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Abstract

Project Code: MRG5480135

Project Title: Development of sample preparation and preconcentration method using surfactants
coupled to high performance liquid chromatography for veterinary drug residue
analysis in foods

Investigators: 1) Dr. Yanawath Santaladchaiyakit, Rajamangala University of Technology Isan
2) Assoc. Prof. Dr. Supalax Srijaranai, Khon Kaen University

E-mail Address: sanyanawa@yahoo.com; sanyanawa@gmail.com

Project Period: 2 years (15 June 2011 to 15 June 2013)

In this research project, ultrasound-assisted cloud-point extraction (UA-CPE) and
ultrasound-assisted surfactant-enhanced emulsification microextraction (UASEME) coupled with high
performance liquid chromatography-photodiode array detection (HPLC-PDA) have been developed
for the preconcentration and analysis of five benzimidazole anthelmintics (i.e., thiabendazole,
oxfendazole, mebendazole, albendazole, and fenbendazole) in milk samples. Parameters affecting
on the extraction performance of both extraction methods were also investigated and optimized. The
separation of target analytes was carried out using gradient condition of 1% (v/v) acetic acid and
methanol, a flow rate of 1.0 mL/min, and photodiode array detection at 296 nm. Under this
separation conditions, the target benzimidazoles was completely separated within 14 min. The
optimum conditions and analytical results obtained from UA-CPE and UASEME are described follow.

The optimum conditions of UA-CPE were 0.75% (w/v) Triton X-114, 7% (w/v) sodium
acetate, and 2-min ultrasonication. Under these conditions, linearity was obtained in the range of 10
— 200 pg/L with the determination coefficients (R2) higher than 0.995. A high preconcentration factor
of up to 164 was obtained, corresponding to limits of detection (LODs) in the range of 1 — 5 pg/L.
Intra-day (n=5) and inter-day (n=3x3) precisions were obtained with relative standard deviation
(RSD) for retention time and peak area lower than 2.0 and 7.0%, respectively. The recoveries for the
spiked target anthelmintics at different concentrations (i.e., 20, 50 and 100 pg/L) in milk samples
were in the range of 75.3 — 111.4%.

In UASEME, dichloromethane (extraction solvent) and Triton X-114 (emulsifier) were used
for extraction of the target analytes. The extraction conditions were 0.5% (w/v) Triton X-114, 6%
(w/v) sodium acetate, 100 pL of dichloromethane and 4-min ultrasonication. Under the optimum

conditions, linearity was in the range from 10 to 150 pg/L with good R’ higher than 0.994. Pre-
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concentration factors were obtained in the range of 45 — 60, corresponding to LODs in the range of
1.8 — 3.6 pg/L. Intra-day (n=5) and inter-day (n=4x3) precisions were obtained with RSD of
retention time and peak area below 0.8 and 9.2%, respectively. Good recoveries for the spiked
target anthelmintics at various concentrations (i.e., 20, 50, and 100 pg/L) milk samples were
obtained in the 72.5 — 113.5%.

In summary, the proposed UA-CPE and UASEME coupled with HPLC-PDA method have
been demonstrated to be simple, effective, and reliable for the preconcentration and simultaneous

analysis of target benzimimidazole anthelmintics in the milk samples studied.

Keywords: Benzimidazole anthelmintic, preconcentration method, high-performance liquid

chromatography, milk sample
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Executive Summary
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nwAINTIN Mawnedesdnith wasnsuadn fModsanseengvsvesediene inaud
Inegiuunilea (Thiabendazole wse TBZ) pantualea (Oxfendazole %3s OFZ) Hiuum
198 (Mebendazole %50 MBZ) datuunlwa (Albendazole %38 ABZ) uaziluiuuailea
(Fenbendazole 30 FBZ) iosaniinsldetnaunsmats wagmnldligns 1wy msldly
Usanadiuniiuly Tnewznsldonsenerdsuitluradiun e1aasviliifnnisandses
peengBaEiu uazkdnsasianuld uenant eaanddluitdeidediunilidule
Fannsimsudsenudnly envasiliiAnsunsederduslaald ety Fesnduidosiamn
Bilvieruilage Tuszavsam warliienudedelddmiumannalinszsionanenedngu
fananiinndusedsemmaiiiennusiulaluauvasnseseuilaa

wedlafilelinseiedioneinguiuudfinlsaluiegassaning aldiveda
lasunnnsfvesmarniuiuimawesuuudanslilown Wgesisawud  wavhuaaunlng
wvs  lidagldsuuuunsnaieleing SuludediBmamiensiedn  waziiuanny
dufimnzansie Fsazthvaniuvidndfileglusegisiionsarsuniunsisgsians
Whvne  wassofiuanududuvesasidmngldelumsdonty  Tuwineiinig
wisumegaivannmats wui1 Bnsiinslddmivansnguiuudianlea leun msadn
mewlavesuds (Solid-phase extraction %o SPE) msadamemvitazarswuuldminusiu
(Pressurized liquid extraction %39 PLE) nisafaluuuwAtaes (QUEChERS) waznisann
wuuvetlnaingfdeena (Supercritical fluid extraction ¥3e SFE) usleendlsfimnu 38013
fanamdnediu enagldnannilunsatn Tfvhazanedunidluviinasnn wazgunsaii
Toaunsluuiamaia

nuATeiFajuliufivsinuBmawiouseseiimnsay waranmnsodiuardudy
(preconcentration) weasimuedieisnsatalagldansanusefiain (surfactants) 714
Jusarinans (Extraction solvent) viseldidudiadneoasliuszuunmsannszaululasiuy
msnszaglumavesviad iWelleiBnsniuszavsamgs vildie azen 590157 uazdu
finsrodundan paonauausoliilumeiageuiuiumaialasuiivnasfiveavar
aussaurge dmunsienesiasidmneluiedemsitesduszneunainvianele

Tssmeidedl FdldniaueTBnsatauuugauiesanssmd (Ultrasound-assisted
cloud-point extraction %38 UA-CPE) wazimalianisannszaululasmedansienid wagas
anussREITIefinUsEAvS A mnsAndsiady (Ultrasound-assisted surfactant-enhanced
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U3unms wagimuea 1donsinisiuadu 1.0 Saddasreuil wazmsesaiauuulvlalalen
wosistiimuemnay 296 wiluwns meldansmsuent  awsassnansimungld
auysainely 14 Wil Faannymsadafivunzauuasnan1sieseiilaannis UA-CPE uas
UASEME fasreasidensioluil

anmefvinzauwes UACPE e Insnewend-114 wWudu 075 wWesidudlag
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Todin 2 wiit meldannedindnil arsndudunsseglug 10 - 200 lailasniusiodns uas
TWdusyansnisiviun (Coefficient of determination %38 R) 11nnd1 0.995 unimesnis
Winnnduduldges 164 wih wazaeandeafuadndrinnisasiadalutag 1 - 5 lulasndy
fedns Anaiissvean1simsedluudentu (n=5) uazvateu (h=3x3) ngliandeauy
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lulasnsudedns) Tushogeun danudteglutis 75.3 - 111.4 wWedldud

dwlunadiansatauasifinanududusuy UASEME Iildlanaslssinu (Jushadn)
wazlnsnewend-114 Bfadvewens) dmiumsatnasidmneg Gwannymsatmdusil
Insnewend-114 Wudu 05 Wesiudlasthmindesuns indeludevesomdudu 6
Wesiduilneminseusunng taraslsiimu 100 Tulasang waznanssansiledn ¢ wndl
meldanzdinani Wanududunssegluzas 10 - 150 llasniusedng Felvien R A
1nnd 0.994 unimeimsiiuaadudueglutag 45 - 60 W wazaenAdeaium LODs
oglutas 1.8 - 3.6 lalasndudedns anufissvesnslinsiesiluiuien (n=5) uazvaetu
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0.8 uar 9.2 suddu uenani SelisesaznsnduRURRd UM ETsT ANy
Winusinge) (20 50 wa 100 Tulasniuseding) Tudiegauy aglurae 72.5 - 113.5

Towasy awiudnBitiauedvisiinnsatauuy UA-CPE uay UASEME eugfiunis
Answimemailalasuninnsilveavadtaussourge  uaznisnsiaiauuulnlalaloauesisd
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samples. Analytical Methods, 2012, 4: 3864 — 3873. Impact Factor (2011) =1.547

2) Yanawath Santaladchaiyakit® and Supalax Srijaranai. Preconcentration and
simultaneous analysis of benzimidazole anthelmintics in milk samples by ultrasound-
assisted surfactant-enhanced emulsification microextraction and high-performance liquid
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fhogsansoongvisvesenteneBnaud Wy Ineziuualea (Thiabendazole wia TB2)
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AnsunTesieuslaala (Xia et al. 2010; Chen et al. 2010) Fat Fesuduiidos
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Huansanussisianduduasiviinesiosinn  Qussdululeasing  defleutuuiunsves
ansazaneidudy Mty Famnsodiveududuesmndmngldd @uiurinvesansan
wssisnilidusatade) malanisadauuugaguil fdefiuaneusenns wu Judinsiu
Asuanden duneudieliigienn TussavBnmgslunisadpaadwaevarnvatendgy uay
dhiuldiussuuluuemlareanaiialasuninnsfvesnaiaussougas (HPLO) usiegdlsh
pu MsUszgndltinadadanandmiumsadauaziiuamnududuresordiewssnguiundd
alalusiegrawiineneg delinusenuunndn Swesnsihludssynaldlunisainansnagy
wuiianlgaunsviia LLazﬂduﬁﬁ’mLﬁuaﬁﬁﬁmﬁﬁaiw (fungicide) Tugivaenediu (Halko et al.
2006) upziog19 (Halko et al. 2008) whitu fetfy Safufaulaflasfinu wasi
watian1safawuugaguluiauiniauiulssendlddmsunmsiasisieaeng1snguuuad
prlwalusohafivannuansaniy

drlusuuuud 2 uay 3 thy Tulagiiuil Wdnsimumaialungunisadnszdululag
(Microextraction) finaula fe wallanisafmaszaululaswuuinareaman (Liquid-phase

d

microextraction %38 LPME) laewatia LPME 4 LUULWﬂUﬂﬂWiLG\iEJ@JG]’]E]EJ’NLL@“’LW&IF’YJ’]QJ
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WUTULUUEedI  (Miniaturized)  saenslamivinasanedunsglulSuiatey  (Szau
llasans) Wuiatnans Fasidusnmadenniafionaunudsnisatadesyhazansnuy
oy (Liquid-liquid extraction 1% LLE) 7l4#vhavanedunsdaeudeann mwﬁﬂﬁ'%’mag
Tusuu LPME fithaula fe wallanisadmsesululasuuunsyanslumareaas (Dispersive
liquid-liquid extraction 3o DLLME) (Wu et al. 2009) {Ju3sldsviavaredunidil
avaneidushane (Extraction solvent) wu maslsnlasy msususnszraslss lanaols
fwu Judu warluasazanefogsiifidnyinazanonszanewla (Disperser solvent) Wamog]
fe 1wy wvnuea exdlalulass emuea Wudu ndwndifinsdeasivhavaredladu
fafmadluegusindimsazaeildagidnasu wazilanuwaziluneaany

a a

(microdroplets) ansithmuneazgnatadilluneadne il Yorvounniafinani wu ¥
msafalesings Qumheduni) vildie Wssavsnmia wazunmesnisaings seded
YoensataLuy DLLME vhlifinswaunnegsewdios wazinisiaueisuuulng Toun
wmatlan1sanaseaululaswuulddansivnutisnisiinddatu (Ultrasound-assisted
emulsification  microextraction %38 UAEME)  wadanisldarsanusefaintiedia
Uszansnmlunisiinddadu (Surfactant-assisted emulsification microextraction #58
SAEME) wazmadanisataszaulilasuuuldsansmuminazansanussisigaeiia
Use@ndnmnisinndiiadi  (Ultrasound-assisted  surfactant-enhanced emulsification
microextraction 3o UASEME) ioilumafiannadennauwnyds DLLME Sawaiin UASEME
Hunadafisunedofives DLLME UAEME SAEME waz CPE Wilisnemu vhlsiinisih
watln  UASEME  luussendldegnawnsuatedmiunisinsigiansidimunenainvane
Uszenn (Wu et al. 2010a; Wu et al. 2010b; Cheng et al. 2011a; Cheng et al. 2011b; Xia
et al. 2012) Tngunumvesansanussiariagldiluasddadveeas (Emulsifier) dwmsunis
nsvanemavesivharanedurillaranetn s duihatn fegrsansanussiaiaineals
Wusdiadniewees wu Wveu wnd-114 (Triton X-114) luineslanadadaa (SDS)
Fialnsuiasenludonluslug (CTAB) Wusiu msldansanussisin Tufumsmislinauda
aslaindtaglunisainainnsatdisssmsiiavensuindn  (Fine  droplets)  veeivih
saneildaninansluansararsth (Aqueous solution) wasdewfiunisnszarefaveamails
avanpinlndlavanelaluduinlnsendoautianuveunasldveuinvesansanussiai
fes (Cheng et al. 2011a; Cheng et al. 2011b; Saraji et al. 2010) ey Favili
UssAvBamnsainaaitmegaty  (Xia et al 2012) egwlsfiniu  msimuIuay
Uszgndldimadinnisafinuagiiiunandudunuy UASEME Tushegramannvanedsdilsiinnin
Tnsamenniludszgndlddniunsinmeanguiuudinlalufogomns iy
Jadutsuifuddnfiaene wariamunisnisdanaaseld
mAteiujuduiissianBnasdosdegsivangay wavaunsadfiuanududy
(preconcentration) weasitimuedieisnsatalagldansanussfiain (surfactants) 71l
Judannans (Extraction solvent) way/visarludidtadvheeeslussuvumsanaseaulilas
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wuunsnszanelumavesmiad Welildisnsniusednsnmas vilddie avain 530157 way
Julinssiedunden  saensuanusaldidumeiingaiviiuiumeaiialasuiinnsifvesvan
aussaurgs dwsunmslengiasdmngluimegiemsidiesduseneunainvangle

12 nQUszasAvaInITIdY

1) AnwIBnsuen wardaszviasenaieneSnauuuiiaileaniouiusiemaila
lasannnsilveamalaussaugge

2) Fnwwasiauiidnsatnuasiiunududuresmstimnefeiinsatnuuy
AU wagIsmsannseaululasuuunisnszglunavesmainiensidansanusemiei
uazdansrunflumstieifinysansnmnnsania

3)  Uszgndisfivaundudmiumsiinsganmndnesenienesnauundia
Tgaludonsunviinnng

1.3  U2UUAYBINISIAY

A o =

1) ganeng1dsninu@nwlunisneasstl uN 5 Ha WA Meriuualea
(TBZ) ponuailea (OFZ) diuuailea (MBZ) woaluuailea (ABZ) wavinuuunlaa (FBZ)
2) Anwannenmunzaudmsuniskenuasiiaseiasuinsgiininenieuiu

memaila HPLC

3)  @nwanmeiunganvesnsatinetdensd  dewelansatnuuunulag
AnvINaveIansanusIi wazmududuresiinaunde guvnll naildlunisadin way
nanltlunstumies

) Anwniaseiifinanenisatalnemaiansataszaululaslaglddansennd  way
ansanussiRinUsEavEnmnsinddadu Toun Anvedeasanusaiin sdaveunde
Favharatedunss natlumsisansledndu waznalunistumies

5)  AsRlsTauIulUssendlddmiunsinsgamndeesensienedngy
wuddalealudiognsuueiingng

1.4  wafeadnazlasu
1) leaneimanzanlunnsinemengsnnvianseuiu mewaia HPLC
2) leasnsanalasiiuANutuduNasnIn 918 warliuseaNSA N R kazaiuise

ludszgnaldlumsiinsginmanasvesenaengSnguiuudiinnlealuiiegaemsia

3)  @UNS0ANUNKANUIIElUTEAULUNTR LA BE19URY 2 15849
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uni 2
nsiuaNUduduasiunedieIsnsaianuuladu wazdassinie
watlalasunlnnslvaavalaussousgs

21 umi

walafdgumslinneigdenednguuudiolea Ao wedalasuilnngil
YounMaIaNIIAULEY (HPLO) augiunisasiaiawuudansililoan (Chen et al. 2010;
Mottier et al. 2003; Danaher et al. 2003) mim’sﬁﬁ'm/\lqaawamu% (Halko et al. 2006;
2004) wagnuaaruninsiams (Xia et al. 2010; Chen et al. 2011; Whelan et al. 2010; Guo
et al. 2010) udimsesianuuskiaanlnsunIsglinnuliuaraudmiglunis
Aasgrasidmaneaniinisesaiawuudansilbilown WATIANAB LTINS uay
psfUsznaulAdnsiledudou dufu Fmadendemslinmmainuuudanslilewn aug
fumeiansatauaziinnududuiivanzandaazduiimsiaeg TI0L57 ezl
UseAvEnngedu wadiansatauszfiuanududuiifinsussgndldtuamathmnendguivu
Falwa laun nsanasemavesds (Solid-phase extraction #5 SPE) (Xia et al. 2010;
Oyama et al. 2010) n1sadameviazatswuultnuay (Pressurized liquid extraction
%38 PLE) (Chen et al. 2011) n13afinuuuuA¥as (QUEChERS) (Whelan et al. 2010) N3
annszaululasuuunszaglumlavesvan (Dispersive liquid-liquid extraction 38 DLLME)
(Wu et al. 2009) LLazﬂ’liaﬁJﬂLLUU%@&iwaaﬂqa@'ﬂmﬂ (Supercritical fluid extraction %3®
SFE) (Danaher et al. 2003) usiognslsinu wadassnanetaiidediiauisszns wu 19
namundlumsatn  wadldivinaranedunisdduiiv dafu  nsflazannislddrhazane
Bunidiu asdosiunldasviosionuidunauny Wy nsldansanusisiududadily
wiaflAnsafaLuUInYu (Cloud-point extraction ¥3e CPE) Fumadianisafnuuugaty i
dofvaneuszms wu iDufinsfudunndey dumeudeliigienn Wssansnmgdlumsarin
sl wanevarnvaiendy wasduldtussuiluuiemares HPLC e 4 1ddinns
faunuaziaueismsatauuueulugiiouine ileuSulgasEavBamnsadaans
Lﬂmmalﬁqq%u WU ansanksIRsiNaNseniuuliivszaiuusgauan (Pourreza et al.
2011) wuulaifiuszquaniulszgay (Wu et al. 2010) wazUszuInuauiulszqay
(Seebunrueng et al. 2011, 2012)

Tusguumsadauuuaguamenisidansanussisinuulifivsey  lneunfiagyinnig
aﬁﬂﬁqmwgﬁﬁqmdﬂqmﬁgﬁﬁ;mju (Critical  cloud-point temperature)  iteviiliin
ansavaneyu (Ranszurumsatnanatmansiu) ussfiamusnadugesia Salaiians
Wvanegnafiadly agSendt duaisanussiaiaududu (Surfactant-rich phase n3a SRP)
Lazduansazaneth (Aqueous phase %130 AQ) Fuansanussisiadutuariivinaiosunn

MRG5480135



(useaulalasang) WoifisuiuUinnsasazansdudu Sy duAnnisadnogaauysaiuay
aadhmanegnatadillutuasasussfiin ashlilduinmesnmaiiuamududuiigae
uenflennnsanauuunuieisaaiund dulimussgndldadudansemidieluns
Glleld Faadiafizonlmid wellardudanseniteiiunsatauuuatu
(Ultrasound-assisted CPE i3 UA-CPE) (Qin et al. 2012; Zou et al. 2012; Yao et al.
2007) lunszvrunsadadl  eduSanswiasdieliiAnnisruturesiumsanuseiein
dudu uastieliAnisuenuialdiity  defsusunmsatauuildanudoutaefissntng
Fen  viaufisudunsatauuusafufifingldnistuissslunsuenila (Yao et al
2007) wenwntiudr weda UA-CPE l¢isenuhanunsndiediuusydnnimnisadio
uazunnwesnsinaNudLtuls uwiogslsfny ufinadansadauuugaguluguiuusieg
thu avannsalivszavanmlunisadadid msdssandldinedafindndnunisadauasia
ANULTWTRsEaeneIEnguLBialatudteg ey nn1e Galinusigauainin dudies
nsthluvssgndldlushesnaiu (Halko et al. 2006) wawdeena (Halko et al. 2004)
whify  felfu Fudufhadafiesinn  uasthmedanisadauuugaguluiaumsedu
Uszendlddmsumstienesisndenednduundinlyalusesnsiivainraneuiniu
fnqusvasivasniteadedl ileviaueTBnsadauuuaguilie wasdiusyanam
dwiumsatnuaziiiunmnduduvessdeneSnguiuudianlsadiuiu 5 via loud nes
wunlea oeniunlea Suunlea Sawumlea wasmuuuales Tufhegieun Tduads
il awl¥asanussdiein Triton X-114 usafaasitimng neldanmensifnnde uay
nsldedusansilafa  lumsAnwiiemannefivmnzadlunsatauuugerul  16fnw
yilmedingg AnasoUszaviamnsataneuazihlulszgndldlunsiinsesiansnandis
vosgaengSiwmngluimegruumemaialasininnsivewatausiauggwsioly

2.2 3/n15nnasg
2.2.1  @5AdiuasIioLaua

1) asunsgueIaneng1snguuuBianlea KandeiusEn Sigma-Aldrich
Usznaumie neziuunilea (Thiabendazole %se TBZ) (ltaly) eaniuailea (Oxfendazole
Wi OFZ) (Germany) dwualga (Mebendazole #se MBZ) (USA) datuusilea
(Albendazole %38 ABZ)(China) wazwuiuualea (Fenbendazole e FBZ)(China) d4an3
wasguvand IeSeuluasazawafoniinnududu 1,000 fadndudedns Tnems
axangansessluUTinaiutueu (munisdun) fenseavleslialuamiuea (5%, vAv)

2) @3AnWIIAIAT Triton X-114 (Sigma-Aldrich, USA) TsSeufirnududu
25 Wesiuilagiuinsausumng 9, wa) Tngldindusrhazas

3) mnmzﬁaﬁwazmagu"] laun  acetic acid (glacial), formic acid,

methanol, and acetonitrile (Merck, Germany), NaCl (Ajax Finechem, New Zealand),
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anhydrous Na,SO, (Carlo Erba, France), Na,CO; (RFCL Limited, India) and anhydrous
sodium acetate (Carlo Erba, France)

a) ¥usenloss (Deionized water): Resistivity of 18.2 MQ.cm from
RO, Type | Simplicity 185 (Millipore water, USA)

222 gunsaluaziadedile
1) 1A389 HPLC: Shimadzu LC-20A System 2009 (Japan) ldgandwas Ju

LC Solution Iummw@mm'wTN’mLLamJizaJ’saNa
-y (Pump): Binary §u LC-20AD
- fimAmas (Detector): PDA §1 SPD-20A Lamp D,
- ARaNY (Column): Waters Atlantis C,s Column (4.6 SadLuns x
150 fiadiuns vuneun1a 5 lulaswns) (reland)
2) w3esdansileila (Ultrasonic cleaner): 40 kHz, 500 W, Power sonic
410 Hwashin Technology (Korea)
3) i3esdunies (Centrifuge): Bench Top Centrifuge NF 200 (12 x 15

Hagang) (Turkey)

2.2.3  d@nnzlunisuendrsidvunefaemaiin HPLC
nsuenansimnegaenesnguuudiionlea asldsvuuresisamalas
InnsAveunallasuIlnns i wagsTuUNMSTELUULNSIABUIYBIEISaTaY  NIABLTRN
Wty 1 Wesifudlaeusunns (%, v/v) wazluniuea fisnsnslwavesluvawady 1.0
fiaddnssoud waznsatafinueindy 296 uiluwns
JULUUNMSTZLUUNSHEW (Gradient elution profile) vesluuiewa 1Uu

il
LA (W) SowazuIUNIUDA
0-3 40%
3-5 Ramp to 75%
5-10 5%
10-12 Ramp to 85%
12 -15 85%
15-20 100% (to wash column before next run)
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224 tunsunsERaLUURAYY (UA-CPE)

1) hasezaneNInggIy (Mieansazansdiiednq) Usuns 10 1adans wa
fundelaionosdiom (7%, wA) Laswgaundoazatevun  MNLULRLANSANLSIFRn
Triton X-114 Wy 0.75 Wodduilaethveindeusinns %, wa) avldansavaneidnuns
U

2) thansavanesananil luudlussdansiladin (40 kHz, 500 W, 2545 °C)
Wunan 2 udl

3) Jumivsansazaei deeusa 3500 seuseund Wunar 10 wdl
delmsusniialdauysaidy fasdunnfiuravesiumsanussidiududu (SrRP) egiu
8199998158y

8) wonduansazateii (Aqueous phase) penIINtuEIAnLIIRaR LY

5) avanetuansanussBsuTuRlmpasazaenaNLUea  (50%,
vAv) U3nes 100 lalasans uwéadn (20 Tulasdng) Whszuuves HPLC wievhnisiesnsd
polU

2.2.5 MSIATITHA20819UY

fegnauuitha s duuifidmineiluludminvouuniu 1wy ug
woaitlasiushn (UHT Low fat) ungiewiisaiia (UHT plain) uslaangiewdi (UHT fresh) wazuy
wiaelsdsain (Pasteurized plain) Fuduneunisessufogioy wasanazneulusiunou
Msiasedt lesedd

1) ddregeundsunes 5 Jadans nauduinaslonaudama (0.5 nsu) 1wel
P8R IUNFULLTUA

2) Wua1sazay 1% (vAv) nsmesdinluesdlalulass USuws 5 Ladans
wazivgmeiloagesimsudunausyana 1 ud

3) Juwissansazanediogneiin 3500 seusoun?t Wunan 5 wiit Tudureu
fosdunaiunsuonduvesiasfusarTusiuun Guiudufow)

4) nsesasaranglanIunIzAIEnses Whatman no. 1 Lalieasansavany
Ansedldmeililgsumadu 10 fadans

5) Wunseezdfnduduy  Ysums 100 lulesdes  wasthludumies
dudeaiulude 3) Wevilfmnnaenoulusiuuay lufuauysaisiu

6) asavangladildthluatnuasifiumnududusensatuougegu o
seideudnluiive 1.2.4 9190

mgkvg):  dwSunsnySesarnInauAy  Aviimainasunsguadly
Fregrsundidne luduneureunisanasneulsiunaslutu Tnoduiisssunududy 20

50 kg 100 hulAsnSunaang
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2.3 NaN1INAaaLazanUIeNa

2.3.1 msmam'm?'immzamaamiaﬁ’mwuqmju
ﬁﬂmmiﬂﬁLma%ﬁﬁmadaﬂizﬁw%mwmiaﬁmmemiu loun  afia  way
USnauveande anududuresasanusaialiy gamgiiaziailunisaia an1iznsvinda
asledn  waznalunstumies "”lNI‘LJﬂ’]i‘UiuLlluﬂiuﬂﬂ/lﬁﬂ’]WﬂWiﬁﬂ(ﬂLLau‘M’]ﬁﬂTJu‘Vl
wnrauvefarsfinestualiiuRldRrvesensmnendendisuiumnimes
Fana FeneaziBunnsAnuusazinsimed Idesunglilunsasshteselud

2.3.1.1 nava9vlauazANNduTUYINADLAZNIDYVDIENTAZAY

indefunumddnlumstieiiasydviamnmsatinasuuugatu
16 Tngthvaninisazaneivesansidmngluduansazanetn  nieusadaeliannisni-
FtuvasansiihvnednlUuduasanussi@aududy (SRP) 8ty wavtneldnsueniald
euge venwidlend Swmuin indefiivaslulussuuasiinasesumisesuansanuse
et (Santalad et al. 2009; Zhou et al. 2008) TuaSilld@nwlngldindoviineg
Toun lonenas@nn loneumaslsn loneudamn waslomeaisuaiua Tudsunuvesnie
Hu 79% (w/v) waiisefuaadiudumieluansiviniu (8.55 mM) 91n3Ufl 2.1a wu nde
Tofenesdmliiuilifingsanilofioutuindovinduy fidnuwiaesnsdl (3w uas
pudutuity  Seenunsadesddunsifivdssansnnnnsatnansitminesieenens
nauuuEfionlea Wil Todeves@ion > Tnfendamin > lefouasvaiun > lafos-
Aaplsn

NAUBINLOY (pH) VOIAITALAIENAININAULNADAINGNITNAUVIINAT
NAAB LU LﬁawWﬂa’mﬂmu'}ammawm“ﬁmjuLuu%ﬁmﬂsaaam’ﬁal,mmﬁ‘sLﬂuiaaau uag
wanadsealulassaddld muen pa dufe pkal Ussana 4 - 6 way pKa2 lurae 12 - 13
(Fam5ei 2.1) Wefilerwesasazatesnnnin 6 asdvuneasianslssquan Tueusd
ferunnnin 12 asidmuneaziansUsegay wavasidmneazegluguilunans dlofiiow
asavangaglutig 6 - 12 (Danaher et al. 2007) TunsAnwadsil fevwosasavane
NAIINBULNFDYUARNG Fusedl Tedenezdioan Giey 8.5) I%Lmamﬂaalm (W% 7.2)
loiReugamn (‘WLEFU 6.5) warlofpuasuaiun (e 11.6) et luannzvesansazansd
dandewani ansimunedenseglugllinanslsey (neutral) wazansidmnegnanin wax
Wnnsnduduluguidunanadlulunguieulueaduesansanussdein Triton X-114 ug
p819l5AnY wliin nsldindesinanaraunsaannasiningls uaindeluneuesdianli
UstAvEnmnsataansidneldgan  dondunsed  indorlindlfnuusies
Tovauiinewnsiumsatmasdvunesnnindesiedu  dundelufonesdian  uas
I%Lasmaaiiﬁwiﬁ%umiamLLiaﬁaﬂaL%’u%’uaa“i%umwaamsazmwé’qmiaﬁm Jevilndng
fensuenduansazasth (Fuuw) senldienin Weeufunsdveandoluiondama wa
Tueunsuesiun dundeaewiainiegliannsiivnimeass wui Fumavosasantsis
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10

Afliaedianwarduiuduiouruning asvegauuuvesasazaty Favilienluniswen

Wave9IaITazaIgun

WAL EYDIEITAALIIRNRNINTY  AatUluNISNAaeIl  FUaDNLNED
ludsuozdwndundeiwanzadlunisans

navesnLLTureLndolufsue Beviifineussaniannisade

Anwnluag 0 - 10 WesudlastminaeU3unng (%, wA) waﬁlﬁuamﬁﬂgﬂﬁ 2.1b LU
1 dofiuanududureundeluiouesdiananansafiuUssans awnnsataldunnty (ud
Iffinvosanstimnefiaty) sunseiess 79% wA) udrreudasiidlennududuvennde

= | e U O = A v v & a a = 3 1A
ll']ﬂGUuGLUﬂ'NV]ﬂﬂU'] ANUU QQLﬁ@ﬂﬂ'ﬂ'ﬁJL‘U@J‘U‘USU'ENLﬂaai%L@lEJ@J@%"ULGWWl 7% (w/v) WuAN

WMLgaUEmMSUNIVIAa9R YY) Aoty

180 -
160 4
140 -

100 4
80 4
60 4
40 4
20

Peak area (x 10,000)

120

. ATBZ
th CTToFz
g [
/ S ABZ
A 7~ FBZ

3

K
/

=X
o F
L X

160 -
140 -
120
100
80
60 4
40 4
20 4

0

Peak area (x 10,000)

NacCl NaySO,
Salts

CH;COONa Nay,COg

—8-TBZ
-0 0FZ
—m MBZ
- ABZ
- FBZ

(c)

x::;{_é_:ﬂ_____ 2
N S S ————

- —-
* . — .

000 025 050 0.75 1.00 1.25 1.50 1.75 2.00 2.25

240 4

200 4

Peak area (x 10,000)
3 8 3

-
o

Triton X-114 (%, wiv)

o

Ultrasonication time (min)

NATDINITILADTAI0)

Peak area (x 10,000)

Peak area (x 10,000)

Peak area (x 10,000)

180+
(b) o TEZ
1604 (- OFZ
140 = MEZ P
120 —LH-ARZ
—4_FBZ 3
100
80 -
60 T 6,/—,;—_____:
40 f )
0 &4 ..
ol p———"— ; ; : :
2 4 6 8 10 12
CH3COONa (%, wiv)
300,
(d) ZaTez
250 [T OFz
IMBZ
200 JABZ
v | Bd FBZ
150 [/
1004 [/ =
504 A ', N

240
200
160 -
120
804

40

N

CPE25C UA-25C4min 45C-20min 50 C-20min
CPE conditions
M
i -e-TEZ
—F O OFZ
- —- MBZ
{1} ABZ
. o 4 4FEz
— . — —
—— S
L i a
" 3 E
& 10 15 20 25

Centrifugation time (min)

lsaUszansnnnsannansidmneeaenesngy

wugialea We (a) vievewnds (b) Usunaveaunaslafeuazden (©) Ay
Wutuves Triton X-114 (d) an1izaaumgiveinsanawuuaagu (e) waluns
gans-letla way () natlunistuwnes
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M13197 2.1 lassaiamaaiivazaudanani-neninvesasidmvinenguiuudionlaa (Danaher et al. 2007)

Name Structure/CAS no. Molecular Agueous Octanol-water pKa pH range at
weight (g/mol) | solubility | partition pKal pKa2 which substance
(mg/L)? coefficient (Kqy) is in neutral state
Thiabendazole K N 201.25 335.2 1.58-1.76 5.22 12.83 7.2-10.9
(TBZ) ﬁ
7\
“Oxfendazole TI R 315.35 407.2 1.88-2.13 4.13 11.79 6.1-9.8
(OFZ) s H )k
>—NH OCHj3
O @[N/
'Mebendazole o o 295.29 50.08 2.44-252 4.13 11.79 6.1-9.8
(MBZ) H
>7NH OCHjy
O O 7
“Albendazole . . 20-2. . . 7-11.
Albendazol o 265.33 46.39 2.20-2.92 5.54 13.11 7.7-11.2
(ABZ) H3CH,CH,CS ',:"
>7NH OCHg
%
“Fenbendazole 299.35 6.38 3.07-4.01 5.12 12.72 7.1-98

(FBZ)

oM

2 Obtained by calculation using the Estimation Programs Interface (EPI) Suite™ v.4.1 (Environmental Protection Agency, USA)
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2.3.1.2 HATDIANMUTUTUVDIATAALIIAIR Triton X-114

Tunsfinwadel]  Benansanussiaiuuulifivssq Triton x-114
dmsunsatauuugatu (eaand1 Triton X-114 fgamgilumsiAagarjusin (Uszana 22
- 23 peAwaLted) (Santalad et al. 2009; Zhou et al. 2008) wazdANULIUTUVBINITLIN
lwadeindhe Ussunm 0.2 mm) fay asavaneanansninqgadu wanfnnsadnldied
gaumniivies mmduduvesensanussfiei Triton X-114 fidnwoglutag 0 - 2.0% (w/v)
mﬂmaﬁlﬁiugﬂﬁ 2.1c auiuin fuildfinvedlvesiuunlaa sonwiuailya wasiiuunilaa
T umnue L uYesansanLsIFsinauds 0.75% (W) LLazamawé’qmﬂg@ﬁ T
asimnesiesuiituildfeitnsanasliinntnpaesdisanudidureansanus i
fidnwn deenlumsivin mnududuresEsanusiiiafiannesinariismesenis
atmansthmueld wazannauddedug nui ansanusiaRaausainUsEavsnwnnsana
”LéfﬁaaLﬁaLﬁa‘uﬁ'umiLﬂ?iammawawmwﬁLm@%ﬁuﬂ Tusyuunsana (Santalad et al. 2009;
Vichapong et al. 2011) usioghslsinu 7 mumummmmumq YDIENTANLIIRIRAIEANA LT
UiMWM?U’eN%‘uﬁ’]ia@LLNWNQ@J’]WUU@’]&JWJB maumwﬂwmaﬂ%mmaumsﬂumﬁaumw\Ia
dunndne wasyiliUsEansamnsatinanas fatu lunisveaesd sudenanudiduveseans
anussiein Triton X-114 Ju 0.75% (wa) Husmivmzay wazaneldanmzdanannil
USinasvestuasanussisiadudy  (Surfactant-rich phase #350 V) LaranTaranuin
(Aqueous phase %39 Vo) Uszan 200 — 250 lulasans waz 9.9 - 10.0 Jadans
AIUAIAU

2.3.1.3 navasguuiiuaziianlun1saiauuugayu

Taovgud  msflezlildszavBammsadaansgean  angildvii
nsafalumadansatauuugeguisasanussieianuuldfivssaiu fnagyiiionmgiiv
unnigumglivesnsiingetulszanas 15 - 20 ssrniwalfea waglussuuiiinsiiuinde
e feratu Tunsdliildansanuseiieiy Triton X-114 shasadaiiguvndl 45 e
waded Wuan 20wl wazlinnsidundelufeunaslsd  violufendamn  Wudu
(Santalad et al. 2009; Vichapong et al. 2011) Tunsnaaensall vnsanwud3eudiou
msafpuuugauludnvaeding  1dun  msadauvuaausmiunnsldnissansiladad
gauMQiivies (Ultrasound-assisted cloud-point extraction %38 UA-CPE) n1safiauuuniu
Fuuiigaungiivies (CPE-250) uaefigamgiigenitgumaiivios (45 C-20 min wag 50 C-20
min) Wan1snaaesiilduansisgufl 2.1d uiudin msadnasfeds UA-CPE figamaiivies

Iinanlndifgaiunisaiauuuaguigumgige (45 uag 50 esmwaldea) wiinisanad

gaumgigearlilssdvsninnisadaignit  widedldanlumsadareutionu (20 W)

o = = Y Y & - a v ' & g va Y
wardUSeuiguiunsaiauuuauAuigamgivies  wuln  uiildiavesdaiuunlea
waziuuualea N1Aa1n3s UA-CPE dradlasiamisinuiuunlea 3asieaunisidedy
lowudn AAUanT ATt lgnTINsAndunsisesEnIansidmingly

MRG5480135
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asavaneth  fuansaaussiaiy  vhliiAanisaneloumavesansit e lulutuansan
LLiﬁﬁqﬂaLﬁmﬁulﬁaugiﬁsﬁu (Zou et al. 2012 Yao et al. 2007) dsiu Tuaudsed Jaden
nsafiawuulddanswnddiglunisaiauuugaudmsvansidmanenguiuudinilea
navasnatiumssansludn Iidnwlutag 2 - 6 uit wansdsgud
2.1e azwudn mslnatlumsasasedansiledaiiviuazdmaliusyaniannsatnanas
warazanasnndionaiunit 4 uid sniunsdvessaiuunilea wasmuuuaileaiilinng

[ 7]
Y

a X & g va ¢ = = i = =1 =
Winuvesiuilainutaan 4 uiikavanaddonaiuiuniigell Mien9asiliesnn a1
a A= [ a ' a A A a J
Wmngaesviinifinnudulalasindngsninasihvaneviindunfny (Wasanen Koy Ty
- = o § ¥ a cawu v oy 13 =% a vy &
I 2.1)  Fuiibidensnnsitudnlulunquisuliwaduesasanusadsinlauiniu
lumeesaiudin dnsdansletianuiwiuluensagyiiliiinnisuenaenvaainguiouly
\waadsdwnaliuszansnmnisainanas luassll 3udenian 2 uiil uamunzay

2.3.1.4 naveaanlunstumies
winmstumissesiinareutrsiossreUssavinmnisada
(Santalad et al. 2009; Vichapong et al. 2011; Liu et al. 2007) LLGiﬂ’liGL%JL’Jmfjum%ENﬁ
wnzaszdglinsusnilaialdauysaiBedy  ddunmeassd  vhmsuwsnaniusies
Tugie 5 - 20 wnit ASasAstusies 3500 seusiewdl Mnsafiladsuandugy 2.1F wui
UsrAvBamnsadaiiutudiondndosauianm 10 uii uazdeutisasisuiisnar 20 i

Qe

[

= A y a A a
PNUUY G\NLa@ﬂL?aqﬂ"Ii{]ULﬂjﬂﬂﬂ 10 U

2.3.2  mMyUsziuysgansnmwnsaiauuuaaly

UssBvBnmnsadauuugauitianniy  asnsaussdiuldainnisviing
afnansndaoiiiosturesansiiunefissiuaudududmids duitddned 50 Talasnu
sodns)  meldanmefionnyauvesnmsatauuugagu  anmsataaeuluadusn (1
extraction)  lhiduansarareihitldannisananfausnlvatarolundsiiaeenieldanisd
wnray Nt thiuansanussisindutuiildannsadniassddlUinssvidiomaia
HPLC wafildannnsansisanins meé’qgﬂﬁ' 2.2 UseanSamnisanawindlaannainy
Fuduvesansiineannisatansausnidisufueududuvesansitimanefiadaldann
psfians annisiunmwut TiusyAnEnmnsatags (90 - 100 wWosidus) dmiudiuuam
Toa Sauualea wazuuunilea Tuvaeiivssansnwnnsasaveslveziuunlea uazesn
wiualea Ussanas 70 waz 75 wWeddud sy widmsunisanaansidvined
Aoudnedidh Wy nevivuailva uazoenwlualea  oneavsludosatnasndadiols
UsgBvBamnisatngidufionn  winsadpuuugetuinenisadadfiosduneudeafificane
dmsumsmusinamesansidvngld  Feanisatndiiaued  aunsalunnmednsiiia
AUt (Preconcentration factor 3o PF) fifluting 18 — 164 wih lneaunnmasnig
Wueandudy  Anuandasdnanuduturesaadmneildannsatauuugaiy

MRG5480135
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WeuAUITNlUE1LNSRNAMUTLTY (53AT1EAAeRTY) ANANNLHBSNISIALANULTLTY
d' % 2 [y} wa [~3 a a 1 d'
nleavaenrapanvantinnuidulalasiidnvasasidvang  Rasanm Koy SUAN5199
2.1) sniulneziuuanleanfidunnwesnsiiuanududugs Tonvvzdunszilvesiuy

mIszjaaﬂmaaiNIuLaﬂaﬁummLaﬂﬁmmmiawwsmumhﬂuaamauluLszjaa“lmmw BN5ann

wuugaguansafiuaaduduresa s mngldgeaniisiiessilasase  Taglasunln
unsuUsudisufiansisuandlusuil 2.3
40 -
(a) 1st CPE
(b) 2nd CPE
Analytes: 50 ppb each
30 -
=)
<
£ 1
g 20+ 2 5
= S
= 4
Ko
o
a
8 0l I
<
- ! 2
&
5 o Ju | A b
O o
T T T I I I T I 1
0 2 4 6 8 10 12 14 16 18
Time (min)
JUN 2.2 wandlasunlnwnsuiilaainmsainansidimuneasinss Wie (a) ainAsauwsn uag

(b) afinsielliosnsafiaes uayszuiinansituanadu 1, TBZ; 2, OFZ; 3, MBZ; 4,

ABZ; 5, FBZ

MRG5480135
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40 -
(b) CPE (70 ug/L)
{(a) without CPE (1,000 ng/L)
2 30
= 1
<]
(%]
S 20 2 3
E ‘/LM
o
n
C
% 10- b
&
(o}
1 2 3
/JL_._/Vu\__ a
o4 N
T T T T 1
0 3 6 9 12 15
Time (min)

sUn 23 Tasnlnunsuvesmsidwaneilaan (@) miliaseilagnss wag (b) nisane
wuuanu warssyfinansidmanedu 1, TBZ; 2, OFZ; 3, MBZ; 4, ABZ; 5, FBZ

233 mMsiAsTeilunlegiaum
2.3.3.1 Fanaznaulusiunazluiiu

idesanlusiogneun fesduszneuduluunaslusiudundn 3
wsumumasgimadmngld dalu desfiinsmnazneulusiunarluduiivingas
fowawe dwnuidsillimaaesnismnaznaulusiunaneds wansdegudl 2.4 asduin s
nagneulUsiuuarlutunuiivineey 4 Tiuildfevesaatmnevdimsatauuugn
Yuganiisiug  didinant  Wunsmnegneulusfuuarlududensldasazans 1%
(v/v) ninesdintuesdlalulasd Usuiwns 5 faddns wasldindelufeudas (0.5 n3u) sig
Uinnsiegneus 5 Gedans dadu JadeniBnisdinanidmiunnazneulusiusaslutuly
fegnaun neufiazhluatauaziiuauidutunsiBnisatauuugagusely

MRG5480135
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= TBZ
O -
#1 #2 #3 #4 #5 #6 #7
Sample pretreatment protocol
2.4 Fmenegneulusiuwazluiiumenssuiuniseneg naunisaiameIseuuyayuy

gasansimnadudu 250 Tulasnsusedns domneauiiuitee Dt
#1, milk (10 mL)+water (3 mL) + 0.5 ¢ Na,SO,4 + 150 pL acetic acid; #2,
milk (10 mL) + water (5 mL) + 150 pL acetic acid; #3, milk (5 mL) + 0.5 ¢
Na,SO4 + 1% acetic acid in ACN (5 mL) and supernatant was evaporated at
40°C; #4, milk (5 mL) + 0.5 ¢ Na,SO4 + 1% acetic acid in ACN (5 mL); #5,
milk (5 mL) + water (1 mL) + 0.5 ¢ Na,SO4 + 1% acetic acid in ACN (4 mL);
#6, milk (5 mL) + 0.25 ¢ Na,SO4 + 1% acetic acid in ACN (5 mL); and #7,
milk (5 mL) + 1% acetic acid in ACN (5 mL). The pretreated samples were
centrifuged at 3500 rpm for 5 min and then supernatants were filtered
through Whatman filter paper No.1. The supernatants were diluted to 10

mL with water before subjecting to CPE.

2.3.3.1 wisdlwaidmiunisiasziiludiagneuy
lumsiiesgimsanasvatenaengSnauuugiianlealuiiegi

Uy Y ileesARn Uszneusne msaiensminnsgiu Hrsanuidudunss Tadiiasan
v9smInsnin  adumsairensminnsgiuazyimaiuansidnenasguiisesuanm
dadusieg adusheghmureutuneunsanaznoulusiiuwarleiu Tunsmaassadedl wui
araslinumIandnvesendeneBnguuudianlsaluiesnauiimsiinsest  deya
nywmspuvesastmnelufiogisusiinme wansemsed 2.2 Taanndudunse
avaglutie 10 - 200 lulasn3usedng uazliirnduusedvdnisivun (Coefficients of

MRG5480135



17

determination #30 R) #0111 0.995 Tasaiavesnisnsiata (S/N=3) arsithmunely
fegnauuegluig 1 - 5 lulasnsusedns dasndnen MRLs Aifmualilumedsunisedu
dnd1 100 lalasn3udedlonfy  m1uansgiuwes Codex  (Codex  Alimentarius
Commission, 2011) wazlutas 20 — 100 Lulasndusenlansy ArmunlnerulsuUsEng
paawWILaY (Australian Government, 2012)

TAsunvunsuYeIRIog1ul (Sample blank) LLazﬁLﬁumimmgm
FEAUAMLTLTURIG) LLaWQIugUﬁ 2.5 dmSunmsvedeuANLiil (Accuracy) 89357
Wandul  arAnwilunenvesdesaynisnduin  (%Recovery) TnensiinasnsgIui
seduaIuty 20 50 waz 100 lulasnSusedns adlusnegrsuniidne wadildainnis
nTwiudneiansei 23 Fesdiuin  IiSesavnsnduRuvesansitimneiiurieany
szAuanadudy 1nnnd 80 wWesidud usdmiuiivualvafiislushesaumgioviisadn
onarliisesarnisnduiumng 80 Weddud sidenvazdumsizininissunmuainlusay
wazlusfufionaazandnsoglusiogns useehdlsinmiesaznisnduuiivonsuld Seoglutag
75 - 120 Weddud FeiwuslaenthsnuinesgunsiinTeiasandaeseinudad
vo9UsEIAReaAIIaY (Australian pesticides and veterinary medicines authority, 2005)
Mnwansveaesild  Fidiuin  Tensiivauefidudsiiussavsanlunisatauasiiiy
aududy  wleuvanunsaldiinseiidelSinamesenaenesnauuudiinnlalusietne

9
(% '
o

wnliduegaimelimnulilunisiesgiias uaznansinszidnia
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M15197 2.2 YayanTIaNsFILYeEtene Snauuuialealudlegeunylingieg (n=3)

Analyte  UHT low fat milk

UHT plain milk

UHT fresh milk

Pasteurized plain milk

Linear equation R?

Linear equation

Linear equation

Linear equation

TBZ y=476.6x-507.3 0.9967
OFZ y=311.0x+286.7  0.9981
MBZ  y=343.4x-2076.6  0.9985
ABZ y=307.5x-1249.8  0.9988

FBZ y=533.1x-3703.6 0.9983

y=470.5x-2101
y=248.0x+5658
y=297.8x+1970
y=354.1x+992

y=462.6x+8482

0.9970

0.9965

0.9979

0.9976

0.9990

y=446.2x-923.7
y=245 4x+4347.8
y=322.5x+683.7
y=348.0x-981.9

y=529.5x-1089.3

0.9984

0.9965

0.9958

0.9988

0.9967

y=464.0x+1433.6
y=318.3x-1044.5
y=328.5x+3348.2
y=320.8x+3561

y=656.6x-4030.2

0.9954

0.9976

0.9981

0.9987

0.9974

8l
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U 2.5 Tasunlnunsuvesnsiwneiansdwunenguiuudiinnlealusiiegrauslaangioy
nlaldnansunsgiu (Sample blank) uagnasUIRSHIUTSERUATIILTNTY
i warszyfinansidmanedu 1, TBZ; 2, OFZ; 3, MBZ; 4, ABZ; 5, FBZ
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a Y U A i a aa N Y] a o Y oy o | a as
A1919N 2.3 F98a8N1TNAUAU (%Recovery) GUENFJ']O']EJWEHﬁﬂQlILUu‘?ﬁJ@'ﬂ“ﬁa‘VﬁgﬂUﬂ'ﬁLm@JV]ﬂ'ﬁ'uJLGUNGUUW'NS] Iumjaﬂqﬂuuﬂu@mﬁﬂwq (n=3)

Analyte  Spiked UHT low fat UHT plain UHT fresh Pasteurized plain
ML) easured  R(%) RSD  Measured R (%) RSD  Measured R(%) RSD  Measued R (%)  RSD
(Ho/L) (%) (Ho/L) (%) (Ho/L) (%) (Ho/L) (%)
TBZ 0 ND - - ND - - ND - - ND - -
20 21.72 1086 2.8 22.58 112.9 2.4 19.66 98.3 1.4 20.36 101.8 2.1
50 53.97 1080 1.0 38.85 777 0.9 49.44 98.9 1.6 45.54 91.1 6.1
100 110.60 1106 1.1 102.40 1024 02 101.91 1019 35 97.74 97.7 1.1
OFz 0 ND - - ND - - ND - - ND - -
20 20.12 1006 7.8 21.68 1084 43 20.74 103.7 4.8 20.24 101.2 6.3
50 49.99 1000 7.9 46.85 93.7 1.8 47.23 94.5 3.9 46.37 92.7 5.1
100 105.20 1052 2.0 91.80 91.8 15 104.47 1045 07 87.04 87.0 2.0
MBZ 0 ND - - ND - - ND - - ND - -
20 21.31 106.6 0.4 17.96 89.8 0.6 19.62 98.1 4.9 19.39 97.0 3.0
50 54.20 1084 0.5 37.65 75.3 0.8 55.71 1114 1.9 53.74 107.5 1.0
100 103.57 1036 0.4 76.28 76.3 0.4 106.95 1070 1.2 89.68 89.7 0.8
ABZ 0 ND - - ND - - ND - - ND - -
20 21.63 1082 1.5 22.78 1130 06 22.04 1102 1.2 22.25 111.3 0.3
50 53.40 1068 0.7 38.40 76.8 1.2 55.69 1114 15 47.31 94.6 1.2
100 104.47 1045 0.7 81.30 81.3 0.5 103.74 103.7 4.1 87.84 87.8 0.3
FBZ 0 ND - - ND - - ND - - ND - -
20 20.98 1049 4.6 17.48 87.4 35 21.32 1066 4.6 20.53 102.7 4.9
50 52.63 1053 2.4 44.35 88.7 2.1 50.64 1013 5.6 49.03 98.1 5.3
100 106.30 106.3 1.0 96.55 96.6 1.2 89.36 89.4 1.1 80.68 80.7 2.7

ND: not detected, R: recovery

0¢
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24  @3unanivaasy

mAfeiiiaueiinsatanuugausuiunsldadusanslelin (UA-CPE) dmsu
nsafauaziiuauidutumadvangedoneinguuudfiolsa  wagesgisemaie
Tasnlynsfvesvaanssnuzgs Svlimsdinnesiiianndul dludssgndliinseias
andnadananlusiegauefinsneg 9nnansaaeedild nui asaldnunisndnwesans
Whvanelusegsuadiviinsiienegd  Bimanilileiievemisanainaadmngly
fhetnauueglutig 1 - 5 lilasndusedns Feflrdiininuiuuasandnegean (MRL) vesen
nemednaudandrilufogwuy uenwionnd Fftiaustannsoviinisadaldsing
Tunmesnsifiunnududuldgsogsening 18 - 164 wih Ti¥esazmsndududigs uaz
Tnansinnesinin  wasduiifdulinsodundeuiiannsaduidmadenuisdmsu
mMsleTgienmenesnauuudianlyaluiegndun 1

MRG5480135



UNN 3
a Yy v v ad o o Yy A o
ANSEINUANULTNTUETSIMUNen83snsanaseaululaskuUNS LdAaUDansT
P11 LALAITAALSINIRITIYNUUTEANSAINASNNDNATY AL IATIZAE
wAlALATUI VNSV UNAIENTTOULES

3.1 unih

Tnevily SupounsnIeuiogezfinaududurssa st mneteuns
Sinszsighersesdiofoindaus iy Fuuneusnani wwdiemdnntoananssuniu lu
vausieaudheiaudiduesandmvngldie  Bmswieusiegiuazifinniy
duduithiussgndldfunmsiinneiansnauuudiolea Wy msadaseslaveands
(Solid phase extraction %38 SPE) (Xia et al. 2010; Chen et al. 2010) NM13@AALUUFIY
azanelagldanuaudngiglunisann (Pressurized liquid extraction %30 PLE) (Chen et
al. 2011) msafauuualu (Cloud-point extraction %138 CPE) (Halko et al. 2004) kazn1s
annTzAulNlATLUUNIINIZUINEYDINAI-TOIL D (Dispersive liquid-liquid
microextraction %138 DLLME) (Wu et al. 2009) Wioiga9il Iefinsiauedimsuuulvl fe
msafaszavlilasuuuldSansanidiaraisanuseisitefiudss s nnnnsiindsiat
(Ultrasound-assisted  surfactant-enhanced — emulsification  microextraction %38
UASEME) wiailumedianadennauwnids DLLME 33nsatnszsululasuuuldsansian
Fensiindiaty (Ultrasound-assisted emulsification microextraction %38 UAEME) Lag
CPE dmsunmsiasigviansidvanenainuanguseian (Wu et al. 2010a; Wu et al. 2010b;
Cheng et al. 2011a; Cheng et al. 2011b; Xia et al. 2012) npafin UASEME iuwmeilafisay
1vefveunatin DLLME UAEME waz CPE sasnisld@inazanglunisana (Extraction
solvent) #ldlazaneilutiunsszivlulas Wy aaslsvedy lnraslsimuy Aaslsiuuiy
Judy  wavldansanussieinduasdiadvneeas (Emulsifier) wu nsneu tend-114
(Triton X-114) lwifeulanadadaa (SDS) dnalaswiawenludenluslud (CTAB) (Dudu
meldannzmslindusansiladndmaglunsainiioumgll 253 ssmwalea (Cheng
et al. 2011a; Cheng et al. 2011b; Saraji et al. 2010) Msafmluszuusinand finnsld
ansanussrainfudtadveweity ilsenuiensatiessmsiinnenuunadn (Fine
droplets) vassvavaneiildannansluansazanerh (Aqueous solution) waztaewfiunis
nsranefveaaildazaei it lvazaneldluiuin awantReuseunasliveutives
A158ALIIFIR (Cheng et al. 2011a; Cheng et al. 2011b; Saraji et al. 2010) fetu Sl
Uszﬁw%mwmsaﬁmamﬂmwagﬂéﬁu (Xia et al. 2012) usegalsimu MsWRILILAY
Usggndltinaiiansatpuagiivanudaduluy UASEME luseeaannvanedslaifiunniin
Tngamgnsilddssyndlddmsunsinsgansnauuuiinilealuiingeems
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TgusvasAveswidell Yadunisiaunasyssgndldimaianisaiaiuy UASEME
mugiumalialasuninnsvesvalaussaurauasn1nTinwuulnlalalonuesisd
dmfumsann  WuaNududularliasgviansidminggiaeneinguiuudianleainnAg
ludegnauy  lednwimafiwesninaseussdnsnmnisaiauasiiuanududulumaia
UASEME wazfnwnIsniswieumednsuasanasnaulushunazluiuludiegisume

aou & a 1 g A o ax [ o LY a L4 ! a 1
NWAded enduausniindsnisaiauuy UASEME @ wsunsimssendnene sngy
WuBianlea

3.2 A5n15NNa09
3.2.1  d@15ad

.
£ =

aawnduasiouiildlunmaaesiidunsafifinnuuiqnias Jeanaaiii

1) A1511955 I NETNGUUUTIA LA HARSUTIUEIUTEN Sigma-
Aldrich Usgneusiy Ineziuualea (Thiabendazole %3 TBZ) (taly) eenivuailya
(Oxfendazole %58 OFZ) (Germany) dliuualga (Mebendazole 5o MBZ) (USA) daluun
9@ (Albendazole %38 ABZ) (China) wazilutuunilaa (Fenbendazole %o FBZ) (China)
ansnesgumanilfetenduaseraneadondudu 1000 fadnsusedns Taewmioslunse
Wosiniudu (500 lulpsdng) uwaazaienazUsuUiunnsaunsu 10 Tadansmewnuea

2) AR ANUVDIAITAALTIRIRIA THsSenansazatvadendissmu
aududy 25% (W) Fremstaimdnansldnsay wiazarglud asanuseiaRaily
Tun1smeaesd 1ud Triton X-114, Dodecyl trimethyl ammonium bromide (DTAB) wag
Tween 20 (Sigma-Alxrich, USA), Triton X-100 (Fluka, Switzerland), Genapol X-080
(Fluka, Spain), Cetyl trimethyl ammonium bromide (CTAB) Sigma-Aldrich (India), wag
Sodium dodecyl sulphate (SDS) (BDH Prolabo, Belgium)

3) Fvhavanedunssildiduansatn  (Extraction  solvent) e

Aaslsasy (BDH, Belgium) lapaslsiitnu (RCI Labscan, Thailand) way lnsmaslsiofidu
(Ajax Finechem, Australia)

4) ndeviasneg  Aldlunsveaes  wu  lwfeuraslsd  (Ajax
Finechem, New Zealand) lotheudawa (Carlo Erba, France) lawpsuaisuaius (RFCL,
India) waglglhuses@an (Carlo Erba, France)

5) asuazivhavatedug Wiun nsnesdfndudy nsanesdadudu

wnuea wagerdlalulasa anusunwesa (Merck, Germany)
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’o’ d‘dl L ! . ™
6) wsAnnlessuilidtaniwdiumy 182 MQcm U RO,

Type | Simplicity 185 (Millipore water, USA) Sslddmiunmsidsuasazarglunsnaaesd

322 gunsaluaziadedile
1) w583 HPLC: Shimadzu LC-20A System 2009 (Japan) ldeensuas Ju
LC Solution Iumammmﬂﬁv‘m’mLLazUizu’;aNa
- (Pump): Binary u LC-20AD
- fimAmas (Detector): PDA §1u SPD-20A Lamp D,
- ARANY (Column): Waters Atlantis C,5 Column (4.6 HadLuns x
150 fiadiuns vuneuna 5 lulaswns) (reland)
2) 1n3essanslaiia (Ultrasonic cleaner): 40 kHz, 500 W, Power sonic
410 Hwashin Technology (Korea)
3) \p3eetluniie (Centrifuge): Bench Top Centrifuge NF 200 (12 x 15

Haaans) (Turkey)

3.23  @n1EMSUHENEIAElATINIINTIHYRINaENTTAULES
nsuenansidmunenguundiinnleans 5 via agldnisvearswuuinsifeun
(M15799 3.1) MewaPdunNnld Ao Wnuea wag 1.0% (V) nsaezdan lnglwensinis

ey 1.0 1adan5MaUN9 warnIIIANANNEIAAYE 296 UNTULLAS

324 msiuanudutudiemada UASEME
Fumeuildlunisatauuy  UASEME  vhlglasnsthansazaneunsgiuses
(W3 ansazaneiiedny) USums 5 dadans wasldidnAusifuinde CH,COONa dhwiin
0.3000 n3u (6%, w/v) MNTUALENTAALSIAIEY Triton X-114 USims 100 lalasans
(0.5%, w/v) waziudvinazanedursdlanaslsiwu Usums 100 lulasdns edunmuiu
asavatedy) visnfithasazaedinandlusaesilsiaeduiunm 4w wasdy
wisadunan 10 it (3500 rpm) axldduesanslanaelsiivny (ogtudne) wonandy

a13avaeu (Aqueous phase) 9819tALAY INsHenTuUeen waazaalapaslsilinu

A o

Nanalaniswniuea Ysuins 100 lulasans wanhlu@e (20 pL) Wseuu HPLC Wievinns

Ansgiasidmnensld
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o o | ::4' l a ¢ o Y}
M1919N 3.1 LLamﬂ@@iqaﬁum@\‘]LwaLﬂa@u‘WIU§$UULﬂiLmEJU‘Vla'TVii'Uﬂ']iLLEJﬂa']ﬁLﬂ']WQJr]EJ

e (W) wvuea (SevazlagUsunng)
0 40
3 40
5 75
10 75
12 85
15 85
17 100
20 100
22 40
25 40

3.2.5 msaasvdsidvuneanaslufegtauu

FreghauutiivnsAnenduuamdesiufids e lUudminveuniu
Wy ungeitlafusn (UHT low fat) uuglowdisada (UHT plain) uwmnawelsdsadn
(pasteurized plain) wazuuan (raw fresh milk) Suneunsinsziiogiaun vildsed

Ueg1eun (2.0 Tadass) meulianduatunasluneudan 0.2 nsu
wdnty huansavanensaerdnnluevdlalulasddudy 1.0% (vv) Uues 2 fadans
wehansavaneegeTInEadeiioustina 1 und wananduthdegnaunludumioedt 3500
soustouniifunan 5 wifl  fleusnegneulushuldanysaity  thansaraedaula
(supernatant) nsesUNTEAENTEY  udEessansazanefiladei il ldUsimsdy 5
fiodans emneznaulusiufianysaidy WhAunsnesdfn 100 lulasdnsdnass wiih
ansazangludumies wint  thansavanesedsildlatnuasiiunududugeds
UASEME wagimsizumemaiin HPLC

dusunsfinedevazn1snduAu  (%recovery) Tvvinmisiavansitdmineas
Tusegauuiiseruaududusing fu wu 20 50 waz 100 Lilasndusiedng feunisth

fhegraluanaznaulviunazlusiu

MRG5480135



26

3.3 Wan1snaaasuazadusiena
331  msmanzfivianzauvesmada UASEME

Tumsatpuwasiiuanududuiowmein - UASEME  wisiwesfiduase
UszanSaimnisana laun wflauazdsunnsvesivinasaneann (extraction solvent) e
wavAut Lt uvesEsanusisin Biadrhowed) Uunanndefiiuuasfilevvesaisazais
waztaalunmsdansiledn dafu WelrliussdnBnmgean Sudufommannedivanya
gosudazslnesineiy ddumsanuiadid azimsulstazrnsinenewsiimes
B9 Al

3.3.1.1 m3idenviaaviazareiiléidudialia (extraction solvent)

msdensvinazanedildainans (Extraction solvent) limueauay
Funstrelinszuiumsiinddat (Emulsification phenomenon) 8#ty wazddoiiy
Useavsnmlunisadngie (Wu et al. 2010b; Cheng et al. 2011b) Fwvhasaneduven
Tdwudumadnas msasiiauand@sed (1) Smnumdunning ) ldasaied
vissarangluihldiios uay (3) aunsainddatuudilivenuundnuesiviiaranesunion
wies  lumsveaesi l@Anwdvhazaneildada dun aaslswesy (Arumunudy 1.48
o/mb) lapaslsivu (Anusmuidy 1.33 o/mL) uazlaseaslsioNau (AunuILUY 1.46
o/mL) meldanmenmaansiiinu nauanafegud 3.1A antudn laeaelsinliiiud
Tifiavosensitmnennaingsiign  Wewieufunsldmshazaeduiidnw  nsilanasls
fimuannsaatnansidmingldfian oradumnelansslsiinudianududn
(hydrophobicity) wagannda (polarity) Alndissfutavesansiiimune uenani lnaasls
fimuezansaaransuasnszamaluasazaneinldnnifvhazanedug meldszuy
ffasanusiiiin ol lunsveessisdonlanaslsiimuduivhavarefimnzan

o [ [y

dmsvadaarsitiming
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A 700 -
TBZ
600 [_]OFz
— HEN (XA MBZ
S 500 - = AN ABZ
o [TTT1FBZ
‘; 400 4 _n
g 300 - %i
© e i Y
74 200 = a : A 4!
8 Trichloroethylene
o 100 - /
0 I L) — 1
Dichloromethane Chloroform Trichloroethylene
B 700 -
V. TBZ
600 E [ ]OFz
—_ PRXXI MBZ
8 500 - = NN ABZ
o = [[IT1FBZ
=< 400 - % ~]
e 9 = | N
S 3004 [
S ]
©
x 200 4 g
©
@
S Elﬁ Ak dle,
0 4 | 1 Eﬂ?ﬁ_‘ | | I I
B Q Q Q S
ANV A » > P A2
P A P P S &

Ul 3.1 saves (A) wiadvhazaneildadaansitdvine uas (8) wlnvesansanussisiaid
HasaUseavEnmnsaina s unenguiuudinnles (Anududy 500 lulasnsy
fOaRT) @nN1EnN1sNeass: Ysuinsaseiege (5.0 daaans) Usuinsaavinazany
ait (50 lulasans) ansanussimadudu 1.5 Wesdudlastminsousunns 1nde
Tofonesdandudy 6.0 wWoddudlasimindeusings wasnailunissansily
A 3 Wi
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3.3.1.2 vilauazadnududuvasasanuseili (Blladvneeas)

UNUNNUDIANTARLIARIIlUNTEUIUNSARAWUY UASEME Aa ¥3g
ﬁﬂﬁl,ﬁmmzmumiéﬁa{fummﬁ"gﬁqazmaaﬁ’mﬁhjazm&Jﬁf’wﬁummtﬁﬂﬂﬁﬁuaumﬂu
ansazaneih SsastaeifiulszAvsamnisadald (Wu et al. 2010b) Tunisvaaosil iR
silnvesansanussisiniiinadoussavsnmnisadn  1dun  asasussiaiudalifiuse
(Triton X-114, Triton X-100, Tween 20 Wag Genapol X-080) @nsanussReiiIvlinUszqau
(SDS) uagansanusaniiIUszauIn (CTAB wag DTAB) ﬁ]’mwamimaaﬂugﬂﬁ 3.1B 9243
asanussRiindussquinuavay Wiuiléfavesmadmenesuayliuanedlagldiiy
asdiadvheiees leiflsuiunsdlvesasanussiaiuuilifiusyy wadsnamotaiilesan
aruaamsarasvesanstimnedlulumsanussisiadadihnnnineinivseg
(Cheng et al. 2011b) MINNANITNAADY AITAALIIAINI Triton X-114 wag Genapol X-080
\Huasanussisinifandidiatowosin  udeghdlsiny  Ussdvsamnsatinaisgean
dnsvanadmnenulunsdiiléarsanusefisia Triton X-114 dadu Tunisveassiadon
Triton X-114 iuasanusiiein (Biadvheiens) Mmnzay

3.3.1.3 YUAVDINADUAZNLDYVDIANTAZAY

nsduindeluasazansthannsoandnsavanevesasiivie
luduth  (Aqueous  phase)  udwildiAnniseneleunaldstuivhavaredunis
(Extraction solvent) &aewfiuuszavdnmnisatalsd (Wu et al. 2010a; Cheng et al.
2011a; Xia et al. 2012; Kamarei et al. 2011) lunsnaaesd Anvindeviinmneg uaziiies
(pH) vBsaNsAzAEnaINISRLINGouAazYde laun luneunaslsa (pH 7.2) leheuasdian
(pH 8.5) lewdeulalalasiauvlaama (pH 4.1) lebandamn (pH 6.5) wazlgieun1suaiun
(pH 11.6) mamsnpaoulowy Ui ndeluieudamn wazaivenlimaiadalals]
avandlumuea  uasliuildfrvesasitmesniunderiasy  snnsieuiio
ndevieduiivae  wui  indeluienesdmviliuildfrvesesidhmnetmuniidnw
gean susmeindelaveulalalasiauneas uaslufeunaslsd auddu

NATDINLOVURIATAYANENAINTIALNAD LY ReNaETen  (pH  8.5)
Twdounaslsd (pH 7.2) lodenlalalasiaureamn (pH 4.1) Afsensatmastmnedy
Wi ynvsitovansmneanunsagnadnle udiifiiey 8.5 veandeluifienozdian o
Tinsadpaadmanegan erndumsgd inderdnillvimanuusmelessu (lonic
strength) Mvisnzan dwiunsatnansidmingld neuniuds asnauuudianleaainsa
uanduazuansUszquanld Wefllorwesansavanedesnin 6 uazuansUszqauilofiovves
d1savansuInn1 12 (Danaher et al. 2007) & @annaeiidonindeleiionezdimm (oH 8.5) i
asihwanefignainazegluanmidunadlinansuszg (Neutral compound)
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3.3.1.4 NavRIANUTNTUVRINGD YR END TN

PMNASANYINAVBLNABLYLALNLTANIUTIAMULNTY 0 — 8% (W/v) A9
wandluzudl 324 asduh Hufldfavesasdmnodiuiy defiveuduturounde
Tnsameiuasidhmnglnesiuunilea (TBZ) aufiseundadu 6% wa) Alviuillsia
aan ndnail Auilifinvesansitmnenneiaanas Ssoradunszdn anududures
\ndefunniiuluiinaserumiinuasaumuiuiuvesansasaneiiniy dadunisinananis
Aanszuiunsanelounavesansidmneainansazarsid g uanssunidvata  (Wu
et al. 2010a; Ozcan et al. 2009) dsiiu lunsneassd 3udonaududuveundoluioues
Fuondl 6% (W) \Dumiimunzay

3.3.1.5 wavasanlunisoansilaia

AAuSans I LTinarenszuIunBiatuasnsenelounia FathuF e
nansenulpensineUszansnmnisanavesasidivung (Wu et al. 2010b; Cheng et al.
2011b; Xia et al. 2012) @slunsvaaesd ld@nwnailutie 1 - 5 Ui waﬁlﬁuam&"ﬁgﬂ
328 audfiui madiuduresiuilldfiavesasitmeyneiauUsnunainissansleiad
Wy oniu saluuailva (ABZ) wasuiuusilea (FBZ) Alriuildfinanasiinaiuinniy
3 uay 4 il sy ey deliiuilifievesansnsdiadiinfigmeiu Sudend
nansansladedt 4 wiit Wunafunzaulunsvaasd

3.3.1.6 NaYRIUSUINsVRslamaalsiiny

AnwmavesUsiasianaslsilimuluyag 0 - 175 lulasdns nadilduansisgy
~ < X Ay va a a a N Y W |
7 33A LU NUNLANAVIESLTMUNERNANNUSUIASURIARaB ST NUNLTANA W

1 < a a [ d' a al I3 a

aglsiony  UseAnSamnisanaasaanunuiuinsvesiaeaelsimudy 100 lulasdns
panulSUInsTedlaraslsinuaziinavinlinisainanas  9719uie991nin  vinlvusuns
Yostuansanald (Vsed) flunndu feazidunisiieasarsivuneianalotues fau 29
wdanlanaslsdwmunyusuins 100 lulasdnsidusAmunzau
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Peak area (x1000)

W

Peak area (x1000)

sUfi 3.2

1600 -

1200

800 -

400

30

Sodium acetate (%, w/v)

—=—TBZ
—— OFZ
—e— MBZ
—o— ABZ
—r—FBZ

Ultrasonication time (min)

NAYD9 (A) ANUUTUVDWNADIUABUBETAN kA (B) attun1soansiwdan

freUszAnSnmnisainansidvanenguuudiinlea
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>
—
()]
=
o

]

—=—TBZ

Peak area (x1000)
I o X
(= = (=
o o o

| | |

0 | | | | | | I | |

0 25 50 75 100 125 150 175 200
Dichloromethane (uL)

W

2000 . - TBZ

1600

-

N

o

o
1

800 -

Peak area (x1000)

400 -

0 T ' T ' T '
0.0 0.5 1.0 1.5 2.0

TX-114 (%, wiv)

JUN 33 waves (A) Ysuwslanaslsiiinu wa (B) Anudutduvesans Triton X-114 i
sauszdnsnmnisainansidimanenauuudiinlya
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3.3.1.7 WaAUdudUvas Triton X-114

PNNANITANYIAMULVNTUVDY Triton X-114 Tugag 0 — 2% (w/v)
uanafagUil 3.38 azwud U33?ﬁn%ﬂwwmﬁaﬁ’mzqﬁum’mmmLﬁmﬁumaqaﬁammﬁqﬂaﬁ
Wty Ui 05% (wA) uinsiiuanuiduresansanusaisinfiunnnind  duavidli
UszAnsnmnsatnansanas  enaiflosnuSinasvestuansiiadnld  (Vsed)  wnntu
wenand ansanusaieivilinnsazansvesansiimunglutuansazanetunniy fadunis
wsisusemsillaranelutuansfiamldvosansidmunainldtosas  dwes  Tunns
Vnaedd 3adenmnududures Triton X-114 Wiy 0.5% (w/v)

3.3.1.8 NAYDWLIA UNITUUWIYS
NAYDILANUNSTUMIINIRUSLANTANANSANAUDENS  ANW

'
1 =

Tuaae 0 = 15 Wl NMTIANULE? 3500 FOUADUIN WU AnaT 10 Ui enunlaneved

=

asihvneynuilngsian (Wildkanssa) vdwindy fuildiinazanas fady Judeniaan
10 Wil W mngaudmsunmstumiesasazane weliAnnisuenianauysal

332 WIHNSTUTHIAAATIZAEINTUAITINATEIU
1n3U7 3.4A uandasnlyunsuvesa st wanenudinilvari 5 4ia Ald
Pnmsatauaziivanududusiemeda UASEME Wisufuiddnseilaonsslagluaiuis
Wiuerudaty meldansfiviansauveds UASEME anunsariwinilszdnsnimnisana
(Extraction efficiency 38 %E) LazunmesNsLALELdY (Preconcentration factor
v PF) Idauannistnsansd

%E _Coea X Ve (1)
Caa X Vag
C
PF =0 2
c (2)

o Coy waw Coq PB asdiduresansimngludusnyhazangsunssn
ateld wazAnuidusudurosanstmneluasazanen mudeu Tay Coy @1unsa
AunnildnnmaifisunsmiinesgiuvesansidmneildaniSliiunsiuennduiu @
IAeilanensa)

Viea 482 Voy A0 USinasvestuinvnasane uvisdianald uazduansazany
1 mudny

nmssiuan wut Bilduauet Tiussansnmmsarin ogluzas 50 - 80
Wesldud waglsiunnmosmsifiveududusglutag 45 - 60 win
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meldannensneaesimuizant  dilumdeyadmiuridinaiinses
LaynadauANMTeialivedld Usenoume Faeanaiduldunse (Linearity) Ins1inuesnis
33370 (Limits of detection %38 LOD) UagAaiies (Precision) dmsunisiiasigviluiy
= @ @ v 'Y =i & 1 | &
Wenfiy wasvateiu deyansmuasguild agulilumsd 3.2 azdiudn Yuenudu
unswasasianeeglutie 0.1 - 100 lulasniusedns NlviaAduUseansnisivun
2 ] o w Y [ ) v 1 a ¢ 1
(R) w1nndn 0.998 adfinveansnsivineglurag 0.005 - 0.010 lulasnsusiedng Peilen
QI A o o o ‘NI ¥ aada ‘d‘ I 1 U 1 a
mndadnianisnsiaiailannisiinseilaeasaiegludae 10 - 50 lulasnsusedng
ANUWENURIT nud WA lssuuinsgIuduinsvesiuilaie wazA1IaINSAIeEYD
a5 (tp) #1N31 9.2 wag 0.8 Wasidud mugisu
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Absorbance (mAU)

W

Absorbance (mAU)

gﬂ‘ﬁ 3.4

80

60

40
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50
40
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20
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b UASEME (50 pglL)

| a Direct analysis (500 pg/L)
1
- 2
3
5
'S
a

0 ] 4 6 g -10:12-""14 16 18
Time (min)

(d) spiked 100 pg/L
I (c) spikded 50 pg/L
(b) spiked 20 pg/L
- (a) Blank milk

;:_\
N
w
B
(&)

L

. 1 I\ VA 2 NS

I
0 2 4 6 8 10 12 14 16 18
Time (min)

TasinTnunsuves (A) asasgiuuudinilsars 5 ledldannnsatageis
UASEME  waglssnunisifinenududy uaz @) leasuilnunsudildainnis
’;memmaa’muuawﬂmiaw (UHT plain milk) Mfuuaylifisasnnsgiui
STAUAMLTLTUAIGE ma%mmaﬁuwuww Fhuseil 1 thiabendazole (TB2), 2
oxfendazole (OFZ), 3 mebendazole (MBZ), 4 albendazole (ABZ), and 5
fenbendazole (FBZ)
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M58 3.2 deyadmiunisvihlinadiesgivesasunsgunlaainisnisiiuanududuwuy UASEME

Analyte Linear equation Linearity R? LOD? PF Intra-day (n=5), %RSD Inter-day (n=4x3 days), %RSD
(g L) (g L7 tr Peak area tr Peak area

TBZ y=2593.1x-910.8 0.1-100 0.9984 0.01(10) 45 04 3.3 0.6 5.9

OFz y=1215.0x+827.5 0.1-100 0.9986 0.01(10) 45 0.1 2.8 0.4 9.2

MBZ  y=1468.3x+3866.1 0.1-100 0.9981 0.005(10) 55 0.1 3.8 0.7 4.9

ABZ y=1400.7x+52.8 0.1-100 0.9981 0.01(50) 60 0.1 6.7 0.1 3.4

FBZ y=1509.5x+1408.5 0.1-100 0.9985 0.01(50) 50 0.1 8.2 0.2 7.9

% The values in parenthesis were obtained from without preconcentration (direct analysis).

Ge
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333 nsUssenddmsunsiasieiluflagnaum

Usvendisiithiaueiidmiunsinseensenednguuniialeanndng
Tushogsunaiinfieg  ehedislasinlnunsuildanmsinszilusedisusgeviisain
(UHT plain milk) wansluguil 3.98 99m3n5193iA51esi w1 eslinunisandnevesen
doneslumegsuuivhmsinney deyavesnsmiasgnilusiegaunvdaniie uang
Famns1edl 3.3 Ganswiiesgrudinaniaududuesdusi 10 - 150 lulasniudedns 7
ToedudssavSanduiusinnniy 0.994 Fndrdnvesnmsasiaiaasidmingogluti 1.8 -
36 lulpsnsusieodng  Jedwindlegldis  least  square  method  anaunns
LOD=3.3x[SD,/Slope] il SD, fio AndsauuinnIgIuuesrnifiaunue (y-intercept) wag
Slope #® mm%“usuaQﬂi'l‘V\Immagmmmmnﬂmmaﬁ?u6] NANTATIIAVDINITATIVIALY
fhetrsuniildtuiadiniie  MRLs  fidmun Tnslaiand  (Codex  Alimentarious
Commission, 2011) LLazmi’JEJQ’mmU@maﬂaaaLmﬁEJ (Australian Government, 2011)
thiie ounin 100 lulasniusedlansy

N5UsEUAMULIUYEIID A1U150NTANIINAITREAENITNAUAY
(%Recovery) vesansnsgIuiuadlusnesns Asgduenandudusineg (20 50 wag 100
llasnfusiedns) defouadosarnisnduiu uandunisned 3.4 asdiui Bivuauetud W
SovazmsnduAuiiiuazoensuld dude eglutas 725 - 1135 Tneads wazAndoauu
1AsTIUdMERng 6 Wodidud Taevalu susnasgiuimuslag Codex dfinsiuans
umsglurag 10 - 100 lulasnsusioflansu fevaznsnduduiivensuld msaveylutia
70 - 110 (Codex Alimentarius, 1993) wag 75 — 120 (Muunlag AOAC, AOAC, 2002)

3.4  dsunan1maasg
AT U LEUDITNTANALALLANANUIUTUMENATA UASEME Sauiumalanns
Aasgvimglasininnsvesvamaussaurgsiunsasniauuulnlalaleaussisd  (HPLC-

' ¥
aaa o s

PDA)  dwsumsiasigvienatenednauiuuiinlealudiegiuueiaieg  Bndnauedl

saa v

annsoanalaneglunaidudu issavsniwnsadiand wavlideyanisinseiname lag
wadriansarainasidmngludegiaun Mnd1 4.0 lulasnduseding FallArndaemn
A o w - vy Y} Y] vy v oA Ao "y
Undnfngeaaneenliiilalusyiulaendy (MRLs) waglvisesavnmsndudunauinninevas
72 gwade Waananidliniui Wwisnldadudansienid saudunmsldansanusefeiaduy
av a s o a a o a e o Y 2 ad - =t
dfadvhetees anunsalviussansnmnisainuasiinsenng deanunsaldiuisniafennis
dmsumsiesgviansidhmnenguiuudinilealuiiogauuvsediegdus Ia
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Men 3.3 nswlnesgiuvesasidmngluiegaunifing (n=3)
Analyte  UHT low fat milk UHT plain milk

Linear equation R Linear equation R
TBZ y=529.3x—-3603 0.9952 y=546.9x+1681 0.9952
OFzZ y=327.2x—959.3 0.9953 y=350.1x-99.2 0.9960
MBZ y=350.6x-2194.4 0.9963 y=294.4x—785 0.9950
ABZ y=354.9x+6997.1 0.9955 y=284.0x—393 0.9970
FBZ y=258.5x+1544 0.9970 y=271.7x-1011.1 0.9960
Analyte  Raw fresh milk Pasteurized plain milk

Linear equation R Linear equation R
TBZ y=253.4x+605.9 0.9954 y=346.9x—1486.4 0.9998
OFzZ y=240.2x—894.2 0.9980 y=234.0x-1267 0.9946
MBZ y=181.5x+17.5 0.9980 y=246.7x—1235 0.9974
ABZ y=162.7 x—1085 0.9970 y=226.2x-2414.2 0.9950
FBZ y=166.0x—965.4 0.9967 y=233.6x+306 0.9953

MRG5480135



o o Y= A a o | e d' Y] Y v
M19190 3.4 IBYATNIINAUAU (Recovery) ?J@Qa'ﬁl,{j']ﬁllf]ﬂmLWNIU@U@U?QUNWﬂﬂU'] NITAUAITULTUVURNE (n=3)

Analyte  Spiked UHT plain UHT low fat Pasteurized plain Raw fresh
-1
MIL)  RR®) RSD (%) RR (%)  RSD (%) RR(%) _ RSD (%) RR (%) _ RSD (%)
TBZ 20 99.7 0.2 109.4 0.5 105.2 2.1 85.3 3.4
50 102.7 0.8 78.3 4.1 88.4 2.1 91.7 11
100 94.9 0.5 75.0 2.4 100.2 5.1 106.9 2.4
OFz 20 108.1 4.0 109.5 2.6 113.0 4.3 112.7 35
50 96.1 5.8 72.5 1.4 95.8 54 91.5 3.2
100 89.4 5.8 74.6 6.7 101.3 5.1 95.5 2.5
MBZ 20 86.8 0.5 110.6 1.9 110.2 1.9 112.1 14
50 81.9 1.3 96.7 1.8 88.7 4.4 98.8 2.1
100 73.4 1.1 82.2 4.0 90.0 3.7 102.2 3.7
ABZ 20 86.0 1.2 88.7 4.2 99.1 4.0 113.5 13
50 99.6 5.2 93.1 2.3 103.3 35 91.4 2.8
100 80.1 0.9 94.7 5.7 91.9 2.9 90.3 2.1
FBZ 20 96.8 4.6 105.5 1.8 111.2 4.5 111.1 3.6
50 108.4 2.2 94.7 3.9 96.6 4.1 100.7 11
100 80.5 1.1 102.8 31 96.0 3.6 107.6 3.8
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RR: Relative recovery (on average)
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A simple ultrasound-assisted cloud point extraction (UA-CPE) method combined with high
performance liquid chromatography-photodiode array (PDA) detection has been developed for the
extraction, preconcentration and determination of benzimidazole anthelmintics (e.g., thiabendazole,
oxfendazole, mebendazole, albendazole, and fenbendazole) residues in water and milk samples.
Parameters affecting the extraction efficiency, such as concentration of surfactant, content of salt
additive, incubation temperature and time, and centrifugation were investigated and optimized. The
optimum conditions of UA-CPE were 0.75% (w/v) Triton X-114, 7% (w/v) sodium acetate, 2 min
ultrasonication, and 10 min centrifugation. The surfactant-rich phase (SRP) was analyzed by subjecting
it to HPLC under gradient condition of 1% (v/v) acetic acid and methanol, an Inertsil ODS column (4.6 x
150 mm, 5 um), a flow rate of 1.0 mL min~", and photodiode array detection at 296 nm. Under the
optimum conditions, linearity was obtained in the range of 0.1-100 pg L~! with the correlation
coefficients (+%) higher than 0.996. A high preconcentration factor of up to 164 was obtained,
corresponding to limits of detection (LOD) in the range of 0.005-0.1 pg L™!. Intra-day (n = 5) and inter-
day (n = 3 x 3) precisions were obtained with relative standard deviation (RSD) for retention time and
peak area lower than 2.0 and 7.0%, respectively. The recoveries for the spiked target anthelmintics at
different concentrations in water (3, 10, and 70 pg L™") and milk (20, 50 and 100 pg L™") were in the
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ranges 81.6-111.4% and 75.3-111.4%, respectively. The proposed UA-CPE method has been
demonstrated to be simple, effective, and reliable for the analysis of analytes in the samples studied. In
addition, the developed method can be used as an alternative technique to the conventional CPE.

Introduction

Benzimidazoles represent an important and widely used class of
anthelmintic veterinary drugs used to control gastrointestinal
nematodes and lungworms,® and are also commonly used in
agriculture, aquaculture, and veterinary practices for protecting
and treating these parasitic infections.* These benzimidazoles
include thiabendazole (TBZ), oxfendazole (OFZ), mebendazole
(MBZ), albendazole (ABZ), and fenbendazole (FBZ), etc. The
chemical structures and physicochemical properties of some
benzimidazoles are listed in Table 1. TBZ has been found to be a
fungicide for control of a wide range of fungi in field crops,
stored fruit and vegetables.! ABZ, FBZ, and OFZ were the first
such benzimidazoles to be successfully used in the treatment of

“Department of Chemistry, Faculty of Engineering, Rajamangala
University of Technology Isan, Khon Kaen Campus, Khon Kaen 40000,
Thailand. E-mail:  sanyanawa@yahoo.com; yanawath.sa@rmuti.ac.th;
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" Materials Chemistry Research Unit, Department of Chemistry and Center
of Excellence for Innovation in Chemistry, Faculty of Science, Khon Kaen
University, Khon Kaen 40002, Thailand

all stages of parasitic nematodes, lungworms, and adult liver
flukes.™ Improper uses of these anthelmintics by inappropriate
period and excess administration, especially in cows during their
lactating period, may result in their residues to be present in milk
and dairy products, edible tissue and animal-derived food
products.*¢ Chronic exposure to benzimidazole compounds has
been associated with several toxic effects such as teratogenicity,
congenic malformations, polyploidy, diarrhea, anemia, pulmo-
nary edemas, or necrotic lymphoadenopathy.”® To avoid residue
problems and potential risk to consumers, therefore, the devel-
opment of sensitive, reliable and simple methods is still a chal-
lenging task and necessary for monitoring these veterinary drug
residues in food and environmental samples.

High performance liquid chromatography (HPLC) with
ultraviolet (UV),**1° fluorescence (FL) detection'!? and mass
spectrometry (MS)*!315 have been accepted as popular and
powerful tools for the analysis of benzimidazoles. Although the
MS detector provides more sensitivity and selectivity than the
UV for monitoring target compounds in complex samples, it is a
very expensive and complex instrument. To improve the sensi-
tivity of HPLC-UV, effective sample preparation and

3864 | Anal. Methods, 2012, 4, 3864-3873
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Table 1 Chemical structures and physicochemical properties of the studied benzimidazole anthelmintics

Aqueous Octanol-water pK. pH range at which
solubility” partition substance is in
Name Structure/CAS no. (mgL™ coefficient (Kqw) pKa1 pKaz neutral state
Thiabendazole
(TBZ) 335.2 1.58-1.76 5.22 12.83 7.2-10.9
CAS:148-79-8
Oxfendazole
(OFZ) 407.2 1.88-2.13 4.13 11.79 6.1-9.8
CAS: 53716-50-0
Mebendazole
(MBZ) 50.08 2.44-2.52 4.13 11.79 6.1-9.8
CAS: 31431-39-7
Albendazole
(ABZ) 46.39 2.20-2.92 5.54 13.11 7.7-11.2
CAS: 54965-21-8
Fenbendazole
(FBZ) 6.38 3.07-4.01 5.12 12.72 7.1-9.8

CAS: 43210-67-9

“ Obtained by calculation using the Estimation Programs Interface (EPI) Suite™ v.4.1 (Environmental Protection Agency, USA).

preconcentration techniques are normally required. Several
sample pre-treatment techniques have been applied for the
analysis of benzimidazoles in various samples such as solid-phase
extraction (SPE),*'® pressurized liquid extraction (PLE),'3
QuEChERS,™  dispersive  liquid-liquid = microextraction
(DLLME)" and supercritical fluid extraction (SFE).' However,
most of these methods have some limitations including being
time consuming, and using toxic organic solvents. Another
promising preconcentration and separation methodology is
cloud-point extraction (CPE) using surfactants as the extractant.
CPE offers important advantages such as its environmental
friendliness, simplicity, high extraction efficiency, and good
compatibility with the organic mobile phase in HPLC. Recently,
several CPE strategies such as mixed non-ionic and cationic
surfactants,'’® mixed non-ionic and anionic surfactants,’ and
mixed cationic and anionic surfactants (called catanionic
surfactant)®**' have been developed to obtain higher extraction
efficiency of various analytes. In conventional CPE, a tempera-
ture higher than its critical cloud-point temperature for each
non-ionic surfactant is required for clouding and phase

separation into two phases. A small volume is of the surfactant-
rich phase (SRP) and a large volume is of the diluted surfactant
or aqueous phase (AQ). The target analytes will solubilize into
surfactant aggregates in SRP, leading to preconcentrate analytes
higher in comparison to their initial concentration in the aqueous
phase. More recently, a new technology using ultrasound radi-
ation in combination with conventional CPE has been developed
and demonstrated as a new extraction methodology called
ultrasound-assisted CPE (UA-CPE).?*?* In the CPE process,
ultrasonic waves have been reported to speed up the combination
and formation of the surfactant-rich phase and also offer a quick
phase separation in comparison with the process with heating
alone and conventional CPE with separation of the phases using
centrifugation.?* Moreover, the UA-CPE has also been proven to
improve extraction efficiency and preconcentration factor. All
the research studies above indicate that CPE has great analytical
potential as an effective preconcentration method, but only a few
reports have been found on the extraction and preconcentration
of benzimidazoles in soil'! and water samples.'? Furthermore, the
green extraction technology of ultrasonic assisted CPE is limited

This journal is © The Royal Society of Chemistry 2012
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Fig. 1 Effect of the studied parameters on the preconcentration of target benzimidazoles: (a) salt types, (b) sodium acetate, (c) Triton X-114, (d) CPE

extraction temperature, (e) ultrasonication time, and (f) centrifugation time.

to investigating and extending the various CPE conditions using
other surfactants (such as the Triton-X series) and therefore the
application of this technology for separation and preconcentra-
tion of benzimidazole anthelmintics as well as various other
analytes in samples is of interest in separation science.

In this study, a simple and effective CPE procedure
was developed for the extraction and preconcentration of
benzimidazole anthelmintics (e.g., TBZ, OFZ, MBZ, ABZ, and
FBZ) in water and milk samples. The target anthelmintics were
preconcentrated using non-ionic Triton X-114 in the presence of
salt additive under ultrasound-assisted conditions to elevate
phase separation. The incubation of UA-CPE could be per-
formed at ambient temperature compared to high temperature

incubation for conventional CPE. The parameters affecting
the UA-CPE (such as concentration of surfactant, type and
content of salts, incubation temperature, ultrasonic time, and
centrifugation time) for extraction and preconcentration of
target analytes as well as HPLC separation conditions were also
investigated.

Experimental
Chemicals and reagents

All reagents were of the analytical reagent grade or higher.
The analytical standards of benzimidazoles were purchased

3866 | Anal. Methods, 2012, 4, 3864-3873
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Fig. 2 Overlaid chromatograms of the studied benzimidazoles obtained
from (A) the evaluation of extraction performance of the CPE and (B) the
extraction without preconcentration and with CPE preconcentration.
The conditions are described in the text (Experimental section). The peak
assignments: 1, TBZ; 2, OFZ; 3, MBZ; 4, ABZ; and 5, FBZ.

from Sigma-Aldrich including TBZ (Italy), OFZ (Germany),
MBZ (USA), and ABZ and FBZ (China). The stock solutions
of each benzimidazole were prepared at 1000 mg L' by

Fig. 3 Overlaid chromatograms of (A) river water and (B) UHT fresh
milk unspiked (blank sample) and spiked at different concentrations. The
peak assignments are described in Fig. 2.

dissolving an appropriate amount in 5% (v/v) formic
acid/methanol. Triton X-114 was purchased from Sigma-
Aldrich (USA). The stock solution of Triton X-114 (25%, w/v)
was prepared in water. Acetic acid (glacial), formic acid,

Table 2 Retention parameters of the studied benzimidazoles and analytical performances of the proposed UA-CPE method

Inter-day
Retention Intra-day (n =3 x 3 days),
parameters (n =5), %RSD %RSD
- Linearity
Analyte fg (min) &’ Linear equation (gL ” LOD (ugL™h PF* 1 Peak area 1 Peak area
TBZ 34 1.2 y=1586.4x + 3802.4 0.1-100 0.9982 (0.9990)  0.005 (100) 164 13 29 20 49
(y = 15 541x — 8132)*  (500-5000)
OFZ 10.1 5.5 y=764.4x + 2668.2 0.1-100 0.9962 (0.9981)  0.005 (200) 18 0.08 3.7 021 3.7
(y = 55 635x — 3892) (500-5000)
MBZ 11.5 6.5 y=1162.7x + 2887.7 0.1-100 0.9984 (0.9995)  0.005 (200) 28 0.06 4.0 0.28 6.8
(y =49 533x — 17 827)  (500-5000)
ABZ 11.7 6.6 y=28959x + 5328.6 0.1-100 0.9978 (0.9990)  0.100 (200) 27 0.09 44 0.60 5.9
(y =51917x — 11 857)  (500-5000)
FBZ 13.9 8.0 y=1941.0x +3271.1 0.1-100 0.9994 (0.9960)  0.050 (300) 29  0.07 2.6 0.47 5.1
(y = 50 604x — 14 259)  (500-5000)

“ These values were obtained from samples without preconcentration. © Preconcentration factor (PF) was calculated from the concentration of analytes

(1000 pg L") obtained from CPE and without CPE, (n = 5).
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Table 3 Recovery obtained from the determination of benzimidazole anthelmintics in spiked water samples (n = 3)*

Tap Drinking Pond River
Spiked ~ Measured Measured Measured Measured
Analyte (ugL™Y) (gL R®%) RSD (%) (ugL™') R(%) RSD (%) (ugL™ R(®) RSD (%) (ugL™) R (%) RSD (%)
TBZ 0 ND — — ND — — ND — — ND — —
3 2.99 99.9 4.9 2.73 91.1 0.5 3.16 1054 19 3.13 1042 2.0
10 9.75 97.5 22 10.99 109.9 2.0 10.89 1089 2.8 9.70 97.0 3.0
70 63.86 913 0.5 77.48 110.7 2.4 77.07 110.1 0.9 62.52 89.3 5.1
OFZ 0 ND — — ND — — ND — — ND — —
3 2.60 86.7 43 3.24 108.0 1.9 2.64 88.0 6.1 3.29 109.8 5.2
10 8.78 87.8 0.1 10.99 1099 24 10.22 102.2 53 8.68 86.8 34
70 61.95 88.5 0.9 65.31 933 0.5 66.95 956 1.1 57.12 81.6 5.6
MBZ 0 ND — — ND — — ND — — ND — —
3 3.11 103.7 3.9 3.25 108.4 0.6 3.23 107.6 0.2 3.04 101.2 24
10 10.89 108.9 0.1 10.61 106.1 2.0 9.83 983 3.1 10.79 107.9 3.7
70 62.86 89.8 0.3 69.22 989 1.7 68.11 97.3 1.9 76.02 108.6 1.1
ABZ 0 ND — — ND — — ND — — ND — —
3 2.93 977 14 2.59 86.2 3.1 3.11 103.7 3.9 2.49 83.0 1.5
10 8.26 82.6 0.8 9.03 90.3 2.3 9.21 92.1 1.0 8.54 85.4 4.7
70 59.43 849 1.0 68.96 985 5.6 69.98 100.0 2.3 76.18 108.8 5.6
FBZ 0 ND — — ND — — ND — — ND — —
3 3.29 109.8 2.3 3.26 108.6 1.1 3.28 109.3 4.2 3.34 1114 2.8
10 9.63 96.3 3.7 11.06 110.6 1.4 10.82 108.2 2.1 11.11 111.1 2.1
70 67.69 96.7 3.6 77.31 1104 1.0 75.28 107.5 0.7 75.78 108.3 4.0
“ ND: not detected, R: recovery.
Instruments

Fig.4 Sample pretreatment methods for precipitating fat and protein of
the spiked milk samples with target analytes (250 pg L~! each) before
CPE (n = 3). Description of tested methods: #1, milk (10 mL) + water (3
mL) + 0.5 g Na,SO,4 + 150 pL acetic acid; #2, milk (10 mL) + water (5
mL) + 150 pL acetic acid; #3, milk (5 mL) + 0.5 g Na,SO4 + 1% acetic
acid in ACN (5 mL) and supernatant was evaporated at 40 °C; #4, milk (5
mL) + 0.5 g Na,SO, + 1% acetic acid in ACN (5 mL); #5, milk (S mL) +
water (1 mL) + 0.5 g Na,SO4 + 1% acetic acid in ACN (4 mL); #6, milk (5
mL) + 0.25 g Na,SO,4 + 1% acetic acid in ACN (5 mL); and #7, milk (5
mL) + 1% acetic acid in ACN (5 mL). The pretreated samples were
centrifuged at 3500 rpm for 5 min and then supernatants were filtered
through Whatman filter paper No.1. The supernatants were diluted to 10
mL with water before subjecting to CPE.

methanol (MeOH), and acetonitrile (ACN) were purchased
from Merck (Germany). Various salts including NaCl (Ajax
Finechem, New Zealand), anhydrous Na,SO, (Carlo Erba,
France), Na,CO; (RFCL Limited, India) and anhydrous
sodium acetate (Carlo Erba, France) were used. All aqueous
solutions were prepared in deionized water with resistivity of
18.2 MQ cm from RiO/™ Type I Simplicity 185 (Millipore
water, USA).

The HPLC system (Shimadzu Corporation, Kyoto, Japan)
consisted of DGU-20As in-line degasser, a model LC 20AD
pump, and a model SPD-M20A UV-Vis photodiode array
detector (PDA). LCsolution software (Shimadzu) was utilized to
control the system and for the acquisition and data analysis. An
Inertsil® ODS column (4.6 x 150 mm, 5.0 pm) from GL Science
(Japan) was connected to a guard C18 column (GL Science,
Japan) for separation of target benzimidazoles. A 40 kHz and
500 W ultrasonic water bath with temperature control (Hwashin
Technology, Korea) was used. A centrifuge (NF200 model, Niive
Inc., Turkey) was used for complete phase separation.

High performance liquid chromatographic condition

The separation of benzimidazoles was carried out on a reversed-
phase system with gradient elution using MeOH and 1% (v/v)
acetic acid, a flow rate of 1.0 mL min~! and detection at 296 nm.
The gradient elution was performed as follows: 40% (v/v) MeOH
(0-3 min), ramped to 75% (v/v) MeOH (5-10 min), ramped to
85% (v/v) MeOH (1215 min). After that, 100% (v/v) MeOH was
held for 5 min to wash the excess surfactant from the system.
Finally, 40% (v/v) MeOH was held (5 min) to equilibrate the
column before the next run.

UA-CPE procedure

In the procedure, 10 mL standard (or sample) solution was mixed
with CH3COONa (7%, w/v) before the addition of Triton X-114
(0.75%, wiv). The cloudy solution was then sonicated in the
ultrasonic bath for 2 min (40 kHz, 500 W, and 25 + 5 °C) to help
the phase separation. After that, the solution was centrifuged at
3500 rpm for 10 min to complete the phase separation and the
surfactant-rich phase was observed at the bottom of the solution.
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Table 4 Matrix match calibrations of benzimidazole anthelmintics in studied milk samples (n = 3)

UHT low fat milk UHT plain milk

UHT fresh milk Pasteurized plain milk

Analyte  Linear equation r Linear equation ”? Linear equation r Linear equation r

TBZ y = 476.6x — 507.3 0.9967  y =470.5x — 2101 0.9970  y =446.2x — 923.7 0.9984  y =464.0x + 1433.6  0.9954
OFZ y=311.9x + 286.7 0.9981  y =248.0x + 5658 0.9965  y =2454x +4347.8 0.9965  y =3183x — 1044.5  0.9976
MBZ y = 343.4x — 2076.6 0.9985 y =297.8x + 1970 0.9979 y =322.5x + 683.7 0.9958 y = 328.5x + 3348.2 0.9981
ABZ »=307.5x — 1249.8  0.9988  y =354.1x + 992 0.9976  y = 348.0x — 981.9 0.9988  y = 320.8x + 3561 0.9987
FBZ y=>533.1x —3703.6  0.9983  y=462.6x +8482  0.9990 y=1529.5x —1089.3  0.9967 y = 656.6x —4030.2  0.9974

The aqueous phase (upper phase) was removed using a syringe.
The surfactant-rich phase (~200 to 250 pL) alone was dissolved
with 100 uL of 50% (v/v) MeOH and 20 pL of the solution and
was subsequently injected to the HPLC system for analysis.

Water sample analysis

Water samples (tap, drinking, river, and pond) were filtered
through double Whatman filter paper No. 1 and then passed
through 0.45 pm membranes before extraction. Aliquots of 10
mL sample were directly subjected to the UA-CPE procedure (as
described above) and analyzed by HPLC. To evaluate the
recovery, the samples were spiked at concentrations of 3, 10, and
70 pg L~! before extraction and HPLC analysis.

Milk sample analysis

The studied cow milk samples were commercial milks of different
types (i.e., UHT low fat, UHT plain, UHT fresh and pasteurized
plain milks). These commercial milks were randomly purchased
from a local market in Khon Kaen province. Milk samples (5
mL) were mixed well with 0.5 g of anhydrous Na,SO,. After that,
1% (v/v) acetic acid in ACN (5 mL) was added and shaken by

hand for a minute. Then, the homogenized milk samples were
centrifuged at 3500 rpm for 5 min for complete fat and protein
precipitation. The supernatants were filtered through Whatman
filter paper No. 1. The solutions were diluted with water to 10
mL. These solutions were added to 100 pL acetic acid and
centrifuged again to completely de-fat and de-proteinize.
Subsequently, the obtained clear solutions were subjected to UA-
CPE. For spiked samples, the samples were fortified with the
target analytes at different concentrations (20, 50, and 100 pg
L") before fat and protein precipitation.

Results and discussion
Optimization of the CPE conditions

The parameters affecting the performance of CPE including type
and content of salt additives, concentrations of surfactant,
equilibration temperature and time, and ultrasonication condi-
tions were investigated. In addition, centrifugation time was also
studied. To evaluate the performance of extraction and optimize
the CPE conditions, a graph of peak area of each analyte against
parameter studied was plotted. The investigation of each
parameter is described in the following sections.

Table 5 Recovery obtained from the determination of benzimidazole anthelmintics in spiked milk samples (n = 3)*

UHT low fat UHT plain UHT fresh Pasteurized plain
Spiked Measured Measured Measured Measured
Analyte (ugL™") (ugL™) R(©®%) RSD (%) (ugL™') R(%) RSD (%) (ugL™ R(®%) RSD (%) (ugL™") R (%) RSD (%)
TBZ 0 ND — — ND — — ND — — ND — —
20 21.72 108.6 2.8 22.58 1129 24 19.66 983 1.4 20.36 101.8 2.1
50 53.97 108.0 1.0 38.85 777 09 49.44 989 1.6 45.54 91.1 6.1
100 110.60 110.6 1.1 102.40 1024 02 101.91 101.9 3.5 97.74 977 1.1
OFZ 0 ND — — ND — — ND — — ND — —
20 20.12 100.6 7.8 21.68 108.4 43 20.74 103.7 4.8 20.24 101.2 6.3
50 49.99 100.0 7.9 46.85 937 18 47.23 945 39 46.37 927 51
100 105.20 1052 2.0 91.80 918 15 104.47 1045 0.7 87.04 87.0 2.0
MBZ 0 ND — — ND — — ND — — ND — —
20 21.31 106.6 0.4 17.96 89.8 0.6 19.62 98.1 49 19.39 97.0 3.0
50 54.20 1084 0.5 37.65 753 08 55.71 1114 1.9 53.74 107.5 1.0
100 103.57 103.6 0.4 76.28 763 0.4 106.95 107.0 1.2 89.68 89.7 0.8
ABZ 0 ND — — ND — — ND — — ND — —
20 21.63 1082 1.5 22.78 113.0 0.6 22.04 1102 1.2 2225 111.3 0.3
50 53.40 106.8 0.7 38.40 768 12 55.69 1114 1.5 4731 946 1.2
100 104.47 1045 0.7 81.30 813 0.5 103.74 1037 4.1 87.84 87.8 0.3
FBZ 0 ND — — ND — — ND — — ND — —
20 20.98 1049 4.6 17.48 87.4 3.5 21.32 106.6 4.6 20.53 102.7 4.9
50 52.63 1053 24 4435 88.7 2.1 50.64 1013 5.6 49.03 981 53
100 106.30 106.3 1.0 96.55 96.6 1.2 89.36 89.4 1.1 80.68 80.7 2.

“ ND: not detected, R: recovery.
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Table 6 Comparison of the proposed method with other methods for extraction and determination of benzimidazoles in different sample matrices™¢

Technique/ Extraction Linearity
detection Sample method (ugL7h LOD (ug LY PF Recovery (%) Comment (extraction)” Ref.
HPLC-UV  Bovine SPE-MCX 10-200 pgkg ' 3 pgkg™! — 78-112 Need more steps: washing, elution, D. Chen ef al.
milk evaporation, and re-dissolution (2010)°
HPLC-FL  Soils MAE-CPE 1-1000 ug kg™! 0.015-30 pg kg™' — 71-105 Microwave (450 W), 8 min R. Ha%l](o et al.
(2006)
HPLC-FL  Waters CPE 1-100 0.004-6.4 — 68-96 90 °C, 5 min R. Ha%lgo et al.
(2004)
HPLC- Waters MISPE — 0.03-0.09 — 89-105 Consume large volume of organic C. Cacho et al.
PDA solvents and samples (2009)*
HPLC- Waters UA-CPE  0.1-100 0.005-0.1 18- 81.6-1114 25°C, 2 min This work
PDA 164
Milks 10-200 1-5 75.3-111.4

“ —: Not reported. 5 Time reported does not include centrifugation time. ¢ Abbreviations: UV, ultraviolet; PDA, photodiode array; FL, fluorescence;
SPE, solid-phase extraction; MCX, mixed mode cation exchange; MISPE, molecularly imprinted solid-phase extraction; MAE, microwave-assisted

extraction.

Effect of type and concentration of salts and the pHs of their
solutions

Salt plays an important role in improving the extraction efficiency
in CPE. The effect of the addition of salts include decreasing the
solubility of target analytes in aqueous solution and facilitate
phase separation and enhance partitioning into the surfactant-
rich phase, resulting from the salting out effect. In addition, salts
are also found to affect the position of SRP (e.g., at bottom or
surface/top of solution) after completing the extraction.?¢ To
investigate the influence of ionic strength on the performance of
CPE, various experiments were performed by adding different
salts (e.g., CH3COONa, NaCl, Na,SO4 and Na,COj). In
preliminary studies, the same amount of each salt (0.7 g/10 mL
sample solution) and equal molar concentrations (8.55 mmol L™1)
were studied. It was found (Fig. 1a) that CH;COONa gave the
highest peak area compared to other studied salts at the same
amount and same molar concentration. The ability of the studied
salts to enhance the extraction efficiency of benzimidazoles is in
the order as follows: CH;COONa > Na,SO,4 > Na,CO53 > NaCl.

To extend the investigation, the effect of pH of solution after
the addition of salts was also evaluated because the studied
benzimidazoles can be ionized corresponding to their two pK,
values (pK,; ~ 4-6 and pK,, ~ 12-13) (Table 1). At pH < 6 the
analytes are positively charged, while at pH > 12 they are nega-
tively charged. The benzimidazoles can be present in neutral
forms where the pHs of solution are in the range of 6-12 (see
Table 1). Under the conditions studied, the pHs of solutions after
adding the studied salts were 8.5 (CH3;COONa), 7.2 (NaCl), 6.5
(Na,SOy4) and 11.6 (NayCOs). The benzimidazoles are neutral
under these solutions after addition of salts, except for some
analytes present with negative charge under the sodium carbonate
solution. Among the salts studied, CH;COONa gave the highest
peak area for most analytes. This may be because CH;COONa
has a suitable ionic strength (~0.85) for the extraction condition
when compared to other salts of NaCl (~1.2), Na,SOy4 (~1.5),
and Na,CO; (~2.0). It can be concluded that the benzimidazoles
are extracted and preconcentrated in a neutral form into micellar
aggregates of Triton X-114. Note that the SRP obtained after the
addition of Na,SO,4 or Na,CO; was milky and present at the top
of the solution, and thus it was difficult to handle the phase and

resulted in low reproducibility. Meanwhile, CH;COONa and
NaCl gave the SRP at the bottom of the solution which was easy
to handle and provided good reproducibility.

For further studies, CH;COONa was then investigated in the
range of 0-10 % (w/v), with the result shown in Fig. 1b. It can be
clearly seen that the peak area of most studied benzimidazoles
increased with increasing CH;COONa content until 7% (w/v)
and became nearly constant afterwards. Thus, 7% (w/v)
CH;COONa was chosen for the following experimental studies.

Effect of concentration of Triton X-114

In this study, non-ionic Triton X-114 surfactant was selected as
extractant in CPE because of its lower cloud-point temperature
(=22 to 23 °C)**?¢ and less critical micelle concentration (=0.2
mmol L™Y), compared to other non-ionic surfactants like Triton
X-100 and Genapol X-080. Thus, the cloudy solution should easily
occur at room temperature and high extraction efficiency was also
expected. For the study, the concentration of Triton X-114 in the
range of 0-2.0% (w/v) was evaluated. According to Fig. 1c, peak
areas of TBZ, OFZ and MBZ increased with the increasing
surfactant concentration up to 0.75% (w/v) and decreased the
signal beyond this point. Meanwhile, the other analytes gradually
decreased their peak areas over the studied concentration range of
surfactant. In many published reports, it has been found that
extraction efficiency of the compounds was gradually improved by
increasing the concentration of surfactant,>?” due to sufficient
concentration for quantitative extraction. However, high
concentration of surfactant used in CPE results in a large volume
of surfactant-rich phase (Vsgrp) and needs large organic solvents to
completely dissolve the phase before analysis, and resulting in
decreasing extraction efficiency. To compromise the recovery and
give optimum Vsgp, 0.75% Triton X-114 was selected in this study.
Under fully optimized CPE conditions, Vsgp and aqueous phase
(Vag) were 200-250 pL and 9.9-10.0 mL, respectively. The phase
volume ratio (Vsrp/Vaq) Was calculated to be ~0.020 to 0.025.

Effect of the equilibration temperature and incubation time

Theoretically, to obtain high extraction efficiency for CPE using
non-ionic surfactant, the extraction is usually performed at a
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temperature higher than the cloud-point temperature around
15-20 °C and with the addition of salts. For example, the
extraction using Triton X-114 is usually carried out at 45 °C for
20 min and using different salts such as NaCl, Na,SOy, etc.?>?*" In
this study, ultrasonic-assisted cloud-point extraction (UA-CPE)
was investigated for extraction of target benzimidazoles in
comparison with the conventional CPE systems (e.g., at room
temperature and higher temperature). UA-CPE was carried out
using the equilibration temperature at 25 °C for 4 min under
ultrasonic radiation and in the presence of CH3;COONa as salt
additive. Meanwhile, the conventional CPE were performed
similarly except it was equilibrated at 45 °C and 50 °C for 20 min.
The separation of phases after CPE was carried out using
centrifugation at 3500 rpm for 10 min in all studied systems.
From the results in Fig. 1d, it can be seen that the UA-CPE
carried out at room temperature gave peak area for the target
compounds comparable to conventional CPEs performed at
higher equilibration temperatures (45 and 50 °C). Although the
conventional CPE conditions gave relatively higher signal (peak
area), a longer time for incubation (such as 20 min) is required.
When compared to CPE at room temperature (25 °C), peak areas
of ABZ and FBZ obtained from CPE under ultrasonic condi-
tions are high especially for FBZ. It has been reported that
ultrasound can accelerate the interaction rate between the
surfactant and aqueous analyte sample, resulting in complete
transfer of analytes into the surfactant-rich phase.**** Thus, CPE
under ultrasonic conditions was subsequently investigated.
Ultrasonication time was then evaluated in the range of 2—-6 min
(Fig. le). It was found that longer ultrasonication causes a
gradual decrease in peak area of the studied analytes until 4 min
and sharply decreases beyond this point, with the exception of
ABZ and TBZ. Peak areas of these analytes increased with
increasing ultrasonication time up to 4 min and then decreased
afterwards. The increase of peak area of ABZ and TBZ might be
because ultrasound can help highly hydrophobic analytes (high
K., see Table 1) to penetrate more into micellar aggregates. On
the other hand, longer ultrasonication time may cause micellar
aggregates to break, thus decreasing extraction efficiency. In this
study, 2 min ultrasonication was chosen. More investigations
(with and without ultrasonication) of different solutions con-
taining salts and Triton X-114 were studied as follows: (i)
CH;COONa (10 and 20%, w/v) in the presence of Triton X-114
(1.5 and 3.0%, w/v) and (ii) NaCl (7%, w/v) containing Triton
X-114 (3%, wlv). Phase separation could be observed after the
solution (especially for sodium chloride) was accelerated by
ultrasonication at 25 + 5 °C for 4 min and left for at least 5 min at
ambient temperature (without centrifugation). It was also found
that increasing the Triton X-114 concentration had a strong
effect on the phase separation compared to salt concentration
increase. However, the phase separation of the solution above
cannot be completely obtained. To summarize, the CPE condi-
tion for extraction and preconcentration was carried out at room
temperature (25 °C) and ultrasonication for 2 min.

Effect of centrifugation time

Although centrifugation time has less influence on the extraction
efficiency,?2"-* optimum centrifugation time is still required
for complete phase separation. Centrifugation time in the range

5-20 min (5 min interval) at 3500 rpm was evaluated in this study
(Fig. 1f). It was found that extraction performance slightly
increased with time up to 10 min and was rather constant
afterwards. So, 10 min centrifugation was used throughout the
experiments.

Evaluation of the extraction performance of CPE

To evaluate the performance of the UA-CPE, a series (n = 5) of
standard mixture solutions (50 pug L' each) was studied by
replicate re-extractions under the chosen CPE conditions as
follows: 0.75% (w/v) Triton X-114, 7% (w/v) sodium acetate, 2
min ultrasonication, and 10 min centrifugation. The SRP (after
the first CPE) was analyzed. Afterwards, the AQ solution from
the first CPE was re-extracted (second CPE) under the same
conditions and analyzed (see results in Fig. 2A). The extraction
recovery of the analytes obtained after the first CPE was rela-
tively high (90-100%) for MBZ, ABZ, and FBZ, whereas the
recovery for TBZ and OFZ was about 70 and 75%, respectively.
It was also found that the extraction is highly effective for
highly hydrophobic compounds (K, > 2) such as MBZ, ABZ
and FBZ. Meanwhile, polar analytes such as TBZ and OFZ
seem to need re-extraction. However, the proposed CPE with a
single step is effective enough for quantitative extraction and
determination of analytes. Preconcentration factor (PF) was
also calculated from the ratio of the concentration of analytes in
the surfactant-rich phase (SRP) after CPE and in the original
aqueous phase (before CPE). The concentration of each analyte
in SRP was evaluated from the calibrations without CPE pre-
concentration. From this work, good extraction performance
with PF in the range of 18-164 was obtained (Table 2).
Different PF values for the analytes may be due to different
physicochemical properties of each analyte (see Table 1) such as
chemical structure, K, etc. and different distribution behavior
in the micellar systems. PF seems to be related to the K,
values. MBZ, ABZ, and FBZ are expected to give higher pre-
concentration factors than OFZ and TBZ. However, TBZ gave
the highest PF. This behavior may be because of its small
molecule, resulting in more favorable penetration into micellar
aggregates. Fig. 2B shows the overlaid chromatograms of
standard benzimidazoles obtained from, with CPE and without
CPE. The order of elution was TBZ, OFZ, MBZ, ABZ, and
FBZ. Their retention time (fg) and capacity factor (k') are
summarized in Table 2.

Calibration parameters and method validations

The analytical performance of the proposed method, including
calibration parameters and validation was evaluated and is
summarized in Table 2. Calibration curves were constructed by
triplicate injections of standard mixtures of benzimidazoles
obtained after CPE at various concentrations (10 levels). Peak
area of each target analyte was plotted against its concentration.
Linear equations in the range of 0.1-100 pg L~! with high
correlation coefficients (> > 0.996) were obtained (Table 2).
Limits of detection (LODs) of the analytes were carried out by
identifying concentration giving signal-to-noise ratio (S/N)
of 3. These were found with very low values in the range of
0.005-0.1 ug L',
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To examine the reproducibility of the method, precision in
terms of intra-day and inter-day measurements were evaluated
by replicate injections of the standard mixture of 1.0 mg L' each
in a day (n = 5) and several days (n = 3), respectively. As the
results in Table 2 show, there is good precision with the relative
standard deviations (RSDs) of retention time (¢g) and peak area
below 2.0% and 7%, respectively. From the results above, this
developed CPE method coupled to HPLC has high precision and
is very sensitive, and high preconcentration factors and low
LODs are obtained.

Analysis of samples
Water samples

No contamination by the studied benzimidazoles in water
samples studied (tap, drinking, pond, and river water) was
observed. To evaluate the accuracy (%erecovery) of the proposed
method, sample blanks were fortified with corresponding
analytes at different concentration levels of 3.0, 10, and 70 pg
L, respectively. Three replicate extractions (n = 3) for each
spiked concentration were performed. Fig. 3A demonstrates the
overlaid chromatograms of river water samples studied at
different spiked levels. The recovery (%R) was calculated and is
listed in Table 3. The %R of the samples ranged from 81.6 to
111.4% with %RSD lower than 6%, for all the studied samples.
The preceding results demonstrate that the proposed method was
feasible for the quantitative analysis of target benzimidazoles in
various water samples.

Milk samples

To obtain high sensitivity of detection, various different sample
pretreatment protocols for precipitating protein and fat of milk
samples before subjection to CPE were investigated. Trial and
error was used to evaluate sample volume, salt additive, and
precipitating solvent. As the results show in Fig. 4, the protocol
#4 in which the milk sample (5 mL) was treated with 1% (v/v)
acetic acid in ACN (5 mL) in the presence of Na,SO,4 (0.5 g)
[the ratio approx. 10/10/1 (%, v/v/iw)] gave the highest response
compared to the other protocols. It was then selected as the
optimum preparation protocol for milk samples. The proposed
UA-CPE method was applied to the analysis of benzimidazoles
in different brands of commercial milk samples. The matrix
match calibration method was used for the quantitative anal-
ysis of target analyte residues in the samples. For the milks
studied, no contamination of the studied benzimidazoles was
observed in any sample. The matrix match calibration data of
studied benzimidazoles obtained in milk samples is listed in
Table 4. The obtained linear working range was 10-200 pg L™
with the correlation coefficients higher than 0.995. Limits of
detection (LODs) of the target compounds in milk samples
were investigated by means of the concentration giving the
signal-to-noise ratio (S/N) of 3. The obtained LODs were in the
range 1-5 pg L' which is lower than the maximum residue
limits (MRLs) of the studied benzimidazoles in milks (i.e., 100
ng kg™ as established by Codex?® and set in the range 20—100
pg kg~' as legislated by the Australian Government.?
Typical chromatograms of blank and spiked milk samples are
depicted in Fig. 3B. The accuracy of the proposed method

was also evaluated in terms of recovery (%R). Three different
concentration levels (20.0, 350.0, and 100 pg LY were
spiked into the samples (n = 3). The %R of each spiked
level was calculated and is summarized in Table 5. It reveals
good recovery obtained higher than 80% (on average) with
RSDs below 8% for most studied samples. Low recoveries
(<80%) of some analytes such as MBZ fortified in UHT plain
milk are observed. This may be due to interference from the
remaining fat and protein in the samples. However, the
recoveries of 75-120% can be accepted for trace analysis.*
From the results, this method is an efficient approach for
extraction and preconcentration as well as determination of
target benzimidazoles in milk samples with adequate sensitivity
and reproducibility.

Comparison of the proposed UA-CPE with other sample
preparation techniques

Table 6 shows the performance of the proposed UA-CPE with
other sample preconcentrations and determination of benz-
imidazoles. The results show that linearity, LODs, and recovery
obtained from the proposed method are comparable. High pre-
concentration factors were obtained of up to 164. Moreover, less
consumption of organic solvents and samples are required in the
proposed method. Heating and cooling steps used in conven-
tional CPE can be omitted. The phase separation can be carried
out at ambient temperature (25 + 5 °C) and complete phase
separation obtained simply by centrifugation. In addition, short
extraction time and a green extraction method are standpoints of
the proposed UA-CPE.

Conclusions

This paper has demonstrated a simple, rapid, and sensitive
ultrasound-assisted cloud-point extraction technique (UA-CPE)
coupled with HPLC-PDA for the simultaneous determination of
benzimidazole anthelmintic residues in water and milk samples.
The developed method shows good analytical features providing
low limits of detection at the level of 1-5 pg L™! which are below
the acceptable MRLs for anthelmintics residues in the milk
samples studied. The proposed UA-CPE can be performed easily
in a short time. High preconcentration factors of 18-164, good
recovery and high reproducibility were also obtained. UA-CPE
has potential to be used as an alternative green extraction
method for the determination of benizimidazoles in various
sample matrices.
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Abstract The proposed ultrasound-assisted surfactant-
enhanced emulsification microextraction (UASEME) coupled
with high-performance liquid chromatography-photodiode ar-
ray detection (HPLC-PDA) has been developed for the pre-
concentration and simultaneous analysis of five benzimidazole
anthelmintics. Dichloromethane (extraction solvent) and Triton
X-114 (emulsifier) was used for extraction of the target analy-
tes. The parameters affecting the extraction efficiency were
investigated and optimized. Under the optimum conditions,
linearity was in the range from 10 to 150 ugL ' with good
coefficients of determination (R?) higher than 0.994.
Preconcentration factors were obtained up to 60, corresponding
to limits of detection range of 1.8—3.6 ugL ™" Intra-day (n=5)
and inter-day (n=4x3) precisions were obtained with relative
standard deviation of retention time and peak area below 0.8
and 9.2 %, respectively. Good recoveries for the spiked target
anthelmintics at different concentrations (e.g., 20, 50, and
100 ugL ") of milk samples were obtained in 72.5-113.5 %.
The results demonstrated that the proposed UASEME-HPLC-
PDA can be used as an alternative powerful method for the
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simultaneous determination of the target analytes in milk
samples.

Keywords Ultrasound-assisted surfactant-enhanced emulsi-
fication microextraction - Benzimidazole anthelmintic -
High-performance liquid chromatography - Milk

Introduction

Benzimidazole anthelmintics are drugs commonly used
for prevention and treatment of parasitic infections in
agriculture, aquaculture, and veterinary practices (Danaher et
al. 2007; Xia et al. 2010). They include thiabendazole (TBZ),
oxfendazole (OFZ), mebendazole (MBZ), albendazole
(ABZ), fenbendazole (FBZ), etc. TBZ is the first benzimid-
azole introduced to the market, and it has been widely used for
control of gastrointestinal nematodes and lungworms
(Danaher et al. 2007). In addition, it has also been used as a
fungicide for control of a wide range of fungi in field crops,
stored fruit, and vegetables (Danaher et al. 2007). ABZ, FBZ,
and OFZ are the first such benzimidazoles to be successfully
used in the treatment of all stages of parasitic nematodes,
lungworms, and adult liver flukes (Danaher et al. 2007,
Msagati and Nindi 2001). Incorrect uses of these anthelmin-
tics, especially in cows during their lactating period, can
possibly remain in milk and dairy products, edible tissue,
and animal-origin foods, which may pose a potential risk to
consumers (Xia et al. 2010; Chen et al. 2010). Therefore,
sensitive, effective, and reliable methods are necessary to
monitor these veterinary drug residues in food and environ-
mental samples to ensure food safety.
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The most analytical methods widely used for the determina-
tion of benzimidazole residues in various sample matrices are
liquid chromatography (LC) with different monitoring detec-
tion modes, including ultraviolet (UV) (Chen et al. 2010;
Mottier et al. 2003; Danaher et al. 2003), fluorescence (FL)
(Wu et al. 2009; Halko et al. 2004), mass spectrometry (MS)
(Xiaetal. 2010; Chen et al. 2011; Whelan et al. 2010; Guo et al.
2010), and both UV and MS (Msagati and Nindi 2001). In
general, suitable sample pretreatment and preconcentration
techniques are required prior to instrumental analysis. Various
sample preparations have been used for the analysis of benz-
imidazole residues such as solid-phase extraction (SPE) (Xia et
al. 2010; Chen et al. 2010), pressurized liquid extraction (Chen
et al. 2011), QuEChERS (Whelan et al. 2010), supercritical
fluid extraction (Danaher et al. 2003), cloud-point extraction
(CPE) (Halko et al. 2004; Santaladchaiyakit and Srijaranai
2012), and dispersive liquid-liquid microextraction (DLLME)
(Wu et al. 2009). Recently, a novel microextraction technique
namely ultrasound-assisted surfactant-enhanced emulsification
microextraction (UASEME) has been recognized as an effec-
tive and alternative method to DLLME, ultrasound-assisted
emulsification microextraction (UAEME), and CPE, for anal-
ysis of various target analytes in different sample matrices (Wu
et al. 2010a; Wu et al. 2010b; Cheng et al. 2011a; Cheng et al.
2011b; Xia et al. 2012). The UASEME is a combination of
techniques providing the advantages of each technique of
DLLME, CPE, and UAEME using microvolumes of water-
immiscible solvents (e.g., chloroform, dichloromethane,
chlorobenzene) as extractant and surfactants (i.e., anionic,
cationic, and nonionic) as emulsifiers under ultrasound
radiation, and the extraction is carried out at mild conditions
(25+3 °C) (Cheng et al. 201 1a, b; Saraji et al. 2010). The use of
surfactants as emulsifiers has been proven that they can
accelerate the formation of fine droplets of the extraction
solvent in aqueous sample solutions and enhance the
dispersion of the water-immiscible phase into an aqueous
phase due to the hydrophobic/hydrophilic properties of
surfactants (Cheng et al. 2011a, b; Saraji et al. 2010), so
high extraction efficiency can be obtained (Xia et al.
2012). Until now, the development and applications of
UASEME for testing the feasibility of preconcentration
of different analytes in various sample matrices have not
received much concern.

The aim of the present work is to explore and develop a
simple and efficient UASEME method coupled to HPLC
with photodiode array (PDA) detection for the extraction,
preconcentration, and analysis of benzimidazole anthelmin-
tic residues in milk samples. The crucial experimental
parameters affecting the UASEME and separation condi-
tions were also investigated and optimized. The appropriate
sample preparation for fat and protein precipitation of milk
samples was also explored. To the best of our knowledge,
this work is the first application of the UASEME-HPLC-

@ Springer

PDA for simultaneous analysis of benzimidazole anthelmin-
tics in the samples studied.

Experimental
Chemicals and Reagents

All reagents were of analytical reagent grade or higher. The
analytical standards of benzimidazoles were purchased from
Sigma-Aldrich including TBZ (Italy), OFZ (Germany), MBZ
(USA), and ABZ and FBZ (China). The stock solutions of
each benzimidazole were prepared at 1,000 mgL ™" by dissolv-
ing an appropriate amount in 5 % (v/v) formic acid/methanol.
Triton X-114, Dodecyl trimethyl ammonium bromide
(DTAB), and Tween 20 were purchased from Sigma-Aldrich
(USA). Cetyl trimethyl ammonium bromide (CTAB) was pur-
chased from Sigma-Aldrich (India). Triton X-100 (Fluka,
Switzerland) and Genapol X-080 (Fluka, Spain) were used.
Sodium dodecyl sulphate (SDS) and chloroform were obtained
from BDH Prolabo (Belgium). Acetic acid (glacial), formic
acid, methanol, and acetonitrile were purchased from Merck
(Germany). Trichloroethylene (Ajax Finechem, Australia) and
dichloromethane (RCI Labscan Ltd., Thailand) were also used.
Various salts including NaCl (Ajax Finechem, New Zealand),
anhydrous Na,SO, (Carlo Erba, France), Na,CO; (RFCL
Limited, India), and anhydrous sodium acetate (Carlo Erba,
France) were used. All aqueous solutions were prepared in
deionized water with resistivity of 18.2 MQcm from RiO,™
Type I Simplicity 185 (Millipore water, USA).

Instruments

The HPLC system (Shimadzu Corporation, Kyoto, Japan)
consisted of DGU-20As in-line degasser, a LC 20AD pump,
and a PDA detector. LCsolution software (Shimadzu) was
utilized to control the system and for the acquisition and data
analysis. An Atlantis C18 column (4.6 x 150 mm, 5.0 um) from
Waters (Ireland) connected to a guard C18 column (GL
Science, Japan) was used for separation of target benzimida-
zoles. The 40-kHz and 500-W ultrasonic water bath with
temperature control (Hwashin Technology, Korea) was used
in the UASEME procedure. A centrifuge (NF200 model, Niive
Inc., Turkey) was used for complete phase separation.

High-Performance Liquid Chromatographic Condition

The separation of benzimidazoles was carried out on a
reversed-phase system with the gradient elution using metha-
nol and 1 % (v/v) acetic acid, a flow rate of 1.0 mL/min, and
detection at 296 nm. The gradient elution was performed as
described in the previous work (Santaladchaiyakit and
Srijaranai 2012).
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UASEME Procedure

Aliquots of 5.0-mL sample (or standard) solution were mixed
with sodium acetate (6 %, w/v) and 0.5 % (w/v) Triton X-114
before subsequently transferring to a 10-mL screw cap test
tube. After the addition of dichloromethane (100 pL) in the
aqueous solution, the solution was then immersed in an ultra-
sonic bath for 4 min (40 kHz, 500 W, and 25 °C). The
dispersion of dichloromethane in the solution was obtained
(i.e., cloudy solution of tiny dichloromethane microdroplets).
After that, the resulting emulsion was completely disrupted by
centrifugation at 3,500 rpm for 10 min. The extraction organic
droplet was sedimented at the bottom of the tube. The upper
aqueous phase was removed using a 10-mL syringe. The
sedimented phase was dissolved in 100 pL methanol, and
20 pL was then subjected to HPLC for further analysis.

Milk Sample Analysis

The studied cow milk samples were commercial and raw
fresh (e.g., UHT low fat, UHT plain, pasteurized plain,
and raw fresh). The commercial milks were randomly
purchased from a local market in Khon Kaen province,
and raw fresh milk was obtained from a farm in
Khon Kaen province. Milk samples were pretreated using
the slightly modified procedure from our previous work
(Santaladchaiyakit and Srijaranai 2012). In brief, milk sam-
ples (2.00 mL) were mixed well with 0.2 g of anhydrous
Na,SO,4. After that, 1 % (v/v) acetic acid in ACN (2.00 mL)
was added and shaken vigorously by hand for a minute. Then,
the homogenized milk samples were centrifuged at 3,500 rpm
for 5 min for complete fat and protein precipitation.
The supernatants were filtered through Whatman filter
paper No. 1. The solutions were diluted with water to
5.00 mL in volumetric flasks. These solutions had
100 puL acetic acid added and were centrifuged again to ensure
complete precipitation of fat and protein. Consequently, the
obtained clear solutions were subjected to UASEME, and the
extract phase was then analyzed by HPLC. For spiked sam-
ples, the samples were fortified with the target analytes at
different concentrations (20, 50, and 100 pgL™") before fat
and protein precipitation. All experiments were performed in
triplicate.

Results and Discussion

Optimization of UASEME

Various parameters in UASEME affecting the extraction
efficiency such as type and volume of extraction solvent,

type and concentration of surfactant (emulsifier), amount of
salt additive and their solution pHs, and ultrasonication

condition are generally investigated and optimized. The
study of these parameters for the optimization of
UASEME was done by “one-parameter-at-a-time” method
and using the aqueous standard solution at the concentration
of 500 ugL™" each target analyte.

Selection of Type of Extraction Solvents

The selection of an appropriate extraction solvent is of great
importance for the UASEME process because its physico-
chemical properties not only affect the emulsification phe-
nomenon but also the extraction efficiency (Wu et al. 2010b;
Cheng et al. 2011b). To study the effect of the extraction
solvent type, the extraction solvents with higher density than
that of water such as chloroform (1.48 g/mL), dichlorome-
thane (1.33 g/mL), and trichloroethylene (1.46 g/mL) were
selected to evaluate for the extraction of target compounds.
In these experiments, constant volume (50 pL) of these
solvents was used for extraction of analytes (500 pgL ™
each) in the sample solution (5.00 mL) containing 1.5 %
(w/v) Triton X-114 and 6.0 % (w/v) CH;COONa. As can be
seen in Fig. la, dichloromethane has the highest peak area
for most studied analytes in comparison with the other tested
solvents. The reason for the high extraction performance of
dichloromethane may be because of its solvent hydropho-
bicity and polarity having more similar with those of target
benzimidazoles and dichloromethane might have good dis-
persion in aqueous solution in the presence of Triton X-114
(as emulsifier). Consequently, dichloromethane was selected
as the suitable extraction solvent and used in further
experiments.

Selection of Type of Surfactants (Emulsifier)

In UASEME, a surfactant (emulsifier) is also important for
obtaining a satisfactory preconcentration and extraction ef-
ficiency because it could accelerate the emulsification of the
water-immiscible extraction solvent as very fine droplets
into the aqueous solution under ultrasound radiation (Wu
et al. 2010b). The emulsification helps the analytes in aque-
ous solution to be extracted to the organic phase due to the
formation of very fine droplets of extraction solvent and
resulting in increasing of the rate of mass transfer of the
anlytes from aqueous to organic extraction phase. Different
types of surfactants, including non-ionic (e.g., Triton X-114,
Triton X-100, Tween 20, and Genapol X-080), anionic (e.g.,
SDS), and cationic (e.g., CTAB and DTAB) at concentration
of 1.5 % (w/v) were investigated for their influence on the
extraction efficiency, whilst the other parameters were kept
constant. From our earlier investigations, among the studied
surfactants it was found (data not shown) that both anionic
and cationic surfactants gave relatively low peak area and
were not suitable for extraction of the target analytes
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compared to non-ionic surfactants. This result might be
because of larger solubilization capacity of non-ionic sur-
factants than that of ionic surfactants (Cheng et al. 2011b).
The effect of various studied surfactants was shown in
Fig. 1b. It is clearly seen that Triton X-114 and Genapol
X-080 seem to be good emulsifiers in the system of aque-
ous solution and dichloromethane for the extraction of
target compounds. However, the best extraction (highest
peak areas) of analytes was found for Triton X-114. This
could be because dichloromethane in the presence of
Triton X-114 might have a more suitable polarity and
favorable for the extraction of the polar target compounds
than the other studied extraction solvents and other emul-
sifiers. Thus, dichloromethane and Triton X-114 were cho-
sen as the appropriate extraction solvent and emulsifier,
respectively.

Investigation of Salt Types and Their Solution pHs

Generally, the addition of salt into an aqueous solution
decreases the solubility of the analytes in aqueous phase
enabling a higher mass transfer towards the organic phase
and results in improvement of the extraction efficiency (Wu
et al. 2010a; Cheng et al. 2011a; Xia et al. 2012; Kamarei et
al. 2011). In our investigation, different salts (~0.3 g/5-mL
sample solution) and their solution pHs such as NaCl (pH~
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Fig. 1 Investigation of a selection of extraction solvents and b selec-
tion of surfactants (emulsifiers) affecting the extraction performance of
the studied benzimidazoles (500 ugL ™' each). Conditions: sample
solution (5.00 mL), 50 uL of extraction solvent, 1.5 % (w/v) of
surfactant, 6.0 % (w/v) CH3;COONa, 3-min ultrasonication time at
25 °C, and 3,500 rpm for 5 min
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time on the extraction performance of the studied benzimidazoles.
Other conditions are described in Fig. 1

7.2), CH;COONa (pH~8.5), NaH,PO, (pH~4.1), Na,SO4
(pH~6.5), and Na,CO; (pH~11.6) were investigated for the
salting out effect on the extraction performance of the target
benzimidazoles. It was found (data not shown) that Na,SOy4
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Fig. 3 Effect of a volume of dichloromethane and b concentration of
Triton X-114 on the extraction efficiency of the target benzimidazoles.
Other conditions are described in Fig. 1



Food Anal. Methods

A 80 -
b UASEME (50 pgit)
= 60 a Direct analysis (500 pgiL)
= 1
£
;’ 40 - 2 3,
o
c 5
3 204 b
s 1 2
0 34 5
S o0 A S S\ PN U
T T T T T T T T 1

Time (min)
(d) spiked 100 pg/L
B 50+ (c) spikded 50 pg/L
{b) spiked 20 pg/L
40 2 (a) Blank milk
g‘ 1 34 5
30
£ ; 2 34 5
g 20 J\;"TJLJL/L——AC
c 2
« 1 15
£ 10 1 b
2 a
< 07
T T T T T T 1

Time (min)

Fig. 4 Overlaid chromatograms of A standard mixture of five target
benzimidazoles obtained with UASEME and without preconcentration
and B UHT plain milk samples with no spiked and spiked at different
concentrations. Chromatographic separation conditions are described in the
text. Peak assignment: / thiabendazole (TBZ), 2 oxfendazole (OFZ), 3
mebendazole (MBZ), 4 albendazole (ABZ), and 5 fenbendazole (FBZ)

and Na,COj5; gave extract phases which were insoluble in
MeOH. The required large amount (>500 uL) of 1 % (v/v)
acetic acid in ACN was used instead to dissolve the phase
completely. Meanwhile, the highest extraction performance
(in terms of peak area) of the target analytes was obtained
using CH3;COONa in comparison with the other remaining
salts studied. The effect of pH of solution after the addition
of salts was also evaluated because the studied benzimida-
zoles can be ionized corresponding to their two pKa values
(pKa1~4—6 and pK,;~12—-13) (Danaher et al. 2007). At
pH<6, the analytes are positively charged, while at pH>12,
they are negatively charged. The benzimidazoles can be

present in neutral forms where the pHs of solution are in
the range of 6—12 (Danaher et al. 2007). According to the
results, CH3COONa (pH ~8.5) provided the highest extrac-
tion for most target compounds in comparison with the other
salts, such as NaCl (pH~7.2) and NaH,PO, (pH~4.1). This
may be because CH;COONa has a suitable ionic strength
(~0.72) for the extraction condition when compared to other
salts like NaCl (~1.0) and NaH,PO, (~0.5). Based on the
results above, it can be assumed that the studied benzimi-
dazoles are well extracted and preconcentrated in neutral
forms.

To summarize from the investigations above, the appropri-
ate extraction solvent, surfactant (emulsifier), and salting out
agent were dichloromethane, Triton X-114, and CH;COONa,
respectively.

Effect of Concentration of Sodium Acetate

The effect of concentration of CH;COONa was studied over
the range of 0-8 % (w/v). The results show (Fig. 2a) that salt
had a significant effect on the extraction of the most target
compounds, especially for TBZ. The increase of salt concen-
tration results in increasing extraction performance (based on
peak area) up to the concentration of salt at 6 % (w/v). Beyond
this point, a decrease of peak areas for most analytes was
obtained. The reason for this could be that high concentration
of salt causes higher viscosity and density of the solution.
Moreover, ultrasound energy can be absorbed by the viscous
solution, which can prevent the organic phase from being
dispersed into fine droplets, and therefore the efficiency of
the mass-transfer process was decreased (Wu et al. 2010a;
Ozcan et al. 2009). Based on the results, 6 % (w/v)
CH;COONa was selected as the appropriate amount of salting
agent for subsequent experimental conditions.

Effect of Ultrasonication Time

Ultrasonic time has been shown to affect the emulsification
and mass transfer process, and therefore influences the

Table 1 Analytical performances of the standard benzimidazoles obtained from the proposed UASEME method

Analyte Linear equation Linearity (ugL ") R? LOD? (ugL™") PF Intra-day Inter-day
(n=5), %RSD (n=4x3 days), %RSD
R Peak area R Peak area

TBZ y=2,593.1x—910.8 0.1-100 0.9984 0.01 (10) 45 0.4 33 0.6 59

OFZ y=1,215.0x+827.5 0.1-100 0.9986 0.01 (10) 45 0.1 2.8 0.4 9.2

MBZ y=1,468.3x+3,866.1 0.1-100 0.9981 0.005 (10) 55 0.1 3.8 0.7 4.9

ABZ y=1,400.7x+52.8 0.1-100 0.9981 0.01 (50) 60 0.1 6.7 0.1 34

FBZ y=1,509.5x+1,408.5 0.1-100 0.9985 0.01 (50) 50 0.1 8.2 0.2 7.9

#The values in parenthesis were obtained from without preconcentration (direct analysis)
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LOQ" (ngL™)

Pasteurized plain milk LOD? (ugL™")

=3)
Raw fresh milk

UHT plain milk

UHT low fat milk

Table 2 Matrix-matched calibrations of benzimidazole anthelmintics in studied milk samples (n

Analyte

@ Springer

R’ Linear equation 2 Linear equation 2 Linear equation R’

Linear equation

5.3-8.6

8.1-10.0
6.4-11.0
8.8-10.8
6.6-10.4

1.8-2.9
2.7-33

0.9998
0.9946
0.9974
0.9950
0.9953

346.9x—-1,486.4

234.0x—1,267

y
y
y
y
y

0.9954
0.9980
0.9980
0.9970
0.9967

253.4x+605.9
240.2x—894.2

y
y
y
y
y

0.9952
0.9960
0.9950
0.9970
0.9960

546.9x+1,681

y
y
y
y
y

0.9952
0.9953
0.9963
0.9955
0.9970

529.3x—3603

y
y
y
y
y

TBZ

350.1x—99.2
294.4x—7185

327.2x—959.3

OFZ

2.1-3.4
2.9-3.6
22-34

246.7x—1,235

181.5x+17.5

350.6x-2,194.4
354.9x+6,997.1
258.5x+1,544

MBZ =

ABZ
FB

226.2x-2,414.2
233.6x+306

162.7x—1,085

284.0x—393

166.0x—965.4

271.7x—1,011.1

Z

#Evaluations were calculated using 3.3 %[S,/m] for LOD and 10x[S,/m] for LOQ, where S, is standard deviation of y-intercept value and m is slope of calibration curve

extraction efficiency of the analytes (Wu et al. 2010b; Cheng
et al. 2011b; Xia et al. 2012). The effect of ultrasound extrac-
tion time in this study was varied in the range of 1-5 min (see
Fig. 2b). It indicates that the extraction performances of ana-
lytes increased with increasing sonication time, especially for
TBZ, OFZ, and MBZ. Meanwhile, ABZ and FBZ show high-
est peak areas at 3 and 4 min, respectively, and then decrease
in peak areas afterward. To compromise the extraction perfor-
mance of all studied compounds, 4-min ultrasonication was
used throughout the experiments.

Effect of Volume of Dichloromethane

To evaluate the extraction solvent on the performance of
UASAEME, different volumes of dichloromethane over the
range from 0 to 175 puL with 25-pL interval were studied. It
is clearly seen (Fig. 3a) that the amount of extraction solvent
had a strong influence on the extraction efficiency. With
increasing dichloromethane volume, the extraction perfor-
mance of most analytes increased up to 100 pL. At a
volume used higher than 100 pL, the efficiency decreased
afterwards. It was also found that high volumes of dichloro-
methane produced high volumes of sediment phase (Vs.q)
after extraction. It caused dilution of the target analytes and
resulted in decreasing extraction performance. Based on the
results above, 100 uL of dichloromethane was chosen as the
optimum volume for throughout extractions.

Effect of Triton X-114 Concentration

Due to surfactants affecting the extraction efficiency, the
concentration of Triton X-114 was investigated in the range
of 0-2 % (w/v). As the results in Fig. 3b show, the extraction
performance is very poor in the without Triton X-114 (0 %)
system. Meanwhile, the addition of Triton X-114 amount of
0.5 % (w/v) can improve the extraction performance with
obtained highest peak areas for most analytes studied.
However, higher amounts of Triton X-114 than 0.5 % (w/v)
gave lower peak responses over the studied concentrations
due to higher volume of V.4 obtained after extraction. In
another point, higher concentrations of surfactant may affect
the partition of analytes between the aqueous phase and sed-
iment phase by increasing solubility of analytes in aqueous
sample solution. The analytes were less extracted into the
sediment phase. In this study, the concentration of Triton
X-114 was chosen at 0.5% (W/v).

Effect of Centrifugation Time

Centrifugation with an appropriate time is required to ensure
complete separation of the extracted phase and improve the
extraction performance. The effect of centrifugation time on
the extraction of target compounds was also investigated in
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the range of 0—15 min at 3,500 rpm. It is clearly found (data
not shown) that centrifugation time has an effect on the
extraction. With increasing centrifugation, high peak areas
were observed up to 10 min for most analytes, except ABZ.
Beyond this point, most target analytes have decrease in peak
responses. Thus, 10-min centrifugation was selected to obtain
high extraction efficiency for most studied compounds and
used throughout the experiments.

Analytical Characteristics of the Proposed Method

Figure 4A shows the typical chromatograms of five target
benzimidazoles obtained from with UASEME and without
preconcentration (direct analysis). Under the optimum
UASEME, percent extraction recovery (%oER) was obtained
in the range of 50-80 for the studied benzimidazoles. The
%ER and preconcentration factor (PF) were calculated
based on the following equations:

Csed X Vsed
%ER = ——— 1
’ Cag X Vaq M
Csed
PF = — 2
& @

Where C,.q and C,q are concentration of the target analytes
in the sedimented organic phase and initial concentration of

analytes in the aqueous phase (500 ugL ™), respectively. Vieq
(200 pL final volume) and ¥, (5.0 mL) are the volume of the
sedimented phase and aqueous sample phase, respectively.
The Cyq Was calculated from the calibration curves of the
target benzimidazoles constructed by direct injections of stan-
dard solutions in the range of 50-7,000 ugL ™.

The analytical performances and method validations of
the proposed method were evaluated including linear equa-
tions, linearity, limits of detection (LODs), and precisions in
terms of intra-day and inter-day measurements. Calibration
curves were constructed by triplicate injections of standard
mixtures of benzimidazoles obtained after UASEME at
different concentrations (n=10 levels). Peak area of each
compound was plotted against its concentration. The cali-
bration data are listed in Table 1. Linearity for all studied
compounds was obtained in the range of 0.1-100 pgL ™’
with coefficient of determination (R?) higher than 0.998.
LODs were carried out based on the concentration giving
a signal-to-noise ratio of 3. The LODs were found to be in
the range 0.005-0.01 ugL ™" with obtained PF in the range
of 45-60, whereas the LODs obtained without preconcen-
tration were 10—50 ugL ™. Precisions were investigated by
replicate injections of standard mixture of studied compounds
(0.5 mgL ™" each) in a day (n=5) and several days (n=12) for
intra-day (repeatability) and inter-day (reproducibility),
respectively. The relative standard deviations (RSDs) of peak
area and retention time (fgr) were below 9.2 and 0.8 %,
respectively.

Table 3 Recovery obtained from the determination of benzimidazole anthelmintics in spiked milk samples (n=3)

Analyte  Spiked (ugL™")  UHT plain UHT low fat Pasteurized plain Raw fresh Reproducibility®
(n=3x4 days)
RR (%) RSD (%) RR (%) RSD (%) RR (%) RSD (%) RR (%) RSD (%) RR (%) RSD (%)
TBZ 20 99.7 0.2 109.4 0.5 105.2 2.1 85.3 3.4 99.9 10.5
50 102.7 0.8 78.3 4.1 88.4 2.1 91.7 1.1 90.3 11.1
100 94.9 0.5 75.0 24 100.2 5.1 106.9 24 94.3 14.6
OFZ 20 108.1 4.0 109.5 2.6 113.0 43 112.7 35 110.8 12.2
50 96.1 5.8 72.5 1.4 95.8 5.4 91.5 32 89.0 6.6
100 89.4 5.8 74.6 6.7 101.3 5.1 95.5 2.5 90.2 12.7
MBZ 20 86.8 0.5 110.6 1.9 110.2 1.9 112.1 1.4 104.9 11.5
50 81.9 1.3 96.7 1.8 88.7 44 98.8 2.1 91.5 8.5
100 73.4 1.1 82.2 4.0 90.0 3.7 102.2 3.7 87.0 14.1
ABZ 20 86.0 1.2 88.7 4.2 99.1 4.0 113.5 1.3 96.8 12.9
50 99.6 5.2 93.1 2.3 103.3 3.5 91.4 2.8 96.9 5.7
100 80.1 0.9 94.7 5.7 91.9 2.9 90.3 2.1 89.3 7.1
FBZ 20 96.8 4.6 105.5 1.8 111.2 4.5 111.1 3.6 106.2 6.4
50 108.4 2.2 94.7 3.9 96.6 4.1 100.7 1.1 100.1 6.1
100 80.5 1.1 102.8 3.1 96.0 3.6 107.6 3.8 96.7 12.2

RR relative recovery (on average)

#Reproducibility was evaluated in raw fresh milk (as representative sample)
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Application to Milk Samples

The proposed UASEME was applied for the analysis of target
benzimidazole anthelmintics residue in milk samples. The
identification and confirmation of target peaks were per-
formed by (1) comparison of the retention time of known
standard, (2) spiking with known analytes and looking for
increases in peak height, and (3) comparison of absorption
spectra obtained to those from the standards using photodiode
array detection as well as evaluation of peak purity index for
each spiked target analyte.

Calibration curves were produced using the matrix-
matched calibration method (n=6) for all studied milk
samples. The analytical features of the method for milk
analysis are listed in Table 2. Curves indicated good line-
arities over the studied concentration ranges (10-150 ngfl)
with the determination coefficients greater than 0.994. It
was found that no residues of the studied benzimidazoles
were detected in all studied samples. The LODs and
LOQs of the studied benzimidazoles in the different
studied milk samples were evaluated and found to be in
the range of 1.8-3.6 and 5.3-11.0 ugL™" for LOD and
LOQ, respectively. It is clearly seen that the obtained
LOD:s for all studied benzimidazoles are below the acceptable
maximum residue limits (MRLs) of target benzimidazole
anthelmintics in milks, i.e., <100 pgkg ', as established
by Codex (Codex Alimentarious Commission 2011) and
Australian Government recommendations (Australian
Government 2011).

To evaluate the accuracy of the proposed method by
means of relative recovery (%RR) of benzimidazoles spiked
in the samples, milk samples were fortified with different
concentrations (20, 50, and 100 pgL™") of target com-
pounds and analyzed by the proposed method. The results
are summarized in Table 3. The obtained recoveries of target
benzimidazoles in the studied milk samples are acceptable
in the range 72.5-113.5 % (on average) with RSD less than
6.0 %. Typically, mean recoveries at the fortified concentra-
tion of 10-100 pugkg ' are accepted in the region of 70—
110 % (Codex Alimentarius 1993) and 75-120 % (AOAC
2002). Reproducibility (n=3%4 days) of the method was
also evaluated in raw fresh milks (as a representative sam-
ple). Good relative recovery was obtained in range 87.0—
110.8 % with RSD lower than 15 %. The precision
(at concentration of 10-100 pgkg ') is accepted with RSD
in the range of 32-16 % (AOAC 2002) or below 23 %
(Official Journal of the European Communities 2002).
Figure 4B shows typical chromatograms of UHT plain milk
sample extracted without and with spiked benzimidazoles at
various concentrations. Based on the results above, the
proposed method gave good analytical performance and
reproducibility for the analysis of target benzimidazoles in
the studied milk samples.

Chen et al. (2010)
Cacho et al. (2009)
Halko et al. (2006)
Halko et al. (2004)
Our previous work
(Santaladchaiyakit
and Srijaranai 2012)
Proposed method

Ref.

evaporation, and re-dissolution
Consume large volume of organic
solvents and samples
Need microwave (450 W), 8 min

High incubation temperature

(90 °C), 5 min

Need more steps: washing, elution,
25 °C, 2 min

Comment (extraction)®

25 °C, 4 min

Recovery (%)
78-112
89-105
71-105
68-96
81.6-111.4
75.3-111.4
72.5-113.5

18-164
45-60

PF

LOD (ng/L)

3 pg/kg
0.03-0.09
0.015-30 pg/kg
0.004-6.4
0.005-0.1

1-5

1.8-3.6

Linearity (ng/L)
10-200 pg/kg
1-1000 pg/kg

1-100
0.1-100

10-200
10-150

Bovine milk

Sample
Waters
Soils
Waters
Waters
Milks
Milks

Technique/detection

HPLC-UV
HPLC-PDA
HPLC-FL
HPLC-FL
HPLC-PDA
HPLC-PDA

— not reported, SPE solid-phase extraction, MCX mixed mode cation exchange, MISPE molecularly imprinted solid-phase extraction, MAE microwave-assisted extraction, U4-CPE ultrasound-

Table 4 Comparison of the proposed UASEME method with other sample preconcentration methods used in the determination of benzimidazole anthelmintics
assisted cloud-point extraction, UV ultraviolet, PDA photodiode array, FL fluorescence

? Centrifugation time is not included

Extraction method
SPE-MCX

MISPE
MAE-CPE
Conventional CPE
UA-CPE
UASEME
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Comparison of the Proposed UASEME Method
with Other Reported Methods

Table 4 compares the characteristic data of the proposed
UASEME method with those other reported preconcentra-
tion techniques such as SPE, molecularly imprinted solid-
phase extraction (MISPE), and various strategies of CPE. It
is clearly seen that the proposed method gave comparable
analytical results and permits the quantification of benzimi-
dazoles at trace levels in comparison with those of other
methods. SPE method is very time-consuming (needs more
steps), and conventional CPE requires high incubation tem-
perature (90 °C) toward the proposed method. The proposed
UASEME method can be used as an alternative powerful
technique to our previous developed ultrasound-assisted
CPE (UA-CPE) for the concentration and simultaneous
analysis of target benzimidazoles in milk samples.

Conclusions

A simple and sensitive UASEME method in combination
with HPLC—PDA has been developed for the preconcentra-
tion and simultaneous analysis of benzimidazole anthelmin-
tics in milk samples. The proposed method provided short
extraction time, high extraction efficiency, and good analyt-
ical results. LODs in milk samples were less than 4 ugL ™"
and well below the MRLs of the target anthelmintic residues
in milk samples. Good recoveries (>72 %, on average) of
the method applied for milk samples were also achieved.
The method has been proven to be a useful alternative extrac-
tion method for polar organic compounds in the studied milk
sample matrices. The uses of surfactant and less consumption
of organic extraction solvents are good in accordance with
green analytical methods.
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