-MS) 
4 4 . 4  

3.2 n i ~ ? i n t i z ~ T n ~ ~ ~ i i ~ ~ l i . 1 1 ~ ~ 1 i " ~ ~ ~ ~ i t a ~ i i ~ ~ ~ ~ ~ a " 1 1 a n i ~ 6 ~ ~ 4 ~ ~ a ~ ~ ~ u ~ i i u n ~ u ~ n ~ t  

'i.ai~uu4fiidnPmsfiOn~ (Nuclear Magnetic Resonance Spectroscopy, NMR) 



4 - d  

4.5 u a ~ o s C s ~ ~ u u ~ n a l s 6 ~ a ~ a i 8 . ~ 1 f i ~ u ~ ~ ~ ~ i s i u " ~ a ~ ~ i ~ n ~ ~ ~ s ~ ~ ~ e J a ~ a n i w  

4.6 <nd16q!nis~iinZGa.a"u (Emulsion Index) 

4.7 b~uu~~uu~i~aiu~$a$u"~a~ni~b~m'bubc11aa"(~ritical rnicelle concentration; CMC) 

wan-vfi.j., 
4 - 4 ni~w~sl f i isanbLo~n~wa"11ani~f~u~~6 Pichia anomala filu%uf PY1 diuisowtmfiit 

4 4 4  n w uwnq w a a a n i w d i i ~ l s : : ~ ~ 3 n i ~ ~ ~ ~ n l u a i ~ i ~ ~ ~ a a d ~ u f l ~ ~ ~ ~ ~ ~ d ~ z n a u ~ a ~  KH,PO, 0.02 
Y 

3a5duoi  MgS04.7H,0 0.02 idw$~!lusi ~119~16wZi~16 0.3 ~d0$~!8ubj NaNO, 0.4 idok%u~filiiuia 

&JLM%Q 10.67 ~dDfL!8~6 L L R Y ~ Q ~ R ~  5.33 ~dDtbh6 A ? U R ~ d l ~ ~ 1 ~ b f l ~ n ~ ~ ~ l 4 i d ~ 6 ~ b ~ 7 n ' ~  

2 4  
5.0 Tnuiinia::nis~~uq~qa'~qm~q5 30 o.rpi7nmiufi lusz~u'uuannQ16ns~a200 s a ~ d a u i s  

4 s d  

i f l ~ n a l  7 %A XnfJ Pichia anomala fiiuw"u< PY1 ~ f i ~ a e J ~ ~ f i l ~ ~ ~ L I ~ 4 s l 4 ~ ~ " 1 1 a ~ 7 ~ b ~ i n ' ~ l  0.95 
4 9 4  

nyudagsls ~~u~nni~r~a~~uuduun"unisw~mfiisnflbb~~wsua"daniw~nu Pichia anomala 

~ ~ I V ~ ~ ~ ~ ~ ~ W ~ W ~ W U I ~ ~ ~ I ~ I ~ ~ . ~ " L ~ M ~ ~ A I ~ D ~ L ~ ~ ~ " I I G ~ L ~ U  (Linton, 1991; Hommel LM:: 
Y 

s4 % 
nu::, 1994) T~u~fi6q::2.a"~inialu"11~aunis~b1~~uaa~u"~u~~sn"~a~~"11nd ~bnz&qbmsize9"dau~oq 

4 - 4  % A s  

hydroxyl fatty acid aQ4filsnwus4W~wa"IIaniW~lnfii~~QWuP1Ldufii~$'b~"IIau~iM~~~i~"IiQu 

IqGu 
d 4 d  ~~a::doudofnusls;ln'udauib~uli'i~in"~w~fi~san~~s~~~ w ~ " I I ~ ~ I w E ] ~ : ~ w ~ ~ ~ P A ~ G ~  

4 %S 4 "  4 s d  

(Webber uazplm::. 1992) wawtnn~nnq::uanamzw&iu;i~u cwnzaisnwr~sqn~e~a"11aniw1 

w ~ n l ~ i n a ~ o ~ ~ o i u d r ~ ~ ~ i ~ u ~ " ~ i d a ~ % ~ i n ' i l ~ ~ ~ u  lactonic form M I ~ U ? ~ Y J Z ;  (HU un:: JU. 20014 
4 s d  

nis?bnsizfia7s~nrrs4~~waaani~&aU?~ analytical TLC &?u~as:bwuaa~'bliIfe~u b~a:: 

uGfi 7 a ~ q u ~ '  wuiiaiuisouunfi isoonI~~~u 3 iii~uiutdau 'io FI i;4 F3 ~ n u i i i i n c i u a c  
dl $ 

6msidaunit lnaau~ (3) bqu 0.88. 0.72 UPI:. 0.62 niudiiYu 4 4  F2 iiiin7snszqis$iakiugq 

d4m LLnzLi.;aslsaqfiau&auuaifi l m ~ q u ~ i ~ u ; 7  F2 bin:: F3 Ifiwauan i q ~ s a ~ w ~ i u I X i i f i i s t w  
4 4 d  

r ~ s w m . m a n ? w i  Pichia anorna~a fiiuwi$ PYI w3m1~~~iolia~IudauflsznauM5w~fluais 

dr:mn'hefnAGw qin&um?urrait F2 6au preparative TLC ~dali?~i?c~lt iz$f l?ob~~:vi7~~ji  

u?gn2;di?o HPLC w u i 7 r j i ~ u ~ ? u d ~ i j u I 6 ~ 7 n  RT $ I 5.3, 19.2, 21.9, 26.2 uaz 31.4 U I ~  lv?a 

i iE i?wc iw c D E F L L ~ :  G ~11ai1611 I ~ 1 ~ ~ i n i s n s ~ ~ i ~ d ~ u 8 . 1 i n  u,ez~nna4ii~uiud~u$CI RT 

2nn '~ ' ; u~ r iu l~s~ iPmb~n~u"uw~  HPLC s i n a i s T ~ l d l s S ~ n ~ ~ ~ ~ u n i t ~ ~ u ~ l ~ ~ u ~ l  Rw RT d 7.5 



B W ~ ~ : : ~ Q U " I I Q ~  [ ~ 2 2 ]  un: [ ~ 2 2 :  I],,~,, q ~ n ~ u i i ~ a d i q a i s  G d i i f i u ~ m u l n w a ~ d  

ibnn::i69ui'$ NMR WU~I 'H-NMR spectrum i%-~dsingIui?q chemical shift i 0.9 ppm 

rfluwdbu?ia (-CH,) d 1.2 bbn: 2.0 pprn q:bfl(afiIuula~a~msnI~uau (-CH,), d 2.4 pprn \flu - 
d .d 

CH,-COOH Lbfl:~~hs:d -CH=CH- d chemical shift d 5.4 ppm ~4dUndl~d~&l;luRa4nflnd9~ 

,, B  c 
aasaiuIa~nrnlfuaud~sin~~u 'H-NMR spectrum aaqais~qt~&n~mn1ab~ua7sr f iaur ia~ 

d chemical shift d 1.2 2.0 UEl: 5.4 pprn 
d s d  d 

ni~3nwn'nwmzfiuu~~101~~nC~a~fi1sa~~s.1~1~ w i w  w mI6 l ~ ~ ~ F ; T u u f i ~ ~ a m  
4 - 4  

r ~ s ~ m t w a a m ~ w i n ~ ~ u L ~ u ~ u  40 ija2jnTuiroioiin;2jms uR'qvi~nIsGawc IOO d16au 50 jiniFu 

81f n'salaFmt~nalo61J"d~daf wuiinliubfluns~lbilq$auizrudonisilqiuoazaa7uba!uf 
d s d  4 - 4  d s 

uoilaitamus4mqwaaaniwirflufi7sfi~mfiisambbsqm;IwaaaniwY;wnm~~ rviiiiu 8.0 4 4 1 f i ~ i u ~  
a s 
n ~ a a h i d g m u i i 5 ~  34 mN/m u a z A i n i s n ~ z ~ ~ u d C u ~ ~ ~ m  7.07 m~ou~quFirums ( i i f i i s n m ~ ~  
4 - 4  

m4 waaaniw 0.004 T j n t n T x l u ~ ~ ~ d e f f i u i m s  I o IUFRPGV d launvnmf iou)  Iu iu~~nwi i .~  
4 - 4  4 s 

30 iuuo;lnisnmnaq n a z w a ~ a ~ q m v q l i d ~ ~ a i u ~ ~ t ~ t " ~ e ~ f i ~ t n m ~ ~ t ~ ~ ~ w a ~ a n ~ w m w a m l i  wuii 
d s 4 cd d! 

a i~~nus. rn~waamm~~a~uisn i i~ iu lmmru~f iud~6~dw~i i  60 ~ta: IOO o4fiirmndua r f l una i  

15 $aluil bu i6 Iusq '14 i l  33-34 mN/m k n : h i n l m s ~ 7 ~ u ~ i ~  3.0-6.0 ~ i t 1 9 b " I I ~ ~ ~ u m ~  bra: 
4 - 4  

knqnqiu~a~uslkui iqdqmw~~ 121 aap l~~aadu f i  "nnhu uan~indfiisnnns.~m~waaaniwd 
~44 .4  

w~n~6~~aiuisn~i~iub~a:n~naiubf i !us~mm~u~~b~uumna~s6b~u~u 0.5-5.0 bdaf~8un' lmu! 

ri?rbsqffq~a&6u 32-34 mN/m ~~azd in isnszq iu :~~ i r  9.0-14.0 SIISIPL~~RLUBI~ ~flutqa? 30 

a'od 
d s d  d s 

ni~nw1n?iufi1uisn1~dn7sria~~a%u~~~fi1tnm1bs~m~ w a a a n i w ~ w n m ~ ~ m u n ~ t ~ m ~ i  

6g%list?1 m % & h  (Emulsion Index) ~ ~ u u r ~ u u f i ~ 6 1 ~ u a z f i I t d f z n a U 1 ~ ~ m f  A1fuau"II~m 

i i q l  wuivii hiinisinm8Cnud 24 &Tua i a d u i r m i & a i  ~ i u i r . l i  6ifiuak 6 5 u i l $ i ?  

:iuiananiiclaur~a:61C(akabw~aq i i A i u i n n i l 9 0  r d e f ~ 3 u s l ' k s d r i r a ~ l ~ n i  u n z ~ i C u n a n  

i1deuii~i1~1q1u~atusama~46"~ud~m1u 3 iuwn ;a 10 rda5~3un' 6iCuoL?irr~eq 61riui14ia 
l, l, 

Gis.i'uaKn~~a:Gis.i'w~i am84 15-25 bd'E6~4~6 fll~616Ubbfl~fl~~9df~~161d 60-70 i d ~ 5 ~ % ~ 6  
9, 

n i o l w  7 5'w lwGiu"ld~n.a0nK~ni~q 
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P 

> Pn -D P 
" P 

r~u~n~rnb~nu~r~unpnrab~n~b2~?i rn p a- ~u~non~\p~ka~onssuka~bs~bn~~u~i$,"sp~b~b~~~~ 
1 

u~bn~~~~~~~y~bun~~nnyn~u~~a~us~~~~b~n~~bu~n Pa o ~L~~~BIJLIP~L~BUL (6~9~) 
-z R" P 

~_ubrea~ r= ~u~ns a raan~~~~sn.~ r~d ~~RLD elewoue e!yw s ~~nu~by\u~ng~~u~rtn P= w i= a 

bMbP99UU9LML~ULM2UllU~BbL~pkb2SLM96~L~b~6S99UUSLML~UL~~ B 3I43 L!dr$y\Mgfl$MLVL!LLM 
I I, 

P - I 

CUbbVUUSLY$\LMnE.LPMbPUlULb a OP a BBM33 0223 2UV 813 UE5nBl~PaFqUSUnLbRLP2bULRnL~ 

M~BRP~~B~L~LCUL~~L~UUV~I~ ROM~O 123 ~~~~L~Y~~L)~~~P~~L~USU~L~~DU~~~MU~$U~U~\ 
P P'= 

10 a 
r P 

k~2S~Lflb~6~l~UPL~~~l~\M$flMMLVt~L~b~bS9lUULL~~U~ LR~lUQ56R~9,l9aa~~Lub~ka~~~l 
P 

E.BUkalL~Pa~L~~\gLUn$nBM9nBL$9BR1L~1 p byLeUULNwLHJJy\MLUCbCMEM6S79UMSLM(dEfl 
I P 

1 P 
?= a P 

~enfi~uus~n~vubiocra b Pp roe~~~~ng~nzuns I? , ybu ay~n yvca z non;~~ykank\n~~  LA^ 
1 

~?l.?(RLM e/eUOUe e!y3!d ~M?ULy\M$flhMLVG5Lfl6MbSl1UU5LML~~M~ObL~LbULb 
P 

P a 8- F' 0- 

(8001 '2w~2k3ll aaMe$UJOy$UnSuJOd 16661 '2?Ula2UIl 0~0) RyLURLld SMk$3!dnfU",c 

002 2~91 0~1 ~ULM? n I 3143 LU~M esouj6n~ae seuowopnasd u~buuunirsgs~-,un elo~!quoq ' PP a a 

ep!pUe3 ULbUb$SipllLl Pap n@UE5MLUL5L~bEbSl9UUSLMR~bB~l~U/MLVS,Mg2&~~6~ 
P P 

2~99 MplU&U~u'lulr%B~IIc,l2Bll 001 ~i~01 NM.SM\ LOC UM~NUI BF RB~IRBPJ~LNLP~~~~~LLUI~~ 0 p" 

C"~flW&LLM~L~L~RbG W/NW SE n,ULFI (3~3h) B5IR\UU1&LU fV CPJbFNVLM2UI 
, 

e 

s~g~plb_~ug~~ ZEL ~.L~,sL~;LF~M ~~M~MMMLUL~L~~$~~JIUPSLMUL~ (3143 luo!le~lua3uo3 
P 

alla3!1~1 1e3!1!~3) ~r~~vyt~u~o~n~n~~n~euban~Isut,ui,~~~ka~~unu~buon F' 



3 . n i s d n w i a ~ 6 d . r r n a u u a ~ a i ~ 1 3 ~ ~ ~ ~ ~ ~ 0  

J2niw 1 undtniiuau uer 0.4% ~a~0,liluLbnii~ 

~ I L L M ~ ~ J  ITS W U ~ I  b h  Pichia anomala 

3. Pichia anomala muw"u{ PY1 muilnw gn 
d d a 

~ ~ e : m 2 : n ~ ~ ~ l : A u n b ~ u i ~ A u ~ ~ n l 3 L ~ u ~ ~ 6  
d ~d u un~onnauon~~~wda w8anilsanirs~6~w'~ 

d a d  d 
R ~ J R ~ ~ ~ ~ J ~ J w ~ ~ ~ ~ I w ~ ~ " ~ ~ ~ ~ ~ ~ ~ I w ~ J ~ ~ L ~ o  

" v L  L ~ ~ J z u ~ I M I . ~ L M ~ ~ M " G ~ %  G I U U O ~ L M Z ~ J I ~  

d a d  ad 6d u ' a n u ~ ~ a ~ w ~ a ~ n i w s i n ~ 6 u n ~ o n ~ 1 m ~ ~ u n I k  
d 

$ ~ n i w l u a ~ n ~ s ~ n e ~ r i ~ n u ~ ~ a ~  uaJ Pichia 

anoma~a ~i[iKuf PYI wuii~6adn6mkl~i-in 
d r d  w tamsanus~n~w~a~mwn~u $~Jn'i~ni31ilh~ 

.a 
uaJL%a 
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4- 0 l U  I; aami~4~~ni~a0unraroraI~q 2551 

d r r d  

I . n i s w ~ n ~ i s a a ~ ~ s ~ ~ ~ w ~ ~ ~ n i w ~ ~ n ~  

n7sa<nuunaiaaaus~~~w^~$2niw 

d n d  

~ . ~ I ~ L ~ ? U ~ H I ~ A R L L S J R J W ~ " ~ / ~ ~ I W  

u ^ s a n & 7 t ~ ? u & ~ ? ~ ~ ~ ~ 7 ' i ~ n 3 l ~  

~ L R ~ I : M T ~ ~ J H , Y , J I L R = E  

3.ni%dn'137~uu~lia~n'uva~Ri3anl~3~~~ 

ik&n7w n a ~ a u n 3 i u m u i s n ~ ~ a : n a ~ a u  

n?iu~ni;osvar ~ i d u h  J pH qcuwqu^ ua: 

NaCl n71u~CuCuii~ 7 ; ~  uamnnau 

?m~uu~n11ria~$a.6"~da~21a~"~M"l%"Iu 

qnmnnssuainis a ~ r ~ d i ~ u ~ ~ a u c i i n 2 - 1 ~  

~a ' udk~  a ~ n l s ~ n ' n ~ u l ~ ~ a '  (Critical Micelle 

Concentration ; CMC) Y ~ ) J ~ s R R L ~ ~ J ~ J ~ ~  
d 

~ ? ~ ~ W ~ M ~ ~ ~ ~ ~ " L I R ~ ~ Q ~ L ~ S J ~ J ~ ~ ~ ~ ~ L ~ T ~ E ~ S '  

~lJ"ll%l 

T I ~ ~ ~ M ~ ~ ~ ~ c u ~ I & G I L G M ~ I T I ~ ~ L L ~ ~ I w  3 2551 

I . ~ ~ T ~ @ U T J ~ J ~ " ~ S ~ ~ ~ ~ ~ W ~ ~ ~ ~ K ~ F ~ I I L ~ J ~ J ~ ~ ~  

d i q n  33 mN1m ciipn?nqnva~nis~n^n!u~ra; 

(CMC) 1Yii;u 132 mgll filnism:siu~i$ulviin" 

75.39 cm2 ~~n:Icl~waw~arriin"~u 0.95 n < u i a S n ~  

2.riinis1ni~ur1sa~1~~~~~fi7~7niwIviu^~~n$ 

LJ i J i7U L ~ ~ ~ ~ ~ ~ T ~ ~ ~ T ~ ~ M ~ ~ ~ J R ~ ~ J ~ ~ J ~ ~ w ~ ~ ~  

~i9umsdrr~nnha~nifIa  ua: ~da7~n~i:v~ms 

6i70 LC- MS ~ I R R J ~ I U ~ R ~ U L E I ~ R R R ~ ~ ~ J ~ J ~ ^ ~  

~ ~ n i w C f ~ 8 a l n '  d?uhl~iici idif i"  662 702 u ~ t  

762 $~~ii~u~du~I~n"um~I%IdIst~^an"$ 
Inst ~ i i tn"dnsn!uuir~~u~~~"ds:nauva~ 1~2.21 

Lactone LLRz [C22:fI~actone 

~ . L U ~ ~ ~ ~ ~ J ~ ~ ~ ~ J ~ E R U L I ~ ~ ) ~ ~ J I P " I ~ R ~ L I ~ J ~ J ~ ^ ~  

; i i ~ n i ~ w ~ l j i ~ 7 u i ~ n ~ i ~ i u l a ~  LLRE!FI~IULH$US 

6 n ? i u ~ 1 u n s n d i ~ ~ r i i u  8 ~n?iu~ao'u-ida 

?mRG~ilJ 71&UzJemMQi j2r0 g uazGn,j 
~ ? I ~ I R ~ L I ~ ~ < ~ U ~ I ~ : ~ ~ ~ ~ L ~ O U F I ~ ~ ~ ~ ~ L ~ ~ ~ " U  

0.5-5.0 % u ~ : m u 1 5 0 ~ a ~ $ ~ ~ U ~ a ~ l ~ u ~ ? I ~ ~ ~  

~ $ u  ~ l $ M n l ~ w ~ u a l  ilrjuJ1 



ms~~a1u&~~?mtaz~11~an1~dsz~n~&~~~cn~1~nss~130~~1s~1aza1~1sta?~13 

Chilli and Sesamin Variety Selection for the Applications in 

Food Industry and Food Supplements 

I. unii  

dsr~nerhobdud~r~nerln'13m5n33uuardb~~?u'I~ui~i)rw"wuid3rbner~ilvrb~unr'?uo~~an Jiuarwfn 
t &~du*ir~errw~6~nddn~iuh6quinvu~n ~ ~ o ~ ~ i n m u ~ ' o ~ n i n u a ' ~ ~ i u a t ~ i n ~ ~ ~ ~ u ~ r i i ~ d T r ~ n ~ ~ ~  

LY d d t  d yuuoot.17 Iudx~nerlnno uwund~nwin~ails 383.000 li i~aw~m~sruiar 420,000 cu W R W ~ R ~ ~ U I M ~ J  
~a~unisu5lnnlud~:~ner ~ ~ ~ ~ ~ ~ ~ d ~ ~ l ~ ~ ~ ~ h n l 3 ~ i ~ u ' i ~ ~ n  (unj) ~ d a I ~ u ~ i u ~ i u ~ m m ~ n ~ ~ u a i ~ i ~  

uaroinirrfi dcuirudar 3,000-5.000 & ~ariidstuior 100 ljiuuin u~:duu~~~uuo~~~i~&~nir 
~duuin$umiun~n~uImu a~~mm~n~uai~i31ud~r~nerndio~niaw^rnbdud3udxnau ldu airnmxd o~ 
iinin ~iluiu n ~ i o ~ i W I ~ w i m i l u o i ~ i ~ ~ ~ i u  iiu w i m ~ m ~ i i  capspisin n~o~isnCai)inwinlilu 
~ J ~ ~ ~ ~ o Y B T ~ u J I M ~ I ~ ~ o ~ ~ ~ I T ~ ~ ~ B J I ~ C ~  Imoni3~~u~r~u~ouI~u~u~u '2i~tltj~nxuauni~rrniIu 
r P  n.aulu+~niu i~armuirnla7unimau?uSiinu'n duriu 

Iu~~uuo~~idmt.~m~~i~x~n~~lnt.~w~m~ilaTa~ 35,000 Cu û rlnclnidud3r~n~iaoar 45 i~oanld 
h~d~rbndic-q 6riu b?~?u tfiu z~nldi ui~adrrua:oo~~m~~~o ioaar 55 ~uuwd~aia~~n~mtl~~wiz 
o ~ i ~ t ~ ~ I ~ u a : o ~ u i n i t r " ~ d n 3 i u i a ~ n i ~ ~ ~ ~ n u i n  ni~I~~~dioa6~o~~iIu~mmnn~~uai~iaIu~~::~nn 

d d < I  d ~du ~ ~ m ~ n r r u w r a ~ n u n i o o i ~ i ~ n d i n i ~ w n ~ ~ i I ~ ~ m ~  Iwomin~5u & ~ n k ~ i n ~ i l 6 T ~ n i ~ r i ~ i ) u ~ ~ u  
msniuoyyagm: oin1mnwia~cuu%w"u~'2i~ua::1a~1a1uuri n~iuZulan'~p oinirrmo~r&u urirhn 

x nrrgn niiiu~ua u<ni3~~alu~~nnr ldusiu-adi~lm'ii ~ ~ ~ ~ m ~ n i y u o ~ n i r ~ ~ o o n i i C w ~ i ~ ~ i l n i  
n a u ~ u ? r u m w w ~ n ~ d a ' I a ~ ~ ~ a m ~ n ~ ~ u a i n i a u a r a i ~ i ~ ~ ~ ^ r u  n'o m i u d d s ~ u ~ o ~ m r r h ~ d d o ~ ~ u w " ~  
d Y " Pd UY ~ ~ w a n s m ~ d ~ u l n ~ w u ~ ~ i n ~ i ~ w " u ~ n d ~ i ~ ' ~ ~ ~ a n " ~  u a n ~ i n ~ u o i ~ ~ n ' a ~ u ' o ~ n ~ ~ ~ u u m - a u n i ~ ~ n " u ~ ~ u ~  

ncu~uni~ark i$uatyZu.ouluniniuTn~i n~snau?u?mw~iuirJiuarn^rn ~ilunir 
~innis?n~i~onm~~i~~~ wuiiIudarrnnlntr~~l~dnia~n~i3<ootii~~d~~~uuht95UYni.r6a~~on 

d ad 

m n ~ u ~ i n u a r ~ i ? ~ f i u i ~ m ~ h < q u i n n d ~ m  nua~~~nir~n"mdolnY6fiui~~m~h~qAuin~~~at 

kn~?nlri?tumwao JY o ~rn31~mdlq n i ~ c t u ~ n m l w ~ a o n i 3 ~ ~ n 5 i r r 4 ' ~ u i a r m 3 h < ~ ~ u ~ i n u a r ~ i  
d d a  ~iluiinim~~luni~d~~~1^rulvid~r~nerd~~an1~ni~Gw~id~r~nn6i~ni~~nm~n~~~u 4'o'oa~filn'oinni3 

<d " a 
~ ' n ' 1 3 i ~ < u n d ~ Q r ~ l u i 3 n ~ i ~ d u ~ r r i , i ~ ~ a ~ d ~ ~ n ~ u ~ ~ ' ~ n ~ m 3 n 3 d ~ n ~ ~ n b b a r ~ i ~ 2 ~ n i o w " u ~ n ~ t 9 d 3 u i ~  

n i ~ i i n i y ~ ~ u ~ d m i u n ~ i u ~ a ~ n i 3  u a : n i u i 3 n u u r ~ l o m I i ~ n 3 ~ u ~ n " ~ a ~ ~ n ~ r U 2 ~ n i 3 I ~ a l d o ~ ~ ~ n ~ i  

? ~ i w d n ' ~ ~ m i ) i n n i n ~ ~ a r ~ i ! i  







I d m u l : ~ ~  ( carbonate, calcium aginate hydrocolloid, calcium alginate I 

ar.gd-siusiodni~3UuG!6Ria30dni-s!d~ta"a?od? 2550 aaa: 2551 

I / nanosphere iia: TOIU~I-3 emulsion droplets Tnotn?aui~u I 
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emulsion 

2.?~1a7uu3a"uuis~iZuina"otiitaa:aisoiwisatld 

Inoast 

3. dnln?~nisa~uuom~su kn:; aa~i~l l iu~ottmi-3 nt 

%u3a"91u1t 

94 0 asmiw"odnn3~u~aarodo1u7 2551 
d 44 
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otB;nls:noui~uwint6naa tta:nisns:oiaaanw 
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2. nisGwuiYduBtluliiWoiun1-3 rnrwnu&liuloium-, n.ruuwalfinmr.nduld16~1n ~$ i~ iu iG~$. r  

l l n i ua6 l j ~~o ium-3  ~M'o~lu~d~~a%t io~i1~af41n?uui~u~a"u T~u@b$muiiuiZnirini~~ multilayer emulsion 
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~u8ud1mr8nlndiu1avoa~oa"tuo~~ar1lrisn~na"~~uu~a1~ t ~uh i td r$~n~~~un i r~ i~u~ i l~u i f i ~vo~ana"o t t$$~ :  

pneiiouuuii-avo.rwal; oinnirdnlnwui167ur~ an: 1sa1iiuaiuirol&3uwo5iuo5"~-anai~1~ Inuwal~#miiou 

Y 

u"odmounisArGuaiu 

ni~w"rmui^aZtn?uu~a"u~~ia~tZu~nd~tt~ lnu 

- ~nlri.du"nitazaaiuiCuCuvo~arisa:aiuwoa" 
d l  

tusrnoiin~naroawoa"tuo~~~na"ouuuGawa1oJ" 

- ~ n l r i w a a r o s n i s ~ n 5 o ' u ~ a l f i A a u ~ a " u ~ ~ n ~ i a ~  

ioa"n~a:wianiuniwvoadia 
r  A -  - nisl~?uu$au~lnpJtna"olts' . .) 

m%w"wuiY6u~tGuiiOJuTo1~1m-3 lnu 

- ln7isupJ primary emulsion U~~~I I?L I~UI&BIOIU  

"1-3 tta:fllT 
w a 2  

ns~olunanvu 

- tn?tlU secondary emulsion b n ~ l $  PDAD [La: 1n 

I n  JIU 
r  Cia4 w 

Y 

- in'itlu~alrwu~ua~uvoai~oJ"uIoiuni- warusi 

3.2.1 primary emulsion U D ~ T D L U ~ - 3  
4 Y  9 

emulsion ~JWI%O~OJ~~I-~ t l l ~ l ~ ~ l ~ ? ~ ~ f  ~ ~ n u ~ $ t n ~ u t ~ u o ~ a ~ ~ d i u ~ o o i  %$~z'u'u oil in water emulsion lnu 
B 
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a 1  Y 9: 4 

potential uniuounii -30mV t ta rna l~ t~u i i  primary emulsion dim?uu~nuuuiniiu#ourounundi~"u~"ou i i l l ~ t i ~ . ~ ~ i n  
a 9  rn~ ld th  (electrostatic repulsion) GUUIU d~~i -~~n?~ t t= f~u~ t i idn?S  I ~ u  primary emulsion b;tduulnu% 1.5% in% 

nui iGh~u8vinntdn nimr:aiu~i7vo~nundis~"uinirns:uiu~ab;tin i m t . v u i n u s . r ~ w ~ i n a ~ ~ ~ ~ u a ~ ~ ~ u ~ n  18s 
* o r 8  LY 9 9 2  1J7uutGuu~unaiutQbutnGuii~q k&norzyanuoati-Ion14naiutaruuuu 
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4 d 
secondary emulsion ~LR?UUF;-JU PDAD iuui~ti;nnii tldijnaiut(liiu~uinnii w o i ~ t u ~ . ~ u i ~ i f l  pH u~afl~~a:niu!n~m 

(111u 

~ & i ~ i ~ i ~ ~ l i ~ ! d d i h o i n ~ ~ ~ u ~ a i ~ ~ ? ' t u d o ~ ~ ~ n ~ & i u ~ u d ~ : u i o l ~ o ~ n ~ ~ ~ n a ' ~ d i ~ i n i i r i i n u ~ u i n  

5. I l u ~ n l ~ ~ ~ m ~ ~ ~ u ~ M i ~ ~ ~ ~ ~  

I .  ~ r a a ~ n r n m q n o o f l u o ~ ~ o o o u ~ i ~ ~  tm:~ui?~nirtm~uu~n'u~doan"uni~v~no~n~flkluinM"qn 

2. riruul%LsiiUIJ rnultilayter emulsion lJ64iliiM1QtUnl-3 ttn:ii~aluta~u5 t~n:t~nd~i?uioon~t~$u1A 
d a  * 6ou &s:iilr~mlnmai~u~au1wu~~~~uan"~~u~na"o~t~tta:ki~ul0tuni-3 ns'hlw$'ouhl6 

d 4 ' 0 1  J 
3. i ~ ~ ~ ~ : W ; J i u 1 ~ n i ~ 0 1 ~ ~ ~ ~ t 5 u ~ ~ I d l ~ 3 ~ ~ n ~ ~ ~ ~ ~ ~  

d d s  
4. r i ~ l u i ~ & h h ~ n 1 ~ 1 n ~ ~ ~ ~ f i t i d u 3 a u n t ~ u t n ~ ~ t t s ' ~ t a : ~ i r ~ " u l ~ t u i -  lndouoi 
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I) UBLM~OJIJLLB:O~MI U qU 

d n u a ~ d a u  (Dementia) L f l u m ? e n r r u o ~ d 3 r ~ ~ n ~ i u m u i ~ n ~ u n i ~ i ~ w u  d - ~ ~ % ~ ~ a n - i . i u  
eiic q aaaJ  d ~ I ~ ? u i j i r ~ ~ l I i m u ~ a n ~ u ~ $ ~ I t L i i  7 W R ~ J F ~ I J  q l i o a n  4 n ~ n n i w ~ d & u ~ ~ d a J  
ien%?a s ? u 6 ~ ~ l u i f l ~ ,  ~i?:nuart"Rou~uei7~~7n~?~u8i~~ou (Forgetfullness) ~~~1ai'n!ain73i$u 

uanoinn?iudi~'Roui?u6?u~~n~a~C11~uaf (Alzheimer's disease, AD) L ~ ~ W ~ L ~ L ~ ~ U ~ J R U ~ J L ~ ~ O ~ ~ W L I  

' L ~ o a h w u I u u k ~ o i u  U U  q l i i l ~ f l  w i [ r u ~ i u ~ d ~ : t n 6 1 ~ n ~ ~ d ~ i ~ ~ ~ ~ 9 ~ ~ i ~ ~ i n u ' u Y 1 n ~  us:ni3duni3 
a ~8 iaua in lv i lnauwn8  U L ~ : ~ I J I ~ ~ ~ : & J ! ~ I ~ " U M ~ ? U  nion~dn"~d~:~n~~nu~~a:$~ban8~1~"fi~iu 

nuh8nlvi~~azi~u~~n~a~~11~uaT'~fluoLii~uin ~iiodud~:mh~o~n"u~?or"nwi f i o ? h & l i d s i d  
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d o a  iio6~3:u:d~fluuin mfiotIil6wn 

R I ~ M ~ ~ ~ J I ~ ~ ~ A ~ ' I I ~ ~ ~ ~ ~ H ~ ~ ~ ~ ~ M ~ ~ ~ ~ ~ T ~ L ~ ~ ~ M ~ ~ ~ ~ ~ M ~ ~ ~ ~ I M ~ ~ ~ L I ~ " M  d C ~ l i ~ i l w d n s i u  
d aa ~~r iaa  l n a m ~ u ~ d k < ~ m n ? t L i w ~ n n n  ~d?u<a~%~uaio:dfiuiblbbbbai~ua~aa~~b~a:m~dods:mw 

Acetylcholine (ACh) aaa~s i?u  i l o 9 u l u 5 u i d 4 ? ~ t ~ u f l u 7 ~ ~ o ~  Ach ~ u ~ u o ~  iauoonqn~61niu 
d 

Acetylcholinesterase (AChE) n h ~ ~ i 3 1 ~  ACh AChE inhibitors L " d  tacrine, rivastigrnine LLR: 

galantarnine n i ~ ~ d i & ~ . d ? u b w ' w " i ] ~ ~ < ~ ~ " ~ ~ ~ u i l ~ ~ o i n i u  qI nararanni~n~ne~un~~aqsl"i~~.a"bu 

s:u:tiuuln kd~:ld?hIM%n~7~117~\ 
dY o i n n i ~ i n w i r u a ~ 6 w o ~ ~ t i ~ ~ ^ ? i l " r r ~ ~ 5 m n " ~ r ~ ~ a i G  n 7 ~ 1 5 a i ~ n d  ~1a:?nuifiinmi lun7s  

b w  " nanauqnaou~~~ou~~~or~CII~a~fi~u~on~no~~~bda~6un"u6~nn"n~yu'b 50 a h  Ria?% TLC 

assay W U ~ I  ~ J ~ ~ ~ ~ ~ ~ u ~ I J L R ~ ~ O J H ~ M ' ~ W T M A I U " ~ Q ~  bL~a J q n ~ d ~ i r r u ~ a  3?u$J i Jn~ao inLM~ 

ns ra iud i  Kaempferia parviflora Wall. Ex Baker B J ~ ~ L ~ ~ ~ ~ J ~ ~ H ~ u ~ w ~ ~ I ~ ~ ~ : ~ I ~ ~ ~  ~ n w i n i  

~ s r h ~ y d t ~ n e ~ q n d n i ~ ~ a n i ~ ~ ~ n ~ 5 ~ u ; I " ~ ~ ~ u ~ ~ ~ a : ~ ~ ~ ~ ~ n ~ u ~ a n ~ a o ~ ~ ~  

IuOogGuwuii dwlan"m4 t4w ~ a 6 n s r s i u i 7  ~ ~ a ~ o i ~ i . i ~ ~ i u d w l a o 1 n n ~ ~ a i u i i 4 i u ~ u u ~ n  
ud k l J i n i m r ? a n n u  ~ b n n r ~ u a : n ? u ? u ~ n m i w f i u i t w n i s h ~ ~ ~ u w 8 a ~ n ' 6 ~ n d 1 ~  n i ~ l a '  

n ~ i u i ~ u i n d w 8 n n ' n r . n ' a . r s ~ a ~ ~ ~ u n i r d ~ u n ~ u ~ a ~ m n i w w ~ a n " b ~ b n " ~ ~ n d i ~ o t ~ 1 u 1 ~ n ~ 1 ~ w "  a 

w8afi~n""uo~dain81~n~mul~n~i~ditl~6orii~~~~t6Lba~ d S ~ l ~ b ~ ~ ~ d ~ i ~ u i ~ 3 1 i ~ m n ~  



2.33nis4irGun753~t1 

- nis~<naa:ceanm~&Qi~~inns:ai~A~ 
2.1 ~~nnr :a iu~ i6~ i?u62* i i i~ r~70~~~ui :au ~ d u  LanLau hnaals i i~nuua:~uniwns  

idaa~mmsh6q~in!a630d i~  
2.2 ~ 1 ~ l n r n s h ~ ~ 1 n ! a ~ ~ a d ~ ~ 6 ~ u ~ n n ~ n ~ ~ ~ l n s u i l n n a ~ f l  ~ 4 %  ~ ~ K a a n s u 7 l n n  

.rig I n s u i l n n s a v ~ ? a  HPLC 

2.3 ~ i i m . r ~ ~ ~ I r ~ " u ~ ~ ~ ~ c n r ~ ~ ~ i ) t ~ ~ ~ ~ ~ ~ n ~ n w ~ ~ ~ ~ ~ m ~ ~ ~ q ~ ~ ~ c n ~ ~ n n i ~  

~ d n l n s d n i l  tdu IR, NMR, MS, UV-Vis, GC-MS t~eztfinuk~nu<umsu7fls~iu 

2.4 n i s n n t V a ~ q n h i ~ ~ ~ n i ~ ~ a ~ 6 3 ~ ~  (1-10) C 1 e i ~ l n I ~ ~ i n n s r a i u ~ i  I ~ i r i  rln$6iu 
bu 8 o w u ~ i ? ~ ~  q qI (DPPH) rlnruuu~cnu~au~n8uba~bno~~~ ( ~ . r n n ~ l u d i e ~ a u )  nitli'a 

microplate r l n P ~ u ~ ~ ~ a u l a u ' t i o ~ i n ~ l n ~ c ~ n  ( l s n i u i ~ ? i u )  q n ~ 6 i w n i - i  
bu C 

tq?qt lu lnun~?n8w u n t ~ n n n u o ~ n i . r ~ ~ ~ q y i ~ ~ ~ n ~ i ~ ~ u 6 ~ u B ~ ~ m u ~ ~ b " n ~ ~ 0  

$M@ o J Sacchoromyces cerevisiae 
bu 

2.5 ~ n w i n i . r ~ ~ c n n t f i ~ ~ ~ ~ 3 u i 6 0 ~ 6 ~  (1144) u e s n m t V o u q n r u u ~ ~ ~ a u ~ a ~ n ~ ~ ~ o ~  

~na~,.ra ( ~ s n n 2 i u d ~ i ~ a u )  626% microplate 

2.6 ~ i ~ ~ i ~ 6 M l f i ~ l ~ ~ i ~  6 LLAt 7 ~ ~ J R & ~ u R ~ ~ ~ ~ ~ ~ ' E M ~ " ~ I J  IIOJn3:%1~61 Ldu 
d d w~nn"an" a ia~n . r : a iu i i  (and) I ~ d n s z a i u t i i  ~ n s a ~ n u n s z ~ i ~ 1 i 7  nsra ius i i  

Y 

rrnllbaa icacGins:mueii 6 ~ o ~ n a f i n n i . j  GC n ~ r  HPLC 
U 





3.5 n~s6nwi,l~n~~:d~~ui:,l~u&~t~?~lni~^ain~~t6~~3&~~i~~a~~nn~n HPLC uat  GC 

oinniri~nn-.hsh<yQiau~n~Qfi HPLC us: GC bdal~a?mnr6$~i<mbbat~imn"m~11a~ 
nrraiasi i  w u i i  f z n i ~  GC ZGii retention time n ~ d n i i  dn~ GC ~ :n?n  s?nd? uscdniudsriaa 
n i l  u o n a i n d  R i 3 1 u n ~ u ~ d ~ s ~ b f l i o u o ~ r y " u d  ri?unii?inn:M'mr 6 uer 7 \u&~~mns :a iud i  

n i a i i  GC W U ~ Y  i j ~ u i ~ m s  6 u i n n i i  ms 7 I?J 3 Coj~ in  i q u ~ u w ~ i n b i r n n ~ x i  orj i f iuirurnr  

~ o J n i i f I u ~ u i n r ; ~ q n  s o ~ a ~ u i I i i i r i r i n d y  uarmac n i u ~ i ~ ~ ~  oinwsvo~nir~n'nfflsluwt~niww'KmaisIuwim~rnG 

n s r ~ i a s i i n i s h n s a l s f i ~ n u  ~ E l i l d K l l  6 Us: 7~ilua~dds:nou~~niiard1T"suim~irh~~(6 us: 7) 

$ldrrtiuodurr4a:C~atii~ 
3.6 nisurdr;drnr& a h w la  a i ' a n i s i i ~ c i b r i ~  LLYU bbdbb%~ (freeze-dry) 

w u i i  3% n ( ~ n l n n i o i i )  o tGni i iB  Y (~iYniY20 50% 6 - ~ u w i u a s )  i d a ~ o i n 5 b  v P:!R 
Y d  n~iuauulnqiJC; j l i  

cere visiae 

t n n f i n n i ~  GC ue:: HPLC wui7 nir%nsitts'C7o~nni(nni.~ GC i t lu i t twni i  ~ ~ a i t ~ r n q n a q m \ ? q  
2 u 6- ~ ~ ~ : i j K ~ i ~ d s C a a n n j i  u a n o i n u ~ i s ~ u n ~ u f i ~ ~ a ~ ~ b i ~ o u a ~ ~ u n  r i ? u 1 u n i s i ~ n s x 6 ~ 1 ~  6 La: 7 

wuiilu1~da:dGuimma 2 n id luGuimpqn  
ad 0 

4.4 n i s u ~ s s ~ n s t ~ i o F i i w  U ~63~3bn l ' I t s"~b~~ ib~~bbd lb~  (freeze-dry) W Y ~ T  n i s ~ i ~ m ~ ~ u i i a : ~ <  

w ~ n ~ ~ i ~ u w a r b ~ ~ ~ ~ d ~ n n ~ i u a ' u  ~ ~ a n ? s ~ n ~ s d ? u d ~ ~ % n i s b b d ~ ~ 1 ] ' I ~ b ~ ~ ~ ~ ~ ? u ~ ~ ~ u ' l n  tdu 

nisiiIcbrM"~ ~ ~ l r i u d a  u (spray-dry) Lqtb&~ 



L M U I : : ~ ~  ~ 4 %  LznLm l n n a a l r d ~ n t b  

lrat ~uniuna~~ann'~~m~d.i<~oinGia 

K2au' i~ 
2. i ~ u n ~ i ~ 6 1 6 ~ 0 i n ~ % ~ ~ a d 7 ~ 6 2 ~  

rnfiQmni~Iflrar1In~r7itl L ~ U  f i a i ' i ~ 6  
Inru7lnn.jifl h ~ u i ~ n n J a u ~ 3 a  HPLC 

3. i i n ~ r i 7 ~ ~ u ~ 7 n h ~ a : : m ~ ~ ~ n a u  

~onn'na&1a~n~rhdi~<7ubnflii~ni~ 

n ~ d n l n s n h ? J  L$U IR, NMR, MS, UV- 

Vis, GC-MS l~~::Ld~fJ 'Ubfl~1'Uh~73 
UlflT21U 

L$M LanLC6u ~ n m a a h d ~ n u ~ ~ a : : ~ a n i % a n ~ ~ a ~ n " ~  

m r h ~ y o i n G i a K 2 a h  

2. 6 ~ ~ l R ~ 7 ~ h $ ~ 9 7 ~ f l % & 2 0 d 7 ~ k 7 ~ 1 n ~ f i ~ ~ 7 J  

l n r u i 6 n n ~ i f l  m u i ~ n ~ ~ u n m ~ l 6  14 ai ta  

3. i i c n s i n ~ ~  14 r ~ ~ I ~ i ~ ~ ~ ~ n $ ~ ~ a : n a a i l n a ~ l  

~ n n S n v d u n ~ ~ ~ r d l < q 6 ~ u ~ n n i ( n n i ~  

nLdnln.jnTn?J ~uiu IR, NMR, MS, UV-Vis, GC- 

MS u ~ : : L ~ ~ ~ u L ~ ~ u < ' u R I T u ~ ~ ' T ~ ~ M  \6!~a 

I n r ~ n i i ~ u s ~ m . r u ? ~ d  13 aitn 
b- t 

4. ns lnauqnae~u~~nular jsnr~a ln ' l~~an 

L ~ O L ~ H ~ ~ U %  TLC assay uaJma  1-10 Lba:: 14 



I. n7snnaoucln$n7~l~n7wua~ms(l-1~)C( 

t u n ' l n ' o ~ n n s w o d ~  k'iiltri q n f 6 ~ ~ o y i a ~ ~ I : :  
d 

DPPH) &UP?% Spectrophotometric assay qnh. 

i u ~ ~ ~ t o u b u ~ n l u t o n t n a t ~ ~  (~mnmudltdRou) 
bad ' 

T1 6% microp~ate qnaouuj i o u l ? r ~ ~ ~ a A 7 n a ~ n  PI 

bu ' 4 <A % a r  ( I r n ~ u l ~ a l u )  q n ~ o u C ~ g Z u n s o n v i ~ l f l  
b w  . ~ n l . i n l w a 7 v i s  a s : q n n e u C ~ n 7 s r i ~ ~ ~ y 7 u  

r n n ~ ~ ~ u ~ 2 ~ 1 ~ ~ 6 ~ 7 u ~ u $ n a 7 a f u $ u o ~  

Sacchoromyces cerevisiae 

2. n7sdrz~iju~nm7wuo~$~~n"(il ,  w8aKmn' 

L ~ R : ~ I M I ~ ~ H ^ ~ U O I ~ ~ T : I I ~ U ~ ~  ~ $ L L T ~  ll?u7m 
tnsri76~ (am 6 LEI'. 7) ~ v k ~ ~ f i m n s t m u d l  
w G n f i r u 6 ~ ~ a : o 7 ~ 7 ~ ~ ~ 5 u o i n n s : ~ 7 ~ 6 1  16t~fi 
I36nr:.alud7 unllge alwJ &n.i:mtl NR:$J 

A ~ P  n n ' n G u a ~ n u l r t i ~ d 1 ~  7 ~nu3n? in - i l : in 'n?~  
HPLCLLa: GC 

3. ~ n ~ ~ u u ~ n 1 ~ ~ r : ~ n 6 ~ d a ~ ~ e a ~ o ~ m ~ f i ~ ~ i ~  
u e : 1 ~ ? o & a ~ m d ~ 6 o i n n r z % ~ u i ~ ~ u ~ m ~ ~ ~ n ~ s u  

~ ~ M I T  L ~ U  a m ~ ~ ~ n s ~ ~ ~ ~ 4 a ~ i ~  q n i n i l n ~ ~ ~  
n a : o 7 ~ 7 r ~ n ? u  I(ilu?"bsii7%ts'~~ts's~~u~~t$~~3;l 
(freeze-dry) 

A d  V 

4. Wna7M72nnJLns7:dr$ad6u (2 5%) u o ~  

R I S O D ~ ~ ~ ~ ~ ~ J ~ ~ ~ ? M W L L A : ~ S ~ L ~ U ~ U " Q ~  



4 w s ~ a m u n i ~ a ~ a  
d ~ ~ m ~ n i w u o ~ R ~ ~ h u n 1 ~ 1 ~ ~ ~ u o ~ ~ a ' u m ~ 6 6 1 1 ~ ~ ~ 1 ~ ~ n " ~ ~ i n b ~ a " m ~ ~ ~ d a ~  

An Efficiency of Antimicrobial activity from mango (Mangifera indica Linn.) 

seed extracts 

sfi.ns. ?wfi Kumsza"sus 
4 s 

WPI.WS. " 6 ~  dszZm%ua"wu~ 

a. ws. iuw5ds:n~ &-~qahi?n 



n .p 4 -44 

uana~a~inni~~~uslw~ua~n~ntld~nit~~umV;m ( ~ o o d  Manufacturing Practice; GMP) Gaenit 

io:uu?~mnzMbirmriubba=:nauqu~m?nqm (Hazard Analysis and Critical Control Point; HACCP) 
pcl4v e 

Bniow5weiait nit1%aio6iunum$~u~~bflua~~~ wam~i~flu6a~1%~da"f]a~n'u~uwtiudai~a'im 



uh 70 n f :  ionsluoa 280 ua.) urnzrndli~atfwoifiq 200 rprn iquna l48  npeaaloa6n 

fiquiiinwc ~ k q ~ n & n w ~ i ~ u n o z m i ~ n m ~ f r n u l ~ ~ ~ s ~ 6 u ~ s y y i n i  i i a~san 'm ldszauhh  
IU 0 azalusoni?u rotary evaporator ~ q n r r r r ? ~  68 0 c "lfl~inn'maqaqmaql u6?~ill\aw9mlazaw 

I C 

dmn6l.ru8zoln?~looniaubLiia1u~mtbqu a j i i r r l in  u a z ~ r ? u a s m q  - 1 0 0 ~  riou(il\d 
C 

nmaouqn'ibiluuunff Gu 
Y Y 

dquaisfin'mqin~sr5mu;daqiauG7 bm?uu~mua~$iaodi4m"3ui7~ud~nd~u I :3 (w A m  

uza.iq.tun 70 n k :  ~ 7 n k u 2 1 0  urn.) fmen~t!~urfluarni 5 u7i noaad~uazrniui~uiiinwa 

a4qin$nsoqiqunrzmiwnsaq~mu1~bbs.j~u~~~iniw ~m;nmaiqu membrane filter auin 0.45 

pm un-,riiunisfln'w'lu"uqrn8~idq6~~~2 -4 Oc riou~l~nnaauqnd6iuLbunq3u 



r 

3. n i o n a f i o u q ~ ~ A i u ~ ~ u n ~ ~ ~ a o a f i i o ~ n ' f i ~ i n ~ ~ p l ~ a  
C 

J i f i i t f i hq in%a 2 u i A n w q n ' s 6 i u ~ u  h x m a q f i a ~  Minimum inhibition 

concentration (MIC) bba: Minimum bactericidal concentration (MBC) dold 

3.1 n i s ~ ~ ~ u a i t f i ~ m ~ ~ o ~ m f i o u q ~ ~ k i u b ~ u m ~ ~ u  

a : ~ i ~ f i i t f i ~ R b u ~ ~ ~ : ~ ~ ; 1 6 a ~ b ~ ~ 5 i ~ ~ a  6aflfiis dimethyl sulfoxide 
r 

(DMSO) hfld!%I~?l~L.%~%~Lfl¶.4 100 mg/100 ml ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ M ~ ~ I M L L ' u A ~ ~ u  
r 

3.2 nmf iauqdAiu~~un i3u  

~~~niinlu161s~iu~unis~mfiau 7 atm atma: 2 R I U ~ ~  h . 6  

Staphylococcus aureus 25932, Staphylococcus aureus 65388, Bacillus cereus 6228, Bacillus 

cereus 11 778, Escherichia coli 25922, Escherichia coli 8739, Salmonella Typhimurium, 

Salmonella Choleraesuis f l fX.6~ Pseudomonas aeruginosa , Clostridium perfringens 16637 
cB 9 

uR: Listeria monocytogenes ~ ~ f i l u % ~ n 1 ~ ~ ~ f i ~ ~ ~ L ~ f l 9 f i l f l w ' l d ~ L " m U ~  uun~hu iw t ; l i u  

a r i i f i 6 ~ i n n t u ? n u i ~ i ~  m4nis~~wnu" no:ns?aaifiitmqa 
C 

aolfiauqn~kiunun~3u?1~.jfiitfin'mlmub%%nimmfia~]~~uu disc agar 

diffusion assay (Wannissorn LLa:FlN: 1996) Cmun13l.a" tetracycline Lba: chloramphenical bqu 

positive control LLW: DMSO bqfd negative control 

nmfioulmfl spread ~ b u ~ ~ ~ u d a : ~ ~ m u u ~ i v ~ i t  nutrient agar un6u CI 
Y 

.perfringen spread Ll'ld8IvIlt tryptose sulphite cycloserine agar (TSC agar) 7 i n i h  

j u  sterile paper disc (aulm 0.6 cm) a 4 1 ~ f i i ~ i ~ 1 ~ ~ l t ~ f l f i o u  ~ ~ : a i a a a u ~ i ~ i t i  spread 
d 

6aauunihui61sgiun~%~flfiau ~ u d  37 OC uiu 48 $aha ~ u f i n i w i a i n i n  d m  Cl. perfingens 

u'ui  37 OC uiu 48 &lus ~uan iwru ' i io in~n w s a ~ q n ~ b i i u u ~ u n h  k u n i t h $ u ~ i u ~ u u " n a i ~  
A=. 2 Y Y 

"Ir4 clear zone MLtlPl"utf~'U paper disc H d a f l L f l ~ b q u ? ~ ~ ~  i ln10Mha~Q 2 41 H$4qinc 
44 d 9 

msaqfiaudi MIC Lbn: MBC ~ ~ 4 f i l t f i ~ ~ d ~ i L ~ ~ ~ L ~ ~ ~ ~ ~ ~ ~ f i ~ ~ 6 ~ ~ %  microtitre broth dilution 

assay (NCCLS, 1995) 

3.2.1 niswsaqfiaudi MIC 

mnqfi~uii MIC (NCCLS, 1995) Fmuw"s4 standard curve s:~ch~ optical 

density (%d 655 nm 6 ~ ~ d o ~  microtitre plate reader, Benchmark) 6u log aaa i i u a r a ~ n h ~ d a  

k%bl? (cfulml.) 784 Escherichia coli 8739 h9flnl-2 spread plate UUaIM14 nutrient agar lh~$ 

3 7 0 ~  uiu 48 &~u4 1% standard curve di~~unisd~:u i~~; i i iuau~~u~~~~dukudi1r (4unis  

wm9fiaudi MIC bba: MBC ~muwnflaubb~lni~o 1 .6cn 1 fliu$ug &a 1 microtitre plate i i n i s  

nnaa4 2 $1 ~wiau microtitre plate A ~ ~ w Z  



w $ 4  

aqu 4 7-10 Uaisrrnmnnn~i~~iudiKum"au broth dilution (nutrient broth) LRU 
4d  d d 0  

culture me~bbumfl~su~uq1usub1a6dszu1m 2x1 o4 - 1 o5 celllml 

Mqu C/ 11 M o l a l s  nutrient broth wfiu culture Y ~ q b b ~ F l i k I  

d 
aqu M 12 1d811119 nutrient broth fIdl.lb~~?bflld blank 

J J '  
~ I W ~ ~ I O ~ ~ ~ ~ O I J  CI. perfringens 1% thioglycollate broth b ~ ~ ' i l i ~ i ~ b ~ ~ 4 ~ a ~  ¶h 

plate P?~~?o~IP i 3 7 0 ~  U I ~  24 hh~ ~ u ~ ~ I w ~ ~ I ~ I P I  U ~ L ~ U  CI. perfringens i ud  37 OC uiu 
d 

48 hfud ~ u a n l m ~ ~ o l n i P I  wssqwanisnwaau lmunisdiudi optical density 6ssbmta4 

microtitre plate reader U 6 9 6 1 ~ 9 ~ ~ [ 1 d i  MIC50 uaz MIC90 

3.2.2 nismnqaaudi MBC 
I 

d d 

b ~ " a o ~ ~ ~ ~ l ~ ~ l ~ ~ n " ~ ~ l ~ ~ I ~ ~ ~ ~ ~ ~ ~ l ~ b % ~ % ~  f i ~ ~ f l < l ~ ~ F l b ~ l f i  MIC 50 N I  
Y 

,,a d 2 dd d o  
Y 

streak 2 . d b T ~ b ~ u ~ ~ ~ ~ ~ ~ o U ~ r s l M ~ ~ ~ i ~ i ~ i d i  MIC b-4 microtitre plate P ? 4 b b m ' ~ ~ ~ A 9 i u b u " ~ % ~  

ao~~ isah$uAuqu ' l . r  plate i d u  MIC r i i u i a i nuuo ia i r  PCA smiu CI. perfringens qzain 
d 

uuo ia l s  TSC agar u6?u'u plate M 37 OC u7u 24 ~ ~ ~ n i ~ ~ o i f ~ i p l  dsu Clostridium 

perfringens i u i  37 oc uiu 48 I u r r n i ~ W i j a i n i ~ ~  f l 9 1 ~ ~ ~ n l 0 b ~ ? y Y a ~ b b U ~ ~ 3 u  KIWY<I 

aioan"m~inw8muzia~~uAuszm'u~aiut%u%ulm d!iwunisbq?yuotLbumiGu Wap l i i  i s z ~ u  
Y 

rnaiub%u%u~o~aisan'm~in~'II.ld'ub~u d i  MBC 
C 

l u n i m ~ a o u q n 2 1 A i ~ ~ ~ ~ ~ ~ " ~ a ~ a i s a n ' m ~ i n i u a " m ~ z i a ~ ~ a n i s ~ ~ ~ ~ " 1 1 o ~  
C 

L L U R ~ G ~ ~ ~ M ~ ~ ~ ~ ~ Q Q ~ ~ I Q ~ I S ~  j7suz tetracycline iflu positive control uazlQ DMSO  flu 

negative control 

I .  nisaKmaisq~nsugmaz~as 
d w  8 d 

w~nisa~maiminurdmuzu'aq~mu~~;i uazansiuoa &duaisazaiuu&aanl 

an"maio polyphenol (Kabuki. 2000) t/~tisaiuiirilurrisdidsu~i~y~unisoan~Miiiunis 
w d 9.4 

d y a o q ~ ~ u m i i w  r i a&n luo i~ i s  rr isanm~~mu~;~ m i  ~msuzris~udazwia~~z~fif iuimfii~an" 

~unm' i tn i rod is~PdYsd i6y~ i~a~~ ~u8pluzrisqfio?~snm1fifi~1b~a1s1acm1i~;Iqm iia 18.63 % 

w i r ~ i ~ u ~ ~ a z w i a ~ ' ~ ~ m o ~ u m ' s a i l a ~ u i ~ f i ~ ~ ~ u i ~ a i s ~ a ~ m ~ ~  I 7.48 %uaz 13.46 %miudi6u 

uzr isqwiag~a~ol ium$d~n~u<q~~mq~~sm~Lbaz<qM~f ib~u~~Mi  ~ i i f i u i m a ~ r d a ~ f i ~ ~ ~ ~ ~ w n ~ i q  
P P  LY 

f in iqanm nsnn'wlk 13.46+ 1.25% ua14.20 + 1.80% ~11~616 '~  d~dlldbu8muzis~#d1unismad 



nis~q'ocyaa4uu~ibu Staphylococcus aureus. Bacillus cereus LWPseudomonas aureginosa % 
d d d  d 

sl ~ L ~ ~ ~ ~ ~ ~ 1 ~ l ~ ~ ~ ~ ~ 4 ~ ~ d ~ ~ ~ d ~ 4 ~ ~ < 1 ~ ~ ~ n ' ~ ~ l ~ ~ ~ 6 1 k l ~ ~ l 9 b ~ ~ Q ~ ~ 4 b l ~ ~ ~ ~ ~ ~ ~ ~ d ~ ~ ~ ~ ~ n " ~  

=id d ~ ~ d i i t a i u w i a f  Uuwniith u u ~ ~ ~ o u n n u i a a i o a n " m a a ~ b u ~ m u z d ~ ~ ~ ~ u i i ~ h ~ i ~ m ~  CI. 

perfringens 16637 Liar E.coli 8739 ~ l o ~ ~ a a 4 L u d m ~ ~ r i 7 4 ~ l ~ w ' ~ < i 1 4 n ' u  ~ 1 ~ 1 9 0 ~ 1 ~ n 1 9  
4 4  d ¶I ~ q ~ ~ ~ ~ a z d i ~ ~ u ~ ~ ~ m ~ l ~ ~ m a ~ u I h ~ ~ m n d i ~ n " u  ~du aioan"mqin~uEimuzda~Auauonm aiuioebiiu 

L L R - ~ I  s. aureus 25923 ~[~iffniiaioanl~aa~Lua"muzd~~~"II~ald'ufibb~z%iku L L A ~ ~ I U  B. cereus 

1 1778 1~iZniiaioafimur~maa4uzriq4~iku aciir1on'miuaisan"mtinLsl~mu:dq4~4~iuw'u< 

A n d i q  ~ r l ~ ~ ~ ~ ~ l ~ ~ l ~ M ? ~ d l ~ i ~ w ' ~ < L b ~ ~ ~ ~ ~ d ~ ~ ~ M 6 & i ~ ~ l ~ l M ~ ~ ~ ~ ~ m " ' k i L L ~ ~ ~ l ~ n " ~  dquaio 

aKm~inurn"muzri~.jw"od~Gu~uonm k n a u i a i  ~ ~ 3 h k u  h w ~ a n s i ~ a  a i u i o o i i u n i o ~ ~ 3 c y a o a  

Bacillus cereus 11778 LLRePseudomonas aureginosa U A ~ ~ B  lmu!dl MlC 50 dln'u 390.63 
A a d ,  

pg/mI u d k i u m o ~ 4 r y a a s  S. aureus 65388 I h h u n q m n o u ~ i u  MIC 50 din'u 6250 ug/m~ 

o ~ i r ~ s ~ ~ i u a i o a n " m q i n ~ u d m u z d a ~ ~ ~ a i u " ~ ~ ~ m ~ ~ n d i  ijqn'i'lunlriiu~?adiaiuw'u<b~~~i~u 
C 

v Y 

G~bAuabdaluisn&iuniobq3cy~a;1 S. aureus (njaa~aiuvi 'u<) bur. B. cereus (njaow-vw 

6<) ~hfl?$m Imaddi MlC50 b!ud 30 pllml LL~L$DG'P?ONIT~? MBC a a t a i t a n ' m ~ u ~ n u z l i q d  
< 

d q n ~ u ~ u ~ b d q z ~ q w ~ ~ u n i t ~ ~ a i o  B.cereus 11 778 Salmonella Typhirnurium R L. 



monocytogenes 16i? i~f l  kugd7  MBC b%4 125 pllml 

qw??m$~fifltqni67Mn7?Lq3ubLa::47al B. cereus 11 778 % f f i 4 m  hu?Ihl MlC50 ~M'ln'u 30 
4 4 ,  

pllml bbmz M B C ~ I ~ U  250 pl/ml bbeib~mtqnihn7~~7a7ubbu~$~uria~~n"d~miu~ 1bihu ~ o u v l i  

Id C b9~rybbarU'lVI~Qdla7ubbu~~hdau~VI~~~"dMm~au~m"bn~b~u4n'u ndiaffaa1uistl61u S. aureus 
Y 

($4 2 filufiu<) B. cereus (64 2 ~7uVh<) Salmonella Typhimurium uar L. monocytogenes 16 
dd d 4 d mnqa lau i i d l  MlC 50 uaz MIC90 W~~mnB/74n'u t a k w 9 7 ? ~ 7 ~ d 7  MIC 50 wui7aisa6m97nwam 

Y Y Y 

uzria4aa6aa3iawi?tl67u S. aureus (Q 2 aiuwi<) B. cereus ((4 2 a~uwirg LLA:: 

Salmonella Typhimurium LLR:: L. monocytogenes b%iqbt h $ n ' 7  MlC50 bM'7n'u 30 pglrnl 

m ~ a t u ~ f f a  E. coli ($4 2 aiuwid$ L L ~ J  Salmonella Choleraesuis ~mu%il MIC50 d76u 60 pllrnl 

daunisAiun7?bq3cyaoc CI. perfringens bat: P. aeruginosa $147 MIC50 din'u 125 pl/ml 

W ~ n 1 ? ~ 7 ~ 7 ? ~ 6 ~ ~ ~ ~ ~ ~ ~ 3 ~ ~ 7 M ~ ~ Q ~ d 7  MBC ~~a7fll~fin'flq7nbaGfl~zSiaQah 
I, 

d 4  4 ,, 
i~azu::a.ia~ma~m"auGi aiui?niinier~.aa&qa4~wnn~suwI~nmaau 16bbfi B. cereus I I 778 16s 
lmu$dl MBC bGu4 125 pllml bba::~lalub~a& S. aureus ($4 2 'i'ilo$u<) E. coli ($4 2 filuwid<) 

ua:: Salmonella Choleraesuis ~diama4fmu$d7 MBC 250 pllrnl uarfi~sfin'm&tma44tl~md 
44 A C 

qzdqn$47aiuuunnb?unl"dnmaau fla CI. perfringens ($4 2 a~$u$ ua:: P. aeruginosa ~ A i n a '  

kufl$~fda%t!~ ~mfldn'l MBC tyn i7  500 pl/ml dlUqWilUn7?67@78b& Salmonella . 

Typhimurium ua:: L. monocytogenes aa4tmisfin'a~4aatwu.~~ima~ubbmnd~4n'u ffa aioan'wqv-i 

ur~mu::da~fim~::tm~ui?tld~aiub.aa&aa~~b'~~~~u$~aa~"d~m~m"i?n !!dl M B C L Y ~ ~ ~ ' ~  125 pll ml 

wa4~dm"~unis~~uw'~~4~"din isszm'~"d~ ' i  1 unnaiu (proceeding) ;a 

(Manaifera indica Linn.) ~ub~na7sd?zn~un7sds::4agubba::bwub~w%.uiwnstua::~a7~ 
I 

l z w  
~ ~ ~ U ~ I U ~ ~ O ~ ~ ~ ' ~ Q ~ ~ I ~ I ~  3 ll6l '-?id$ 17-1 8 ~U'~I?~PIU 2551 QlRlOUAlUn~ 

nm:~nu7~1aml ~ f l i a . r n s 6 a . n i n u i  np.rtmw 



~ ~ u i ~ a ~ m a o ~ a i s f i n " m ~ i n b ~ 8 m ~ z r i ~ . r l ~ ~ a z ~ n w w a " ~ ~ ~ ~ ~ ~ ~ 6 i u  I&$ u r t r i d~n  nozu?unitudo 

d m  d o n i o ~ d d a u u d a a ~ ~ ~ h i u n i ~ b ~ ~ ~ " f l o ~ ~ b u ~ ~ ~ ~  Kqndi? n i s i i ~ ~ u n i r i s ' u  
9 w 2 dozau~adi~qm~~d'bh~auo~a" lmaWanlrnfiaadd~&iaiNiona@!mm~u ~ i t a g m ~ ~ f i m ~ z i q q i ~ 6 m  

dd d w 
gi~a&uaz~oaiuoaiaisdoznau~2qn~h~uuu~MLoa~l~lunimmaou ainn'BI~~Eim~zriqqdi~al 

2 d nit riazdAnluwmdi~n"u2qMilunithiuLLazi~aiaLbu~$~ubLmnm'iqn"u l u~ rnz$n io~~do~d  

uzri~aslajld~~mtwadonioLd-daubbda~~MihiuLbufi~Sa"uo;Ifiisan"m~in~a"m~zda.rl aioan"mqin 

~qo~ltLu~mUzriqt~ma~dau1vr&ida~m~aa1:i~LLuq~fiu1unltbbam.rl~Mi1unio~ S. aureus 8444f l  

d l ~ ~ ~ z ~ a i ~ a ' ~ 1 ~ i n m ' ~ ~ B i . r l ~ 8 f i ~ ~ d ~ ~ ~ m a S d ~ ~ l ~ 1 r & i ~ ~ n " m 6 ~ ~ ~ ~ ~ a 1 u o ~ 2 ~ ~ ~ ~ ~ ~ ~ l ~ ~ 1 ~ ~ ~ f i ~ ~ ~ ~ ~  

luniohiu B. cereus Bddm 



proceeding 



Development of two dimension code based system and its 

integrated control for food safety and quality assurance : 

initial model in supplemented food products 

Y 

mrdr:n'ugemwua:maiudaom~uvo~oi~is6~r:uu 5nmh%-piods:m~ 
," 2 u  

a nauiuo~ain~ui lnnl~naiu3 i6qn" '~1naiudaom~ui ia :~~n1wo1~i5~~~~ 

odicmn ~a1u~r:mm1cwnsnis~un1s1~iban9bu"~~ W f p , l n " ' L I ~ ~ ~ l ~ l n ~ ~ ( ~ a c h a ~ ~ c e ,  

2004) b P ~ ~ ~ 1 ~ f 1 9 5 L u U d ~ : n " U ' U u M a " n n l T  traceability ~u8u~u1uPl~lnfllnau1$4 
d o  w 

~ i i ~ u n i s ~ ~ i ~ u m ~ o 0 n 6 f l 1 n ~ ( ~ a c h a n c e  and Saba, 2002) 

odirls 8: msdiau'umsciiur :IJ~CAP (Good Agricultural Practice) GMP (Good 
Y 

Manufactural Practice) n a ~ ~ ~ u A ~ i i d & u ~ ~ i a $ a n l a i u w i ~  n i s ~ i i ~ u n i s ~ : $ i ~ # ~ $ o ~ a  

i~u-~bu"o~iiimfuuinuiu r juo~nCoiaf ~tuiumalnl~siua:bSumdaiu~19 nisqrei 

ms~$oinniru'ol?ads:uubu"~sl,aa~uaod,u dnsouniluvh nsru3 nns-uumrwa"n 

~ia:wn~wflu~1Jwa'nfia~daiuwi9 nisi$ou~uab~nm~id~u~dibuud~unbiaz 

~ h o u ~ n ' i i i ~ u k a o i a " u i m ~ ~ ~ ~ o ~ a u i $ o ~ ~ b f i n n a i u a : n a s a m ~ f ? ( ~ ~ ~ ,  2003) 

uiiln'nln'~unaiuQuua~a~~iuil4~unis~nnis~ia:9~?~isp1i~a'au"uo~bu"o~alu 
t d n  p, 

r:uu imnuuoiitin ~ii!Iu$unu?u ita:onmrlRYawi: 6uiu61?avuiniadnlnn iia:; 

3i@~u?lnnll;ailnsn$inaiuisu"ilo u7al61ls:Tu.aio:7roinuifiGnuuuitu 

(Lachance and Saba, 2002 ibaz Lockley and Bardsley, 2000). 
495 G¶ 

rga 2 uwifilsunil QR c o d e l 6 ? ~ ; ~ ~ 0 ? 1 ~ l ? ~ ~  ~f i~inkn$i?muisn~nnis~o~n!n'  

uin$a 4296 6aGn~s di~iia:ds:uaaBo~a!A~ii~sani~a I ~ S R ~ O U ~ I U ~ ~  
9 

3w~G~;1~lunisl~~i~liazs:uus~a~!~~11ms?usowiws~iu AIM JEIDA iaaz ISO 
$4 rc A 

18004 i i ~ a i i ~ : d i i i ~ ~ ~ ~ u i ~ n ~ i u ~ f i ~ l ~ ~ i n l w s ~ w w o  1la0ti8unisaOmUPR~o~ 

~ ~ n ~ ~ ~ ~ u i ~ n n d n 1 u ~ i a ~ ~ i ~ i u ~ i i d ~ u i ~ u l u ~ i s ~ 1 ~ ~ u ~ o ~ a ~ ~ n z ~ 0 ~ 1 s ~ ~ 1 ~ ~ ~ 1 ~ 1  
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