1. INTRODUCTION

1.1. Definitions of mycotoxins
The name “mycotoxin” is derived from the combinatiof the Greek word for fungus
‘mykesand the Latin wordtoxicum meaning poison (Turner, Subrahmanyam, & Piletsky,
2009). A toxin is substance that is naturally proebl by a plant species, an animal or by
microorganisms, that is harmful to another organi3ine term ‘mycotoxin’ is usually
reserved for the relatively small molecules (molecweight< 700); and highly toxic
chemical products formed as secondary metaboliyea few fungi that readily colonize
crops in the field or after harvest. Mycotoxing @roduced byaprophytic mouldshat
growduring storage of food or feed or a variefyendophytic moulds during plant growth.
Generally, crops that are being stored for more théew days become a potential
target for the growth of mould and mycotoxin conitaation. Factors contributing to their
presence or production in food and feed includepesature, moisture content and insect
activity, though the interrelations between allsthéactors are not yet well understood and
toxin production cannot reasonably be predictedu{@uobe, 1993). Moulds grow over a
temperature range of 10-40°C, at pH range of 4@ aove 12-13% moisture content.
Therefore, mycotoxins can occur in temperate ampidal regions of the world, depending
on the types of fungus. They are usually genoajfyicspecific, but can be produced by
one or more fungal species for example OTA, whichroduced byAspergillusochraceus
mainly in tropical regions and also Pegnicilliumverrucosuma common storage fungus in
temperate areas (Kabak, 2009; Thrane, 1989), asone cases one species can form more

than one mycotoxin (Table 1.1).



The orderly classification of mycotoxins is quite complicatdagcause otheir
different chemicastructures, biosynthetic origirdtheir productionof a large number of
fungal speciesA first approach is to classify them accordingheit differences in fungal
origin, chemical composition and biological actyvitin addition, the classification can be
done according to how frequently they occur andvimat amounts. This task is more
complicated because mycotoxin contamination of fand feed relies on the environmental
and climatic conditions, harvesting techniques;agje conditions and other factors.

The usual classification schemes reflect the eiggedf the investigator doing the
classification. For clinicians the classificatios according to their effects on the organ:
hepatotoxins, nephrotoxins, neurotoxins, immunatexietc. For cell biologists the
classification is according to the generic groupshsas teratogens, mutagens, carcinogens
and allergens. Organic chemists classified mycatoxaccording to their chemical
structures e.g. lactones, coumarines, etc. Biodktengsiassified mycotoxins according to
their biosynthetic origins e.g. polyketides, amisad-derived, etc. Lastly, the physician
will classify mycotoxins according to the illnesseaused by the mycotoxin e.g. St.
Anthony's Fire, yellow rice disease, stachybotrigosis, etc. The major groups of fungi

and mycotoxins produced are presented in Table 1.1.



Table 1.1

Classification of mycotoxin producing fungi

Major classes of

mycotoxin-producing fungi Fungi species Mycotoxins
A. flavus
A. parasiticus Aflatoxin
A. nomius
A. flavus
A. ochraceus :
Aspergillus A. carbonarius Ochratoxin
A. niger
A. clavatus Patulin
A.terreus
A. flavus Cyclopiazonic acid
A.versicolor
P. Vfarr_ugosum Ochratoxin
P. virridicatum
P. citrinum Citrin
P. verrucosum
Penicillium P. roquef.orti Roquefortine
E Cycamdgrj:ggti Cyclopiazonic acid
P. expansum
P. claviforme Patulin
P. roquefortii
F. moniliforme .
. Fumonisin
F. proliferatum,
F. graminearum,
F. culmorum
F. crookwellense Type A
F. sporotrichioides  Trichothecenes
Fusarium F. poa Type B
F. acuminatum Trichothecenes
F. sambucinum
F. sporotrichioides
F. graminearum
F. culmorum Zearalenone

F. sporotrichioides




1.2. Diversity and impact of mycotoxins

Mycotoxins are potentially harmful to man and dotiteanimals. The general interest on
mycotoxins, began in 1960 with the outbreak of Thiekey X disease in the U.K, which
was later shown to have been caused by secondasbaotfitees fromAspergillusflavus
(aflatoxins), which appeared in farm animals in Bnd (Whitlow & Hagler Jr, 2002;
Yiannikouris & Jouany, 2002)This event highlighted the risthat other mysterious
metabolites from moulds might also be deadly. @qusntly, it was found that aflatoxins
are hepatocarcinogens in animals and humans, aisd hts catalyzed research on
mycotoxins.

Thousands of mycotoxins exist, but only a few pas¢hreat to food safety.
Mycotoxins, when present in high concentrationfmd and feed can impose a health risk
to animals and humans and create economic lossege\t¢r, assessment of the adverse
health effects is complicated by many factors idicig the intake levels, toxin species, age,
duration of exposure, mechanisms of action and lmoétam. In addition, there is a lack of
research on the availability of good methods, $mityi differences by animal species,
errors in sampling and analysis and the co-existeia variety of mycotoxins and their
interactions (Whitlow & Hagler Jr, 2002).

The major mycotoxin-producing fungal genera, imteiof research in the U.S., are
Aspergillus, Fusarium and PenicilliufWhitlow & Hagler Jr, 2002) whereas, the most
prominent mycotoxins, with the most severe effattsumans and animals, are aflatoxins,
deoxynivalenol, zearalenone, ochratoxin A, fumanisand Patulin (Bennett & Klich,
2003). Exposure to these compounds can causesadiealth effects such as kidney and
liver damage (deterioration), mutagenic and temmageffects, birth defects, and cancers
(specially liver cancer) that result in symptomagiag from skin irritation to immune

suppression, neurotoxicity, and death (WHO, 2008 most common food commodities
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that are affected are cereals, nuts, dried fratffee, cocoa, spices, oil seeds, dried peas,
beans and fruits, particularly apples.

The toxic syndromes resulting from mycotoxin intalte known as mycotoxicoses
(Richard et al, 2003). This syndrome affects human and animaltthearough the
consumption, dermal contact or inhalation of foatfstand feedstuffs prepared from these
commodities. In addition, they can enter the hurwend chain through animal products
such as meat, milk, eggs and cheese resultinglivestock eating contaminated feed.

The known chemical and biological properties of thgcotoxins are varied and
their toxic effects are extremely variable. Theimas effects from mycotoxin exposure are
carcinogenicity, genotoxicity, teratogenicity, nepoxicity, hepatotoxicity and
immunotoxicity (FAO, 2001). A summary of the somenmmnon mycotoxins, with a
description of their health effects and the affdaemmodities is presented in Table 1.2.

Mycotoxins exhibit a wide range of non-specificiaes with reference to the usual
levels of exposure, such as immunosuppression andtleerefore increase the risk of
exposure to other diseases. Currently, there isonglusive evidence that the normal daily
exposure to some mycotoxins listed in Table 1.1ld/¢ead to health disorders or these can
occur only at high levels of exposure (e.g. foruRa}, but the maximum tolerable daily
intake and residual levels in foods have been kshedal for safety and health reason (€igi

& Prosen, 2009).



Table 1.2
Some common mycotoxins with their possible hedfigces and the affected commodities

Mycotoxins Commodities Possible Health Effects

Cereals (corn, wheat, Carcinogenicity, mutagenicty, teratogenicity
barley, maize, oats and and immunosuppression (Aycicek, Aksoy,
rye), nuts (hazel nuts, & Saygi, 2005)

Aflatoxins peanuts and pistachios),
dried fruits (figs) and
spices (Dieneet al,

1987)
Cereals (maize, oats, Nephrotoxic, hepatotoxic,
barley and wheat), immunosuppressive, teratogenic and have

green coffees, dried carcinogenic effects on animals and humans
fruits, spices coffee, (IARC, 1993)

beer and wine (Ghali,

Hmaissia-khlifa,

Ghorbel, Maaroufi, &

Hedili, 2009)

Cereal commodities
(maize, oats, barley and

Trichothecenes  wheat) (WHO, 2001;
Zobllner & Mayer-Helm,
2006)

Ochratoxins

Vomiting and loss of appetite; while high
concentrations of type-B trichothecenes can
cause chronic intoxication, leading to
extensive haemorrhage, and subsequent
haematological toxicities (Berthiller,
Schuhmacher, Buttinger, & Krska, 2005).

1.3. Current situation of mycotoxins

On a worldwide basis, 99 countries have mycotoeigutations for food and/or feed in
2003 (FAO, 2004). The number of countries reguptimycotoxins is significantly
increasing over the years. Compared to the sitmatidl995 and 2003, more mycotoxins
have been regulated in more commodities, whereadallerance limits generally remain
the same or have been reduced. This reflects dcpothcern on the potential adverse
effects that mycotoxins can have on the healthuofidns and animals. Regulations become
more diverse and detailed with new requirementshenofficial procedure for sampling

and analytical methodology. For several mycotoxgpgcific regulations do exist for the



aflatoxins (B1, B2, G1, G2, M1 and M2); the trichetenes (deoxynivalenol, T-2 toxin
and HT-2 toxin); the fumonisins (B1, B2 and B3)htoxin A and zearalenone.

For the three main toxin/matrix combinations, afians in nuts (221 regulations)
ochratoxin A in cereals and cereal products (3legmpns) and patulin in fruits and
vegetables (161 regulations) there are regulateth&r control (FAO, 2004; van Egmond

& Jonker, 2004).

1.4. Mycotoxins selected for this study
1.4.1. Aflatoxins

Aflatoxins are secondary metabolites of certaiaiss of the fungiAspergillus flavusand

A. parasiticusand the less commoA. nomius(Battilani, Barbano, & Logrieco, 2008).
Hence, their name is derived from the "a" frénspergillusand the "fla" from flavus. The
B and G classes depicting the blue and green ftgeree emitted by their metabolites
under ultraviolet (UV) light, and the sub-type 1da@ refers to the major and minor
compounds respectivel. flavusproduces the type B aflatoxin only, while the ottveo
fungal species produce both types of aflatoxingnB G (Ayciceket al, 2005; D'Mello &
Macdonald, 1997). Aflatoxins have been found toabeontaminant in a wide variety of
important foodstuff such as cereals (corn, wheatlely, maize, oats and rye), nuts (hazel
nuts, peanuts and pistachios), dried fruits (fags) spices (Dienest al, 1987). Among the
18 different types of identified aflatoxins, the sh@ommon naturally occurring aflatoxins
in foodstuff are aflatoxin B1, B2, G1 and G2 (Batti et al, 2008). When animals
consume aflatoxin-contaminated feeds, they biokdyicnetabolize aflatoxin B1 and B2
into the hydroxylated form called aflatoxin M1 aMP, respectively. The International
Agency for Research on Cancer (IARC) has class#i#tatoxin B1, the most toxic, as a

group 1 carcinogen, which primarily affects theeli{IARC, 1993). Exposures to aflatoxins



may cause carcinogenicity, mutagenicty, teratoggmand immunosuppression (Aycicek
et al, 2005).

As a result of the toxicity of the aflatoxins, matguntries have enacted regulations
and also established regulatory limits for theinteol in foods of plant origin that are
intended for human and animal consumption (FAO,420@urrently, aflatoxins are
regulated in 93 countries and the average rangthése regulatory limits for aflatoxin B1
and total aflatoxins are from 1-20 pg/kg and frof830ug/kg, respectively (FAO, 2004).
However, in the European Union regulations, theimarn allowed levels for aflatoxin B1

and total aflatoxins are 2 and 4 pg/kg respectiyelyopean Commission, 2006b).

Physical and chemical properties of the aflatoxins

Aflatoxins can be categorized into two groups adicwy to the chemical structure,
namely, difurocoumarocyclopentenone series andodfuwrmarolactone. Aflatoxin Bl
contains dihydrobisfuran and a coumarin nucleuseduto form cyclopentanone, while in
aflatoxin G1, the six-membered lactone is substtwith the cyclopentanone of aflatoxin
B1. Aflatoxins B2 and G2 are produced from the lbgdnation of aflatoxins B1 and G1
respectively. The chemical structures of the afi@® B1, B2, G1, G2, M1 and M2 are
shown in Figure 1.1.

Aflatoxins occur as colorless to pale-yellow caystat room temperature (IARC
1976, 1993). Aflatoxins are slightly soluble in emtinsoluble in non-polar solvents and
freely soluble in moderately polar solvents such casoroform, methanol, dimethyl
sulfoxide and acetonitrile. Aflatoxin solutionsepared in chloroform or benzene can be
stored for years if kept cold and in the dark. Hflatoxins fluoresce strongly under UV
radiation (ca. 365 nm). Some important chemical jimgsical properties of the aflatoxins

are presented in the Table 1.3.



Table 1.3
Physical and chemical properties of aflatoxins

Aflatoxin “ﬁg’fﬁﬁﬂ:gr Weight (g/mol) Me'“(r]%)P oint
B1 Cir HiO6 312 268-269
B2 Cur HysOe 314 286-289
Gl Gy Hy,0: 328 244-246
G2 Cur HysOr 330 237-240
M1 Ciy HysOs 328 299
M2 Cyy HyiOr 330 293

Crystalline aflatoxins, in the absence of moistare, extremely stable, if kept away
from light and UV radiation. Howevedestruction can occur in aflatoxins by opening of
the lactone ring followed by decarboxylation atvaled temperatures whether in oilseed
meals or in aqueous solution at pH 7.

The lactone ring makes them undergo alkaline hydm®l such as sodium
hypochlorite, chlorine, potassium permanganateiusogberborate, hydrogen peroxide and
ozone. These oxidizing agents can react with aflatoband the aflatoxin molecule loses
their fluorescence properties. However, the medmasi of these reactions are not
completely understood (Correia, Hotza, & Segadd@64), and in addition, the reaction

products remain unidentified in most cases.
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Figure 1.1: Chemical structures of aflatoxins B1, B2, G1, #2,and M2



1.4.2. Ochratoxin

Ochratoxins are secondary metabolites produced frmmlds particularlyAspergillusand
Penicillium (Atkins & Norman, 1998; Ghaliet al, 2009). Among the family of
ochratoxins, which consists of three members, Aag] C, the most toxic and commonly
detected type in foodstuff is ochratoxin A (OTA)tkiks & Norman, 1998; Peraica, Radi
Luci¢, & Pavlovi, 1999).

The primary source of ochratoxin contamination @od and feedstuff is cereal
commodities (maize, oats, barley and wheat) intamdito groundnuts, dried fruits and
coffee beans, which have been infected byAhechraceusA. niger, A. carbonarius, A.
flavus, A. auricomus A. glaucus A. melleus, A. alliaceus, Pverrucosumand P.
virridicatum (Bennett & Klich, 2003).

The International Agency for Research on CanceR@Ahas classified OTA as a
group 2B carcinogen, as it has been shown to behrotxic, hepatotoxic,
immunosuppressive, teratogenic and possess caetiimogffects on animals and humans
(IARC, 1993). Because of its toxicity and frequercurrence, several countries have
established legal regulations or recommendations GdA levels in one or more
commodities to control mycotoxin contamination afieus food products (van Egmond &
Jonker, 2004). Currently, OTA is regulated in ckmaal cereal products in 37 countries
and the average range for these regulatory linit©fTA is from 3-50 pg/kg. A total of 37
countries have set the maximum limits for OTA ie tereal and cereal products as 5 pg/kg
(van Egmond & Jonker, 2004). The European Commmss{&C) has published
Commission Regulation No. 1881/2006 setting the imasn limits for OTA in
unprocessed cereals as 5 pg/kg and, in the casgodcessed cereal products the level is 3

pno/kg (European Commission, 2006b).
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Physical and chemical properties of the ochratoxins
Ochratoxins are considered as a derivative of ism@win. Ochratoxins A, B, and C
differ slightly from each other in their chemicatutures, and this affects their respective

toxic properties. The chemical structures of thieratoxin A, B and C are shown in Figure
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Figure 1.2: Chemical structures of ochratoxin A, B and C.

OTA is unstable when exposed to light, especiatlyvery humid conditions;
however, it is stable in the dark in ethanol solusi (Akron 2010). OTA is also fairly stable

to heat; in cereal products, up to 35% of the tesurvives autoclaving for up to 3 hours

(IARC, 1976).
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OTA is slightly soluble in water, moderately sokeibh chloroform and soluble in
acetonitrile, methanol and ethyl acetate. OTA sofuprepared in polar organic solvents
such as ethanol or methanol can be stored for tharea year without any loss if kept cold
and in the dark. The OTA exhibits green and bluertscence under UV radiation. Some
important chemical and physical properties of thEACare presented in the Table 1.4.
Crystalline OTA is colorless, in the absence ofshake, are extremely stable up to 3 hours

of autoclaving, if kept away from light and UV ratlon.

Table 1.4

Physical and chemical properties of OTA

Property Information

Molecular weight 403.8

Density 1.366 g/mL

Melting point 90°C in benzene and 171°C in xylene
Log Kow 4.74

Water solubility 1.31 mg/L at 25°C

Vapor pressure 7.56 x T®Omm Hg at 25°C
Dissociation constant Ka) 4.2-4.4 and 7.0-7.3

1.4.3. Trichothecenes
Trichothecenes belong to a group of mycotoxinsciiaire produced by a number of
fungal genera, includingusarium, MyrotheciugPhomopsis, Stachybotrys
Trichothecium Trichoderma Cephalosporiumand others (Bennett & Klich, 2003; Cole &
Cox, 1981).

Hence, the name “trichothecenes” is derived froenttithothecen as the first
member of the family identified (Bennett & KlichQ@3). A total of 180 different structures
have been discovered and they fall into four distgroups namely from A through D

(Murphy, Hendrich, Landgren, & Bryant, 2006). Theary source of trichothecene
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contamination in food and feedstuff is cereal cordities (maize, oats, barley and wheat)
which have been infected by tRasariumfungi. While type-A and type-B trichothecenes
are commonly circulated by means of these crope-€ and type-D trichothecenes,
although more toxic, rarely occur in food and fdedsariumspecies such & culmorum
F. equiseti F. graminearumF. moniliforme F. proliferatum F. poag F. sporotrichioides
andF. verticillioidesis the major genus concerned in producing the &p&d type-B
trichothecenes (Yiannikouris & Jouany, 2002).

Type-A and type-B trichothecenes exhibit acutedityxi and when consumed, can
result in vomiting and loss of appetite; while higtncentrations of type-B trichothecenes
can cause chronic intoxication, leading to extemshaemorrhage, and subsequent
haematological toxicities. Type-A and Type-B poisgnmay also inhibit both in vitro and
in vivo protein synthesis and mitochondrial funaoticas well as manifest symptoms of
immunosuppression at low concentrations. In pddar¢ciDAS exposure causes suppression
in the macrophage phagocytic function. Agricultypedduce from Europe are known to be
free from type-A- trichothecenes, and contain lawmaentrations of DON, one of the most
common mycotoxin pollutants. This is unlike cropsnii elsewhere in which the presence
of DON, as well as otheFusarium mycotoxins, especially type-B trichothecenes, is
common.

As a result of their toxicity and frequent occuwen several countries have
established legal regulations or recommendationsdDfoN, HT-2 and T-2 toxins. The
Food and Drug Administration (FDA) in the USA reamends maximum contamination
levels of 1000 pg/kg for cereal products meantHoman consumption, while the EU
countries have set standards of between 100 andiu006f DON per kilogram for food,

and between 400 and 5000 pg/kg for feedstuff (2018 Mayer-Helm, 2006).
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Physical and chemical properties of the trichothecenes

Trichothecenes are low-molecular-weight (MW 250-)5&fmpounds characterized
by specific structural features and all of themreheacommon tetracyclic, sesquiterpenoid
12, 13-epoxytrichothec-9-ene ring system, but édiferdnt in the side chain substitutions.
Type-A trichothecenes have a saturated carbon 8 Characterized by an oxygen
functional group and they include T-2 (T-2) and BiTexins (HT-2), neosolaniol (NEO)
and diacetoxyscirpenol (DAS). Type-B trichotheceaes functionalized by a carbonyl
group at the C-8 position and include deoxynivaldD®N), nivalenol (NIV), fusarenon X
(FUSX), 3-acetyldeoxynivalenol (3-ADON) and 15-atee€oxynivalenol (15-ADON) and
their derivatives. Type-C trichothecenes have gumisecond epoxy group while the type-
D trichothecenes are distinguished by a macrocythacture. The chemical structures of
the trichothecenes investigated are shown in Fg). 1

Trichothecenes are insoluble in water and freeljulde in moderately polar
solvents such as ethyl acetate, dimethyl sulfoxddoroform, methanol, ethanol, and
propylene glycol. Trichothecenes are extremelylstabmpounds in the presence of light,
UV radiation and air. Howevedestruction occurs for trichothecenes by heatingtaip
482°C for 10 minutes or 26C for 30 minutes as well as by treating with oxidizagents,
such as 3% to 5% solution of sodium hypochlorim& important chemical and physical

properties of the trichothecenes are presentdukif &ble 1.5.
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Table 1.5
Physical and chemical properties of trichothecenes

Trichothecenes '\g?)lfnc]ﬂ::r \(/g\;//erl]gohli[ Melti(rl%r oint
Nivalenol (NIV) CisH2007 312 482.54
Deoxynivalenol (DON) GsH2006 296 425.96
Fusarenon-X (FUS X) H2.03 354 486.59
3-Acetyldeoxynivalenol (3-ADON) G H207 338 430.01
15-Acetyldeoxynivalenol (15-ADON) {o H2606 338 406.18
Diacetoxyscirpenol (DAS) £H2606 366 365.84
HT-2 toxin (HT-2) G2H3208 424 441.23
T-2 toxin (T-2) GaH3409 466 445.28
NIV DON

Figure 1.3: Chemical structures of NIV, DON and FUS X
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1.5. Scope and Objective of Study

The overall objective of this thesis is to devetoqul validate analytical techniques for the
determination of naturally occurring toxins knowsiraycotoxins. The main purpose of this
research is the development and validation of &nieft analytical methodology for the
implementation of worldwide regulations for mycaiwsx in food and feed. It includes the
need for method development and subsequently tHelatian of these analytical
techniques. The structure of this work is dividedoi four main parts, from which
independent conclusions are drawn.

The first part is the development of a method fa guantification of aflatoxin
B1, B2, G1 and G2 in cereals using liquid chromeapby coupled with electrospray
ionization quadrupole time of flight mass spectromgLC-ESI-QTOF-MS/MS). To
attain this goal, the chromatographic conditiond tire ESI parameters are all taken into
consideration and optimized.

Secondly, the implementation and validation of t@imized LC-ESI-QTOF-
MS/MS method and the development of a new methagdan Quick, Easy, Cheap,
Effective, Rugged, and Safe (QUEChERS) techniquetife determination of eight(8)
type-A and type-B trichothecenes in cereal samglesarried out.

The third part is focused on optimizing the samgietreatment conditions of the
developed QUEChERS method and the optimizatiohethromatographic conditions of
a high performance liquid chromatography with flesrent detection (HPLC-FLD) with
postcolumn photochemical reactor for enhanced tetec(PHRED) method, for
guantification of four(4) aflatoxins B1, B2, G1 amd2 in food. The developed
QUEChERS-HPLC method was then validated and cordpaiéh the fluorometric

determination method. The methods were then usedht® analysis of the selected
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aflatoxins in a total of 669 domestic and imporfedd samples in Jordan using a
QUEChERS-HPLC method.

The final component of this study, is the implenagion and validation of the
optimized QUEChERS-HPLC method for the determimatdd ochratoxin A in cereal

samples.
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2. REVIEW OF ANALYTICAL METHODS FOR MYCOTOXINS ANALYSI S IN
FOOD

2.1. Introduction

The importance of the determination of mycotoxinsfood and animal feeds cannot be
overemphasized, because of their toxic effects omams and animals at very low
concentration. For that reason, it is necessatyave sensitive, reliable and an accurate
method for the determination of mycotoxins in diéiet food commodities (Krska, 1998).
The analytical determination of mycotoxins is coigled by three main factors: - the
complexity of the sample matrix, the very low lexef mycotoxins in the food and the
differences in physicochemical properties (Rahmiingp, & Soleimany, 2009). Therefore,
the analysis of mycotoxins in food and feed is cosgal of a multistep process which
includes sampling, sample preparation, extractiomfthe matrix, clean up (Képpen al,
2010; Krska, 1998) and measurements.

To attain this goal, several methods have been |oeee@ for the analysis of
mycotoxins including: - thin-layer chromatograph¥L(C) high performance liquid
chromatography (HPLC) withultraviolet-visible detection (UVD) and fluorescence
detection (FLD), gas chromatography with electraptare detector (GC-ECD), enzyme
linked immunosorbent assay (ELISA), capillary elephoresis (CE), liquid
chromatography coupled with mass spectrometry (L&-Mind gas chromatography

coupled with mass spectrometry (GC-MS).
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2.2.Sampling strategy

The first step is to obtain a representative saraple it includes an adequate sampling,
which means that within a sample lot, every sinigsn should have an equal probability of
being randomly selected. This process is tedidusesseveral small samples are taken
from the lot and are composed into one larger skrnple.” The lot sample is ground in a
mill to reduce the particle size, and a subsampleesmoved for extraction and analysis.
Except in case of liquids samples such as milkldadded food, such as peanut butter, the
lack of homogeneity in the agricultural commoditly food susceptible to the growth of
toxigenic moulds is common and the mycotoxin cotregion of a bulk lot is usually
estimated by measuring the mycotoxin in a sampdentérom the lot.

Then, the decision will be made to classify thedstacceptable or unacceptable
based upon a comparison of the measured samplerdoatmon with a legal limit. If the
sample concentration does not accurately refleetbihlk concentration, then it may be
misclassified and result in undesirable consequerm@h economic and health. Due to the
heterogeneous distribution nature of mycotoxingood commaodities (Zheng, Richard, &
Binder, 2006), which may contain a large numbemtgrfering compounds, the sampling
plans should be designed to minimize the miscliassibn and to reduce the undesirable
consequences associated with regulatory decismmseening the fate of bulk lots.

As a consequence of the importance that sampliagspin the precision of the
determination of the levels of mycotoxins, methaofs sampling for mycotoxins in
agricultural commodities are carefully defined hetCommission Regulation (EC) No

401/2006 of 23 February 2006 (European Commisg086a).
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2.3.Sample Preparation

Sample preparation steps, which are necessary hier successful determination of
mycotoxins, is a tedious, time consuming and mogtortant part of mycotoxins analysis
because they are more prone to error and must tedulta and diligently monitored.
Furthermore, sample preparation relies largely drysjpchemical properties of the
commodities that are contaminated with mycotoxirss veell as on the mycotoxin.
Commodities with high fat and pigment content regunore treatment. On other hand,
mycotoxins consist of a large number of secondastabolites that have different
physiochemical properties. Due to this varietygeaeral procedures can be applied for the
isolation and purification of all of the differemhycotoxins. In all other cases, the
traditional strategies for the determination of ycotoxin in food commodities include the
first step extraction from ground solid matricesthwa solvent or mixture of organic
solvents such as chloroform, ethyl acetate, methacetone and acetonitrile, followed by
reconcentration of the analyte and purificatiothaf sample.

Different extraction methods, which have been dgwed for the removal of
mycotoxins from food commodities and are dependenthe structure and nature of the
mycotoxins such as liquid-liquid extraction (LLEolid-phase extraction (SPE), Quick,
Easy, Cheap, Effective, Rugged and Safe (QUEChERE) Immunoaffinity columns
(IAC). Polar mycotoxins (e.g. fumonins) are besra&sted in the presence of water, while
hydrophobic toxins require the use of organic solseShephard, 1998; Turnet al,

2009).

2.3.1. Liquid-liquid extraction (LLE)
Liquid-liquid extraction (LLE) is an extraction nfetd in which the sample is distributed

between two immiscible solvents with the analytevitng different solubility’s in the
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solvents. It is used for the extraction of mycot@xand is based on the different solubility
of mycotoxins in aqueous phase and in the wateslubge organic phase. A non-polar
solvents, such as n-hexane, cyclohexane and tqlaeeeused for the extraction of non-
polar contaminants (Turnet al, 2009). The extraction method was found to becéffe

for several toxins, but works better for small-scaample preparation. It is time
consuming, makes use of toxic solvents, and salepends on the nature of sample matrix
to be analyzed and the analyte compounds to bendeed. Its disadvantages lie in the
formation of emulsion (Dean, 1998), loss of samipjeadsorption onto the glassware
(Turneret al, 2009), and possible contamination by the solvEherefore, it is important
to use analytical grade reagent with highest purity

Water has been used as a polar solvent to dissoye®toxins and extract them
from the ground sample. The use of relatively pslalvents has been found to be more
effective in the LLE extraction of mycotoxins. Aoettrile and methanol are considerably
the most common solvents used for extracting thet ingoortant mycotoxins.

Chlorinated solvents, such as methylene chloridejehbeen used to extract
aflatoxins from corn. Methanol has been used toaekiOTA from rice (Juan, Gonzalez,
Soriano, Molto, & Manes, 2005), acetone and aceitmiwas effectively used for the
extraction of fumonisin in rice (Hinojet al, 2006). Ethyl acetate followed by diethyl
ether was used for the extraction of mycotoxinglmyiaozonic acid) in corn and rice
(Hayashi & Yoshizawa, 2005), while the mixture adetonitrile, water and methanol
(25:25:50, v/viv) was used for the extraction ahfinisin in corn (Zinedinet al, 2006).
The use of mixture of inorganic salt (0.5% KCI)78% methanol was also reported to be
effective for the extraction of aflatoxin B1 in eicbut was followed by an ELISA method
(Reddy, Reddy, & Muralidharan, 2009). The extrattimethod used for mycotoxins gave

good recoveries and detection limits but is disatlkgeous in the use of toxic solvents. The
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extraction method has also been widely used foregigction of mycotoxins from liquid

samples (Rahmaet al, 2009).

2.3.2. Solid-phase extraction (SPE)

Solid-phase extraction (SPE), also called Liquilidsextraction (LSE), is a technique
which involves the selective adsorption of analyéo the surface of a solid phase, when
the sample is brought in contact with it (Dean, 899The principle is based on the
variation of chromatographic techniques, where stagionary/solid phase is packed with
small disposable cartridges containing silica gela bonded phase. The SPE cartridges,
which can be used either on or off line have higbeoaption capacity for small molecules
and contain different types of bonding phases (8uet al, 2009). The phases are
generally divided into three; normal, reversed amdc exchange. Normal phase contains
polar functional group and includes unmodifiedcsiliaminopropyl and florosil, while the
reversed phase contains non-polar functional gemgpinclude octadecylsilane {gilica),
styrene-divinylbenzene phenyl, the ion exchangeeriads have either cationic or anionic
functional group and include benzene sulphonic @Dielan, 1998) Generally, silica gel
based cartridges are the most commonly used.

The SPE cartridges were designed in relation tonimmber and nature of the
sample to be analyzed. The most commonly useckisyttinge cartridge, which is made of
polypropylene containing the sorbent materials, hasl a wide open entrance for sample
introduction and a narrow exit.

The use of different SPE procedures has been igaésd for the extraction of type
B trichothecenes in wheat followed by GC-ECD analy®/alle-Algarraet al, 2005).
MycoSep 225 column was used with acetonitrile—w&8%:16, v/v) as the extraction

solvent, florisil cartridge in which its procedunas slightly modified by substituting light
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petroleum with hexane. A column containing mixtuisalumina-charcoal-celite 545
(5:7:3, wiw/w), alumina-charcoal (100:15, w/w), mlna-charcoal-g silica at 3 different
ration (75:3:40, 75:1:40 (containing 5mL of sampidract) andr5:1:40 (with containing
5mL of sample extract), w/w/w) and alumina-chateolica (90:1.5:5, w/w/w) were
investigated. The elutes in the columns were cana&d to dryness by a gentle stream of
nitrogen prior to chromatographic analysis. Thetbexoveries were obtained with
MycoSep 225, alumina-charcoal«Csilica and alumina-charcoal-silica cartridges, hwit
alumina-charcoal-¢ giving the best result in terms of better relidpjl low cost and
shorter analysis time.

In most cases the extract from the SPE are cleapgmtor to instrumental analysis,
in order to remove any co-extracted material whaften cause interference in the
determination of target analytes (Rahmenal, 2009). The combination of polar and non
polar sorbent materials for SPE was found to beféective clean-up technique, which
helped in the complete removal of possible inténfgco-extracts (Stechet al, 2007).

The efficiency of SPE procedure was also investididor the extraction of type B-
trichothecenes in cereals (Krska, 1998), with Myem325 consisting of packing materials
that are made up of different adsorbents like dercelite and ion-exchange resins. The
use of MycoSep was found to be less time consunmaggyires no rinsing step and gave
good recovery. The mean recoveries range from 90836 and provides a quick reliable
and rugged method. SPE sample preparation metloyidps better advantages over LLE
method, which include the use of less quantityoxid solvents, less analytical time and
giving a better recoveries and detection limits.

Aflatoxins B1, G1, B2 and G2 were extracted fromdramal herbs (Rasmussen,
Storm, Rasmussen, Smedsgaard, & Nielsen, 2010)awvithixture of methanol and water

(80:20,v/v) followed by SPE clean-up by a polymesiarbent. The eluted extract was
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analyzed with liquid chromatography coupled witheottospray ionization-mass
spectrometry (LC-ESI-MS) operating in the positiga mode. The injection involved the
use of reverse-phase C18 short column with an asecmobile phase composed of
methanol-water (70:30, v/v). The average recovesiethe investigated aflatoxins range
from 77-110% with RSD between 5.0 — 7.1%. The ligfidetection (LOD) and limit of
guantification (LOQ) were found to be 10 ng andr@brespectively. The linearity ranged
from 10 to 600 ng with correlation coefficients ater than 0.999 (Ventuet al, 2004).

A SPE clean—up method for the determination dateins B1, B2, G1 and G2 in
groundnut cake was developed. The method involve<glean-up of an acetone and water
(85:15, vl/v) extract on a bonded-phase cartridgd aas quantified by HPLC-FLD
following a post-column derivatization with iodinEhe average recoveries range from 82.1
to 88.0% with LOD between 1.6 and 3.2 pg/kg. Theetwped method showed no
significant different with the AOAC official methodt 5% confidence level, but the
developed extraction method extracted more aflakxX81. The developed extraction
method, with acetone was also compared with slestgraction method and the two
methods showed similar precision, but the slurrythog was found to extract more

aflatoxins B1 and B2 (Roch, Blunden, Coker, & NawE295).

2.3.3. Immunoaffinity column (IAC)

An Immunoaffinity column (IAC) is the method of eattion of contaminants, which is

based on the specific biological interactions betnwvantigen and antibodies. The inherent
specificity of antibodies is used to bind the targealytes (Maragos, 2004). The IAC

contains anti-mycotoxin antibody that is coatedtlom surface of a solid spherical beads
like agar-rose gel contained in a phosphate baiferis packed in a small plastic cartridge

column. The diluted mycotoxins is extracted by gy the sample to an IAC containing
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specific antibodies to a particular mycotoxins, pgssing through the antibody, the
mycotoxin is bonded to it, this is followed by pagswater through the column to remove
impurities. The bonded mycotoxin is then removexrfrthe antibody by passing solvent
such as methanol through the column, and can bectéet with a fluorometer or
instrumental techniques. Most mycotoxins have losletular weight (Maragos, 2004;
Zhenget al, 2006), and thus the immunoassay procedures éarektraction is limited.

It is disadvantageous, because IACs have limiadihg capacities and the sample
clean-up procedure is complicated. Mycotoxins (@R8l HT-2) were extracted in by LLE
method using methanol/ water (90:10, v/v) and tkigaet was cleaned-up by IAC. The
antibody used (monoclonal) showed 100% cross-mafctvith both mycotoxins and the
IAC clean-up was found to be very effective up teamcentration of 1.4 pg/kg of both
analytes. The recoveries ranged from 70% to 100&R®BD was found to be lower than
8%, while the LOD was between 3-5 pg/kg (Viscomittanzio, Pascale, & Haidukowski,
2005).

The IAC method was used as the sample prepargbiatedure for the
guantification of zearalone mycotoxins in corn. Thethod involved the extraction of corn
sample in acetonitrile/water (90:10, v/v), followég dilution of the extract with water
(2:10, v/v) and then applied to Zearala Test IAGe Tolumn was washed with water to
remove the impurity and the analyte was eluted witbthanol and quantified. The
recoveries of the analyte with the Zearala Testirool were found to be higher than 95%
and the column could effectively hold a maximumdoimg of mycotoxin. The RSD and
LOD were 6% and 3 pg/kg respectively. The method wampared with the AOAC
official method 985.18 and a correlation coefficiei 0.87 was observed (Visconti &

Pascale, 1998).

27



A mycotoxin (DON) in wheat was also quantified gsinimmunoaffinity
chromatography. The wheat samples were extradteztetl twice and transferred into the
IAC. Impurities were washed with water while thended mycotoxin was removed with
methanol. The specificity of the IAC was determieed was found to be greater than 80%
in DON and between 40 to 50% in 3-ADON while 3-ADONIV, T-2 and FUS X were
not recognized by the antibody. The average recewdor all analytes determined were
90% with an average RSD of 8.3%. The LOD was 0.lkgidinearity between 0.1 to 1.0
mg/kg with correlation coefficient of 0.999, whilke IAC capacity was determined to be
3.3 mg (Cabhillet al, 1999). This method was found to be simple, adeyend rapid and it
offers high selectivity, in the extraction and sedpgent determination of mycotoxins, but
the limitation lies in a single use of the column.

A method for the determination of aflatoxins B12,B51 and G2 in food matrices
was developed. The method involved the IAC clearstep after extraction with methanol
and subsequent determination with TLC. The investig aflatoxins were quantified by
densitometry. The LOD ranged from 0.1 to 0.2 pgéad LOQ between 0.2 and 0.3 pg/kg
for all investigated aflatoxins. The average rec@geranged from 76 — 87% with RSD
between 1.4 and 8.9% (Stroka, Otterdijk, & Ankla2000). The LOQ of the developed
method was found to be significantly lower than ¢hierent regulatory limits for aflatoxins
control outside and within the European communitjne recoveries and precision of the
developed showed that the method is likely to giasfactory performance if tested in a

future collaborative trial.

2.3.4. Supercritical Fluid Extraction (SFE)
Supercritical Fluid Extraction (SFE) is an extraantitechnique, which makes use of

supercritical fluids. A supercritical fluid is a Isstance, which does not condense or
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evaporate above its critical temperature and pres$&ut its properties changes from gas-
like to liquid-like as the pressure changes. Itines extraction of samples by a flowing
stream of supercritical fluid at a particular temgtere and pressure over a period of
optimized time (Clifford, 1998). Supercritical fiis such as C£ which is non-toxic and
non-inflammable, environmentally friendly and cheatly inert (Ambrosincet al, 2004,
Krska, 1998), is commonly used, because they giynéia/e low viscosities between 10—
3-10-4 g/cm/s, with high diffusivities between 1828-4 crfi/s and moderate densities of
around 0.3 — 0.8 g/cm. This enables rapid andieffiextractions due to the combination
of two properties; high gas-like solvating poweddmuid-like mass transfer properties
(Josephs, Krska, Grasserbauer, & Broekaert, 1998pns been shown to be an effective
method for the extraction of non-polar mycotoxire many different sample matrices.

The efficiency of SFE depends strongly on the aeatyatrix interaction (Krska,
1998), and therefore the need for the optimizabbrSFE parameters, to determine the
optimum conditions for effective extraction of aytak. The solubility’s of the analytes are
controlled by their polarities and temperature augbercritical fluid density which is
pressure dependent (Josepdtsal, 1998). The optimization of parameters can be
performed at temperatures ranging from 20 t8C40and therefore can be used for
temperature sensitive analytes (Ambrosz@l, 2004). The selectivity of the method can
be achieved by varying the temperature and preshuiag extraction. The efficiency of
SFE is also enhanced by addition of polar modifierg. methanol) which increases the
densities and polarities, and therefore enhancessdiivating power of the supercritical
fluid, and thus can be used for the extraction otlerately polar analytes (Josemtsal,
1998).

The SFE method with CQas the supercritical fluid has widely been usedhim

extraction of mycotoxins from foods such as cer@ale dual properties of supercritical
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CO, provide ideal condition for extracting analyteghwa high degree of recoveries in a
short period. Trichothecene mycotoxins was detezthin wheat by the use of supercritical
fluid extraction, and it gave a good recoveries,1900.6% for spiked sample and
53.0£3.2% for naturally contaminated samples, \R8D of 9.6%. The LOD was found to
be 1.6 mg/kg and LOQ of 5.35 mg/kg (Josephal, 1998).

The method was also used effectively to determiaaubericin mycotoxins in
maize. The method involved the optimization of agtion parameters such as temperature,
pressure and time. The best extraction conditioerewetermined to be at a temperature of
60°C, pressure of 3200 psi, static extraction time36fmin and uses of methanol as
modifier. The extraction recovery of 36% was achewithout the use of modifier which
was found to increase to 76.9% in the presencecalifrar with an RSD of between 3-5%
(Ambrosinoet al, 2004).

The optimum condition for the extraction of B-trathecenes in cereals was also
investigated and was found at a pressure of 3&dhextraction temperature of°@) with
a dynamic extraction time of 15 min and a fluidwloate of 2.0 mL/min in the presence of
methanol as modifier, which was preceded by acstattraction time of 30 min (Krska,
1998).

The SFE technique was also found to be effectivihénextraction of macrocyclic
lactone mycotoxins in maize flour following optiration of necessary parameters. The
best recoveries were achieved at temperature‘af 8ad fluid flow ratio of 1 mL/min with
static extraction time of 10 min and 30 min of dyn@ extraction time, using 9.1% of
methanol as modifier. The flow rate of 0.05 mL/nah the modifier was observed to
increase the recovery from 84-88% to 90-92%, ardltw rate of 0.1 mL/min of modifier
was found to be enough for quantitative extrac{®fi-100%) of the mycotoxins (Zougagh

& Rios, 2008). The SFE extraction method is legseasive, fast, the supercritical fluids
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can easily be removed and are readily availabld,tae SFE can be automated which
prevents contamination and helps in the optimiratibparameters for effective extraction
The SFE method was also developed for the extradfi@aflatoxins B1, B2, G1 and
G2 from spiked corn sample using modified supecaiitcarbon dioxide. The extraction
method developed involve holding the corn in stasittaction at 6% and 51.7 MPa for 15
min followed by a dynamic extraction with 20 mL lafuid carbon dioxide. Methanol was
added as modifier to the SFE extraction cell comg the corn layered between
Hydromatrix, and it helps to prevent the cloggirgtlee frits and reduced the effect of
moisture on the extraction. The extract was catiéah chloroform and was further cleaned
up with a Florosil Sep-Pak. The cleaned up extmmats analyzed with HPLC with
fluorescence detector after post-column derivabpatvith iodine. The average recoveries
of the aflatoxins B1, B2, G1 and G2 over a linearge of 3 to 11 pg/kg were found to be
77.3, 82.9, 75.4 and 80.3% with RSD of 3.7, 3.877and 10.57% respectively. Dynamic
extraction with up to 60 mL of liquid COwas found to improve the recoveries of
aflatoxins G1 and G2, but decreased that of aflatoB1 and B2. Therefore reducing the
dynamic extraction volume, depressurization of 8#E extraction cell and reading the
modifier helped to improve the recoveries and rdpaibility of all investigated aflatoxins

(Holcomb, Thompson Jr, Cooper, & Hopper, 1996).

2.3.5. Accelerated Solvent Extraction (ASE)

Accelerated Solvent Extraction (ASE) also knowrpeessurized liquid extraction (PLE) is
a technique which makes use of organic solvenitsgat pressure and elevated temperature
at or above the boiling point, in order to achiefcient and almost 100% extraction of
analytes from solid and semi-solid samples with dovgolvent volumes and shorter

extraction time (Juaat al, 2005; Rahmaret al, 2009; Sheibani & Ghaziaskar, 2009). The
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technique involves placing a solid sample in a aell sealed it after it has been filled with
extraction solvent and used to statically extraet $ample under elevated temperature of
between 50-20C and pressure of 500—-3000 psi for short periotineé (Rahmankt al,
2009; Richter, Jones, Ezzell, & Porter, 1996). ilgh temperature and pressure cause the
solvent to be in the liquid state, helps the sditerpenetrate into the pore of the sample
and encountered the analyte.

The effect of experimentally controllable ASE paedens, such as solvent
composition, temperature, pressure, static timajb®r of extraction cycle and sample cell
size are very important (Juat al, 2005; Rahmanet al, 2009; Urraca, Marazuela, &
Moreno-Bondi, 2004), and need optimization foreffiective and efficient extraction. The
use of high temperature helps to increase the gzhulp capacity of solvents and leads to
faster diffusion rate; it also helps in the disraptof the strong solute-matrix interaction
that is caused by van der Waals forces and hydrdgewing. Extraction at elevated
temperature increases the viscosity of the soltkateby allowing better penetration of the
solvent into the pore of the sample. The use of lpigessure forces the solvent into inner
pore of the matrices and facilitate the extractbmnalyte that is trapped in sample matrix
pores (Richteet al, 1996).

The ASE method has been used for the extractioaflafoxins B1 and B2 from
contaminated pistachio samples following the optation of the required parameters. The
pressure variation of 10 to 100 bar was observetiaie no significant effect on the
extraction of aflatoxins. A mixture of methanol awdter (80:10, v/v) used as extraction
solvent and carried out at a flow rate of 0.5 mi/iand at a temperature higher thafiG80
was found to be the optimized conditions which ltesiin efficient extraction (Sheibani &

Ghaziaskar, 2009).
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A method for the determination of zearalenone ireakeflour was also developed
by the application of ASE using a mixture of metblaand acetonitrile (50:50, v/v) as the
extraction solvent, and the technique was founbetowvery effective in the removal of the
analyte from the sample (Pérez-Torrado, Blesa, d&ltFont, 2010).

An ASE method for the analysis of OTA in bread wiascribed, and parameters
affecting the extraction were investigated thordughhe optimized conditions were found
at 80C, at the pressure of 2000 psi with a 5 min cyamg methanol as the extraction
solvents. The total extraction time was observeetd2 min with extraction yield of more
than 90%. A relationship between the pressure atrdation recovery was established and
was shown that increase in pressure above 200@epstase extraction recoveries atG0
(Osnaya, Castillo, Cortés, & Vinuesa, 2006).

The ASE procedure for wheat sample was also optihiior the extraction of
zearalenone and the optimum extraction conditioasevobtained at 5Q, a pressure of
1500 psi, a static extraction time of 5 min in firesence of methanol/acetonitrile (50:50,
v/v) as the extraction solvent in an 11 mL ext@ctcell and a 60% flush volume (Urraca
et al, 2004).

The ASE method was found to have no significanted#hce when compared to
standard EPA extraction methodology in terms obvecy and precision (Richtest al,
1996). The ASE method uses less solvent comparethér traditional extraction methods
and is more effective than SFE, which in some césdeed the required strength for the
extraction of polar analytes (Recover20) from complex matrices. The use of higher
temperature leads to the breakage of intermolemi@raction between the analyte and the
sample matrices. Its limitation lies in the loss waflatile analytes when used for the

extraction of solid samples.
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2.3.6. Quick, Easy, Cheap, Effective, Rugged and Safe (Q@BERS)

A Quick, Easy, Cheap, Effective, Rugged and S@eEChERS) method which was

developed by Anastassaides and his co-workers {Assiades, Lehotay, Stajnbaher, &
Schenck, 2003), was initially developed for therastion of pesticides from fruits and

vegetables (Aguilera-Luiz, Plaza-Bolafios, Romerotatez, Vidal, & Frenich, 2011), and

has widely been employed for analysis of mycotoxmsany food matrices. It involves

the partitioning of the sample matrix by the usensfture of solvents, induced by addition
of inorganic salts. The analytes are extractedhleyarganic solvent, while the more polar
impurities are held-up in the aqueous layer. Thedteal sugars, fatty acids and other H-
bonding matrix co-extractable, are removed from dhganic solution by the addition of

primary and secondary amine (PSA), followed by élisive solid phase extraction (dSPE)
(Zachariasovet al, 2010), as a clean-up step.

Samples are homogenized at a low temperature andallkent is added, followed
by the spinning of the mixture for about 1 min icentrifuge. An inorganic salt such as
anhydrous magnesium sulphate (Mgp@o absorb water and contaminants present in the
sample) and the PSA are added to the supernataake sand re-centrifuged, this is
followed by instrumental analysis. The selection tbé extraction solvent is a very
important factor in QUEChERS method developmensg8dra, Blesa, Soriano, & Mairies,
2010). The sample extraction procedure can be peeid with mixture of several solvents
depending on the type of mycotoxins to be extrackidtures of several solvents have
been employed, such as dichloromethane, ethyl tagetacetonitrile, methanol
methanol/acetonitrile, methanol/acetonitrile/waterd methanol/water in different ratio
(Desmarchelieet al, 2010; Romero-Gonzéalez, Garrido Frenich, Martixedal, Prestes,

& Grio, 2011).

34



The extraction of five mycotoxins; three type Aclothecenes such as DAS, T-2
and HT-2, and two type B-trichothecenes such as @dl NIV, from wheat flour, was
optimized using a modified QUEChERS method (Sospedral, 2010). The use of
different extraction solvents were investigateddtiective and better recoveries. Methanol
was found to be effectively extracting all the fimgycotoxins under investigation, with
recoveries of more than 50%, while acetonitrilevedd good recoveries for the type-A
trichothecenes. The mixture of the two solvents tkrareol/acetonitrile) in two different
ratios by volume (75:25, 85:15 and 95:5, v/v) gheder recoveries which ranged from 86
to 108%. The solvent mixture with the 85:15, v/i\ymtmnation gave the highest recoveries
with RSD of between 5.6 and 9.0%, which confirmde tgood repeatability and
reproducibility of the extraction method. The ertran LOD values ranges from 1-30
pno/kg and the LOQ of between 4 to 100 pg/kg, witkedrity of 100 to 500 pg/kg and
correlation coefficients greater than 0.99.

The extraction method was also developed for sanebus determination of
pesticides and biopesticides such as pyrethrintenome, azadirachtin, and mycotoxins,
such as aflatoxins B1, B2, G1, G2, OTA, T-2 and HTrom wheat flour. The method
allows the extraction of large number (80) of commpds in one-step. The method
developed involved single extraction with acidifiedetonitrile, which is followed by
portioning with salts (anhydrous Mg$énd anhydrous sodium acetate {81&;)), without
any clean-up step. The recoveries were in the rahg® and 120% with intra-day RSD
lower than 20% and inter-day RSD lower than 24%QL®@as found to be lower than
10pg/kg. The QUEChERS method developed was compaiigd other traditional
extraction techniques and was found to provideebesensitivity and selectivity. The good
recoveries obtained also indicated the reliabilify the extraction method (Romero-

Gonzalezt al, 2011).
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The analysis of 17 mycotoxins from cereal-basedrodities such as corn, wheat
and rice, was carried out using QUEChERS technif@be.extraction solvent contained a
mixture of water and acidified acetonitrile (50:30y) and the inorganic salts made up of
mixture of MgSQ: NaCl (4:1, w/w). The resulting supernatant wasaokd-up using n-
hexane under agitation, then centrifuged followgawaporation to dryness under a stream
of nitrogen. The extract was then reconstitutednethanol and water, re-centrifuged to
give a clear supernatant for subsequent chromaibgraanalysis with no clean-up step
(Desmarchelieet al, 2010). The technique was compared with ASE ansl aserved to
give similar performance in term of linearity’$r0.98), precision (RSD< 20%), but the
QUEChERS method was found to be easier, less sahgenand also allowed high sample
throughput.

A QUEChERS-based extraction procedure was dewelopethe determination of
10 mycotoxins such as beauvericin, enniatin A, B1, citinin, OTA, aflatoxins B1, B2,
Gl and G2 in egg sample at a trace level. Theaetdn step, chromatographic and
detection conditions were optimized in order taéase efficiency and sample throughput
and sensitivity. Matrix-matched calibration was dider quantification. Blank samples
were fortified at 10, 25, 50 and 100 pg/kg, andovecies ranged from 70% to 110%,
except for OTA and aflatoxin G1 at 10 pug/kg, ankhtakin G2 at 50 pg/kg. The RSDs
were lower than 25% in all the cases. LOD rangechf0.5 pg/kg (for aflatoxins B1, B2
and G1) to 5 pg/kg (for enniatin A, citrinin and ®Tand LOQ ranged from 1 pg/kg (for
aflatoxins B1, B2 and G1) to 10 pg/kg (for enniatincitrinin and OTA). Seven samples
were analyzed using the optimized conditions andtafins Bl, B2, G1, G2, and
beauvericin were detected at trace levels (Freriatmero-Gonzalez, Gomez-Pérez, &

Vidal, 2011).
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Rasmusseat al. (2010) described a method for the determinatio7ofmycotoxins
of different types in maize, using QUEChERS procedurhe method involve the
development of a simple pH-buffering, which ensutlest the pH in the sample was
effectively maintained at a stable pH value (pHH#)e extracted analytes were analyzed
qualitatively and quantitatively with LC-MS withowny clean-up. Quantification was
performed by using matrix-matched calibration sgaddwvhich yielded recoveries ranging
from 37 to 201% with most of the investigated mgsms in the range of 60 and 115%
(RSD = 5-27%). The LODs ranged from 1 to 739 pdRgsmussent al, 2010).

The QUEChERS extraction technique has been fountfdo significant advantages
over the traditional sample extraction techniquecause extraction can be achieved in
short period of time and the use of toxic solverdlso minimized, it also eliminates clean-
up and additional sample processing, thereby redudrrors. It gave high analyte
recoveries for a wide range of mycotoxins and adlowed high repeatability and

reproducibility with ease of use.

2.4.Qualitative Analysis of Mycotoxins
2.4.1. Enzyme Linked Immuno-Sorbent Assay (ELISA)
The Enzyme linked immuno-sorbent as¢gli ISA) method is a qualitative technique that

is based on the principle of a sandwich, whererdigen and the corresponding antibody
specific to the analyte are immobilized on a miteotplate in a solid phase. The assay
involves immobilizing an analyte or the antibody @me bottom of a commercially

available 96-well microwell assay plate, or on wedls of a plastic tube, using an enzyme
system as the reporter signal. The nature of bgndinthe antibody and antigen can either
be measured directly or indirectly (Stanker & Bgi@®96). The direct measurement

involves the modification of the antibody molectecontain a reporter system, while the
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indirect measurement involves the use of a secaonitbamly, which carries the reporter
system and binds specifically to the original amti{p. The structural and chemical
interactions that occur within the antibody-combaisite, controls the ability of the
antibody molecule to specifically bind an antigerolecule. The antigen-antibody
interaction is reversible and does not result ®ftirmation of covalent bond (Stanker &
Beier, 1996). It is a convenient screening toot ttzan be used to analyze a large number of
samples simultaneously and does not require saogdtest instrumentation (Zhang, Wang,
& Fang, 2011), but the procedure allows for qualiea and semi-qualitative analysis
(Nilufer & Boyacioglu, 2002; Rahmaet al, 2009).

The ELISA protocol that may be applied to diffaramtigen-antibody interaction
can either be competitive direct (cdELISA) or comitpes indirect (CIELISA) (Christensen,
Yu, & Chu, 2000; Yu, Chi, Liu, & Su, 2005). The ddBA involves immobilizing the
analyte specific antibody in the wells of a micisms plate, followed by addition of the
unknown sample and a fixed amount of enzyme-labalealyte to the antibody-coated
tube. The sample is incubated for about 5 to 60, mnd the labeled and the unlabeled
analytes are left to compete for binding sites o antibody. The unbinding material is
then washed away while the amount of labeled am@lghded to the immobilized antibody
is quantified using an enzyme substrate that famslored product. The ciELISA involves
coupling the analyte to a carrier protein and themobilized on the bottom of a
microassay plate well, followed by addition of tin&known sample to the microassay well
and a fixed amount of analyte-specific antibodyisTik followed by the incubation of the
microassay plate, which allows the partition of #rgibody between the unbound analyte
present in the unknown sample and the analyte inlineth on the bottom of the
microassay. The unreacted materials are then wamhédjuantification of the amount of

the analyte-specific antibody bounded to the bottdrthe microassay well is achieved by
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addition of a second antibody that specificallydsirthe first antibody and incubated again.
This is followed by washing away of the unreactestarials and addition of appropriate
substrate (Stanker & Beier, 1996). The sensitiaitythis technique is dependent on the
affinity of the specific antibodies and the sengyi of the detection system used (Quan,
Zhang, Wang, Lee, & Kennedy, 2006).

The amount of color developed measured in term pifcal density, in both
cdELISA and ciELISA is inversely proportional toettamount of analyte present in the
sample. The cdELISA assay in which mycotoxin-pmteonjugates are coated onto
microassay plate as solid phase are widely empléyregualitative analysis of mycotoxins
in food compared to the cdELISA which is time-comsug (Yu et al, 2005). The two
types of assay can be used based on polyclonaloaiyti Christensert al, 2000; Quaret
al., 2006; Yuet al, 2005), or monoclonal antibody (Maragos, 2004y laas been used for
mycotoxins analysis because of their adaptabibiyplicity, selectivity, and low cost
(Quanet al, 2006).

The cdELISA based on monoclonal antibody was usetht analysis of fumonisin
B1 mycotoxins. The monoclonal antibody was prepagainst hydrolysis product of the
fumonisin B1 (HFB1), that cross reacts with hydsiyproduct of fumonisin B2, B3 and
B4. There was no reaction between the antibodythedntact fumonisin. The antibody
was applied to the extracts of grinded corn andoéréormance of the cdELISA was found
to be affected by the amount of solvent and therimabmponents. The antibody used
(P2F11-3-H7) was found to be specific to HFB1 amakctive with the hydrolysis products
of fumonisin B2, B3 and B4. The lowest IC50 wasrfdun HFB1 with value of 36 pug/L
followed by HFB3, HFB2 and HFB4 with values of 1jd4/L, 331 pg/L and 1700 pg/L
respectively. The used of cdELISA for the analydisorn gave the recovery value of 79%

with LOQ of 10 pg/kg HFB with IC50 of 41 ug/kg. Thieearity range from 50 to 500
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pna/kg and reproducibility of less than 20 pg/kg @akfficient of variation of 8.1%
(Maragos, 2004).

An ELISA method based on polyclonal antibody codpl® an enhanced
chemiluminescent (ECL) detection was developedHeranalysis of fumonisin B1 in food
sample (Quaret al, 2006). The assay involves the optimization ofcsortrations of the
antibody, enzyme conjugate and competition times ®ptimized condition gave a linear
working range of 0.14-0.9 ug/L, IC50 value of 043@/L and LOD of 0.09 ug/L. The
effect of amount of antibody per well, competitibme and the amount of antigen was
investigated. The result showed that, 0.5 pg/welantibody, with 60 min competition
time and 0.5% BSA-PBST as a fumonisin B1-HRB ditubnffer produced the best
RLUmMax/IC50. The investigation of the effect of \wmit mixture (methanol and
acetonitrile) and their concentrations showed teas than 10% and 5% methanol and
acetonitrile respectively did not have any effegttbe sensitivity of the assay, while the
solvent concentration of more than 20% methanol &6 acetonitrile reduced the
detection sensitivity. Methanol was then chosen ttog extraction of fumonisin B1
mycotoxins after it was reduced to 10%, and thelteshowed that the assay developed
for the antibody is specific to fumonisin B1.

Two ciELISA methods were investigated for the detieation of aflatoxins B1. It
involves the coating of the antigen (Aflatoxin Bi®Sto the solid phase made of
polystyrene microtiter plates. One of the procedumgolves the conjugation of the specific
antibody with peroxidase, and there was no conjogan the other procedure but a second
antibody labeled with alkaline phosphate was enmgdoyhe study showed that the affinity
constant of the complex solid and solution, andahmunt of antigen in the solid are the
main factors which affect the dynamic range ofrttethod (Pesavento, Domagala, Baldini,

& Cucca, 1997). Mycotoxins were analyzed in sesaotéer using ELISA and compared
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with two other analytical methods; HPLC and fluoeimg. The coefficient of variation was
found to be in the range of 27.16 — 39.94% andwemgoranging between 145.6 t0 161.4%.

The recovery was observed to be inversely propmatido the coefficient of
variation and directly proportional to the spikiteyels. The comparison showed that the
ELISA method is only applicable for screening pug® (Nilufer & Boyacioglu, 2002).

A polyclonal antibody was used in the analysisumhénisin B4, by assaying with a
competitive direct ELISA. The result showed that toncentrations of fumonisin B1, B2,
B3 and B4 in the fumonisin B1-HRP- based cdELISAtteaused 50% inhibition of
binding of enzyme marker (IC50) were 9.0, 2.1, 8@l 6.5 pg/L, with relative cross-
reactivities of 58.5, 309.5, 58.5 and 100% towauwmdnisin B1, B2, B3 and B4
respectively. The IC50 values in the fumonisin BRP-based were 7.1, 1.9, 7.6 and 5.3
pHo/L with relative cross-reactivities of 74, 28@ and 100% towards fumonisin B1, B2,
B3 and B4 respectively. The recovery obtained wihiesm fumonisin B3-HRP-based
cdELISA was employed using a corn cultured matemes 65% in the range of 100-1000
mg/L, and the LOD obtained assaying a clean cortrixnevas between 10-100 mg/kg
(Christenseret al, 2000).

An OTA was assayed with cdELISA and ciELISA usirajyglonal antibodies that
were generated from rabbits after the animals vgemarately immunized with OT#A-
globulin and OTA-keyhole limpet henocyanin (KLHpdawere used for the analysis of
soybeans. The investigation showed that the anjiltgdrs in the serum of rabbits
immunized with OTAy-globulin were considerably higher than those tobres immunized
with OTA-KLH, and therefore the higher antibodiesrisn were used for further
characterization. In the cdELISA assay, the comeéinhs of OTA, ochratoxin B and
ochratoxin C, causing 50% inhibition (IC50) of bingl of OTA-horseradish peroxidase to

the antibodies were found to be 0.90, 110 and pd/4d respectively. The recovery was
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found to be 85.9% when 10 to 250 pug/kg of stand@afé was spiked to soybean samples
and extracted with 50% aqueous methanol €¥al., 2005).

The ELISA method was also used for the analysiaflatoxins in two varieties of
hulled rice, which was atrtificially contaminated different concentrations and processed
using dehulling and polishing methods to producer fivactions (hull, bran, polished
broken grains, and polished whole kernels). Thetitvas were then analyzed for total
aflatoxins including B1, B2, G1 and G2. The proaggsvas shown to have an average
removal of 96% and 97% of the initial aflatoxinggent in the polished broken grains and
polished whole kernel respectively. The processivas found to effectively remove
aflatoxins from the rice and reduced initial conii@ation by more than 90% and was
considered to be a good step in improving the gafethe final fraction (Castells, Ramos,
Sanchis, & Marin, 2007).

An ELISA method followed by HPLC for the screenioijaflatoxins was designed
by Li et al. (2009). The method involved the use of three-clggscific monoclonal
antibodies against aflatoxins, and aflatoxins GZ waed as competitor in the ELISA
system. The ELISA method showed high cross-reagt{@5%) to aflatoxin G2, antibody
10C9 had the most similar sensitivity for five &bteins (B1, B2, G1, G2 and M1), with 150
values were in a range of 2.1-3.2 ug/L. After adrefptimization, antibody 10C9 was
selected to develop an ELISA for determination ftdtexin B1, B2, G1 and G2 in peanut
samples. The average recovery of the method rainged87.5 to 102% with RSD between
6.8 and 11.2% (Liet al, 2009). The results indicate that the ELISA depetb can
accurately determine total aflatoxins in samplespeénuts after the simple and rapid

extraction procedure.
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2.4.2. Fluorescent Polarization Immunoassay (FPIA)

Fluorescent polarization Immunoassay (FPIA) is pidajualitative technique which is
based on measuring the competitive interactiongd®t mycotoxins and a mycotoxins-
fluorescent labeled tracer for a mycotoxin speafitibody . The fluorescence polarization
measures the orientation of the fluorescence eoms$iom horizontal and vertical
directions. This is related to the measurement até rof rotation of the fluorescent
molecules in solution, rather than the fluorescantensity. The rate of rotation is in turn
directly related to the size of the fluorescentewcales in solution. The rate of rotation is in
a direct proportion, while polarization has an rmedt proportion, to the size of the
molecules, with small molecules having higher rated give low fluorescent polarization
than that of larger molecules (Chun, Choi, Ch&pi, & Eremin, 2009; Maragos, 2004,
Nasir & Jolley, 2002; Zhengt al, 2006). Therefore, it allows for the determinatemd
detection of small molecular weight analytes irusioh.

The FPIA method was developed for the screeningfteszearalenone in cereals
and their products, based on the change in fluergésgolarization of flourscent-labelled
small antigen bounded to a specific antibody. Tlyathesized fluorescent labeled
zearalenone tracer containing three linkers ofedsifit carbon lengths (2, 3 and 6-carbon
bridge), ethylene diamine, 1,2-diaminopropane agxbhimethylenediamine (HMDF) were
assayed and their binding response with zearalegpeeific antibody was evaluated. The
zearalenone-HMDF conjugate which contain 6-carboidge was found to the most
sensitive FPIA for the detection range of 150 -1@@@kg with a detection limit of 137
pHo/kg and was completed in less than 2 min. Theageerecovery of the spiked corn
sample was found to be 106.4% with RSD of 12.5%e fdsult was compared to ELISA
and HPLC and the correlation coefficients betweBhAFand ELISA and between FPIA

and HPLC was found to be 0.76 and 0.72 respectiveiplying that the zearalenone-
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HMDF tracer is suitable for the FPIA screening ofamtoxins in grains without the need
for a time-consuming and complicated clean-up (Gétuad, 2009).

The FPIA method was used for the analysis of e&seaf naturally contaminated
grain (corn, sorghum, peanut butter, and peanuepasid spiked popcorn samples. The
analysis of spiked popcorn samples containing daurexof aflatoxins (B1, B2, G1 and G2)
gave a good correlation value of 0.99. The comparief the assay with an HPLC
reference method gave a good correlation coeffi¢i€r 0.97) for naturally contaminated
samples. Although the assay was found to conslgtenterestimate the aflatoxin content,
this could be as a result of low cross-reactivityhe antibody used towards aflatoxins B2,
Gland G2. This showed that considering the portgbdnd simplicity of the FPIA
technique, the assay can be used for screenirgaidfaflatoxins in grains (Nasir & Jolley,
2002).

An FPIA method for rapid screening of DON in wheaid maize samples were
developed, based on the competition between DONaanovel DON-fluorescence tracer
(DON-FL2) for a DON-specific monoclonal antibodyl@on. The assay was compared
with HPLC method, and the FPIA methods agreed weh linear regression of 0.936 for
wheat and did not agree well for maize with linesgression of 0.849. The recoveries from
the two samples using the aqueous extraction astohgeby FP, was excellent for maize
with recovery of 94.6% and was poor for wheat wehbovery value of 71.2%. The study
also investigated the impact of the incubation tonethe calibration curve and was found
that the assay was most sensitive with a shortbigioon time (15 s), but an identical
calibration curve was observed at an incubatiore timnging from 1 to 12 min with
equilibrium reached at 1 min and thus was usedtherrest of the assay (Maragos &

Platiner, 2002)
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The FPIA method is a homogenous assay conductdtkisolution phase. It does
not require the separation of the free and bouadety and an enzyme reaction, which
distinguishes it from the ELISA method, which iheterogeneous assay that requires the
separation of the free and bound tracer and enzgawtion. Thus, there is minimal effect
of coloured and cloudy solutions (Maragos, 2009siN& Jolley, 2002; Zhenget al,
2006). Therefore FPIA does not require any washlunglean-up step, although matrix
effect does exist and it makes an extensive vadidattudy a necessity for application of
the FPIA method in different commodities (Zhegtgal, 2006). The matrix effect can be
controlled by dilution, matrix matched calibratimurve and data normalization; with
dilution providing better selectivity and does aotversely affect the operating range of the

assay for a simple matrix (Maragos, 2009).

2.5. Quantitative Analysis of Mycotoxins
2.5.1. Gas Chromatography (GC)
Gas chromatography (GC) analysis is a separatdmigue that is based on the partition

of analytes between a liquid stationary phase arghs mobile phase. GC has been
regularly used widely for the qualitative and quiatitze analysis of food samples. It has
been used widely to identify and quantify the pnegseof mycotoxins in food (Turnet al,
2009). It is mostly used for the analysis of trittexenes (Valle-Algarrat al, 2005),
because they do not absorb intensively in the wititet-visible range, are non-fluorescent
compounds and vary considerably in polarity (Ka2d04; Lattanzio, Pascale, & Visconti,
2009).

GC is suited for the analysis of thermally stablen-polar, semi-polar, volatile and
semi-volatile compounds (Koppeat al, 2010), such as pesticides, oils and steroid. Most

mycotoxins are non-volatile; hence, derivatizatisralways used to increase the volatility
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of mycotoxins and improve their responses to G@daetn system (Koch, 2004; Képpeh
al.,, 2010; Turneret al, 2009). This derivatization involves the reactiminthe hydroxyl
groups of the mycotoxins with; silylating agentngsitrimethylsilyl (TMS) to form TMS
ester, fluorinating agent using pentfluoropropylFR®, heptafluorobutyl (HFB) or
trifluoroacyl (TFA), and acetylation with acetiotaydride to form their respective esters
(Koch, 2004; Langseth & Rundberget, 1998). The ahaif derivatization agent depends
on the nature of the mycotoxins to be analyzedthadype of detection system employed
(Langseth & Rundberget, 1998). Fluorinating ageptsvide better sensitivity and
selectivity for type A and B trichothecenes (Radaddaladova, & Hajslova, 1998; Valle-
Algarraet al, 2005).

Type-B trichothecenes (DON, NIV, 3-ADON and 15-ADDNave been analyzed
in wheat samples using GC-ECD techniques that @eeded with the SPE procedure for
clean-up. The study involved comparative studies tefo derivatization agents
(pentafluoropropionic anhydride (PFPA) and heptafbbutyric anhydride (HFBA) and
two chromatographic columns (HP-1701 and HP-5)@/Algarraet al, 2005). The LOD
for NIV and 3- and 15-ADON were found to be simileespective of the derivatization
used, while for DON using HFBA derivatization gawvigher chromatographic signal than
PFPA, thereby providing higher sensitivity. Theeclimity was also the same for all analytes
for both derivatization agents and ranges from ®1@00.625 mg/L, with PFPA providing
better correlation coefficients (0.9900-0.9993) avak used for further studies. The HP-
1701 column gave good and well-separated peakS8-®wDON and 15-ADON and all
analyzed trichothecenes were well separated witter limit of detection.

A method for the multi-determination of trichothaes (DON, NIV, DAS, FUS X,
T-2, and HT-2) in wheat was developed using twaamiap procedures followed by

derivatization with trifluoroacetic acid anhydrig€ FAA) and were separated with high
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resolution GC-ECD (Radowet al, 1998). The ECD response was found to be linear o
the range of 20-300 pg/ injection with correlationefficients of 0.99. The detection
sensitivity of the ECD for the derivatized trichetienes was found to be dependent on the
number and position of the hydroxyl functional gueuavailable for acetylation. The
detector response increases with the number ofolRytigroups, thus DON with three
hydroxyl groups in its molecule gave higher relatitesponse. It was observed that
determining trichothecenes below a spiking leve? ofig/kg was not reliable and that good
recoveries (86 — 97%) could only be achieved whengpiking level is exceeded.

A powerful and practical GC-MS system was develof@mdthe simultaneous
detection and confirmation of trichothecenes andralenone with TMS used as the
derivatization agent (Tanaka, Yoneda, Inoue, Sagi€rUeno, 2000). Recoveries of eight
mycotoxins from wheat was found to range from 88194 and in corn from 81 — 93% with
RSD values 0f 3.9 — 5.5 and 3.9 — 5.7 respectivighg LODs in all mycotoxins in cereals
range from 5 — 10 pg/kg. Schollenbergeal. (1998) also determined eight trichothecenes
in wheat with TFAA used for derivatization. The L&Were between 20 — 120 pg, which
corresponds to 2 — 12 mg/kg of sample, while LOQsrewbetween 60 — 380 pg,
corresponding to 6 — 38 mg/kg of sample. The regesaanged from 73 to 91% with
RSDs between 4.0 and 11.7% .The same recoveries ogained when rice and whole
bread samples were spiked with 100 pug/kg of theatoyins. It was also observed that
trichothecenes were destroyed during derivatizatidnch was related to the destruction of
active centers in the glass wall (Schollenbesgeal, 1998).

A comprehensive two-dimensional gas chromatograiphe-of-flight mass
spectrometry (GC x GC-TOF-MS) used for the analgsisichothecenes A and B in wheat
was described (Jelen & Wasowicz, 2008). The trivbognes were analyzed and quantified

following their derivatization as TFAA. It was olvged that the type-A trichothecenes
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provided a better detector responses when derdeatiwith TFAA, while type-B
trichothecenes provided higher sensitivity whenyaeal using TMS derivatives. The TMS
was also found to produce less interference thah. ThRe LOD for analyzed mycotoxins
was between 0.01 and 0.02 mg/kg and linearity betw#gs — 2500 pg with correlations
coefficients of 0.999 and RSD less than 9%.

Although, some analytical problems were found @ntain cases to be associated
with the GC methods, such as changes induced im#ss spectra of unknown analytes
due to derivatization, over-estimation due to magffect and poor repeatability, it has
some advantages that include simultaneous detecfidwo or more mycotoxins and at
relativelylow LODs. Little work has been done on the use Gf 8r quantitative analysis

of aflatoxins.

2.5.2. Liquid Chromatography (LC)

Liquid chromatography (LC) is a separation techaiquwhich the mobile phase is a liquid
and a solid stationary phase. It is also basedhenpartition between the liquid mobile

phase and the stationary phase. It is the mostlpomethod for the separation, detection
and quantification of mycotoxins in food. LC anad@l methods for the analysis,

purification and separation of mycotoxins in foocksn either be normal-phase liquid
chromatography (NPLC) or reversed-phase liquid mlatography (RPLC), coupled to

different detector systems. HPLC is a modern aitalytechnique for the analysis of

mycotoxins using various adsorbents depending erphtysical and chemical structure of
the mycotoxins (Rahmaset al, 2009; Turneet al, 2009). HPLC is quantitative technique
that is suited for online clean-up of sample extramnd has been combined with different

detectors, which provided different sensitivitiesl &electivities.
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The detectors that have been described include WIDAD), FLD and MS, but the
most common are the MS and FLD. FLD relies onghesence of flourophore on the
mycotoxins molecules. MS is regarded as the ingustindard detection method, which
allows better accuracy, eliminates the need for pdanderivatization and allows for
selective and sensitive detection of toxins, b ltigh cost, complex laboratory
requirements and limitations in the type of solgemsed for extraction and for the mobile
phase have limited its use (Rahmahnial, 2009; Turneret al, 2009). For these reasons
FLD became the detector of choice and also beaaiuse high sensitivity (Rahmamt al,
2009), but its limitation lies in the use of detization for mycotoxins fluorescence
activity enhancement.

A LC-MS-MS method was used for the analysis ofétthecene (DON) in wheat.
The study also involved the comparison of the LC-MS method using different
guantification methods (internal standard and steshédditions) and with HPLC-DAD.
All methods were found to have similar sensitivigxcept for the HPLC-DAD. The
linearity of LC-MS-MS were between 50 to 1,500 pghlith correlations greater than 0.99,
LODs and LOQs were 0.2 pg/kg and 0.5 pg/kg cormediogly while the recovery was
98% for both quantification method adopted. The R&i¥ 4.7% using internal standard
and 1.8% with standard addition method. The regowéthe HPLC-DAD was higher with
91.6%, with LOD and LOQ of 63 pg/kg and 195.7 pggkgl RSD of 5.7%. Due to its high
LOQ the LC-DAD was found to be suitable for the sw@@ment of highly contaminated
samples (Neuhof, Ganzauer, Koch, & Nehls, 2009).

In another study, OTA was determined in rice sampeng HPLC-FLD with
methyl ester derivatization (Juahal, 2005). The HPLC analysis was preceded by an ASE
using methanol as the extracting solvent afterogpemization of the extraction step. The

method detection and quantification limits werel0ahd 0.03 pg/kg respectively, with a
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mean recovery of 94% and RSD of 2.5% of fortifiex rsample at a concentration level of
5 pg/kg of OTA. HPLC-FLD method was also used f@ simultaneous determination of
type-A trichothecenes (T-2 and HT-2) in cereal slesgwheat, maize and barley), after
the extraction of the mycotoxins from the samplehwmnethanol/water (90:10. v/v)
followed by IAC clean-up containing monoclonal aiit2 antibodies (Viscontet al,
2005). The toxins were quantified using a revefsasp HPLC-FLD. The recoveries from
spiked samples ranged from 70 to 100%, with RSDefothan 8%, while the LODs were
5ug/kg for T-2 and 3ug/kg for HT-2. The method disa in this study allows the
determination of the two mycotoxins at levels thah occur in naturally contaminated
samples, because it combined the selectivity ofAl@clean-up with the selectivity of the
HPLC-FLD.

A method for the determination of 27 mycotoxins aker secondary metabolites
in maize was described using LC-MS-MS after theaetion of the mycotoxins using
QUEChERS method with no clean-up step (Rasmusseal, 2010). The method was
validated for the determination of eight analytesgitatively and 19 quantitatively. The
average recoveries ranged between 60 to 105% wsih Bf 5-27 %. The LOD ranged
from 1 to 739 pg/kg. The same extraction method ®alas used for the simultaneous
determination of type-A and -B trichothecenes ireathflour, followed by LC-MS analysis
(Sospedrat al, 2010). The LOD and the LOQ of the investigatedcotgxins ranged from
1 to 30 pg/kg and 4 to 100 pug/kg. The recoverieevaetermined using the method of
standard addition and compared with an externaldstaization method and were in the
range of 86.2 to 108.5%. The RSD ranged from 3.46.#%6 and its low value (<10)
confirmed the reproducibility and repeatabilitytbé described method.

An ultrasensitive and selective method was develojpe the determination of

various regulated mycotoxins (aflatoxins G1, G2, B2, M1 and OTA) in baby food and
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milk by Beltran et al, (Beltraret al, 2011), using ultra high performance liquid
chromatography (UHPLC) coupled to tandem mass speetry (MS/MS). The sample
was pre extracted with SPE with IAC after sampl&aetion with mixture of acetonitrile
and water (80:20, v/v). The method validation ussagnples spiked at 0.025 and 0.100
pna/kg gave satisfactory recoveries between 80 498olwith RSD lower than 15%. The
LOQ ranged from 18 — 25 ng/kg for cereals infanirfola, 6 — 18 ng/kg for milk for
infants with cereals, 5 — 15 ng/kg in raw milk &hd 5 ng/kg in milk for babies. While the
LOD were between 5 and 9 ng/kg in cereals infarhtda, 2 and 5 ng/kg both in milk for
infants with cereals and in raw milk, and 1 to 2kggn milk for babies. The sensitivity of
the method was ascertained because no relevarfeneteces were observed in the blank at
the analytes retention times. Due to the abseneeatrix effects, quantification was done

using external standard calibration.

2.5.3. Thin Layer Chromatography (TLC)

Thin layer chromatography (TLC) is a separatiorhiggue, which consists of a stationary
phase that is immobilized on a glass or plastitepland placed in an organic solvent. The
sample, either liquid or solid dissolved in a vibdasolvent is deposited as a tiny spot on
the stationary phase. TLC has two treatment metliodshe chemical confirmation of
mycotoxins; these include the impregnation of thé&€Tplates with acidic-organic solvent
and the exposure of the TLC plate with the devedlof@romatogram to vapor of pyridine
or acetic anhydride or dipped into aluminium chderreagent. This 2 step treatment results
in the conversion of the mycotoxins into fluoredceampounds and observation of the
TLC plate under ultraviolet (UV) light of 365 nm &Rmaniet al, 2009). TLC is a
powerful and popular chromatographic method used tfee qualitative and semi-

guantitative analysis of mycotoxins at levels a~ s 1 pg/kg, because it enables the
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screening of large number of samples with highenga throughput, rapid analysis, low
operating cost and ease of identification of targedlytes by comparison of spot color,
retention factor (Rf) values and using ultravieletible (UV-Vis) spectral analysis
(Koppenet al, 2010; Lin, Zhang, Wang, Wang, & Chen, 1998; Tuetel, 2009).

Although, like other chromatographic techniques, CTlequires the sample
preparation and clean-up step (lehal, 1998; Turneret al, 2009), due to the complex
nature of the sample matrices, and the extractrongalure and clean-up is dependent on
the physicochemical properties and types of theatoyens under investigation. Several
TLC methods have been developed for the analysimyfotoxins. Its sensitivity and
accuracy is found to be less than that of HPLC-FhI}, the results obtained with high
performance Thin layer chromatography (HPTLC) wanailar (Jaimezt al, 2000; Stroka
et al, 2000). In another study, a one-dimensional TLGhwoe for the analysis of aflatoxins
(B1, B2, G1 and G2) in various food matrices (pegrpowder, peanut butter and
pistachios) following IAC sample clean-up step a#igtraction with methanol was carried
out (Strokaet al, 2000). The method LODs and LOQs calculated at9%6 confidence
interval of the calibration curve ranged from Od Q.6 pg/kg and 0.4 to 1.7 pg/kg
respectively for all aflatoxins. The recoveries avdetween 76 to 87% with RSD values
between 1.3 and 8.9%. The LOQ of the method wasdda be significantly lower than
the EC regulatory limit and the recovery showedt ttte method is likely to give
satisfactory performance when validated.

In another study a bi-directional HPTLC was emptby®r the analysis of
aflatoxins in maize using a silica gel and phengh4polar bonded —silica gel for the
separation of the mycotoxins after extraction withrious combinations of aqueous
methanol, acetone and their mixtures (1:1). Thermeaoveries of the method was found

in the range of 92 to 99% with RSD values betweéhahd 10.8% and linearity ranged
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from 3.4 to 90.1ug/kg (Bradburn, Coker, Jewers, @nlins, 1990). A method was also
developed for the qualitative recovery of aflataxiBl and B2 in pistachio and peanut
samples using a pressurized fluid extraction usmgure of methanol and water (80:20,
vIv) as the extraction solvent, followed by TLC Bs& (Sheibani & Ghaziaskar, 2009).
The method performance was compared to the AOAQ@deand it shows a higher mean
recovery (100%) and RSD of 13.5%, which was foumdébe¢ 20% higher than the AOAC

method.
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3. DETERMINATION OF AFLATOXINS IN CEREALS USING LIQUID
CHROMATOGRAPHY COUPLED WITH ELECTROSPRAY IONIZATION
QUADRUPOLE TIME OF FLIGHT MASS SPECTROMETRY (LC-ESI -QTOF-
MS/MS)

3.1. Introduction and scope of the work
Aflatoxins are secondary metabolites of certaiaist of the fungAspergillus flavusand
A. parasiticus(Battilani et al, 2008). Aflatoxins have been found to contamirateide
variety of important foodstuff such as cereals iicavheat, barley, maize, oats and rye),
nuts (hazel nuts, peanuts, pistachios), dried sfr{figs) and spices (Ardic, Karakaya,
Atasever, & Durmaz, 2008; Bacaloet al, 2008; Battilaniet al, 2008). Among the 18
different types of identified aflatoxins, the mastmmon naturally occurring aflatoxins in
foodstuff are aflatoxin B1, B2, G1 and G2 (Battilah al, 2008). In fact, the International
Agency for Research on Cancer (IARC) has classditatoxin B1 as the most toxic group
1 carcinogen which primarily affects the liver (I8R 1993). In the European Union
regulations, the maximum allowed levels for aflato®1 and total aflatoxins are 2 and 4
pa/kg respectivelyEuropean Commission, 2006b

Therefore, several methods have been developedhéranalysis of aflatoxins
including: - thin-layer chromatography (TLC) (RicHa 2007) high performance liquid
chromatography (HPLC) fitted with ultraviolet detiea (UV) and fluorescence detection
(FLD) (Herzallah, 2009), enzyme linked immunosotbagssay (ELISA) (Var, Kabak, &
GOk, 2007), capillary electrophoresis (CE) (Marag@906), liquid chromatography

coupled with mass spectrometry (LC/MS) (Nonakatd&Sddanioka, Narimatsu, & Kataoka,
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2009) and gas chromatography coupled with masdrepaeetry (GC/MS) (Peter M, 1993).
However, liquid chromatography coupled with tandemss spectrometry (LC/MS/MS) is
considered as the method of choice for the accumat@surement of mycotoxins in food
(Cavaliereet al, 2007; Silvaet al, 2009). The hybrid tandem mass spectrometer with
guadrupole time of flight (QTOF-MS/MS) provides ggth sample throughput, with high
resolution and good specificity due to the massu@my. In addition, it can provide the
structural information when employed in the MS/M8dmw, which allows the acquisition of
the full range mass spectral data instead of jggtgle ion.

The aim of this study is to develop an LC-ESI-CICEMIS analysis using a hybrid
QTOF-instrument for the rapid determination of &flan B1, B2, G1 and G2 in cereals. In
this study, the use of CID-MS/MS in the quantifioatof aflatoxins in food is discussed.
Furthermore,the sample preparation, chromatographic conditi@mg] the electrospray
ionization (ESI) interface conditions are optimizedrder to maximize the sensitivity. The
instrument optimization procedure was carried guvérying one parameter while holding
the other parameters constant until the best sétsilvas achieved. This simple approach
is based on the monitoring of the molecular iorthef standard aflatoxin B1 and G1 at 50
png/kg and the final selection is based on thismpatar, which gave the highest intensity as
well as a clean spectral background. For the dfigation studies a minimum number of
fragment ions are necessary, while for structuraliss the full extent of the fragmentation

pattern has to be maximized (Ardrey, 2003).

3.2. Experimental
3.2.1. Reagents and materials
Certified mixed standard solutions of aflatoxin B2, G1 and G2 were obtained from

Sigma-Aldrich (Darmstadt, Germany). Subsequerdbily working standard solutions
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were prepared by diluting the stock solutions ia thobile phase (water containing 2 mM
ammonium formate and 1% formic acid: methanol dairig 1% formic acid, 40%: 60%).
Ammonium formate was purchased from Agilent Tecbg®s (USA). Formic acid,
HPLC-grade, was supplied by Sigma-Aldrich (Darmst&ermany). Sodium chloride was
purchased from Merck (Germany). Water was purifled reverse osmosis with an
electrodeionization (EDI) system (Maxima Ultra Pw¥ater, England). A 0.2um

disposable membrane filter was purchased from Gré&ilter (UK).

3.2.2. Sample preparation

The aflatoxins B1, B2, G1 and G2 were extracteanftbe samples using a solid-liquid
extraction procedure. 0.5 g of the ground samplé @2 g of sodium chloride were
weighed into a 250 mL conical flask and 40 mL ottmasaol/water (80:20, v/v) was added.
The mixture was stirred for three minutes at a tgghed and filtered through a Whatman
No. 1 filter paper. The filtrate was rinsed twicghnb mL methanol. After that, the extracts
were dried with anhydrous sodium sulfate (Fisheler@dic, UK) and evaporated until
dryness using a rotary evaporator (TOKYO PIKAKIKANapan) at 45°C under vacuum.
Finally, the residue was reconstituted with 0.5 méthanol and diluted 10 times with the
mobile phase (water containing 2 mM ammonium foaratd 1% formic acid: methanol
containing 1% formic acid, 40%: 60%, v/v) and masshrough a 0.2um disposable

membrane filter prior to the LC-ESI-CID-MS/MS ansiky.

3.2.3. Analytical procedure
Quantification of the aflatoxin B1, B2, G1 and G2re performed using an Agilent 6530
Q-TOF-MS/MS spectrometer coupled with an AgilenDQ2Series HPLC system. The

HPLC system consists of a vacuum degasser (G13%&B)a thermostatted autosampler
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(G1330B) and binary pump (G1312B), and a thermtestatcolumn compartment
(G1316B). The instrument was also equipped witlelactrospray ionization (ESI) source

and the proprietary Agilent jet stream dual nelauliz

3.2.4. Instrumental conditions

The injection volume was 4(L for the samples and standards. In the HPLC aisalgs
mobile phase of 1% formic acid and 2 mM ammoniunmfate in water (A) and 1% formic
acid in methanol (B), was employed in the isocratiode with 40% solvent A: 60%
solvent B, for 4 minutes. The separation was paréal with the ZORBAX Eclipse XBD-
Cig 2.1 mm x 100 mm, 1.8m (P.N. 928700-902) column at a flow rate of 0.3/m.
The mass spectrometer was operated in the posi@atrospray ionization mode with the
Agilent jet stream technology. The optimum ESI @pienal conditions are as follows:
capillary voltage and fragmentor voltage were 3508nd 200 V, respectively. The drying
gas and sheath gas temperatures were set at 150°PGQ50°C, respectively, while the
drying gas and sheath gas flows were set at 5 Lamih12 L/min, respectively. Finally, the

nebulizer pressure was set at 25 psi and the noaltkge was set at 0 V.

3.2.5. Food samples

In the month of December 2009, 28 samples of ceralrley, wheat, soybeans and corn)
were randomly obtained from groceries and stordsuala Lumpur, Malaysia. 1-2 kg of
each type of cereal sample was obtained. The ssmydre stored in a dark place at room
temperature (25-30°C). The samples were groundrared at room temperature for 10
min till a fine and homogeneous powdered materias$ wbtained. The powdered samples

were then stored in plastic bags at 4°C in a refatpr prior to analysis.
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3.3. Results and discussion
3.3.1. Optimization of the liquid chromatography (LC) conditions
The liquid chromatography conditions such as théilegphase composition, flow rate,

and buffer composition can greatly affect the openaand the sensitivity of the ESI

interface, specifically the ionization efficiency.

3.3.1.1. Effects of mobile phase composition

The mobile phase in the ESI interface is a premstguior generating the small aerosol
droplets, which leads to an increase in the solegaporation. Hence, a volatile solvent is
preferred and large amounts of water together witlvents of high surface tension and
high viscosity should be avoided (Ardrey, 2003) tivaol and acetonitrile were chosen for
the optimization of the most suitable mobile phesmposition in the aflatoxins analysis.
Methanol was more suitable than acetonitrile, sinteresulted in well-defined
chromatographic peaks of higher intensity (Figur®.3This could be due to the fact that
methanol is a proton donor providing hydrogen foe tprotonation of the aflatoxins.
Previous studies have shown that using methands leahigher signal enhancement in the
positive ESI mode compared to acetonitrile. Theitamtdof 2 mM ammonium formate to
the mobile phase decreased the droplet size argddhbiances the ionization efficiency

(Figure 3.1).
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Figure 3.1: Effects of mobile phase composition on the chrographic peak areas of

aflatoxins B1 and G1

On the other hand, increasing the percentage afrijenic solvent will increase the
ionization of the polar aflatoxins, which leadsetthanced sensitivity (Figure 3.2). Frenich
et al. (2009) reported that increasing the percentagevaier decreases the ionization

signal (Frenich, Vidal, Romero-Gonzélez, & Aguildnaiz, 2009).
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Figure 3.2: Effects of percentage of the organic solvent ia thobile phase on the

chromatographic peak areas of aflatoxins B1 and G1

A high percentage of the aqueous solvent (80:20) ifads to a broadened
chromatographic peak and a longer retention timecdntrast, a high percentage of the
organic solvent (20:80, v/v) leads to a sharp clatographic peak with a shorter retention
time. However, the aflatoxin chromatographic pealese not completely resolved with
this mobile phase composition. Therefore, the neobphase composition of
water/methanol (40:60, v/v) was selected in thiglgt(Figure 3.3). As an alternative, the
extracted ion chromatogram (EIC) mode can be agptie differentiate between
overlapping chromatographic peaks obtained whenigh percentage of the organic

solvent (20: 80, v/v) was employed.
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Figure 3.3: LC-QTOF Chromatogram of aflatoxin standard solasaontaining 100 pg/L
of aflatoxin B1 and G1 and 30 pg/L of aflatoxin®@®l G2

3.3.1.2. Effects of mobile phase flow rate

The flow rate of the mobile phase in the ESI irgeef plays an important role in the
performance of a mass spectrometer. Increasinfldherate tends to increase the droplet
size which subsequently decreases the yield ofgdmephase ions from the charged
droplets. The flow rate was examined in the rang8.b5 to 0.30 mL/minlt was found
that the ionization efficiency increased as thevfiate was increased from 0.15 to 0.30
mL/min for both aflatoxin B1 and G1 (Figure 3.4nhi3 indicates that the vaporization of a
constant fraction of the analyte droplet ions idejpendent of the flow rate and the ESI
interface becomes mass sensitive rather than ctratien sensitive. Therefore, the
application of a flow rate of 0.30 mL/min, which uld also decrease the run time as well

as enhance the sensitivity was employed in thidystu
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Figure 3.4: Effects of mobile phase flow rate on the chromatphic peak areas of
aflatoxins B1 and G1

3.3.2. Optimization of the ESI parameters

3.3.2.1 Effects of capillary voltage
The capillary voltage is that applied to the irdétthe capillary. Besides its effects on the

transmission efficiency of the ions through theilkagy sampling orifice, the capillary
voltage affects the ionization efficiency by proohgcthe desired charged aerosol droplets.
To obtain the optimum voltage, a voltage range fra@90 to 5500 V was selected at
increments of 500 V. The greatest peak area foatafin B1 (3.55E+06) and G1
(2.73E+06) were obtained when the voltage wasts@b@0 V, while at 2000 and 5500 V,
the ionization process gave the lowest peak a@288K+06 and 2.78E+06; 2.08E+06 and

2.14E+06) for aflatoxin B1 and G1, respectivelyg(ke 3.5).
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Figure 3.5: Effects of the capillary voltage on the chromatggric peak areas for both
aflatoxins B1 and G1

Increasing the capillary voltage will accelerate #malyte movement through the
capillary and may cause an increase in the trassoniefficiency. In addition, increasing
the capillary voltage may cause a large numberhafged analyte droplets to be formed,
which further enhances the sensitivity. Howevestaad of droplet formation, the use of a
high capillary voltage would result in electricaischarge of the droplets. Hence, the

optimum capillary voltage of 3500 V is employed.

3.3.2.2. Effects of fragmentor voltage

The fragmentor voltage (cone voltage or orificetagé) is the difference between the
voltage applied to the cone and that applied to skienmer. Increasing the potential
difference between the two would increase the lkinehergy and the velocity of the
charged analyte droplets with more ions being feared towards the skimmer resulting in

a significant enhancement of the transmission iefficy and sensitivity. Optimization of
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the fragmentor voltage was carried out by modifythg voltage from 50 to 300 V at

increments of 25 V (Figure 3.6).
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Figure 3.6: Effects of the fragmentor voltage on the chromitplic peak areas for both

aflatoxins B1 and G1

The peak areas for aflatoxin B1 and G1 gradualtyeased from 1.25E+06 and

1.06E+06 to 4.09E+06 and 3.32E+06, respectivelythasfragmentor voltage increased

from 50 to 200 V. However, by applying voltagegh®er than 200 V resulted in a sudden

reduction in the peak areas for both aflatoxin Bil &1. A high fragmentor voltage

increases the internal energy of the molecularand the collisions between the analyte

molecular ions and the solvent vapor and residuging gas (N) leading to more

fragmentation and a significant drop in peak areksce, the optimum fragmentor voltage

of 200 V is employed.
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3.3.2.3. Effects of drying gas

The flow and temperature of the drying gas)(&re important factors for desolvation and
reduction of the solvent droplet size (Ardrey, 200Bhe angle between the sample spray
and the MS inlet was set at 90° to discard nestyblent clusters and to attract the charged
droplet ions. The flow of the drying gas is usyakt between 5 to 7 L/mwith a
maximum of flow of 11 L/min (Figure 3.7). The drgmas temperature, on the other hand,

is usually set at temperatures between 250 andC3g8gure 3.8).
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Figure 3.7: Effects of the flow of the drying gas on the clatmgraphic peak areas for
both aflatoxins B1 and G1
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Figure 3.8: Effects of the drying gas temperature on the clatographic peak areas for
both aflatoxins B1 and G1

A higher temperature is recommended when the mgifieese contains a higher
percentage of water and is flowing at a faster. tdtevever, during gradient elution, a high
temperature of the drying gas may lead to compalewbmposition. Hence, an optimum
value for the flow and temperature has to be cHyekelected to obtain the highest
possible sensitivity. The optimization proceduethe drying gas parameters was carried
out by modifying the drying gas temperature betw#sf and 350°C until the maximum
sensitivity was obtained. At a fixed temperaturdéisg, the drying gas flow was varied
from 5 to 11 L/min. The peak areas for both aflaid1 and G1 decreased from 6.58E+06
and 5.45E+06 to 5.95E+06 and 5.14E+06 respectiaslythe drying gas temperature

increased from 150 to 350°C. In contrast, wherdilyeng gas flow was increased from 5 to
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11 L/min, the peak areas for aflatoxin B1 decredsmd 3.26E+06 to 2.91E+06, while that
for aflatoxin G1 decreased from 2.43E+06 to 2.1/ #8ence, the optimum drying gas

temperature and flow are set at 5 L/mimd 150°C, respectively.

3.3.2.4. Effects of sheath gas

The Agilent Jet Stream is a patented technologlyubkas a drying gas ¢Nas a sheath to
collimate the nebulizer spray and to increase theest evaporation of the analyte droplet
ions. Temperature settings of the sheath gas wariedsbetween 200°C and 400°C, at
50°C increments (Figure 3.9) while the sheath gas Was increased from 8 to 12 L/min,

at 2 L/min increments (Figure 3.10).
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Figure 3.9: Effects of the sheath gas temperature on the c@graphic peak areas for
both aflatoxins B1 and G1
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Figure 3.10: Effects of the sheath gas flow on the chromatdgrapeak areas for both
aflatoxins B1 and G1

Increasing the sheath gas flow from 8 to 12 L/n@osed an increase in the ion
density in the front of the MS inlet leading toianrease in the peak areas of both aflatoxin
B1 and G1 from 3.61E+06 to 4.95E+06 and from 2. 78Et0 4.24E+06, respectively
(Figure 310). The highest peak areas of both afiatB1 and G1 were obtained when the
sheath gas temperature was fixed at 400°C indgdhiat the desolvation and containment
function of the sheath gas (Figure 3.9). The peaaa dor aflatoxin B1 increased from
3.11E+06 to 4.42E+06, while that for aflatoxin ®&treased from 2.47E+06 to 4.05E+06
as the sheath gas temperaturecireased from 200 to 400°C. Hence, the sheathlgas f
and the temperature were set at 12 L/amd 400°C, respectively, to obtain the maximum
sensitivity.  The results from these experimeritews that as the sheath gas flow and
temperatures were increased the sensitivity waarer@d , as opposed to the effects from
the drying gas flow and temperature, which showetkerease in sensitivity when these

parameters were increased. This is because thedarflow of the sheath gas leaves the
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analyte molecular ion intact while the drying gapm@aching from the orthogonal direction
leads to analyte decomposition. In addition, thgngdyr of the analyte molecular ion might
have been accomplished by the sheath gas befareimgahe drying gas zone, which may

cause further fragmentation of the analyte moledola

3.3.2.5 Effects of nebulizer pressure and nozzle voltage
The role of the nebulizer gas pressure is to bogethie mobile phase stream into an
aerosol mist of different droplet sizes as it motegards the MS inlet. In practice, as the
nebulizer pressure increases the solvent drogetdgcreases leading to an increase in the
sensitivity. The peak areas of aflatoxin B1 andw&te monitored as the nebulizer
pressure was increased from 20 to 60 psi (Figuré) 3this resulted in a dramatic decrease

in the sensitivity.
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Figure 3.11: Effects of the nebulizer pressure on the chromafugc peak areas for both
aflatoxins B1 and G1
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As predicted, an increase in the nebulizer presome 25 to 60 psi resulted in a
decline in the peak areas and sensitivities foh ligpes of aflatoxins B1 and G1 from
7.94E+05 to 5.19E+05 and from 6.46E+05 to 4.58Erpectively (Figure 3.11) . This
might be due to the uneven dissipation of the deallyoplet ions to smaller secondary
droplets upon an increase of the nebulizer pres3ine nozzle voltage, one of the Agilent
Jet Stream parameters, which can affect the sahgitivas studied between 0 and 2000 V

(Figure 3.12).
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Figure 3.12: Effects of the nozzle voltage on the chromatogcapkak areas for both
aflatoxins B1 and G1

The results from these experiments show that ahehnighozzle voltages the
sensitivity for both aflatoxin B1 and G1 decreadenin 6.42E+05 and 5.5E+05 to
1.63E+05 and 1.59E+05 respectively as the nozZkage increased from 0 to 2000 V
(Figure 3.12). Hence, the nebulizer pressure hadchbzzle voltage were set at 25 to 60

psi and 0 V, respectively.

70



3.3.3. Accurate mass measurements

In order to achieve accurate mass information ef itolecular ion, the effect of the

accuracy of the mass measurements of the selefitddxans was evaluated at different

concentration levels in the range of 34&L. In this way, the accurate mass information
for the molecular ion was obtained. The LC-ESI-QT&/MS accurate mass spectrum

of the four(4) aflatoxins B1, B2, G1 and G2 arewshan Figure 3.13 to Figure 3.16.
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Figure 3.13: Full scan ESI (+) production mass spectra of afiah B1
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Figure 3.14: Full scan ESI (+) production mass spectra of afiah B2
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Figure 3.15: Full scan ESI (+) production mass spectra of afiah G1
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Figure3.16: Full scan ESI (+) production mass spectra of afiab G2

The results for the determination of the mass awies of the molecule ion are as

summarized in Table 3.1.
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Table 3.1
Accurate mass information of the measured afla®xi

Aflatoxin Molecular Observed Mass  Exact Mass Difference
Formula (m/z) (m/z) (ppm)
B1 Ci17H1206 312.0634 312.0634 0.04
B2 Ci17H1406 314.0794 314.0790 1.06
Gl CGi/H120; 328.0583 328.0583 0.07
G2 CGi7H1407 330.0742 330.0740 0.80

It can be observed from Table 3.1 that, there wersignificant differences in the
mass accuracy between the observed mass and tttenexss, since the differences were
between 0.04 ppm of aflatoxin B1 and 1.06 ppm ¢dtakin B2. Therefore, it can be
deduced that the accurate mass measurements hapabilitg for unmistakable

confirmation of these analytes at different concdran levels.

3.3.4. Selection of product ions

The selection of product ions was carried out byying the collision energy
between 5 and 45 V, at increments of 5 V. Figuld &nd Figure 3.20 show the chemical
structures of aflatoxins B1, B2, G1, and G2, theexsponding molecular weights, and the
main MS/MS fragmentations, with arrows indicatihg formation of the product ions used
in the quantification against the optimal collisienergy. Two product ions were selected,
the more intense as the quantifier ion and theraiethe qualifier ion. Furthermore, the

selection of the product ions was carried out tmfcmation of the identity of the analyte.
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3.3.5. Aflatoxin database table

An aflatoxin database table was created by injgdiive four(4) aflatoxins in the LC-ESI-
QTOF-MS/MS, working in the TOF-MS mode, at a coricaion of 50 pg/L for aflatoxin
Bl and G1 and from 15 ug/L for aflatoxin B2 &B8. This table can be continuously
updated to extend the aflatoxin database tableclade new mycotoxins.

Retention times add an extra degree of confidencéhe identification of the
unknown compound having the same empirical fornamie the same exact accurate mass.
The repeatability and reproducibility of the retenttimes as measured by their relative
standard deviation (RSD) ranged from 0.8% to 1.2¢26% to 5.1%, respectively.

By using the database table, the automatic scrgemiethod was carried out by
investigating the retention time, the observed nzask the exact mass of each compound
that were collected on a Microsoft Excel sheethia way, the analytes were confirmed by
their retention time, the accurate mass measurenodérine TOF analyzer and the product

ions (Table 3.2).
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Table 3.2
Aflatoxin database table

Molecular Aflatoxin Retention Observed Calculated Difference Product

Formula Time Mass Mass (ppm) lons
(min) (m/z) (m/z) (m/z)
285.0757
C17H1206 Bl 3.82 312.0634 312.0634 0.04 541 0863
287.0914
C17H1406 B2 3.15 314.0794 314.0790 1.06 5431021
311.0550
Ci17H120; Gl 2.51 328.0583 328.0583 0.07 5431016
C17H140; G2 2.11 330.0742 330.0740 0.80 313.0707
245.1172

3.3.6. Sample pretreatment optimization

Other solvents which have been used previously wested with respect to the extraction
efficiency: chloroform (Liu, Gao, & Yu, 2006), aositrile: water (84:16, v/v) (Elbert,
Czapiewski, Bujara, Kunze, & Giger, 2008), acetaleit water: acetic acid (79:20: 1, v/v)
(Sulyok, Berthiller, Krska, & Schuhmacher, 2006y acetate: formic acid (Monbaliet
al., 2009), methanol: water: formic acid (79:20:1,)yand methanol: water containing 0.2
g of sodium chloride (80:20, v/v) (Countryman, H8gMathews, 2009).

The results indicate that a high extraction efficieand good recovery of aflatoxins
was obtained when a mixture of methanol: water2@0v/v) containing 0.2 g of sodium
chloride was used. The dilution of the sample ex$rds usually performed to reduce the
matrix effects on the suppression or enhancemeionafation (Sulyoket al, 2006). In this
study, blank wheat extracts were fortified with|i§/kg of aflatoxin B1, G1 and 3 pg/kf

aflatoxin B2, G2. Then, the fortified extracts welitited in the ratio of 1:1, 1:5 and 1:10
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with the mobile phase together with an undilutedified extract. These extracts were then

injected into the LC-MS instrument, analyzed, amirt respective recoveries were

compared (Figure 3.21).
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Figure 3.21: Comparison of the percentage of recoveries oftafia B1 and G1 spiked at

10 pg/kg and aflatoxin B2 and G2 at 3 pg/kg of wisaanples after dilution with different
proportions of mobile phase
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Figure 3.22: Comparison of the chromatograms of aflatoxin Bdl &1 spiked at 10 pg/kg
and aflatoxin B2 and G2 at 3 pg/kg of wheat samg@ésr dilution with different

proportions of mobile phase

Figure 3.21 and Figure 3.22 showed that dilutiorthef sample extracts with the
mobile phase by a ratio of 1:10 resulted in the aesth of most of the matrix effects.
Therefore, an external standard calibration carafygied in this procedure. Recoveries
exceeding 80% were obtained for all the fortifiedracts (Figure 3.21). Therefore, clean

up procedures can be avoided thus saving timeit effal expenses with greater accuracy.

3.3.7. Method validation

This method was validated in terms of linearitycwaacy, intra-day precision, inter-day
precision, limit of detection (LOD), and limit oligntification (LOQ). In order to verify the
linearity, 7 concentrations of each aflatoxin wagslgzed and the calibration curves were
constructed as follows from 0.195 to 50 pg/kg fdtatoxin B1 and G1 and from 0.029 to
15.00 pg/kg for aflatoxin B2 and G2 using a lesgiares regression analysis. The

calibration curves were linear over the tested eotration range. The correlation

82



coefficients (f) of the calibration curves were greater than 0f89&ill the tested aflatoxins

(Table 3.3).
Table 3.3
Linearity range, Equation? wvalue and RSD of aflatoxins
Linearity
Aflatoxin  Range Equation r2 Fég?)D
(1g/kg) 0

Bl 0.195-50.000 y=2345273.9615*x + 028723.31469989 54
B2 0.029 - 15.000 y =2310771.7336 * x + 302095.95@19994 7.8
Gl 0.195-50.000 y=1795233.2615 *x + 877368.65049986 5.6
G2 0.029 - 15.000 y = 1887484.5475 *x - 70006.92280.9998 5.4

The accuracy of the results of this method is basethe recovery data. Recovery
studies were carried out on different sample madricA mixed standard solution of
aflatoxins was spiked into blank barley, wheat,b@an and corn samples. The samples
were spiked in triplicates at three-fortificaticewéls (9, 12, and 15 pg/kg for aflatoxin B1
and G1, and 2.7, 3.6, and 4.5 pg/kg for aflatoxihdhd G2). The spiked samples were
kept in a dark environment at room temperature roght. Subsequently the fortified
samples were ground and mixed at room temperaburg&0f min, until a fine homogeneous
powder was obtained. Then, 0.5 g of the groundfikexit sample and 0.2 g of sodium
chloride were weighed into a 250 mL glass flaskofwed by the addition of 40 mL of
methanol: water (80:20, v/v). The mixture was stirfor three minutes at a high speed and
filtered through a Whatman No. 1 filter paper. Tilgate was rinsed twice with 5 mL
methanol. After that, the extracts were dried vaitthydrous sodium sulfate and evaporated
until dryness using a rotary evaporator at 45°Ceandhcuum. Finally, the residue was
reconstituted with 0.5 mL methanol and diluted iifies with the mobile phase (water

containing 2 mM ammonium formate and 1% formic aon@¢thanol containing 1% formic
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acid, 40%: 60%, v/v) and passed through agdn2disposable membrane filter prior to the

LC-ESI-CID-MS/MS analysis. The obtained resultslated in Table 3.4.

Table 3.4

Mean of recoveries and RSDs of aflatoxins spiked lntank barley, wheat, soybean
and corn samples at different spiking levels 3}
Aflatoxin

Spiking Barley Wheat Soybeans Corn
Levels
(ug/kg) Mean of Recovery (%) £ RSD (%)
9.0 82.40+10.11 105.004£8.45 98.54+13.85 108.15#0.0
Bl 12.0 81.51+10.58 96.41+6.19  88.44+14.25 99.79+12.04
15.0 83.61+11.49 93.25+9.76  80.61+10.06 82.82+14.58
2.7 99.97+10.68 93.34+11.85 96.49+12.81 91.05+10.63
B2 3.6 87.01+16.06 88.39+8.64  83.79+13.71 87.98+13.56
4.5 81.72+11.29 82.75+12.77 79.31+21.35 75.09+10.28
9.0 105.55+11.49 84.88+14.91 81.77+13.35 105.6%811.
G1 12.0 103.42+12.49 80.30+6.97  81.08+14.33 95.52611.0
15.0 100.44+12.13  85.02+13.71 81.55+10.98 83.2®8l1.
2.7 108.72+10.63 89.24+9.19  98.72+10.22 97.58+10.22
G2 3.6 82.87+14.66  100.63+10.95 74.02+14.60 105.4@8L5.
4.5 82.91+14.13 91.51+10.14 80.30+10.79 96.27+12.01

%n: is number of replicates

A high extraction efficiency was obtained by thisthrod. The overall recoveries for

aflatoxins were in the range of 74-108 % over thacentrations of 2.7, 3.6, 4.5 and 9
pno/kg for aflatoxin B2 and G2 and recoveries frodl®3 % were obtained for aflatoxin
B1 and G1 at concentrations of 12 and 15 pg/kgs Tudfils the requirements established
by the European Union for the determination of taitan contaminants in food samples
(European Commission, 2006a).

Intra-day precision and inter-day precision weraleated by testing the RSD
values of wheat samples spiked at 10 pg/kg witht@fin B1 and G1 and 3 pg/kg of
aflatoxin B2 and G2. Five replicates for each cotraion level were analyzed during each

working day to test the intra-day precision andssgjuently during five consecutive days
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to test for inter-day precision. The intra-day jgEmn and inter-day precision results for all
aflatoxins in the wheat samples showed acceptabldgion. The RSD values for the intra-
day precision and inter-day precision were below)%®and 18.0 %, respectively (Table

3.5).

Table 3.5
The intra-day precision and inter-day precisiothef aflatoxins
expressed as RSD

Spiking Intra-Day Inter-Day

Aflatoxin Levels Precision Precision

(Lg/ka) (n=5f (n =15}
Bl 10 6.9 11.4
B2 3 11.6 17.1
G1 10 6.9 10.1
G2 3 10.9 15.0

®n: number of replicates

The lowest concentration of aflatoxins standardslpcing a response of 3:1
signal to noise (S/N) ratio was calculated and ctared as the LOD, while the LOQ was
determined as the lowest concentration of the@fiatstandards giving a response of 10:1
signal to noise (S/N) ratio (Table 3.6). Overdie LOQ values obtained were lower than
the maximum residue level (MRL) set by the EU whach 2 pg/kg for aflatoxin B1 and
4 ug/kg for total aflatoxins in cereals for humamsumption (European Commission,

2006bh).

Table 3.6
LOD and LOQ of aflatoxins
Aflatoxin Ggl) hglke)
Bl 0.117 0.391
B2 0.141 0.469
Gl 0.176 0.586
G2 0.211 0.703
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This indicates the suitability of the proposed roeitifior the determination of trace
concentration of these aflatoxins in cereals withigh degree of confirmation, using the
retention time, the accurate mass measuremenie af@F analyzer and the products ions,

thus avoiding false-positive results.

3.3.8. Sample analysis

The developed method was applied to the deterromati four aflatoxins in 28 samples
of cereals (barley, wheat, soybeans and corn), lwkere randomly obtained from
groceries and stores in Kuala Lumpur, Malaysia.néof the aflatoxins selected in this

study were detected in these randomly collectechkzm{Table 3.7).

Table 3.7
Occurrence of aflatoxins in cereals and cerealyxtsdsamples in the month of
December 2010

Sample category Total Number Incidence Incidence Aflatoxin
Number  of (Positive/Total (Positive/  (ng/kg)
of Positive  Number of Number
Samples Samples Samples of the of
of the Particular Samples)
Particular Category)

Category

barley 7 0 0.0% 0.0% 2

Wheat 7 0 0.0% 0.0% 2

Soybeans 7 0 0.0% 0.0% g

Corn 7 0 0.0% 0.0% 2

Total 28 0 0.0% 0.0%

% Values were below the LOD of the adopted method

3.4. Conclusion
In this study, a simple, quick, and confirmatorytihoel has been developed for the

determination of aflatoxins in cereals. The us&®f-CID-MS/MS analysis measured with
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a hybrid QTOF-instrument uniquely offers the po#isybof providing accurate mass data
and can generate structural information on theysgmlwith minimal sample treatment and
without derivatization. The sensitivity of the Eterface could be significantly enhanced
by optimizing the chromatographic conditions and ttagmentor voltage in the interface.
Other factors such as the drying gas temperatudeflaw, sheath gas temperature have
very little effects. By using the aflatoxin databaable, aflatoxin were confirmed by their
retention time, the accurate mass measuremenkeof®F analyzer and the product ions,
thus avoiding false-positive results. The resulisevs that the extensive and expensive
clean-up procedures required to reduce the matffiexts that cause ionization suppression
could be avoided by dilution of the sample extratta 1:10 level with the mobile phase
and analyzing by selected ion monitoring (SIM) e tMS detection. Excellent linearity,

high recoveries, acceptable intra-day precisioniatef-day precision with the LOQ values
lower than the stipulated MRL were achieved indigatthe suitability of the proposed

method for the determination of aflatoxins in césea
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4. SIMULTANEOUS DETECTION OF TYPE A AND TYPE B
TRICHOTHECENES IN CEREALS BY LIQUID CHROMATOGRAPHY
COUPLED WITH ELECTROSPRAY IONIZATION QUADRUPOLE TIM E OF
FLIGHT MASS SPECTROMETRY (LC-ESI-QTOF-MS/MS)

4.1. Introduction and scope of the work

Trichothecenes belong to a group of mycotoxins,ctvhare produced by thEusarium
moulds. The primary source of trichothecene comtation in food and feedstuff is cereal
commodities (maize, oats, barley and wheat) whiahehbeen infected by tHeusarium
fungi (Lattanzioet al, 2009; WHO, 2001; Zdllner & Mayer-Helm, 2006). étal of 190
different structures have been discovered, allisgar common tetracyclic, sesquiterpenoid
12, 13-epoxytrichothec-9-ene ring system. Theyifdt four distinct groups namely from
A through D, and characterized by specific struatideatures. Type-A trichothecenes
include T-2 (T-2), HT-2 toxins (HT-2) and diacetexyrpenol (DAS). Type-B
trichothecenes include deoxynivalenol (DON), nimale(NIV), fusarenon X (FUSX), 3-
acetyldeoxynivalenol (3-ADON) and 15-acetyldeoxytenol (15-ADON). Type-A and
type-B trichothecenes exhibit acute toxicity, andew consumed, can result in vomiting
and loss of appetite; while high concentrationsype-B trichothecenes can cause chronic
intoxication, leading to extensive haemorrhage, snlsequent haematological toxicities
(Berthiller et al, 2005).In view of their toxicity and frequent occurrenseyeral countries
have established regulations or recommendationgh&control of DON, HT-2 and T-2 in
food. The Food and Drug Administration (FDA) inettUSA recommends maximum
contamination levels of 1000 upg/kg for cereal padumeant for human consumption,

while the EU countries have set standards of betwE and 1000 pg of DON per
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kilogram for food, and between 400 and 5000 pgtkgdedstuff (Zollner & Mayer-Helm,
2006).

Sample preparation is often the most important parthe analysis of most
mycotoxins, and relies largely on the physiochehpecaperties of the commodities that are
contaminated with mycotoxins. Clean-up methods #natusually used for toxin isolation
include solid-phase extraction (SPE) with a mixtafe various solid phases such as
charcoal-alumina—Celite 545, cation exchange resinmina—charcoal, in addition to
multifunction column such as MycoSep # 225 and #28lumn (Valle-Algarraet al,
2005). Unfortunately, most of the methods applied dxtracting these toxins are either
time-consuming, such as SPE, or expensive andxydgpendent, such as multifunction
column. To simplifyprocedures fothe sample preparation and to reduce the cost of
analysis, the QUEChERS procedure has been adaptes, it is a quick and economical
way to extract food contaminants. The most commmathods for determining
trichothecenes include gas chromatography (GC) aiitlelectron capture detector (ECD)
(Valle-Algarra et al, 2005), gas chromatography coupled with mass gpaetry (GC-
MS) (Ibafez-Vea, Lizarraga, & Gonzalez-Pefas, 20REcently, liquid chromatography
coupled with mass spectrometry (LC-MS) and liquidomatography with tandem mass
spectrometry (LC-MS/MS) have become common (DaiiASforza, Galaverna, Dossena,
& Marchelli, 2004). It is easily amenable to thdgrdype-B trichothecenes and non-polar
type-A trichothecenes without the need for derizatton.

The aim of this study is to design a simple, fasgnomical and effective method of
extracting the sample using the QUEChERS technigueldition to the implementation
and validation of the optimized LC-ESI-QTOF-MS/M&timod for a reliable, precise and
accurate quantification and confirmation of theetyfo and type-B trichothecenes in cereal

and cereal products.
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4.2. Experimental
4.2.1. Reagents and materials
Trichothecenes standards of NIV, DON, 15-AcDON, @&®N, FUS X, DAS, HT-2 and

T-2 at 100 mg/kg concentration were obtained frorBIRPHARM (Deisenhofen,

Germany). The standard stock solutions were alsalied in 2 mL of acetonitrile.

Subsequently, daily working standard solutions wprepared by diluting the stock
solutions in water containing 5 mM ammonium acetated methanol containing 5 mM
ammonium acetate 50:50 (%, v/v). Glacial acetic dEiPLC-grade) was purchased from
Fisher Scientific (UK). Ammonium acetate, HPLC-gegadvas purchased from Fluka
(Darmstadt, Germany). Sodium chloride was purchagseth BDH PROLABO (EC

Countries). Anhydrous magnesium sulfate (Mgsfor QUEChERS was purchased from
Agilent Technologies (USA). Water was purified byverse osmosis with an
electrodeionization (EDI) system (Maxima Ultra PuMater, England). Methanol and
acetonitrile, HPLC-grade, were obtained from Me(Dlarmstadt, Germany). A nonsterile
PTFE Syringe Filter with disposable membrane fil(@r22 um) was purchased from

Membrane Solutions (USA).

4.2.2. Sample preparation
Cereal samples were prepared in the following steps

Step I: A thoroughly homogenized cereal sample (@)Owas weighed in a
polypropylene centrifuge tube (15 mL).
Sample recovery was done with (1.0 g) of the blarileat samplesat two different
fortification levels; 0.5 mL of thérichothecenemixed standards were spiked at 100.0 and

500.0 pg/kg of the standard mix. The spiked samplere left overnight in the dark at

90



room temperature to allow the solvent to evapoaate for trichothecene absorption into
the matrix. Then they were extracted via the follaysteps (11 to 1V).

Step 1I: 3.0 mL of 79:20:1 (%, v/v) acetonitrile/iggacetic acid mixture was added
and the centrifuge tube was shaken for 1 min taurenshat the solvent has mixed
thoroughly with the entire sample, for completeraation of the analyte.

Step IlI: 0.8 g of anhydrous MgQ@nd 0.2 g of NaCl were added into the mixture
and the shaking procedure was repeated for 1 mirdadditate the extraction and
partitioning of the eight trichothecenes into tingamic layer.

Step IV: The extract was centrifuged for 5 min 80@ rpm, and 0.5 mL of the
upper organic layer was filtered through a 0.22 pyion syringe filter prior to LC-ESI-

QTOF-MS/MS analysis.

4.2.3. Analytical procedure

The quantification of the analytes was carried bwutperforming low-energy collision
induced tandem mass spectrometry (CID-MS/MS) u#lirgmultiple reaction monitoring
(MRM) mode. The quantification of the trichothecengere performed using an Agilent
6530 Q-TOF-MS/MS spectrometer coupled with an Adil@200 Series HPLC system.
The HPLC system consists of a vacuum degasser @R)3with a thermostatted
autosampler (G1330B) and binary pump (G1312B), andthermostatted column
compartment (G1316B). The QTOF-MS/MS instrument egsipped with an ESI source

and the Agilent jet stream dual nebulizer.

4.2.4. Instrument conditions
The injection volume was fixed ati&h for the samples and standards. The sample extract

was injected into a ZORBAX Eclipse XBDz£ 2.1 mm x 100 mm, 1.8gm (P.N. 928700-
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902) column at a flow rate of 0.2 mL/min runningwv0% and 30% mobile phase A and
B respectively. Mobile phase A consists of 1% iacatid and 5 mM ammonium acetate in
water and mobile phase B consists of 1% acetic aodl 5 mM ammonium acetate in
methanol. The gradient was changed to 80% mobiks@B over 10 min, and then
maintained for 3 mins. After 13 min of run timegetgradient was returned to 30% mobile
phase B over 1 min. The column was washed for 6waiin water and conditioned for 4
min before the next injection. The mass spectromeies operated in the positive and
negative ESI mode. In this method, there were tewgods when different polarities (0-10
min negative; 10-14 min positive) were employede Dptimum QTOF-MS/MS operating
conditions are as follows: the drying gas and $hgas temperatures were set at’Csand
350°C, respectively, while the drying gas and sheathfigav rates were set at 5 L/min and
12 L/min, respectively. The nebulizer pressure satsat 25 psi and the nozzle voltage was
set at 0 V. Finally, the capillary voltage was aeB500 V, while the fragmentor voltage

was set at —60 V in the negative mode and +160tWarpositive mode.

4.2.5. Food samples

In the month of December 2010, 1-2 kg each of 2bpdas of cereals and cereal products
(wheat, wheat based noodles, rice, rice based esodhd corn) was obtained from
groceries and stores in Kuala Lumpur, Malaysia. $amples were stored in the dark at
room temperature (25-30). The samples were ground and mixed at room déeatyre for

10 min until a fine and homogeneous powdered natevas obtained. The powdered

samples were then stored in plastic bagS@tid a refrigerator prior to analysis
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4.3. Results and discussion
4.3.1. QUEChERS method development

The preparation of the extract has a crucial impacthe accuracy of the results and there
are several factors, which can affect performancehé original QUEChERS method such
as the composition of the extraction solvent, §yyetand amount of the drying agents,
extraction time and the dilution factor. All of #efactors were taken into consideration
and then optimized. The extraction solvent was dbotanbe the most important factor and it
heavily affects the extraction efficiency. Howevire physicochemical properties of type-
A and type-B trichothecenes are different, with tfyge-A trichothecenes being relatively
non-polar compounds and the type-B trichothecemespalar compounds. Hence, the
selection of a suitable extraction solvent for bigftes of trichothecenes is difficult. From a
review of the literature, six different extractionixtures were tested in blank wheat
samples spiked with 500 pg/L of the trichothecestasdards. The results using all these

extraction solvents were then compared.

1- Extraction solvent 1: A mixture containing 79:2Q%, v/v) acetonitrile/ water/ acetic
acid was employed (Sulyok, Krska, & Schuhmachet 020

2- Extraction solvent 2: A mixture of 57:42.5:0.5 (%) acetonitrile/ water/ acetic acid
was employed.

3- Extraction solvent 3: A mixture of 79:20:1 (%, vimethanol / water/ acetic acid was
employed.

4- Extraction solvent 4: A mixture of 85:15 (%, v/vethanol/acetonitrile was employed
(Sospedrat al, 2010).

5- Extraction solvent 5: A mixture of 20/80 (%, v/vethanol/acetonitrile was employed

6- Extraction solvent 6: A mixture of 80/20 (%, v/vethanol/water was employed.
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The results as shown in Table 4.1 demonstrate 57a42.5:0.5 (%, v/v) acetonitrile/
water/ acetic acid and 85:15 (%, v/v) methanol@u#tle combinations present good
recoveries for relatively non-polar type-A trichetenes, but not with the polar type-B
trichothecenes such as NIV and DON. However, 79:2%, v/v) acetonitrile/water/acetic
acid offers recoveries that are satisfactory fdapand non-polar analytes. In addition, it
gave recoveries fulfilling the EU Commission Diiget 2006/401/EC for analysis of
mycotoxins in food samples (European Commissio)6ap Therefore, mixtures of

79:20:1 (%, v/v) acetonitrile/ water/ acetic acidrey applied in this study.
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Table 4.1

Assessment of different extraction solvents in wiig#® g) samples spiked at 50§/kg level (n = 5)

Trichothecene

Extraction Solvent NIV DON FUS X ADON DAS HT-2 T-2
Mean of Recovery (%) £ RSD (%)

79:20:1 (%, Vviv)
acetonitrile/ water/ 90.0+10.3 82.3+5.3 101.6+16.3 85.3+9.7 95.0+7.0 85.6+ 9.8 96.4+ 6.2
acetic acid
57:42.5:0.5 (%, v/v)
acetonitrile/ water/ 40.9+10.7 32.8+11.2 90.7+10.36.1+13.8 975+9.1 825+152 81.8+8.5
acetic acid
79:20:1 (%, viv)
methanol / water/ acetic =~ —° _b 37.3+12.7 _b _b _b _b
acid
8515 (%, V)~ 570+136 442¢87 84.0+63 100.6+95 737+13.7 978 79.1+14.6
methanol/acetonitrile
20/80 (%, viv) 85.9+ 8.2 b 503+12.2 805+11.2 824+6.7 747+100 943509
methanol/acetonitrile
80/20 (%, viv) b b b b b b b

methanol/water

n: is number of replicates
—" mean recovery value is <25%
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4.3.2. Optimization of the Liquid chromatography (LC) conditions
Besides improving the resolution in the chromatpbia system, the selection of the

mobile phase based on consideration of the iowizadifficiency by the ESI source, it
would also give high sensitivity. By using the E®lurce, solvents can greatly influence
the generation of small droplets, which leads waased evaporation of solvents and so
enhance the sensitivity. The use of methanol idstéacetonitrile in the solvent mixtures
resulted in better ionization and higher intensitfer all analytes, probably due to the
proton affinity of some of the isomeric forms ok#anitrile generated, especially for DON,
T-2 and HT-2.

The effects of acetic acid, formic acid, ammoniuretate and ammonium formate
on the analyte response were tested by using \s&adoonbinations. After addition of either
ammonium acetate or acetic acid, no significantease in sensitivity was observed. On
the other hand, the addition of a mixture of acati (1%) and ammonium acetate to the
mobile phase, led to a significant increase inrégponse for all the targeted analytes, due
to an improvement in the peak shape and bettezation. As for the choice between using
a mixture of ammonium acetate/acetic acid (1%)amdonium formate/formic acid (1%),
the results indicated that when ammonium formate @f#sen, the ionization of all the
selected analytes was significantly reduced. Wiserdge use of ammonium acetate at a
concentration of 5 mM and acetic acid (1%), wasntbuo be sufficient to generate
ammonium M+NH,]" or sodium M+Na]" adduct ions in the positive mode for the type-
A trichothecenes and bromM$Br],” acetate f1I+CH3;COO]J or chloro M+CI]" adduct
ions in the negative mode for the type B-trichodmexs. At higher concentrations1Q
mM), ionization suppression was observed.

The mass spectra of the type-B trichothecenes (Eigul to Fig 4.4) showed the

base peak of the bromo adduct idtHBr]” (NIV of m/z value 391.0396), acetate adduct
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ion [M+CH3COO] (DON of m/z value 355.1403 and FUS X of m/z valdg.4446) or
chloro adduct ion MI+CI]” ( ADON of m/z value 373.1062), while those of type-
trichothecenes (Figure 4.5 to Fig 4.7), on the otiend, showed the base peak of the
sodium adduct ionM+Na]" ( DAS of m/z value 389.1571) and ammonium addost

[M+NH4]" (HT-2 of m/z value 422.2435 and T-2 of m/z val@4 2534).
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The mass spectra of NIV (Figure 4.1) showed a higteindance of the bromo,
acetate, formate and chloro adduct ions witihtBr]” of 391.0396,+CH3COO] of
371.1336, M+HCOO]J of 357.1213 andNI+CI]" of 347.0905 m/z values respectively,
compared to the molecular ioM{H] m/z value 311.1144. Figure 4.2 showed the mass
spectra of DON which have intense acetate and ehdaolduct ions with m/z value of
[M+CH3COO] 355.1403 andNI+Cl]" 371.1336 respectively, compared to the molecular
ion [M-H]" m/z value 295.1184. The mass spectra of FUS X (Eigu3) also showed
intense acetate adduct ionM4CH3COO] of m/z value 413.1446 and the formate adduct
ion [M+HCOOQTJ of m/z value 399.1307, compared to the molecular[M-H]" m/z value
353.1207. Whereas, the mass spectra of ADON (Figute shows a relatively intense
chloro and acetate adduct ions M+CI]” of m/z 373.1062 andM+CH3COOQ] of m/z
397.1503 values respectively, compared to the mtdeoon M-H] of m/z value 337.1294.

On the other hand, the mass spectra of DAS (Figus® showed a higher
abundance of sodium and ammonium adduct ionsMNa]' of m/z 389.1571 and
[M+NH4]" of m/z 384.2016 values respectively, comparedh¢oniolecular ionNI+H]" of
m/z value 367.1800. Additionally, for both HT-2 ameR were observed (Figure 4.6 and
Figure 4.7) except the ammonium adduct ib+NH4]" (HT-2 of m/z value 442.2435 and
T-2 of m/z value 484.2534) were more abundant tharsodium adduct ioM+Na]" (HT-

2 of m/z value 447.1988 and T-2 of m/z value 48924 1and the molecular ioMfH]*
(HT-2 of m/z value 425.2172) and potassium addMet{]” (T-2 of m/z value 505.1831).
However, the molecular iof+H]" of T-2 was not observed.

The presence of the sodium or ammonium adductwere observed for type-A
trichothecenes and the bromo, acetate or chlorauckdibn for type-B trichothecenes
(Figure 4.1 to Fig 4.7). This may be because ofpttesence of cation and anion impurities

in the HPLC solvents and furthermore, sodium iores more abundant than ammonium
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impurities in methanol. However, the molecular iane also present in the mass spectrum
and they can be used for quantification.

For the gradient elution conditions, the main tasis to determine the composition
of solvent A and solvent B as the initial mobileaph. Several initial compositions of the
mobile phase were studied, ranging from 5% to 40%otvent B. The results showed that
good peak shapes and high sensitivity were achiesibcthe decrease of solvent B content
in the initial composition.

However, when the initial gradient started at 40Psavent B, overlapping peaks
were obtained for DON and NIV. Considering the comd factors of separation
efficiency, run time and sensitivity, the use oP@B0f solvent B was selected as the initial

composition of the mobile phase (Figure 4.8).
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Figure 4.8. Extract ion chromatogram (EIC) (LC/QTOF-MS/MS) séparation of a
trichothecenes mixture solution containing 600 ggfior each toxin. Vertical line
illustrates change of ionization polarities fromgagive to positive (10 min)
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In the case of 3-ADON and 15-ADON, besides havilggame MS/MS spectrum,
separation under these conditions were not achid¥edce, both isomers were determined
as total ADON (Cavaliereet al, 2005). Other parameters such as flow rate, ioject
volume, and column temperature were optimized drel following parameters were
selected as the optimum conditions: 0.20 mL/mifias rate, 48C as column temperature

and 5 pL as the injection volume.

4.3.3. Optimization of the ESI parameters

Both the positive and negative modes were invegiyfor ion acquisition in the MS. NIV,
DON, FUS X, and ADON showed higher signal intelsitin the negative ionization mode,
whereas DAS and T-2 undergo better ionization i@ positive mode. HT-2 can be
detected in both positive and negative ion modéh wislight increase in sensitivity and
higher stability in the positive ion mode compatedhe negative mode.

The instrumental parameters (drying and sheashflgav rates and temperatures,
fragmentor and capillary voltage) were optimizedptovide the best possible sensitivity.
However, it was found previously (refer to chag@pthat the effects of all these parameters
did not significantly affect the signal from theadytes. However, the fragmentor voltage,
which played an important role in both the sengjtiand fragmentation, do influence the
sensitivity. The fragmentor voltage (cone voltageorifice voltage) is the difference
between the voltage applied to the cone and thalieabto the skimmer. Increasing the
potential difference between the two would increéise kinetic energy and thus the
velocity of the charged analyte droplets with masas being transferred towards the
skimmer resulting in a significant enhancement bé ttransmission efficiency and
sensitivity. For this reason, the fragmentor vataglue was studied in the range from 20

to 400 V under optimized source conditions.
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Figure 4.9 to Figure 4.10 show that, fragmentdtages greater than 60 V led to
extensive fragmentation even for the reference esafs type-B trichothecenes, while for
type-A trichothecenes, extensive fragmentation wlaserved at even higher fragmentor
voltages ¥180V). Voltage values in the region of 160 V praddminimal fragmentation
and adequate sensitivity for quantification foreyf trichothecenes, while voltage values
of approximately 60 V provided minimal fragmentati@and adequate sensitivity for

guantification for type-B trichothecenes.
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Figure4.9: Effects of the fragmentor voltage on the peak area¥pe -B
trichothecenes
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Figure4.10: Effects of the fragmentor voltage on the pealkh%®f type-A trichothecenes

4.3.4. Accurate mass measurements

In order to achieve accurate mass information ef itolecular ion, the effect of the

accuracy of the mass measurements of the seledtdwbthecenes was evaluated at
different concentration levels in the range of 1200 pg/L. In this way, the accurate

mass information for the molecular ion was obtainedHowever, accurate mass
measurements are also affected by overlappingdalved chromatogram peaks. Hence,
the reason for separation of chromatogram peaks.r@sults for the determination of the

mass accuracies of the molecule ion are as sunmaarnzlable 4.2.
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Table 4.2

Accurate mass information of the measured trivboénes

Trichothecene  Molecular  Molecular Observed Calculated Difference
lon Formula Mass Mass (ppm)
NIV [M- H] CisHo00; 3121210  312.1209 0.25
DON [M- H] CisHo00s  296.1260  296.1260 0.03
FUS X [M-H]" Cy17H220s 354.1312 354.1315 -0.62
ADON [M- H] CiH20O; 338.1366  338.1366 0.15
DAS [M+ H]* CigH260O;  366.1678  366.1679 -0.05
HT-2 [M+ H]* Co2H320s 424.2095 424.2097 -0.41
T-2 [M+ H]* CoH3409  466.2204  466.2203 0.18

It can be observed from Table 4.2 that, there wersignificant differences in the
mass accuracy between the observed mass and tle regas calculated, since the
differences were between 0.03 ppm of DON and 02 pf FUS X. Therefore, it can be
deduced that the accurate mass measurements hapabilitg for unmistakable

confirmation of these analytes at different concaran levels.

4.3.5. Selection of Product lons
The selection of product ions was carried out lrying the collision energy between 5 and
45 V, at increments of 5 V.

Figure 4.11 to Figure 4.17 show the chemical stmast, the MS/MS spectra and the
corresponding molecular weights of NIV, DON, 15-A8N, 3-AcDON, FUS X, DAS,
HT-2 and T-2, with arrows indicating the formatiaf the product ions used in the

guantification against the optimal collision energ@wo product ions were selected, the
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more intense as the quantifier ion and the othethasqualifier ion. Furthermore, the

selection of the product ions was carried out forfcmation of the identity of the analyte.
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Figure4.11: The mass spectra and the proposed fragmentatizense of NIV
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4.3.6. Trichothecene database table
A trichothecene database table was created bytimgethe eight(8) type-A and type-B
trichothecenes in the LC-ESI-QTOF-MS/MS, working the TOF-MS mode, at a
concentration of 600 pug/L pug/kg. This table cancbatinuously updated to extend the
trichothecene database table to include new myamox

Retention times add an extra degree of confidencéhe identification of the
unknown compound having the same empirical formand the same exact mass. The
repeatability and reproducibility of the retentibmes as measured by their RSD values
ranged from 0.6% to 1.1% and 2.5% to 4.5%, resyp=gti

By using the database table, the automatic scrgemiethod was carried out by
investigating the retention time, the observed nzas} the exact mass of each compound
that were collected on a Microsoft Excel sheethia way, the analytes were confirmed by
their retention time, the accurate mass measurenoérine TOF analyzer and the product

ions (Table 4.3).
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Table 4.3

Trichothecene database table

Molecular  Trichothecene Retention Observed Calculated Difference Product
Formula Time Mass Mass (ppm) lons
(min) (m/z) (m/z) (m/z)

281.1031

C15H5007 NIV 3.3 312.1210 312.1209 0.25 205.0870

265.1081

C15H2006 DON 4.4 296.1260 296.1260 0.03 277 1081

293.1031

C17H2505 FUS X 6.3 354.1312 354.1315 -0.62 3231136

307.1187

C17H2,04 ADON 9.2 338.1366 338.1366 0.15 577 1081

307.1540

Ci1gH260- DAS 11.1 366.1678 366.1679 -0.05 264.1356

263.1283

CxoH305 HT-2 11.7 424.2095 424.2097 -0.41 323.1495

Co4H3409 T-2 12.4 466.2204 466.2203 0.18 365.1600

305.1389
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4.3.7. Method validation

This was an in-house validated method, in termigefrity, accuracy, intra-day precision,
inter-day precision, limit of detection (LOD), arinit of quantification (LOQ). The
linearity was tested using a standard solutionhef trichothecenes in the concentration
range of 75 and 20Qg/L. Table 4.4 shows that good linear relationshijith correlation
coefficients greater than 0.97 for all the targededlytes were obtained. Calibrations with
standard solutions were used for quantificatiorcallse moderate signal suppression was
noticeable for all the analytes. Furthermore, ANOVA test, did not give any significant

difference at p = 0.05.

Table 4.4
Linear regression equation’,walue, LOD and LOQ of trichothecenes
Trichothecene Equation r? LOD LOQ
(concentration ran( 75-120C pg/kg) (a/kg)  (nglkg)
NIV y =432.9520 * x + 14992.5101 0.9991 35.0 116.6
DON y=512.0872 * x -25579.3895 0.9914 31.3 104.2
FUS X y =2253.4553 * x + 44116.9630 0.9820 1.90 6.40
ADON y =2414.1887 * x — 105359.7636 0.9919 17.8 59.3
DAS y =37449. 6731 * x — 629015.6099 0.9974 14.2 47.2
HT-2 y =3606.8426 * x — 201684.9410 0.9901 28.4 94.8
T-2 y =28273.0811 * x — 1548667.1141 0.9731 11.4 37.9

The accuracy was tested by the determination @& thcoveries of the
trichothecenes in clean wheat, wheat products (isbesed noodles), rice, rice products
(rice-based noodles), and corn samples spiked &01@nd 500.0 pg/kg of the
trichothecenes standards and were analyzed inctaips (Table 4.5). The recoveries

obtained ranged from 61.9 % to 110.97%, with a R&ue of less than 12%. The
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recoveries for relatively non-polar trichothecel®AS and HT-2) were slightly more

significant than the polar analytes (NIV and DON).
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Table 4.5

Mean of recoveries and RSDs (nZ6) trichothecenes spiked into blank wheat, wheatlpct, rice,

rice product and corn samples at two spiking levels

Trichothecene

Spiking
Matrix  Level NIV DON FUSX ADON DAS T-2
/ki
(g/ka) Mean of Recovery (%) = RSD (%)
100 77.2£10.0 77.448.c 105.9+6.. 110.1+8.. 95.319.. 109.047.:
Wheat 500 80.7+4.F 82.4+4.¢ 95.0+£9.¢ 107.9+4.( 106.615.( 95.3+4.«
100 78.1+9.. 76.4+8.7 99.4#4.' 105.3x4.. 107.0%7.¢ 110.1+9.¢
Wheat
product 500  74.5#6.t 80.436.¢ 108.745. 106.1+40 104.0:8.! 105.9+3.f
100 77.319.« 76.9+8.! 116.8+9.¢ 109.5+6.. 94.4+7.. 90.648.:
Rice 500 79.919.. 72.51+6.: 104.4+6.- 108.0+4.! 106.419.. 103.619.-
100 84.716.¢ 70.218.¢ 82.8+7.. 104.8+8.. 90.0%9.¢ 96.8+10..
Rice
product 500 95.4+7.¢ 66.315.¢ 84.4+9.! 110.9£11.. 91.418.. 95.4+9..
100 61.9+8.f 73.3+9.« 96.5+10.( 92.7£11.. 74.0+7.. 84.9+10.(
Corn
500 65.7t4.. 78.848.f 99.1+5.( 95.2+1.9 80.6%9. 89.315.¢

®n: is number of replicat
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The sensitivity was determined by estimating thebL&hd LOQ. LODs and LOQs
were estimated experimentally as the lowest conagom giving a response of three- and
ten-times, respectively, the base-line noise. TOG® lof type- A and type-B trichothecenes
were 6.1-8.3 and 12.5-18.7 pg/kg, respectivelytfseeetails in Table 4.4).

Intra-day precision was evaluated by assayingriapicates of blank wheat sample
at a spiked level of 500ug/L trichothecenes onsidwme day. For the inter-day precision,
five replicates of blank wheat sample at a spileacell of 500 pg/L trichothecenes were
analyzed on three consecutive days. The intra-deagigion and inter-day precision were
calculated and tabulated in Table 4.6. The intna{ot@cision (n = 5) are between 1.1 and
6.7%, while the inter-day variation (n=15) values between 4.8 and 14.3%. These values
determined are lower than the acceptable maximuml5$, confirming the good

reproducibility and repeatability of this technique

Table 4.6
Intra- and inter-day precision of trichothecenes
Intra-Day Inter-Day
Trichothecene Precision Precision
(n =57 (n = 15%
(500 png/kg) (500ug/kg)
NIV 2.6 5.1
DON 4.6 6.8
FUS X 6.7 14.3
ADON 1.1 4.8
DAS 2.3 7.3
HT-2 3.8 10.5
T-2 4.7 5.9

4n: is number of replicates

Considering the data for method validation, therentr LC-ESI-CID-MS/MS

analysis measured with a hybrid QTOF-instrument aathple preparation procedures
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employed can be regarded as selective, preciseadodt. Furthermore, the determination
of trace concentration of these trichothecene®irals and cereal products was with a high
degree of confirmation using the retention times #Htcurate mass measurements of the

TOF analyzer and the products ions, thus avoidatgefpositive results.

4.3.8. Sample analysis

The developed method was applied to the deterromatf eight (8) type-A and type-B
trichothecenes in 25 samples of cereals and cpredulcts (wheat, wheat based noodles,
rice, rice based noodles and corn), which were aarigl obtained from groceries and
stores in Kuala Lumpur, Malaysia. None of thehoithecenes investigated in this study

were detected in these randomly selected sampssgB.7).

Table 4.7
Occurrence of trichothecenes in cereals and cpredlcts samples in the month of
December 2009

Sample category Total Number Incidence Incidence Trichothecene
Number  of (Positive/ (Positive/  (ng/kg)
of Positive Number of Total
Samples Samples Samples of  Number
of the the of
Particular Particular Samples)
Category Category)

Wheat 5 0 0.0% 0.0% 2

Wheat product 5 0 0.0% 0.0% 2

Rice 5 0 0.0% 0.0% 2

Rice product 5 0 0.0% 0.0% 2

Corn 5

Total 25 0 0.0% 0.0%

% Values were below the LOD of the adopted method
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4.4. Conclusion

A simple, rapid and confirmatory method has beereldped for the determination of type-
A and type- B trichothecenes in cereals. The us®@BOF-MS/MS uniquely offers the
possibility of providing accurate mass data and ganerate structural information of the
analytes with minimal sample treatment and withoertivatization. The sensitivity of the
instrument could be significantly enhanced by opinyg the chromatographic conditions
and the fragmentor voltage in the ESI interfaceteBsive and expensive clean-up
procedures could be replaced by adopting the QuRShgrocedure without prior dSPE
step. By using the trichothecene database tab&dothecenes were confirmed by their
retention time, the accurate mass measuremente F@F analyzer and the products ions,
thus avoiding false-positive results. The extracteplvent was found to be the most
important factor and strongly affects the extractefficiency. Excellent linearity, high
recoveries, acceptable repeatability and reproditgitvith the LOQ values lower than the
stipulated MRL values were achieved indicating sheability of the proposed method for

the determination of trichothecenes in cereals.
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5. QUEChERS-HPLC METHOD FOR AFLATOXIN DETECTION OF
DOMESTIC AND IMPORTED FOOD IN JORDAN

5.1. Introduction and scope of the work
Aflatoxins are a group of highly toxic and carcieog: substances, which occur naturally,

and can be found in food substances. The most confomd commodities affected by
aflatoxins are cereals (corn, wheat, barley, maa¢s and rye), nuts (hazelnut, peanut and
pistachio nut), dried fruits (fig) and spices (clpbwder) (Ardicet al, 2008; Bacalonet
al., 2008; Battilaniet al, 2008). Aflatoxins pose a potential threat to hanaad animal
health through the consumption, contact or inhatatf foodstuffs and feedstuffs prepared
from these commodities. As a result of the advhesdth effects of mycotoxins, their levels
have been strictly regulated especially in food faedl samples. While the European Union
in general has set a much lower allowable resigwellthan the US Food and Drug
Administration, they are generally in tihg/kg level for most of these compounds (FAO,
2004). In order to ensure compliance with the maéonal regulations, it is necessary to
have a sensitive, reliable and an accurate metbothé determination of mycotoxins in
different food commaodities.

High performance liquid chromatography with fluaresce detection (HPLC-FLD)
is considered as the most commonly used instruofahese methods for quantification of
aflatoxins, because of its accuracy, high sengjtignd ease in automation (Kaniou-
Grigoriadou, Eleftheriadou, Mouratidou, & KatikoB005). However, it requires one or

more clean-up steps involving liquid—liquid extiaat (LLE), solid-phase extraction (SPE)

122



or immunoaffinity columns (IAC) clean-up and in &uuh, aflatoxin B1 and G1 suffer
from fluorescence quenching in the HPLC mobile phdherefore, pre-column or post-
column derivatization is necessary to enhanceltloedscence intensity of aflatoxin B1 and
G1 which is needed to achieve the low limits olegébn (low-ppb level).

Various derivatization methods including precolumderivatization with
trifluoroacetic acid (TFA) (Mdricz, Fatér, Otta, ihgk, & Mincsovics, 2007), postcolumn
derivatization with iodine (Fallah, Jafari, Falla&, Rahnama, 2009), electrochemical
derivatization with potassium bromide (Tav-Kalcher, Vrt&, PestevSek, & Vengust,
2007) and electrochemical derivatization using Klobra cell (Kaniou-Grigoriadoet al,
2005) have been developed. While, precolumn dexatdn technique presents several
significant drawbacks such as being laborious, ttmesuming and because of the high
polarity and relative instability of these derivas (Tan, Chu, Shen, & Yu, 2009),
postcolumn derivatization with postcolumn photocleinreactor method for enhanced
detection (PHRED) has been successfully used tagcomee these drawbacks (AOAC
Official Method 2005.08).

The aim of this studis focused on optimizing the sample pretreatmenttimns of
the developed Quick, Easy, Cheap, Effective, Ruggad Safe (QUEChERS) method and
the optimization of the chromatographic conditioos an HPLC-FLD method with
postcolumn photochemical derivatization for quacifion of four(4) aflatoxins B1, B2,
G1 and G2 in food. Sample pretreatment conditioid |1s the extraction solvent; the type
and amount of drying agent; the extraction timed dhe solvent-sample ratio were
optimized. The developed QUEChERS-HPLC method Wwas walidated and compared

with the fluorometric determination method. The hoets were then used for the analysis
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of the selected aflatoxins in a total of 669 domeeahd imported food samples in Jordan

using a QUEChERS-HPLC method.

5.2. Experimental

5.2.1. Reagents and materials

Certified mixed standard solutions consisting ofatakin B1, B2, G1 and G2 were
obtained from Supelco (Bellafonte, PA, USA). Suhssdly, daily working standard
solutions were prepared by diluting the stock sohg in methanol. Water and acetonitrile
(HPLC-grade) were purchased from VWR Internatidgal). Methanol (HPLC-grade) was
purchased from Labscan (Dublin, Ireland). Sodiumtoride was purchased from Acros
Organics (New Jersey, USA). Anhydrous magnesiuiatgu(MgSQ) for QUEChERS was
purchased from R&M Chemicals (Essex, UK). A nonkePTFE Syringe Filter with a
disposable membrane filter (0.46n) was purchased from Whatman GmbH (Dassel,

Germany).

5.2.2. QUEChERS-HPLC method
5.2.2.1. Sample preparation

Samples were prepared using the previous QUEChERISoch with some modifications.
Step I: A thoroughly homogenized food sample (1)0wps weighed in a

polypropylene centrifuge tube (15 mL).

Sample recovery was done with 1.0 g of the cleasathcorn, rice, pistachio nut, peanut

and almond spiked with 5.0, 10.0 and 50.0 pg/kgflatoxin B1, G1 and 1.5, 3.0 and 15.0

pno/kgof aflatoxin B2, G2. The spiked samples were leféraight in the dark at room
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temperature to allow the solvent to evaporate andafiatoxin absorption into the matrix.
Then they were extracted via the following stepso(1V).

Step II: 3.0 mL of 60:40 (%, v/v) methanol/ acetdle mixture was added and the
centrifuge tube was shaken for 1 min to ensuretti@solvent has mixed thoroughly with
the entire sample, for the complete extractiorhefdanalyte.

Step 1ll: 0.80 g of anhydrous MgQ@nd 0.18 g of NaCl were added into the
mixture and the shaking procedure was repeated foin to facilitate the extraction and
partitioning of the four(4) aflatoxins into the argc layer.

Step IV: The extract was centrifuged for 5 min 80@ rpm, and 0.5 mL of the
upper organic layer was filtered through a 0.45 pyton syringe filter prior to HPLC

analysis.

5.2.2.2. HPLC analysis

The HPLC analysis was performed using a Perkin El8eries 200 (Liantrisant, UK)
system consisting of pump with a quaternary comégan, a vacuum degasser, a column
oven, a fluorescence detector and coupled withuaasampler equipped with a 200 pL
sample loop. A post column PHRED from Aura IndestfNY, USA) with a low-pressure
mercury lamp X = 254 nm) and a knitted reactor coil (25 m x Or2&) was applied to
enhance the detection of aflatoxin B1 and G1. Theomatographic separation was
performed with a Nucleodur 250-54250 mm x 4.6 mm x pm chromatographic column
and was purchased from Macherey-Nagel (Duren, Gey)nd’he sample extracisere
analyzed isocratically using 65:25:10 water/ metivacetonitrile mixture as the mobile

phase. The column was kept in a column oven afCGlat a flow rate of 1.0 mL/min to
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achieve the optimum resolution of the aflatoxineeTnjection volume was maintained at

10 uL for both the sample and standard solutions.

5.2.3. Fluorometric Determination
5.2.3.1. Sample preparation

For each sample, ten grams were extracted in a&temth 50 mL methanol: water (60:40,
viv) and 2.0 g of sodium chloride for 1 min in a g blender at high speed. After
filtration through a fluted filter paper (24 cm,dam, Watertown, MA, USA), a 20 mL of
the filtrate was diluted with 20 mL distilled watand was mixed vigorously. The mixture
was then filtered a second time using a microffider paper (11 cm, Vicam, Watertown,
MA, USA) and 10 mL of filtrate (equivalent to 1.0 sample) was applied to the
immunoaffinity column (Aflatest, Vicam, WatertowllA, USA). The column was washed
twice with 5 mL of distilled water and the aflatosi were eluted to the monoclonal
antibodies by passing 1 mL of HPLC grade methahmdugh column at a rate of 1-2

drops/ second.

5.2.3.2. Measurement

The Fluorometric determination was performed by &AM Series 4 (G8002)
Fluorometer optical system (MA, USA) equipped wathigh intensity pulsed Xenon lamp
with selected fluorescence excitation and emisdilters. A linear calibration of the
instrument was developed by subsequently readieg thuinine sulfate dihydrate reference
standards (Aflatest-MTM; VICAM). The red and theegn mycotoxin calibration vials
were used to set the higher and the lower caldmgpoints and the last vial contains the

yellow mycotoxin calibration standard, followingetiVICAM instruction manual. Exactly
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1 mL of the eluate was mixed vigorously with 1 mt tbe AflaTest Developer. The
aflatoxin content was then obtained from the fluoetric measurements. The detection

limit of the method was 1.0 pug/kg.

5.2.4. Food samples

A total of 669 samples of domestic and imported@amwere supplied to the Jordan food
and drug administration in 2011 and analyzed. Témptes consisted of 274 samples
corresponding to cereals; eighty seven to peamasaanut butters; seventy eight to nuts
(walnut, cashew, pine, hazelnut and almond); faity to sesame seeds; sixty one to
pistachio nuts; fifty one to seeds (sunflower, waelon, etc); fifty nine to green coffee
and the remaining samples were related to spicpproXimately 1-4 kg of each type of
sample was obtained. The samples were storedlarkaplace at room temperature (20—
25°C). The samples were ground and mixed at roemperature till a fine and
homogeneous powdered material was obtained. Thelgged samples were then stored in

plastic bags at 4°C in a refrigerator prior to 8.

5.3. Results and discussion
5.3.1. QUEChERS-HPLC method
5.3.1.1. Optimization of HPLC conditions

Different combinations of water/ methanol/ acetoleit such as 60:20:20, 65:25:10,
70:20:10 and 75:17:84, v/v) were tested as the mobile phase in order to opeirtiie
resolution of the aflatoxin standard mixture andetthance the sensitivity. Aflatoxin G1
and B2 were not separated by the first mobile pltaseposition (60:20:2024, v/v)). On

the other hand, broad peaks and long retentionstwere produced using the third and
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fourth mobile phase systems, when the water cortippexceeded 70%. In contrast, the

second mobile phase offered an adequate sepalsiareen the aflatoxin G2, G1, B2 and

B1 peaks with reasonable and acceptable retenti@s t(Figure 5.1).
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Figure5.1: HPLC chromatogram of aflatoxin standard soluti@mesitaining 100 pg/L of
afatoxin B1 and G1 and 30 pg/L of aflatoxin B2 &l

However, the bottleneck of a chromatographic systerthe column, where the
actual separation of the analyte mixture occursu@o selection depends strongly on prior
knowledge of the physicochemical properties ofahalytes and of the matrix. The column
type and its length were optimized by investigatiagious HPLC columns under the same
chromatographic conditions in order to obtain tlestbchromatogram separation in the
shortest analysis time. The investigated columaes ar

A. ACE 5, 5um Phenyl 250 mm x 4.6 mm, from Hichrom (UK),

B. Nucleodur, fm 250-5 Gg 250 mm x 4.6 mm, from Macherey-Nagel

(Duren, Germany),
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C. Brownlee Analytical, 5pm Cg 250 mm x 4.6 mm, from PerkinElmer
(Shelton, USA),
D. Spherisorb 5, 5um ODS-1 Gg 150 mm x 4.6 mm, from Phenomenex
(USA),
E. Nucleodur 100-5, um C;g 100 mm x 4.6 mm, from Macherey-Nagel.
Table 5.1 showed that the column has a signifieffiect on the retention time and
sensitivity of aflatoxins. Aflatoxin G1 standardncet be detected by the ACE 5,uf
Phenyl 250 mm x 4.6 mm, (column A). In the cas@@ mm column length (column E),
their retention times were reduced to less thanm@2® but was accompanied with an
increasing risk of interferences and false positesults. While column D suffers from a
significant decrease in the resolution betweent@fla G2 and G1 (Rs 1.1), column C
has poor sensitivities for all analytes with ait@l peak for aflatoxin B2 (0.79 at 5%
height). However, column B shows high efficiencyg([HP= 2.3- 3.9E-05 mm) and the best
resolution (Rs > 4.2) but with longer retention ésnfor the aflatoxins~(50 min) (Table

5.1).
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Table 5.1
Retention time, area %, tailing factor, resolutznl theoretical plate number / column
length (HETP) of aflatoxins

Column Aflatoxin  Retention Area Tailing Resolution HETP
Time (min) % Factor (mm)
A ACE 5, G2 26.1 82.4% 1.001 - 2.1E-0%
5 um, Phenyl, G1 - - - - -
250 x 4.6 mm B2 36.¢ 100.0%  0.80( - 1.8E-0%
B1 49.¢ 100.0%  0.96¢ 8.91 1.5E-0%
B Nucleodur, G2 21.1 100.0%  1.08( - 3.9E-0t
5pm, Cyg, G1 27.7 82.3% 1.09¢ 5.8C 3.1E-0t
250 x 4.6 mm B2 33.2 99.0% 1.00% 4.1¢ 3.2E-0%
B1 43.¢ 95.3% 1.04: 6.77 2.3E-0E
C Brownlee G2 13.¢ 81.6% 1.157 - 6.3E-0%
Analytical G1 17.7 54.7% 1.067 4.4z 4.6E-05
5pm, Cyg, B2 21.1 81.6% 0.78¢ 3.22 3.6E-0t
250 x 4.6 mm B1 27.t 87.1% 0.981 5.2C 3.2E-0%
D Spherisorb G2 13.z 100.0%  1.13¢ - 3.0E-0t
5pm, Cyg, Gl 14.2 100.0%  1.02: 1.0¢ 2.8E-0t
150 x 4.6 mm B2 17.4 79.6% 0.89¢ 3.27 1.8E-0%
B1 22.C 89.7% 1.09¢ 4.2( 2.2E-0%
E Nucleodur G2 8.1 97.8% 1.09¢ - 5.5E-0%
5um, Cg, G1 10.€ 81.8% 1.07¢ 3.01 4.0E-0%
100 x 4.6 mm B2 12.¢ 74.8% 0.82¢ 2.44 3.4E-0t
Bl 16.€ 92.1% 1.05¢ 3.6€ 2.8E-0%

However, by increasing the column temperature f%C4%he retention time was
reduced to 30 min without affecting the resoluti®he selectivity of the isocratic mixture
of 65:25:10 (%, v/v) water/ methanol/ acetonitrile at 45 column temperature are
considered satisfactory as it enables aflatoxinngieation in the analyzed food
commodities with higher selectivity and sensitivitythin a reasonable run time. The
repeatability and reproducibility of the retentidimes as measured by their relative
standard deviation (RSD) ranged from 1.0% to 2.0 &.8% to 4.3%, respectively. In

order to evaluate whether the aflatoxin mix stadslaould be distinguished and separated
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from interfering substances in the sample matrixiaturally contaminated pistachio nut
sample was pretreated using the QUEChERS methodegadlated using a Nucleodur 250-
5. The chromatograms demonstrating the selectofityhe procedure are shown in Figure

5.2.
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Figure5.2: Representative HPLC chromatogram of a naturadigtaminated pistachio
nut sample

From the chromatograms of the naturally contamthgtistachio nut sample, it is
evident that the peaks of the aflatoxin standaedveell separated from the peaks of the
interfering substances in the sample matrix angarable retention times were obtained.

For the fluorescence detection, a spectrum of aflatstandard solution in the
HPLC mobile phase was tested to optimize the detedf aflatoxins and to obtain the best

fluorescence signals in terms of signal-to-noisdioraand sensitivity. Various
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emission/excitation wavelengths were applied t@iobthe best values in order to enhance

the detection for aflatoxins, as shown in Figu& 5.
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Figure 5.3: Effect of excitation and emission wavelength (amjhe chromatographic
peak areas of aflatoxins B1, B2, G2 and G1

When the emission wavelength of aflatoxins was &et425 nm, the best
fluorescence signals in terms of signal-to-noisorand sensitivity were obtained for
aflatoxin B1 and B2, while simultaneously obtainitige lowest fluorescence signals for
aflatoxin G1 and G2. In contrast, when the emissiavelength of aflatoxins was set at
455 nm, the strongest fluorescence signals wewdrdat for aflatoxin G1 and G2, while B1
and B2 produced the weakest fluorescence signatiin® the excitation wavelength at
different values produced different fluorescencgnail strengths for the aflatoxins.
However, by setting the excitation wavelength & 86n, strong fluorescence signals were

obtained for all aflatoxins.
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Therefore, the 365nm excitation/455nm emission \esgth combination was
selected as the most suitable for aflatoxin Glaf@d li&ewise the 365 nm excitation/425
nm emission wavelength combination was chosen flatoxin B1 and B2. The above-
mentioned modifications resulted in improved sévigit Alternatively, it was found that
the wavelength setting at 365 nm excitation and dd0emission combinations could be
used as the compromise wavelength for all aflasimce it gave reasonable fluorescence

signals.

5.3.1.2. Sample pretreatment optimization

For the mycotoxin determination, the sample prétneat has a crucial impact on the
accuracy of the results, especially when complexriogs such as cereals and nuts are
analyzed for the very low levels of aflatoxins, aihimay be in the food. To attain this goal,
a simple QUEChERS extraction procedure was adoptfdre the chromatographic
determination. The extraction solvent, type and @mhof drying agent, the extraction time
and the solvent sample ratio affecting the efficieof extraction, were all taken into

consideration and optimized.

5.3.1.2.1. Determination of the optimum duration and method ofextraction

After addition of the extraction solvents to thdcfm tube, the tube was closed and
manually shaken vigorously for 1 minute, accordimghe original QUEChERS procedure,
to disperse the solvent and analytes. The eftéddtse duration and method of extraction in
the aflatoxin recoveries were investigated by hsimaking the falcon tube for 1 min in

addition to vortexing the falcon tube between 1 mid min. Manual shaking of the falcon
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tube for more than 1 min was not applied, as it \Wdorious. All experiments were
carried out using the same procedure and weredtésta blank peanut sample that had
been spiked with 10.0 pg/L of aflatoxin B1 and Gl 8.0 pg/L of aflatoxin B2 and G2.

After that, the recovery results were compared.

Figure 5.4 shows that the extraction times affeetrecoveries of aflatoxins. For the
first stage of extraction, the recoveries increasgdncreasing the vortex time with up to
15% enhancement for all analytes. However, thevezoes remained almost the same after
2 min of extraction. This is because there is gdaroncentration gradient for the solutes in
the peanut sample and the extraction solvent icttessith the sample at the initial stage of
extraction resulting in higher extraction rates.danally, the constituents located in the
surface layers of the particles are more readitessible than those in the deeper regions,

which hardly diffuse out and hence slow down tte of extraction.
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Figure5.4: Effects of duration and type of extraction onnbeovery of aflatoxin B1, B2,
G2 and G1
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Figure 5.4 indicates that manual shaking of theoialtube for 1 min is more
efficient than vortexing for the same period. Timay be because hand shaking the falcon
tube speeds up the extraction in addition to aidndispersing the solvent and analytes
throughout the sample, thus ensuring that theesblnteracted well with the entire
sample. However, manual shaking of the falcon fob& min resulted in lower recoveries,
which do not comply with the EU regulations. Theref a vortex mixer was employed, as
it complies with the EU regulations in addition being time and an effort-saving

procedure.

5.3.1.2.2. Determination of the appropriate type and amount ofdrying agent
A drying agent is an inorganic hygroscopic (readilysorbs water from the air) salt.
Several salts are used routinely in the QUEChER®eaiure. The most common is
anhydrous MgS@ Other inorganic sulfate salts such as sodiumagiifiNaSQO,) may also
be used in the same way. These salts are addduktextracts with a combination of
sodium chloride (NaCl) to remove excess water andiamted contaminants from the
extracted samples as well as to provide a separadedistinct phase to facilitate the
penetration of the mycotoxin into the organic layer

In order to investigate the effects of adding défe drying agents, blank peanut
samples were spiked with 10.0 pg/L of aflatoxin®id G1 and 3.0 pg/L of aflatoxin B2
and G2, and analyzed after the addition of eitimérydrous MgS®@ or anhydrous N&SO,
and the results from both analyses were compdree.results in Figure 5.5 show that
anhydrous MgS@is a far more effective drying agent than anhydrbiaSO, and gave

higher recoveries for both the targeted aflatoxfrsexplanation for this observation is that
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anhydrous MgS@is a fine powder while anhydrous 0, has a larger particle size, so
that the drying power of MgS@Js greater together with its substantially higbapacity.
However, since anhydrous Mgs@ a highly exothermic compound, it is added to
the extracts and not vice versa to avoid elevdtiegtemperature in the falcon tube, which
may lead to analyte decomposition and subsequarrguction in the recoveries. For this
reason, it is recommended to add ice into the faltie before adding the anhydrous
MgSQO, to absorb the released heat. This effect was figadsd by comparing two blank
peanut samples that were spiked with 10.0 pg/Lflatexin B1 and G1 and 3.0 pg/L of
aflatoxin B2 and G2. The first sample was placedroight in a freezer at -8 and the
second sample was left at room temperature. Bothevh were analyzed and the results

were compared (Figure 5.5).
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Figure 5.5 indicates that recoveries for the setketflatoxins were identical; this
may be that the heat released after addition oy@nolis MgSQ was not sufficiently high
enough to affect the analytes stability. Therefarés not necessary for an additional pre-
cooling step of the falcon tubes.

The amount of anhydrous Mg%@equired depends on the amount of water in the
extraction solvents as well as in the samples. &ibez, the effect of the amount of
anhydrous MgS@ in the recoveries was investigated by adding difie amounts of

anhydrous MgS@from 0.5 to 4.0 g together with a constant amadimMiaCl (Figure 5.6).
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Figureb.6: Effects of addition of various amounts of anhydrblgSQ on the recovery of
aflatoxin B1, B2, G2 and G1

Figure 5.6 indicated that the recoveries were es®d as the amount of anhydrous
MgSQO, was increased from 0.5 to 4.0 g. However, aftelitamh of 2.0 g of anhydrous

MgSQ,, it was found that the recoveries were not furihereased for the majorities of the
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selected analyte. From these observations, it wésmined that the addition of 2.0 g of
anhydrous MgS® is sufficient for the extracts without an additibpae-cooling of the

falcon tube.

5.3.1.2.3. Effect of Dilution on Sample Extraction

Dilution of the sample extract is usually the metlud choice to eliminate and reduce the
matrix effects; dilution will also increase the mxdtion efficiency by decreasing the

number of competing molecules per drop area toreehéhe release of the analyte from
the matrix. In addition, sample dilution shifts taguilibrium towards the free form of the

analyte from the “bound” form with the matrix conmamts. However, further dilution may

adversely affect the sensitivity and lead to podegection limits. Therefore, it is necessary
to look for an optimal dilution. In this studyhe effect of dilution of the sample extracts
was investigated by adding different amounts ofaetion solvents ranging from a dilution

ratio of 1:2 to 1:5 (Figure 5.7).
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Figureb5.7: Effects of dilution of the sample extract onrbeovery of aflatoxin B1, B2,
G2 and G1

From Figure 5.7, it was found that for all the istigated dilution ratios, the
recoveries for all target compounds fall within #eEeptable range (between 85 to 98%) as
well as complying with the EU regulations. It wamufd that increasing the amount of
extraction solvents has a limited effect on theovecies. Based on these data, dilution in
the ratio of 1:3 was chosen as a good compromitseelea increased extraction efficiency

and loss of sensitivity, and it was thus adoptedtfe subsequent experiments.

5.3.1.2.4. Optimization of the Extraction solvent

Optimization of the effect of extraction solventsniavestigated by using the design of the
experiment (DOE) technique which utilizes the resgosurface methodologies (RSM) by
applying mathematical and statistical techniqueori@a et al, 2004). The basic

assumption is that there is a possible interaatibect of factors which depend solely on
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the component proportions of the mixture and nothen component quantities; thus, the
response of the property is entirely determinedheyproportions of the total. Therefore, it
is necessary to select the appropriate mixturas frdiich the response surface might be
calculated; and having the response surface, acticedof how such changes will affect

the properties of the mixture can be obtained foy mixture by changing the mixture

composition. The optimal extraction mixture of &bdans from food extracts was analyzed
using the JMP 9.0.0 software (JMP®, 2010).

From a review of the literature, the use of difféargolume proportions of water,
methanol and acetonitrile were frequently employsdthe solvent mixture to extract
aflatoxins (Ardicet al, 2008; Bacalonet al, 2008; Elbertet al, 2008; Leong, Ismail,
Latif, & Ahmad, 2010). Therefore, the DOE techniqwas applied to select the best
combination of the three solvents (water, methamadl acetonitrile) to optimize the
recovery of the aflatoxins in the food extractsdpyking a blank peanut sample with 10.0
pa/L of aflatoxin B1 and G1 and 3.0 pg/L of aflatoB2 and G2. The ABCD design with
21 experimental points was performed in duplicasndomly at all points. The
experimental data were then fitted to a quadrablyrpmial model. An overlay contour
tertiary plot (mixture profiler) of the aflatoxingcovery with 21 experimental points was

then constructed as depicted in Figure 5.8.
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Figure5.8: An overlay contour plot (mixture profiler) of afbxins recovery with 21
experimental points (the black dot point). The gotered area as shown indicates the

desirability of aflatoxins recovery (85-105%).

The non-colored area in the plot in Fig 5.8 indésathe desirability of aflatoxins
recovery (85-105%). To get the maximum desirabiliecoveries of the investigated
analytes, the prediction profiler was applied, whighows the principal effects of the
factors on the response. The diagram was constfugth assigned units to give immediate

values for comparison (Figure 5.9 and Figure 5.10).
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Figure5.9: The profiler in “Maximum Desirability in Profilefor Mixture Analysis,”
displays optimal settings of 0.36 for water, Of@lmethanol and 0.43 for acetonitrile,
which give an estimated recovery between 91% atéo10f peanut samples spiked at
10.0 pg/L of aflatoxin B1 and G1 and 3.0 pg/L dditakin B2 and G2
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Figure5.10: The profiler in “Maximum Desirability in Profilefor Mixture Analysis,”
displays optimal settings of 0.60 for methanol &mtD for acetonitrile, which give an
estimated recovery between 86% and 104% of pesamples spiked at 10.0 pg/L of
aflatoxin B1 and G1 and 3.0 pg/L of aflatoxin B2l &2

Figure 5.9 and 5.10 indicated that high extracgfficiency of the selected analyte
was achieved when using 43:21:36 (%, v/v) watettharel/acetonitrile and 60:40 (%, v/v)
methanol/acetonitrile. The second composition wascsed; since this combination gave
the desired responses as well as not containingrwah the presence of large amounts of

water, anhydrous MgSOtend to form lumps that can harden rapidly anducedthe
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supernatant layer. In addition, the water conteatinot be evaporated easily and be
reconstituted in a different solvent (mobile phasempared to either methanol or
acetonitrile. Therefore, mixtures of 60:40 (%, ))vimethanol/acetonitrile were applied in
this study, since it gave recoveries fulfilling tB&) Commission Directive 2006/401/EC

for the analysis of mycotoxins in food samples (p@an Commission, 2006a).

5.3.1.3. Method validation

The in-house developed method was validated ingeoilinearity, accuracy, limit of
detection (LOD), limit of quantification (LOQ), ird-day precision and inter-day precision.
The linearity was tested using a standard solutibthe aflatoxins in the concentration
range of 0.059 to 30.000 pg/kg for aflatoxin B2 &@iland from 0.195 to 100.000 pg/kg
for aflatoxin B2 and G2 using a least-squaresaessjon analysis. Table 5.2 shows that
good linear relationships with correlation coe#iais greater than 0.993 for all the targeted
analytes were obtained. Calibrations with standaldtions were used for quantification,

because the ANOVA test did not show any signifiddifference (P < 0.05).

Table 5.2
Linearity range, Equation andlvalue of aflatoxins

. Linearity . 2
Aflatoxin Range(ug/kg) Equation r

B1 0.195— 100.00 Y = (22078.573601 ) +( 67517.5499R8 0.99396
B2 0.059 —30.00 Y =(8866.164274 ) +( 151599.561185 0.99648
Gl  0.195-100.00 Y =(14087.825485 ) +( 25425.320385 0.99446
G2  0.059-30.00 Y =(11493.592180) +(71338.219588 0.99536
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Figure 5.11 shows the HPLC chromatogram of aflatcstandard solutions containing

3.125 pg/L of aflatoxin B1 and G1 and 0.938 pg/laféatoxin B2 and G2.

Response [mV]

G2 —
Gl —
B2 —
B1—

HH‘III\‘HH‘\H\‘HII‘HH‘HH‘IIH‘HH‘HH‘IIH‘HH‘\HI‘IIH‘H\\‘HH‘III\‘HH‘\HI‘HH‘HH‘HH‘IIH‘HH‘\|II‘\H\‘HH‘HH‘IH
2 4 6 8 10 12 4 16 18 220 2 24 2% B8

Time [min]

Figure5.11: HPLC chromatogram of aflatoxin standard soluti@asitaining 3.125 ug/L
of aflatoxin B1 and G1 and 0.938 pg/L of aflatoRand G2

The accuracy was tested by the determination ofd@beveries of the aflatoxins in

lean peanut samples spiked in triplicates at tfogdication levels (5, 10, and 50 pg/kg

for aflatoxin B1 and G1, and 1.5, 3.0, and 5.0 gddk aflatoxin B2 and G2) (Table 5.3).
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Table 5.3

Mean of recoveries and RSDs (n%6} aflatoxins spiked into clean wheat, corn, rigistachio nut, peanut,

almond and sesame seed samples at three spikielg lesing QUEChERS-HPLC method

E Spiking Matrix
% Level Wheat Corn Rice Pistachio Nut Peanut Almond Sesame Seed
< (hg/kg) Mean of Recovery (%) £ RSD (%)
1.t 75.7£7.¢ 78.615.¢ 96.3+5.¢ 98.3+8.: 80.5£5.! 76.3+3.. 106.7+12.1
G2 3.C 74.5t4.¢ 82.316." 104.444. 100.148.: 95.319.: 75.946.: 102.5+£13.!
15 85.415.¢ 92.1+4.¢ 94.3.8+4.! 102.9+7. 97.5£7.6 98.0+9.¢ 107.5+9.!
5 73.1%9.¢ 83.2+2.° 102.848.. 104.446.. 95.5+4.¢ 81.5%4.! 86.048.:
Gl 1C 87.7£9.( 82.917.. 91.9+10.¢ 100.0£10.. 92.2+5.7 86.0+6.: 102.6£9.
5C 81.6%9.¢ 91.546.¢ 105.747.¢ 96.1+9.¢ 98.0+6." 90.416.. 103.448..
1.t 73.849.¢ 84.048.! 90.0+13.. 84.0+77 77.8+7.0 71.915.¢ 102.7+£11.
B2 3.C 82.145.° 73.348.¢ 101.946.¢ 90.148.: 82.4+4.¢ 80.616.: 103.4£13.
15 87.5+7.¢ 81.046.: 103.64.! 98.0+4.t 93.5+4.« 86.216.¢ 106.7£12.1
5 75.414.! 78.7£7.: 97.4+4.¢ 81.245.( 76.316.. 80.8+9.¢ 86.1+14..
B1 1C 71.8+74 84.2+8.«  104.9%+10.! 95.648.. 89.4+7.. 80.716.: 107.7£10.:
5C 84.1+4.! 84.715.¢ 97.049.« 97.615.. 97.0+8.¢ 87.719.t 97.019..

n: is number of replicat
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The recoveries obtained ranged between 76.3% a08&®98vith RSD values of less
than 10%. Alternatively, the method was testedbtber matrices: corn, rice, pistachio nut,
almond and sesame seed samples. The recoverysresuled between 71.8% and 107.7%,
with RSD values of less than 15% at concentratafnk.5 and 3.0 pg/kg for aflatoxin B2
and G2 as well as 5.0 and 10.0 pg/kg for aflat@®dnand G1. While the recoveries at the
concentrations of 15.0 pug/kg for aflatoxin B2 an?l &d 50.0 pg/kg for aflatoxin B1 and
Glwere from 81.0 to 107.5 %, with RSD values o§ l#san 13%. These results fulfilled
the requirements established by the European Ufuprihe determination of aflatoxin
contaminants in food samples (European Commis&iad6a).

The sensitivity of the method was estimated bylt®® and LOQ. The LOD was
verified as the lowest concentration giving a res@oof three-times the average of the
base-line noise obtained from non-contaminatedcdfia peanut samples spiked with a
mixed standard stock solution containing the founfdestigated aflatoxins. The LOQ was
verified as the lowest concentration giving a reseoof six-times the average of the base-
line noise obtained from blank peanut samples spikiéh a mixed standard stock solution
containing the four(4) investigated aflatoxins.

The LOD values obtained (see Table 5.4) are betWetbh pug/kg for aflatoxin B2
and 1.06 pg/kg for aflatoxin G1. While the LOQg faflatoxin B1 are lower than
2.00pg/kg, which is below the maximum permittedeleas per the European regulations
(2.00ug/kg for aflatoxin B1 and 4.00ug/kg for totlatoxins in foodstuffs for direct

human consumption with the exception of infant flogBuropean Commission, 2006b).
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Table 5.4
LOD and LOQ of aflatoxins

. LOD LO

MO (gl (ugho
B1 0.17 0.57
B2 0.05 0.18
Gl 0.35 1.17
G2 0.06 0.20

The intra-day precision and inter-day precisionevevaluated by testing the RSD
values of blank peanut samples spiked at 10 pgittgaflatoxin B1 and G1 and 3 pg/kg of
aflatoxin B2 and G2. Five replicates for each comiegion level were analyzed during each
working day to test the intra-day precision andsggjently during five consecutive days
to test for inter-day precision. The intra-day jps&mn and inter-day precision results for all
aflatoxins in the peanut samples showed acceptatgleision. The RSD values for the
intra-day precision and inter-day precision weréowel2.0% and 18.0 %, respectively
(Table 5.5).

Table 5.5

The intra-day precision and inter-day precisiomaftdtoxins
expressed as RSD values

Spiking Intra-Day Inter-Day

Aflatoxin Level Precision Precision

(Lg/ka) (n = 5% (n = 15§
Bl 10 6.9 11.4
B2 3 11.6 17.1
G1 10 6.9 10.1
G2 3 10.9 15.0

%n: is number of replicates
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5.3.2. Fluorometric method

For the quantitative analysis of aflatoxins in fogamples, the fluorometric method gave
unsatisfactory results. This method has a poorigicgcsince both positive and negative
biases were detected (Table 5.6). In additionufitess from matrix effects as the results
varied when the composition of the matrix was cle@hdiowever, the intra-day precision
and inter-day precision were acceptable with RSDues for both the naturally
contaminated food and the spiked sample of less@t4d and 8%, respectively.

Table 5.6
Mean of recoveries and RSD values (ri=f)total aflatoxins spiked into clean wheat, corn,

rice, pistachio, peanut, almond and sesame sarapte® spiking levels using fluorometric
method

Matrix
Spiking . .
Level  Wheat  Comn Rice  Pistachio  peanyt  Almond Sesame
(ng/kg) Nut Seed
HO/kg Mean of Recovery (%) £ RSD (%)
5 118.8+6.9 137.548.5 140.2+2.4 82.5¢5.2 123.8+6.7 5.0¥4.1 118.8+1.3
10 83.1+45  118.8455 190.846.7 221.9+2.1  96.9+4.6 .3667 336.3+4.7

®n: is number of replicat

A very significant factor in the validation of thisethod was the detection of matrix
effects since both false positive and false negatesults were noted (Table 5.6), with a
positive and negative bias detected in the fluotamenethod. The fluorometric method is
a useful rapid screening technique capable of aimgya large number of samples in a
relatively short period. However, it would be nesagy to confirm the positive results by

other chromatographic methods.
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5.3.3. Sample analysis

The developed method was applied for the analyfist@immercial products supplied from
the Jordanian food and drug administration. Only 2&mples showed aflatoxin
contamination. Most of these contaminations invdlvpeanuts (8 contaminations)
originating from Egypt. Aflatoxins are also freqtlgnreported in pistachio nuts (6
contaminations) originating from Syria and two @mninations were detected in sesame
seeds originating from India, as well as, two comtetions were detected in raw peanut
butter originating from both China and India. Flpabne contamination was reported in
almonds (in shell) originating from Syria as wedl@ne in sunflower seeds originating from
the United States. For cereals, coffee and spinesg of the samples showed any
detectable concentration of aflatoxins. The contaeid peanuts and pistachio nuts are all
without shell. This may be because the micro-emvirent beneath the shell with the
protection of the kernels is less susceptible tssicontamination and mold growth, with
consequently less toxin production.

The sharp increase of contamination by aflatoxias lksaused concern to the
authorities, since approximately 2.99% of 669 ddinesamples and imported samples
examined between April and November 2011 are contted by aflatoxins at levels
higher than the levels permitted in Jordanian Raguis set by Jordan Institution for
Standards & Metrology (JISM).

These results have shown that contamination byoailas are two times higher than
what was reported in previous studies (1.38 %)esiBic out of 2745 samples examined
between January 2009 and March 2011 showed affatoomtamination (Table 5.7 and
Figure 5.12), which used thin layer chromatografhlC) as a screening method and

fluorometric determination as the quantificationtinoel. TLC has been the most widely
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employed method for both qualitative and quantigatiletermination of aflatoxins since
1960s. It has been adopted as the official methodffatoxins in food by the AOAC since
1990 (Rahmanet al, 2009) Despite its advantages such as low cosfuluand an easy
technique, it is time-consuming, has extremely kemsitivity for aflatoxins B1, B2, G1
and G2 (Varet al, 2007) and gives unsatisfactory accuracy in gtieation. Therefore,
many researchers have used HPLC methods to acheeveate quantification (Herzallah,
2009; Micheli, Grecco, Badea, Moscone, & Palles@005). However, fluorometric
determination, as mentioned earlier, suffers froatrix effects, so that it generally used as
a rapid screening technique followed by more adeurehromatographic methods.
Therefore, the differences in sample preparatiod armeasurement methods may be

responsible for these variations.
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Table 5.7
Occurrence of aflatoxins in commercial Jordaniasd®from January, 2009 ovember , 2011

Sample category Total Number Number Incidence Incidence Total

of Samples of of (Positive/Total (Positive/Total Aflatoxins

the Particular Positive  Number of number of (na/kg)

Category Samples Samples of the Samples)

Particular
Category)

Fluorometric Method (January, 2009 — March, 2011)
Cereal? 792 4 0.5% 0.1% 23- 110
Peanut and 536 19 3.5% 0.7% 32- 1200
Peanut Butter
Nuts® 412 0 0.0% 0.0% Z
Sesame Seed 156 0 0.0% 0.0% Z
Pistachio Nut 287 11 3.8% 0.4% 35- 2065
Seed$ 290 4 1.4% 0.1% 23- 150
Coffee 272 0 0.0% 0.0% Z
Spices 66 0 0.0% 0.0% =
Total 2745 38 1.4%

QUEChERS HPLC Method (April, 2011- November, 2011 )

Cereal® 274 0 0.0% 0.0% -2
Peanut and
Peanut Butter 87 10 11.5% 2.6% 18- 400
Nuts°® 78 1 1.3% 0.3% —°
Sesame Seed 46 2 4.3% 0.5% 100- 1280
Pistachio Nut 61 6 9.8% 1.5% 21- 1645
Seed§ 51 1 2.0% 0.3% 760
Coffee 59 0 0.0% 0.0% =8
Spice$ 13 0 0.0% 0.0% —°
Total 669 20 3.0%

& Values were below the LOD of the adopted method

® rice, corn, corn and potato starch, wheat, serapfiour,..etc
¢ walnut, cashew nut, almond, pine nut and hazelnu

d pumpkin seed, watermelon seed and sunflower seed

% cardamom and chili
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Figure5.12: Comparison between TLC-Fluorometer method and@H#RS- HPLC
method on incidence of contamination for variousgke categories

Figure 5.12 and Table 5.7 revealed a wide variaiolong sample categories in
aflatoxin contamination across the 669 samplesyaadl There is a significant difference
(P > 0.05) in aflatoxin contaminations between afé#ht types of sample categories.
Approximately 11.5% of peanuts and peanut butteesmed were contaminated with
aflatoxins in the range of 18- 400 pg/kg; 9.8% dftgchio nuts examined contained
aflatoxins at concentrations of 21- 1645 pg/kg%4 @&f sesame seeds examined contained
aflatoxins at concentrations of 100 and 1280 pg&k@% of nuts examined contained
aflatoxins at concentrations of 1680 pug/kg. Hoeregamples of cereals, coffee and spices
were found to be non-contaminated with aflatoxinghis may be because there were
contaminated with other types of mycotoxins ord¢hetaminations were below the LOD of

the adopted method.

153



5.4. Conclusion

A simple, rapid, inexpensive and effective sampkppration procedure using QUEChERS
procedure has been developed. The developed sqmggaration procedure involved the
extraction/partition of samples with 60:40 (%, vimethanol/acetonitrile mixture without
employing a prior dSPE clean-up. Therefore, itlsamecommended as an alternative to the
time-consuming solid phase extraction or liquiddidyextraction as well as to the more
expensive immunoaffinity columns and multifunctioolumn for aflatoxins determination
in food. The extraction solvent was found to be iti@st important factor and it heavily
affects the extraction efficiency. Other factorslswas the type and amount of drying
agents, the extraction time and the solvent-samgile have little effects. On the other
hand, it was found that the wavelength setting@tngn excitation and 440nm emission
could be used as the optimum wavelength for ahtakins. Excellent linearity, high
recoveries, acceptable repeatability and reproditgitvith the LOQ values lower than the
stipulated MRL were achieved indicating the suitgbiof the QUEChERS HPLC-FLD
method for the determination of aflatoxins in vasdood commodities. On the other hand,
the fluorometric method has a poor precision sioath positive and negative biases were
detected. Therefore, for the fluorometric methdadwould be necessary to confirm the
positive results by other chromatographic methdésally, it would be necessary to
scrutinize the sharp increase of aflatoxins comatwns on the pistachio and peanut
samples imported from Syria and Egypt, respectjvgiyen the reported results from this

and other studies.
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6. QUECHhERS extraction and HPLC-FLD determination of Ochratoxin A in cereals
and cereal Products

6.1. Introduction and scope of the work

Ochratoxins are secondary metabolites produced fmmmlds particularlyAspergillusand
Penicillium (Atkins & Norman, 1998; Ghaliet al, 2009). Among the family of
ochratoxins, which consists of three members, AaBgd C, the most toxic and most
commonly detected member in foodstuff are ochratoki (OTA) (Atkins & Norman,
1998; Peraicat al, 1999). The primary source of ochratoxin contartamain food and
feedstuff is cereal commodities (maize, oats, lyaaled wheat) in addition to groundnuts,
dried fruits and coffee beans, which have beenciatk by theP. verrucosumand A.
ochraceus

The International Agency for Research on CanceR@Ahas classified ochratoxin
A (OTA) as a group 2B carcinogen, as it has beenshto be nephrotoxic, hepatotoxic,
immunosuppressive, teratogenic and have carcinogeffiects on animals and humans
(IARC, 1993). As a result of its toxicity and fregqd occurrence, several countries have
established legal regulations or recommendationsotdrol mycotoxin contamination of
various food products (FAO, 2004). The European Qdasion has published the
Commission Regulation (EC) No. 1881/2006 settingcimam limits for OTA in the
unprocessed cereals as 5 pg/kg and in the casgpobaessed cereal products it is 3 pg/kg

( European Commission, 2006b).
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However, the analytical determination of OTA in tbed matrix is a difficult task,
because of the complexity of the matrix and the ¢mnwcentrations of OTA that are usually
present. Therefore, the use of appropriate extna@nd clean-up procedures in addition to
sensitive, reliable and an accurate quantificati@thod for the determination of OTA in
foods are necessary. Various methods have beetogedefor the determination of OTA
in food and feed comity as qualitative methodsudilg enzyme linked immunosorbent
assay (ELISA)(Flajs, Domijan, lvic, Cvjetkovic, &FRaica, 2009) and fluorometer or as
guantitative methods including high performanceitigchromatography with fluorescence
detection (HPLC-FLD) (Flajet al, 2009; Ghaliet al, 2009) and liquid chromatography
with tandem mass spectrometry (LC-MS/MS) (Reinstbpfer, Lehmann, Nehls, &
Panne, 2007). To reduce the sample handling anit toastes and consequently to
maximize the recovery of the analytes and to attpiitk sample turnaround time, the
QUECHhERS procedure was adopted. The aim of thily/ss to implement and validate the
optimized QUEChERS-HPLC method for the determimatd OTA in cereal samples at

trace levels.

6.2. Experimental
6.2.1. Reagents and materials

The OTA analytical standard was obtained from Sigxidhich (Malaysia). A working
solution was prepared in acetonitrile and store@@t’C in amber glass vials over a period
of two months. The external standard solutionsl dsethe calibration curve for the HPLC
experiments were prepared by further dilution of thorking solution with the mobile

phase.
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HPLC-grade acetonitrile and methanol used for tlubile phase were purchased
from Merck (Darmstadt, Germany), whereas analytgade acetonitrile and methanol
used for extraction were purchased from Fischeerfiiic (Leicestershire, UK). HPLC-
grade glacial acetic acid was purchased from Fis@wentific (Leicestershire, UK).
Water was purified by reverse osmosis followed hyetectrodeionization (EDI) system
(Maxima Ultra Pure Water, England). The 04& disposable membrane filters were
purchased from Cronus Filter (UK). Anhydrous magme sulfate (MgS¢) and sodium

chloride (NaCl) were purchased from Agilent Teclugxs (USA).

6.2.2. Sample preparation
The samples were prepared similar to the previouECHERS method with some
modification.

Step I: A thoroughly homogenized cereal sample (@)Owas weighed in a
polypropylene centrifuge tube (15 mL).
Sample recovery was done with (1.0 g) of the clwleat, wheat products (wheat-based
noodles), rice, rice products (rice-based noodksy, corn samples spiked with 10.0, 20.0
and 40.0 pg/kg of the OTA standards. The spikedobzswere left overnight in the dark at
room temperature to allow the solvent to evapaaatefor OTA absorption into the matrix.
Then they were extracted via the following stepso(1V).

Step II: 3.0 mL of 20:70:10 (%, v/v) water/ acetate/ acetic acid mixture was
added and the centrifuge tube was shaken for ltonensure that the solvent has mixed

thoroughly with the entire sample, for completeraation of the analyte.
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Step IlI: 0.8 g of anhydrous Mg3@nd 0.2 g of NaCl were added into the mixture
and the shaking procedure was repeated for 1 mirdadditate the extraction and
partitioning of the OTA into the organic layer.

Step IV: The extract was centrifuged for 5 min 80@ rpm, and 0.5 mL of the
upper organic layer was filtered through a 0.45 pyton syringe filter prior to HPLC

analysis.

6.2.3. HPLC analysis

The HPLC analysis were carried out with a Shimabd@420AT system (Kyoto, Japan)
consisting of degasser, tertiary pump, auto sammelumn oven and a fluorescence
detector. The chromatographic separation was peddrwith a Gg 150 mm x 4.6 mm
Spherisorb 5 ODS-1 (particle sizgrb) chromatographic column and was purchased from
Phenomenex (USA). The cereals extracts were ardhlgperatically using 6% acetic acid
in water and acetonitrile 25:75 (%, v/v) mixturethe mobile phase. The column was kept
in a column oven at 3G at a flow rate of 1.0 mL/min. The injection volanwas

maintained at 1QL for both the sample and standard solutions.

6.2.4. Food samples

In the month of December 2010, 1-2 kg each ofé&Bes of cereals and cereal products
(wheat, wheat based noodles, rice, rice based esodhd corn) was obtained from

groceries and stores in Kuala Lumpur, Malaysia. $amples were stored in the dark at
room temperature (25-30). The samples were ground and mixed at room deatyre for

10 min until a fine and homogeneous powdered natevas obtained. The powdered

samples were then stored in plastic bagS@tid a refrigerator prior to analysis.
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6.3. Results and discussion
6.3.1. Optimization of analytical conditions

To give the best separation in the chromatograndstarenhance sensitivity, the column
type and its length, the mobile phase compositiod excitation/ emission wavelength
were investigated in this study. The heart of aostatographic system is the column,
where the actual separation of the analyte mixtueeurs. Column selection depends
strongly on prior knowledge of the samples to balymed, as well as the matrix. For
example, non-polar and moderately polar compourdsiire conventional fg column
while polar compounds requires strong retention growolumn. OTA is a non-polar
compound; therefore, conventionals@as been applied in this study. Another critetioat
was studied is the column length. Compared ta2Biem column, the total run time was
shorter in the case of the 15-cm column. This redube mobile phase consumption and
analysis time required for routine work.

Different combinations of water/ acetonitrile/ acedcid such as (73:25:2, 48:50:2,
23:75:2 and 13:85:2) were tested as the mobileepimasrder to optimize the resolution of
the OTA standard peak and to enhance the sengitBfibad peaks and long retention times
were produced using the first and second mobiles@haystems with high water
composition. In contrast, OTA was not separatedchfthe front peaks by the last mobile
phase composition (13:85:2). The third mobile phaffered an adequate separation
between the OTA and front peaks within 4 minutetenton times. The column
temperature effect was also studied by varyingehgperature from 2C to 50C with the
objective of increasing the resolution. Furthermdine OTA standard that was spiked into

the blank wheat sample was applied to ensure thatQTA mix standards could be
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distinguished and separated from interfering sultgi® in the sample matrix. The

chromatograms demonstrating the selectivity ofpiteeedure are shown in Figure 6.1.
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Figure6.1l: Representative HPLC chromatogram of blank wheatpda spiked at 10
1g/kg of OTA

The chromatograms of the blank wheat sample that spiked with 10 pg/kg of
OTA showed that the peak of OTA is well-separatednf interfering substances in the
sample matrix with short retention times. The cldy of the isocratic mixture of water/
acetonitrile/ acetic acid (23:75:2) at°80column temperature is considered satisfactory as
it enables OTA quantification in the analyzed famsnmodities with higher selectivity and
sensitivity within a reasonable run time (see Fegus.1l). The repeatability and
reproducibility of the retention times as measubsdtheir relative standard deviation

(RSD) ranged is 0.02% and 0.13%, respectively.
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For the fluorescence detection, a spectrum of thé& Gtandard solution in the
HPLC mobile phase was tested to optimize the deteaf OTA and to obtain the best
fluorescence signals in terms of signal-to-noisdioraand sensitivity. Various
emission/excitation wavelengths were monitored @mpared to obtain the best values in
order to enhance the detection for OTA, as showfrigure 6.2. When the emission
wavelength of OTA was set at 465 nm, the best @scence signals in terms of signal-to-
noise ratio and sensitivity were obtained for OTHAowever, by setting the excitation
wavelength at 333 nm, strong fluorescence signale wbtained for OTA. Therefore, the
333nm excitation/465nm emission wavelength comimnatwas selected for all the
subsequent experiments. The above-mentioned matiiiics resulted in improved

sensitivity.
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6.3.2. Sample pretreatment optimization
Sample pretreatment has a crucial impact on tharacg of the results. The extraction

solvent, the type and amount of drying agentsetiection time and the solvent to sample
ratio can affect the efficiency of extraction, thi@re, there are taken into consideration and
optimized. The extraction solvent was found to e tost important factor that heavily
affects the extraction efficiency. Optimization thfe effects of extraction solvent was
investigated by using the design of the experi{®&®E) technique which utilizes the
response surface methodologies (RSM) by applyintpemaatical and statistical techniques
(Correiaet al, 2004). The basic assumption is that there isssiple interaction effect of
factors which depend solely on the component ptoapw of the mixture and not on the
component quantities; thus, the response of theepty is entirely determined by the
proportions of the total. Therefore, it is necegdarselect the appropriate mixtures from
which the response surface might be calculated; lzendng the response surface, a
prediction of how such changes will affect the @xies of the mixture can be obtained for
any mixture by changing the mixture compositione Tptimal extraction mixture of OTA
from cereal extracts was analyzed using theJ®IB.0 software (JMP®, 2010).

From a review of the literature, the use of différgolume proportions of water,
acetonitrile and acetic acid were frequently emptbgs the solvent mixture to extract OTA
(Frenich et al, 2009; Ghaliet al, 2009; Sulyoket al, 2006). Therefore, the DOE
technigue was applied to select the best combimatb the three solvents (water,
acetonitrile and acetic acid) to optimize the remgvof the OTA in the cereal extracts by
spiking a wheat sample with 10 pg/kg of OTA. The @B design with 9 experimental
points was performed in duplicate randomly at aihfs. The experimental data were then

fitted to a quadratic polynomial model. An overlegntour tertiary plot (mixture profiler)
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of the OTA recovery with 9 experimental points wiasn constructed as depicted in Figure

6.3.
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Figure6.3: An overlay contour plot (mixture profiler) of OTécovery with 9
experimental points. The non-colored area as shioditates the desirability of OTA
recovery (85-105%).

The non-colored area in the plot in Fig 6.3 indésathe desirability of aflatoxins
recovery (85-105%). To get the maximum desirabiliecoveries of the investigated

analytes, the prediction profiler was applied, whighows the principal effects of the
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factors on the response. The diagram was constiugth assigned units to give immediate

values for comparison (Figure 6.4 and Figure 6.5).
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Figure6.4: The profiler in “Maximum Desirability in Profilefor Mixture Analysis,”
displays optimal settings (rounded) of 0.43 for ava0.57 for acetonitrile, and 0.0 for

acetic acid, which give an estimated recovery (#Q0%) of blank wheat samples spiked at
10.0 pg/L of OTA.
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Figure6.5: The profiler in “Maximum Desirability in Profilefor Mixture Analysis,”

displays optimal settings (rounded) of 0.20 for eva0.70 for acetonitrile, and 0.10 for

acetic acid, which give an estimated recovery (fQ0%) of blank wheat samples spiked at
10.0 pg/L of OTA.

Figure 6.4 and 6.5 indicated that high extractitiitiency (100% recovery) of the
selected analyte was achieved when using 43.4:6%.6 v/v) water/acetonitrile and
20.0:70.0:10.0 (%, v/v) water/acetonitrile/acetaida The first one was avoided, since in

the presence of high amounts of water, anhydrouS®dend to form lumps that can
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harden rapidly and reduce the supernatant layeraddlition, the water content cannot be
evaporated easily and be reconstituted in a difteselvent (mobile phase) compared to
either methanol or acetonitrile.  Therefore, migtirof 20:70:10 (%, v/v) water/
acetonitrile/ acetic acid were applied in this gtuglnce it gave recoveries fulfilling the EU
Commission Directive 2006/401/EC for analysis ofcatpxins in food samples (European

Commission, 2006a).

6.3.3. Method validation

This was an in-house validated method, in termigetrity, accuracy, intra-day precision,
inter-day precision, limit of detection (LOD), arunit of quantification (LOQ). The
linearity was tested in triplicate using a standswtution of the OTA in the concentration
range of 3.75 and 12@/L. Good linear relationships with correlation ffaéents of 0.992
for the targeted analyte was obtained. Calibratgtih standard solutions was used for
guantification by the least-square method and meangparison was made by ANOVA
test (p < 0.05).

The accuracy was tested by the determinationeofghoveries of the OTA in clean
wheat, wheat products (wheat-based noodles), nice products (rice-based noodles), and
corn samples spiked with 20, 40.0 and 100.0 pgfkhe OTA standards and analyzed in
triplicates (Table 6.1). The recoveries obtairmtged from 85.2 £ 1.2% to 109.8 + 2.9%,
with a relative standard deviation (RSD) of lessnti2%. The sensitivity was determined
by estimating the limit of detection (LOD) and linaf quantification (LOQ). LODs and
LOQs were estimated experimentally as the lowesiceotration giving a response of
three- and ten-times, respectively, the base-liosen The LOQ were from 0.60-2.08

Ho/kg (see the details in Table 6.1).
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Table 6.1

Mean of recoveries and RSD values (ii=6DD and LOQ of OTA

Recovery

Matrix 20ug/lkg 40pg/kg 100pg/kg LOD LOQ

(Hg/kg) (Hg/kg)

Mean (%) + RSD (%)

Wheat 99.610.4  90.845.6  85.2+1.3 0.41 1.37
Wheat products 109.3+3.3 102.1+3.4 96.5+2.5 0.62 2.07
Rice 109.8+2.9 104.1+2.2 98.2+2.4 0.62 2.08
Rice products 106.6£2.8 100.6£3.4 86.4+1.7 0.18 0.60
Corn 100.0t1.6 98.0+6.0 86.4+1.0 0.47 1.57

4n: is number of replicates

Intra-day precision was evaluated by assayingripicates of blank wheatmple

at a spiked level of 10 pug/L OTA on the same day. fhe inter-day precision, five

replicates of blank wheat sample at a spiked let’dl0 pg/L OTA were analyzed on three

consecutive days. The intra-day precision and-d&gr precision were calculated, tabulated

and shown in Table 6.2. The intra-day precisiorr (B) are between 0.8 and 1.7%, while

the inter-day variation (n=15) values are betweehdhd 4.6%. These values are much

lower than the permitted acceptable maximum lesehfirming the good reproducibility

and repeatability of this technique. By taking imdonsideration the results for method

validation, the current HPLC-FLD method and sampleparation procedures employed

can be regarded as selective, precise and robust.
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Table 6.2
The intra-day precision and inter-day precisioi®3diA expressed as RSD

values
Intra-Day Precision Inter-Day Precision

Matrix (n=5y (n =15}

(10 ng/kg) (10 ng/kg)
Wheat 1.2 2.5
Wheat products 1.7 2.4
Rice 0.8 3.4
Rice products 0.4 4.6
Corn 1.0 2.1

®n: is number of replicat

6.3.4. Sample analysis

The developed method was applied to the determimati OTA in 25 samples of cereals
and cereal products (wheat, wheat based noodlss, nice based noodles and corn),
which were randomly obtained from groceries andeston Kuala Lumpur, Malaysia.
OTA were not detected in these randomly selectagpkss (Table 6.3).

Table 6.3

Occurrence of OTA in cereals and cereal productgpsss in the month of December
2010

Sample category Total Number of Incidence Incidence OTA
Number of  Positive (Positive/Total (Positive/  (png/kg)
Samples of Samples  Number of Total
the Samples of the Number
Particular Particular of
Category Category) Samples)
Wheat 5 0 0.0% 0.0% 2
Wheat product 5 0 0.0% 0.0% 2
Rice 5 0 0.0% 0.0% 2
Rice product 5 0 0.0% 0.0% 2
Corn 5
Total 25 0 0.0% 0.0%

& Values were below the LOD of the adopted method
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6.4. Conclusions

The method proposed for OTA determination in ceieabsed on a QUEChERS technique
followed by HPLC-FLD analysis. This study showstttiee coupling of a simple, rapid and
low-cost QUEChERS method with HPLC-FLD togethertmat mixture methodology and
RSM can result in a powerful tool for solving comlsample matrices especially at the
very low levels of OTA found in food. Chromatograpbeparation was achieved within 4
minutes to allow the rapid determination as welt@seduce the consumption of mobile
phase. Sample preparation was carried out in hess 10 min, without employing a prior
dSPE clean up. The percentage recovery of the Odckegled 85%, with the LOD and
LOQ all within the legal limits set by the Europeémion (EU). Finally, the entire
QUEChERS HPLC-FLD method appears suitable for egptin to other types of
mycotoxins in different food matrices, in addititm avoiding the use of the expensive
immunoaffinity columns and the LC-MS method. HoweVer the final confirmation of

the results, the LC-MS with accurate mass measurtsmeould still be necessary.
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