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Mycotoxins are found in a wide range of food making it possible for aflatoxins
(AFs) and ochratoxin A (OTA) to occur simultaneously in spices and other
commodities. Previously, immunoaffinity columns were designed to be used for
single mycotoxin clean up and separate extractions was required if many
mycotoxins were to be determined in a single food sample. Now, due to
advances in technology, multi-mycotoxins immunoaffinity column were
developed, making simultaneous determination possible. The objectives of this
study were to develop a simultaneous determination method of AFs and OTA
in selected spices, to validate the extraction procedure and to verify the method
performance using curry mixture samples which were collected from retail
markets. The simultaneous determination developed was a modification of a
published method using multi-toxin immunoaffinity column and reverse-phased
HPLC-FLD with photochemical derivatization system. Recoveries from spiked
samples for AFB; AFB, AFG;and AFG, were ranged from 77.2% to 105.7% for
coriander, chilli, cumin, curry mixture and soup mixtures; and from 63.6% to
90.1% for fennel, turmeric and kurma mixture. Recoveries for OTA ranged from
70.0% to 109.3% in coriander, chilli, cumin, fennel, turmeric and all spice
mixtures. Acceptable recoveries are ranged from 70% to 110%. Relative
standard deviation (RSD) for AFB4, AFB, AFG; AFG, and OTA in all spices
ranged from 3.18% to 10.81%. The method was validated using curry powder
samples for selectivity, limit of detection (LOD), limit of quantification (LOQ),
linearity and working range, accuracy (taken as recovery) and precision. The
LOQ was found to be at 0.41g/kg for AFB 4+/AFG4, 0.2\g/kg for AFB o/AFG, and
0.5g/kg for OTA respectively. The correlation coefficients of >0.99 have been
obtained for all AFs and OTA. The accuracy and precision for this method were
acceptable. The recoveries were between 77.7% to 88.1% for all analytes,
meanwhile the precision were < 7.3% for repeatability and < 8.7% for
reproducibility. This method was verified when 30 retails samples were
analysed and 63.3% were found to contain AFs >LOQ, and 70.0% contained
OTA >LOQ. The current results indicated potential of the extraction procedure



to be used as a simultaneous determination for official food safety program and
also for research purposes.
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Mikotoksin boleh didapati dalam pelbagai jenis makanan, ini membolehkan
aflatoksin (AFs) dan okratoksin A (OTA) untuk hadir serentak dalam rempah
ratus dan komoditi-komoditi lain. Sebelum ini, turus immunoaffinity telah
dibangunkan untuk pembersihan mikotoksin secara tunggal dan pengekstrakan
berasingan perlu dilakukan sekiranya penentuan pelbagai jenis mikotoksin
hendak dilakukan dalam satu jenis sampel makanan. Pada masa terkini,
dengan kemajuan dalam teknologi, lajur immunoaffinity untuk pembersihan
pelbagai mikotoksin telah dibangunkan, oleh itu penentuan serentak boleh
dijalankan. Objektif kajian ini adalah untuk membangunkan satu kaedah
penentuan serentak AFs dan OTA dalam rempah terpilih, untuk mengesahkan
prosedur pengekstrakan dan untuk mengesahkan prestasi kaedah tersebut ke
atas sampel campuran serbuk kari yang dikumpulkan dari pasaran runcit.
Penentuan serentak yang telah dibangunkan adalah suatu pengubahsuaian
dari kaedah yang diterbitkan menggunakan lajur immunoaffinity pelbagai toksin
dan HPLC-FLD secara fasa terbalik, dengan sistem penerbitan secara
fotokimia. Perolehan semula ke atas sampel yang telah ditambah AFB;, AFB,,
AFG, dan AFG, adalah dari 77.2% hingga 105.7% untuk ketumbar, cili, jintan
putih, campuran kari dan campuran sup; dan dari 63.6% hingga 90.1% untuk
jintan manis, kunyit dan campuran kurma. Perolehan semula untuk OTA
adalah dari 70.0% hingga 109.3% dalam ketumbar, cili, jintan putih, jintan
manis, kunyit dan semua campuran rempah. Perolehan semula yang diterima
adalah antara 70% hingga 110%. Sisihan piawai relative (RSD) untuk AFB,,
AFB,, AFG4, AFG, dan OTA dalam semua rempah telah adalah antara 3.18%
hingga 10.81%. Kaedah ini telah divalidasi menggunakan sampel serbuk kari
untuk kepilihan, had pengesanan (LOD), had kuantifikasi (LOQ), kelinearan,
ketepatan (diambil sebagai perolehan semula) dan kejituan. Nilai LOQ
diperolehi pada 0.4 g/kg untuk AFB+/AFG,, 0.2 g/kg untuk AFB,/AFG, dan
0.5 w/kg untuk OTA masing-masing. Pekali korelasi >0.990 telah diperolehi
untuk semua AFs and OTA. Ketepatan dan kejituan bagi kaedah ini adalah
diterima. Perolehan semula adalah antara 77.7% hingga 88.1% untuk semua



analit, manakala kejituan adalah < 7.3% for keterulangan dan < 8.7% untuk
kebolehulangan semula. Kaedah ini telah diverifikasi dengan menganalisa 30
sampel pasaran 63.3% dijumpai mengandungi AFs >LOQ, dan 70.0%
mengandungi OTA >LOQ. Keputusan kajian telah menunjukkan bahawa
kaedah pengekstrakan ini mempunyai potensi untuk digunakan sebagai
penentuan serentak untuk program rasmi keselamatan makanan dan juga
untuk tujuan-tujuan penyelidikan.
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CHAPTER 1

INTRODUCTION

Mycotoxins are found in a wide range of food, therefore aflatoxins (AFs) and
ochratoxin A (OTA) could occurs simultaneously in spices or any other
commodities. Spices are widely used in our daily cooking making it possible for
the mycotoxin to accumulate in the body if the spices are contaminated. As
mycotoxins are highly stable compounds, cooking at normal temperature will
not cause any or cause only little degradation. AFs and OTA are classified as
Group 1 and Group 2 carcinogen respectively by International Agency of
Research on Cancer (IARC). AFs are known to be potent toxic, carcinogenic,
mutagenic, immunosuppressive agents, produced as secondary metabolites by
the fungus Aspergillus flavus and Aspergillus parasiticus on variety of food
products. Major members of AFs are aflatoxin B4 (AFB,), aflatoxin B, (AFB,),
aflatoxin G4 (AFG,) and aflatoxin G, (AFB,). Food products contaminated with
AFs include cereal (maize, sorghum, pearl millet, rice, wheat), oilseeds
(groundnut, soybean, sunflower, cotton), spices (chillies, black pepper,
coriander, turmeric, ginger), tree nuts (almonds, pistachio, walnuts, coconut)
and milk. OTA is regarded as carcinogenic and nephrotoxic. It is mainly
produced by Aspergillus ochraceus and Penicillium verracusom. Food that is
susceptible to OTA contamination are cereals, spices, coffee beans, cocoa
beans, wine and beer.

Spices are commonly used in Malaysia to give flavours into food and are also
well known for their medicinal value. Spices are mostly produced in tropical
countries and often dried up in open air that could lead to fungus growth and
cause mycotoxin contaminations. Currently there is no complete baseline data
on mycotoxin contamination in such commodities in Malaysia. There are
reports on the occurrence of AFs and OTA in European countries and in the
Middle East. Spices that will be studied are in single form (individual spice) and
also in mixed form (mixture of spices). These spices are chosen because they
are the most commonly used in making curry, kurma and soup mixture.

Currently, there are very limited research conducted on the simultaneous
determination of AFs and OTA in spices in Malaysia and also in other
countries. Most of the references obtained provide studies on single mycotoxin
analysis, either on AFs or OTA only. There are some studies on simultaneous
occurrence of AFs and OTA but the determination or extraction were done
separately on the same samples. Most of the researches conducted in the
recent years very much concentrated on black pepper, red paprika, chilli
powder or ginger. There are many more types of spices to be analysed
because these spices are susceptible to mycotoxin contamination. Most
mycotoxin extraction methods are matrix dependant meaning that one method
may only suit one type of spices. Therefore, there will be a lot of extraction
procedures to conduct and it will incur time and cost.



The complexity of spices due to high pigmentation, high lipid, essential oil
compounds and its inhibitory effect on mycotoxin formation will interfere during
the extractions of mycotoxin. In the past, immunoaffinity columns are designed
for single mycotoxin clean up and this will require separate extractions, clean-
up and quantification if many mycotoxin are to be analysed in a single sample.
However due to advances in technology, multi-mycotoxin immunoaffinity
column are developed making simultaneous determination possible.

Due to these limitations, there is a need to develop a simultaneous
determination of AFs and OTA in spices using immunoaffinity column clean-up
and quantification using high performance liquid chromatography. The
Malaysian Food Regulation 1985 specified that the maximum level of AFs in
processed groundnuts and other food shall not be greater than 10 ug/kg, while
groundnut for further processing not greater than 15 ug/kg. Currently there is
no regulatory limit set for OTA in spice in Malaysia. Legal limits should
therefore be set to as low as reasonably achievable as both aflatoxins and
ochratoxins A are carcinogen.

The main objective of this study is to select and validate the most suitable
method of extraction that could simultaneously determine AFs and OTA in a
variety of spices using one single extraction procedure. To accomplish this, the
study will address the following specific objectives:

i) To select the extraction methods for the simultaneous determination of
AFs and OTA in spices.

ii) To validate the extraction method for the simultaneous determination of
AFs and OTA in curry powder mixture, and then to verify the method
performance on real samples from the retail markets.

Hypothesis or the expected outcomes are as below:

i) At least one of the extraction methods tested is able to simultaneously
extract both AFs and OTA from variety of spices mixture.
ii) To be able to use this extraction method as the standard method for

simultaneous determination of AFs and OTA in spices.



REFERENCES

Abdulkadar, A. H. W., Al-Ali, A. A., Al-Kildi, A. M., & Al-Jedah, J. H. (2004).
Mycotoxins in food products available in Qatar. Food Control, 15(7), 543-
548.

Aflatoxins: Naturally Occurring Aflatoxins (Group1) Aflatoxin M, (Group 2B)
(1993). International Agency for Research on Cancer (IARC) - Summary
and Evaluation, Volume 56, 245.

Afsah-Hejri, L., Jinap, S., & Mirhosseini, H. (2012). Ochratoxin A quantification:
newly developed HPLC conditions. Food Control, 23(1), 113-119.

Afsah-Hejri, L., Jinap, S., Arzandeh, S., & Mirhosseini, H. (2011). Optimization
of HPLC conditions for quantitave analysis of aflatoxins in contaminated
peanut. Food Control, 22(1), 381-388.

Ahn, J., Kim, D., Jang, H., Kim, Y., Shim, W., & Chung, D. (2010). Occurrence
of ochratoxin A in Korean red paprika and factors to be considered in
prevention strategy. Mycotoxin Research, 26, 279-286.

Ali, N., Hashim, N.H., Saad, B., Safan, K., Nakajima, M., & Yoshizawa, T.
(2005). Evaluation of a method to determine the natural occurrence of
aflatoxins in commercial traditional herbal medicines from Malaysia and
Indonesia. Food and Chemical Toxicology, 43, 1763-1772.

Al-juraini, A.A. (2011). Natural occurrence of fungi and aflatoxins of cinnamon
in the Saudi Arabia. African Journal of Food Science, 5(8), 460-465.

Almela, L., Rabe, V., Sanchez, B., Torella, F., Lopez-Perez, J.P., Gabaldon,
J.A., & Guardiola, L. (2007). Ochratoxin A in red paprika: Relationship with
the origin of the raw material. Food Microbiology, 24, 319-327.

Anklam, E., Stroka, J., & Boenke, A. (2002). Acceptance of analytical methods
for implementation of EU legislation with a focus on mycotoxins. Food
Control, 13, 173-183.

Ardic,M., Karakaya,Y.,Atasevar,M.,&Durmaz,H. (2008). Determination of
aflatoxin B4 levels in deep-red ground pepper (isot) using immunoaffinity
column combined with ELISA. Food and Chemical Toxicology, 46, 1596-
1599.

Aydin, A., Emin Erkan, M., Baskaya, R., &Ciftcioglu, G. (2007). Determination
of aflatoxin B1 levels in powdered red pepper. Food Control, 18(9), 1015-
1018.

Binder, E.M., Tan, L.M., Chin, L.J., Handl, J., & Richard, J. (2007). Worlwide
occurrence of mycotoxins in commodities, feed and feed ingredients.
Animal Feed Science and Technology, 137, 265-282.

59



Bircan, Cavit. (2005). The determination of aflatoxins in spices by
immunoaffinity column extraction using HPLC. International Journal of
Food Science and Technology, 40, 929-934.

Bircan, C., Barringer, S.A., Ulken, U., & Pehlivan, R. (2008). Aflatoxin levels in
dried figs, nuts and paprika for export from Turkey. International Journal of
Food Science and Technology, 43, 1492-1498.

Boonzaaijer, G., van Osenbruggen, W.A., Kleinnijenhuis, A.J., & van Dongen,
W.D. (2008). An exploratory investigation of several mycotoxins and their
natural occurrence in flavour ingredients and spices, using a multi-
mycotoxin LC-MS/MS method. World Mycotoxin Journal, 1(20), 167-174.

Brera, C., Debegnach, F., De Santis, B., Pannunzi, E., Berdini, C., Prantera, E.,
Miraglia, M. (2011). Simultaneous determination of aflatoxins and
ochratoxin A in baby foods and paprika by HPLC with fluorescence
detection: A single-laboratory validation study. Talanta, 83(5), 1442-1446.

Bryden, W.L. (2007). Mycotoxins in the food chain: human health implications.
Asia Pacific Journal of Clinical Nutrition, 16(1), 95-101.

Buttinger, Gerhard. (2010). Aflatoxin measurements: how HPLC methods have
evolved over the last 20 years. Food Additives and Contaminants, 27(9),
1266-1272.

Chan, D., MacDonald, S.J., Boughtflower, V., & Brereton, P. (2004).
Simultaneous determination of aflatoxins and ochratxin A in food using a
fully automated immunoaffinity column clean-up and liquid
chromatography-fluorescence detection. Journal of Chromatography A,
1059, 13-16.

Chao, T.C. (1991). Forensic medicine: the changing roles for the challenges
ahead. Malaysian Journal of Pathology, 13(1), 1-4.

Cho, Sung-Hye., Lee, Cyhang-Hee., Jang, Mi-Ran., Son, Young-Wook., Lee,
Sang-Mok., Choi, In-Sun., Kim, So-Hee., & Kim, Dai-Byung. (2008).
Aflatoxins contamination in spices and processed spice products
commercialized in Korea.Food Chemistry, 107, 1283-1288.

Commission Regulation (EC) No 401/2006 of 23 February 2006 laying down
the methods of sampling and analysis for the official control of the levels
of mycotoxins in foodstuffs.

Commission Regulation (EU) No 105/2010 of 5 February 2010 amending

Regulation EC No 1881/2006 setting maximum levels for certain
contaminants in foodstuffs as regards ochratoxin A.

60



Creppy, E.E. (2002). Update of survey, regulation and toxic effects of
myctoxins in Europe. Toxicology Letters, 127, 19-28.

Curticapean, A., Toma, F., Tarcea, M., Curticapean, M., Samarghitan, V., Pop,
ILA., & Gulea, A. (2011). HPLC method validation for simultaneous
determination of three mycotoxins from corn seeds. Croatia Chemical
Acta, 84(3), 413-417.

D’Ovidio, K., Trucksess, M., Weaver, C., Horn, E., Mcintosh, M., & Bean, G.
(2006). Aflatoxins in ginseng roots. 174-180.

Duarte, S.C., Pena, A., & Lino, C.M. (2009). Ochratoxin A non-coventional
exposure sources — a review. Microchemical Journal, 3, 115-120.

Ediage. E.N., Di Mavungu, J.D., Monbaliu, S., Van Peteghem, C., & De
Saeger, S. (2011). A validated multianalyte LC-MS/MS method for
quantification of 25 mycotoxins in cassava flour, peanut cake and maize
samples. Journal of Agricultural and Food Chemistry, 59, 5173-5180.

Erdogan, Ahmet. (2004). The aflatoxin contamination of some pepper types
sold in Turkey. Chemosphere, 56, 321-325.

El tawila, M.M., Neamatallah, A., & Serdar, S.A. (2013). Incidence of aflatoxins
in commercial nuts in the holy city of Mekkah. Food Control, 29, 121-124.

Eurachem Guide: The Fitness for Purpose of Analytical Methods: A Laboratory
Guide to Method Validation and Related Topics (1998).

Fazekas,B., Tar,A., & Kovacs,M. (2005). Aflatoxin and ochratoxin A content of
spices in Hungary. Food Additives and Contaminants, 22(90), 856-863.

Garcia-Villanova, F.J., Cordon, C., Paramas, A.M.G., Aparicio, P., & Rosales,
M.E.G. (2004). Simultaneously immunoaffinty column cleanup and HPLC
analysis of aflatoxins and ochratoxin A in Spanish bee pollen. Journal of
Agricultural and Food Chemistry, 52, 7235-72309.

Golge, O., Hepsag, F., & Kabak, B. (2013). Incidence and level of aflatoxin
contamination in chili commercialized in Turkey. Food Control, 33, 514-
520.

Gonzalez, A.G., & Herrador, M.A. (2007). A practical guide to analytical method
validation, including measurement uncertainty and accuracy profiles.
Trends in Analytical Chemistry, 26(3), 227-238.

Goryacheva, I.Y., De Saeger, S., Lobeuau, M., Eremin, S.A., Barna-Vetro, I., &
Van Peteghem, C. (2006). Approach of ochratoxin A fast screening in
spices using clean-up tandem immunoassay columns with confirmation by
high performance liquid chromatograpgy-tandem mass spectrometry
(HPLC-MS/MS). Analytica Chimica Acta, 577, 38-45.

61



Hierro,J.M.H, Garcia-Villanova,R.J., Torrero,P.R., &Fonseca,|.M.T. (2008).
Aflatoxins and ochratoxin A in red paprika for retail sale in Spain:
Occurrence and evaluation of a simultaneous analytical method. Journal
of Agricultural and Food Chemistry, 56, 751-756.

Hitokoto, H., Morozumi,S., Wauke, T., Sakai, S., & Kurata, H. (1980). Inhibitory
effects of spices on growth and toxin production of toxigenic Fungi.
Applied and Environmental Microbiology, 39(4), 818-822.

Horwitz, W., & Albert, R. (2006). The Horwitz Ration (HorRat): a useful index of
method performance with respect to precision. Journal of AOAC
International, 89(4), 1095-1109.

How to Meet ISO 17025 Requirements for Method Verification (2007) ALACC
Guide, AOAC International.

Hussein, H.S., & Brasel, J.M. (2001). Toxicity, metabolism, and impact of
myctoxins on human and animals. Toxicology, 167, 101-134.

Ibanez-Vea, M., Corcuera, L.A., Remiro, R., Murillo-Arbizu, M.T., Gonzales-
Penaz, E., & Lizarraga, E. (2011). Validation of a UHPLC-FLD method for
the simultaneous quantification of aflatoxin, ochratoxin A and zearalenone
in barley. Food Chemistry, 137, 351-358.

lha, M.H., & Trucksess, M.W. (2010). Aflatoxins and ochratoxin A in tea
prepared from naturally contaminated powdered ginger. Food Additives
and Contaminants, 27(8), 1142-1147.

Imperato, R., Campone, l., Piccinelli, A.L., Veneziano, A., & Rastrelli, L. (2011).
Survey of aflatoxins and ochratoxin A contamination in food products
imported in Italy. Food Control, 22, 1905-1910.

Igbal, S.Z., Asi, M.R., Zuber, M., & Akhtar, J. (2013). Natural occurrence of
aflatoxins and ochratoxin A in commercial chilli and chilli sauce samples.
Food Control, 30(2), 621-625.

Igbal, S.Z., Paterson, R.R.M., Bhatti, l.A., & Asi, M.R. (2011). Aflatoxin
concentration in chillies vary depending on variety. Mycoscience, 52(2),
296-299.

Jalili, M., & Jinap, S. (2012).Natural occurrence of aflatoxins and ochratoxin A
in commercial dried chili. Food Control, 24, 160-164.

Kabak, Bulent. (2012). Determination of aflatoxins and ochratoxin A in retail
cereal peoducts fom Turkey by high performance liquid chromatography
with fluorescence detection. Food Control, 28, 1-6.

Koppen, R., Koch, M., Siegel, D., Merkel, S., Maul, R., & Nehls, I. (2010).

Determination of mycotoxins in foods: current state of analytical methods
and limitations. Applied Microbiology and Biotechnology, 86, 1595-1612.

62



Kursun, O., & Mutlu, A.G. (2010). Aflatoxin in spices marketed in the West
Mediterrenian region of Turkey. Journal of Animal and Veterinary
Advances, 9(23), 2979-2981.

Llewellyn, G.C., Mooney, R.L., Cheatle, T.F, & Flannigan, B. (1992). Mycotoxin
contamination of spices — An update. International Biodetermination &
Biodegradation, 29, 111-121.

Marasas,W.F.O, Gelderblom,W.C.A.,, Shepard, G.S., &Vismer, H.F.
(2008).Mycotoxin : A Global Problem. In Leslie,J.F., Bandyopadhyay,R., &
Visconti,A. (Eds.), Mycotoxins: Detection Methods, Management, Public
Health and Agricultural Trade (pp.171-183). Oxfordshire : CAB
International

Monaci, L., & Palmisano, F. (2004). Determination of ochratoxin A in foods:
state-of-the-art and analytical challenges. Anal Bioanal Chem, 378, 96-
103.

Monbaliu, S., Wu, A., Zhang, D., Van Peteghem, C., & De Saeger, S. (2010).
Multimycotoxin UPLC-MS/MS for tea, herbal infusions and the derived
drinkable products. Journal of Agricultural and Food Chemistry, 58,
12664-12671.

Monbaliu, S., Van Poucke, C., Van Peteghem,C., Van Poucke, K., Heugens,
K., & De Saeger, S. (2009). Development of multi-mycotoxin liquid
chromatography/tandem mass spectrometry method for sweet pepper
analysis. Rapid Communications in Mass Spectrometry, 23, 3-11.

Ochratoxin A (Group 2B) (1993). International Agency for Research on Cancer
(IARC) - Summary and Evaluation, Volume 56, 489.

O’Riordan, M.J., & Wilkinson, M.G. (2008). A survey of the incidence and level
of contamination in a range of imported spice preparations on the Irish
retail market. Food Chemistry, 107, 1429-1435.

O’Riordan, M.J., & Wilkinson, M.G. (2009). Comparison of analytical methods
for aflatoxin determination in commercial chilli spice preparation and
subsequent development of an improved method. Food Control, 20, 700-
705.

Ozbey, F., &Kabak, B. (2012).Natural co-occurrence of aflatoxins and
ochratoxinA in spices. Food Control, 28, 354-361.

Pascale, M., & Visconti, A.(2008).Overview of detection methods for
Mycotoxins. In Leslie,J.F., Bandyopadhyay,R., &Visconti,A. (Eds.),
Mycotoxins: Detection Methods, Management, Public Health and
Agricultural Trade (pp.171-183). Oxfordshire : CAB International.

Paterson, R. Russel M. (2007). Aflatoxins contamination in chilli samples from
Pakistan. Food Control, 18, 817-820.

63



Peraica, M., Radic, B., Lucic, A., & Pavlovic, M. (1999). Toxic effects of
mycotoxins in humans. Bulletin of the World Health Organization, 77, 754-
766.

Petzinger,E., & Weidenbach,A. (2002). Mycotoxins in the food chain: the role of
ochratoxins. Livestock Production Science, 76, 245-250.

Pietri, A., Rastelli, S.R., Mulazzi, A., & Bertuzzi, T. (2012). Aflatoxins and
ochratoxin A in dried chestnuts and chestnut flour produced in Italy. Food
Control, 25, 601-606.

Rahman, A., and Jinap, S. (2010). Validation of the procedure for the
simultaneous determination of aflatoxins ochratoxin A and zearalenone in
cereals using HPLC-FLD. Food Additives and Contaminants, 27(12),
1683-1693.

Rahmani,A., Jinap, S., Khatib, A, & Tan, C.P. (2013). Simultaneous
determination of aflatoxins, ochratoxin A, and zearalenone in cereals
using a validated RP-HPLC Method and PHRED derivatization system.
Journal of Liquid Chromatography & Related Technologies, 36:5, 600-
617.

Rahmani, A., Selamat, J., Soleimany, F. (2011). Optimization and validation of
a HPLC method for simultaneous determination of aflatoxin B4,B;,G4,G,,
ochratoxin A and zearalenone using an experimental design. Food
Additives and Contaminant, 28(7), 902-912.

Reddy,K.R.N., Farhana,N.I., &Salleh, B. (2011). Occurence of Aspergillus spp.
and aflatoxin B1 in Malaysian foods used for human consumption. Journal
of Food Science, 00, T1-T6.

Reif, K., & Wolfgang, M. (1995). Determination of aflatoxins in medicinal herbs
and plant extract. (1995). Journal of Chromatography A, 692, 131-136.

Richard,J.L. (2007). Some major mycotoxins and their mycotoxicoses — An
overview.International Journal of Food Microbiology, 119, 3-10.

Riwei Wei, Feng Qiu, Weijun Kong, Jianhe Wei, Meihua Yang, Zuliang Luo,
Jiepang Qin & Xiujing Ma. (2013). Co-occurrence of aflatoxins B4, By, Gy,
G, and ochratoxin A in Glycyrrhiza uralensis analyzed by HPLC-MS/MS.
Food Control, 32, 216-221.

Romagnoli, B., Menna, V., Gruppioni, N., & Bergamini, C. (2007). Aflatoxins in
spices, aromatic herbs, herb-teas and medicinal plants marketed in Italy.
Food Control, 18, 697-701.

Salem, N.M., & Ahmad, R. (2010). Mycotoxins in food from Jordan: preliminary
survey. Food Control, 21, 1099-1103.

64



Santos, L., Marin, S., Mateo, E.M., Gil-Serna, J., Valle-Algarra, F.M., Patino,
B., & Ramos, A.J. ( 2011). Mycobiata and co-occurrence of mycotoxins in
Capsicum powder. International Journal of Food Microbiology, 151, 270-
276.

Santos, L., Marin, S., Sanchis,V., & Ramos,A.J. (2010). Co-occurrence of
aflatoxins, ochratoxin A and zearalenone on the Spanish market. Food
Chemistry, 122, 826-830.

Saxena, J., & Mehrotra, B.S. (1989). Screening of spicrs commonly marketed
in India for natural occurrence of Mycotoxins. Journal of Food
Composition and Analysis, 2, 286-292.

Schweiggert, U., Carle, R., & Schieber, A. (2007). Conventional and alternative
processes for spice production — a review. (2007). Trend in Food Science
& Technology, 18, 260-268.

Sedmikova, M., Reisnerova, H., Dufkova, Z., Barta, 1., & Jilek, F. (2001).
Potential Hazard of simultaneous occurrence of aflatoxin B1 and
ochratoxin A. Veterinary Medical — Czech, 46(6), 169-174.

Senyuva, H., Gilbert, J., ozcan, S., & Gurel, N. (2008). Rapid LC and LC/MS
routine analysis for mycotoxins in foods. World Mycotoxin Journal. 1(3),
229-235.

Set, E., & Erkmen, O. (2010). The aflatoxin contamination of ground pepper
and pistachio nuts sold in Turkey. Food and Chemical Toxicology, 48,
2532-2537.

Shephard, G.S., Berthiller, F., Burdaspal, P.A., Crews, C., Jonker, M.A., Krska,
R., MacDonald, S., Malone, R.J., Maragos, C., Sabino, M., Solfrizzo, M.,
Van Egmond, H.P., & Whitaker, T.B. (2012). Developments in mycotoxin
analysis: an update for 2010-2011. World Mycotoxin Journal, 5(1), 3-30.

Shundo, L., Almeida, A.P., Alaburda, J.,Lamardo, L.C.A., Navas, S.A.,Ruvieri,
V., & Sabino, M. (2009). Aflatoxins and ochratoxin A in Brazilian paprika.
Food Control, 20, 1099-1102.

Siu-Po, Ip., & Chun-Tao, Che. (2006). Determination of aflatoxins in Chinese
medicinal herbs by high-performance liquid chromatography using
immunoaffinity column cleanup improvement of recovery. Journal of
Chromatography A, 1135, 241-244.

Skrbi¢, B., Koprivic, S., &Godula, M. (2013). Validation of a method for
determination of mycotoxins subjected to the EU regulations in spices:
The UHPLC-HESI-MS/MS analysis of the crude extracts. Food Control,
31, 461-466.

Smith, J.S. (2010). Food Analysis. Evaluation of Analytical Data (pp.53-67).
Springer Science.

65



Steyn, P.S., (1995). Mycotoxin, general view, chemistry and structure.
Toxicology Letters, 82/83, 843-851.

Tajkarimi, M.M., Ibrahim, S.A., & Cliver, D.O. (2010). Antimicrobial herb and
spice compound in food. Food Control. 21, 1189-1218.

Thirumala-Devi, K., Mayo, M.A., Reddy, G., Emmanuel, K.E., & Reddy, D.V.R.
(2001). Occurrence of ochratoxin A in black pepper, coriander, ginger and
turmeric in India. Food Additives and Contaminants, 18(9), 830-835.

Thompson, M., Ellison, S.L.R., & Wood, R. (2002). Harmonized guidelines for
single-laboratory validation of methods of analysis. International Union
of Pure and Applied Chemistry. Vol. 74, No. 5, 835-855.

Trucksess, M.\W., Weaver, C.M., Oles, C.J., Fry Jr, F.S., & Noonan, G.O.
(2008). Determination of aflatoxin B1, B2, G1, and G2 and ochratoxin A
in Ginseng and Ginger by multitoxin immunoaffinity column cleanup and
liquid chromatography quantification: Collaborative study. Journal of
AOAC International, 91(3), 511-523.

Trucksess, M.W., & Scott, P.M. (2008). Mycotoxins in botranicals and dried
fruits: a review. Food Additives and Contaminants, 25(2), 181-192.

Turner, N. W., Subrahmanyam, S., & Piletsky, S. A. (2009). Analytical methods
for determination of mycotoxins: A review.AnalyticaChimicaActa, 632(2),
168-180.

Waltking, A.E., & Wilson, D. (2006). Liquid chromatographic analysis of
aflatoxin using post-column photochemical derivatization: collaborative
study. Journal of AOAC international, 89(3), 678-692.

Whitaker, T.B. (2003). Standardisation of mycotoxin sampling procedure: an
urgent necessity. Food Control, 14, 233-237.

Wei, R., Qiu, F., Kong, W., Wei, J., Yang, M., Luo, Z., Qin, J., & Ma, X. (2013).
Co-occurrence of aflatoxin B4,B,,G4,G, and ochratoxin A in Glycyrrhiza
uralensis analyzed by HPLC-MS/MS. Food Control, 32, 216-221.

Yogendrarajah, P., Van Poucke, C., De Meulenaer, B., & De Saeger, S. (2013).
Development and validation of a QuEChERS based liquid
chromatography tandem mass spectrometry method for the determination
of multiple mycotoxin in spices. Journal of Chromatography A, 1297, 1-11.

Zain, M. E. (2011). Impact of mycotoxins on humans and animals. Journal of
Saudi Chemical Society, 15(2), 129-144.

Zhang, J.M., Wu, Y.L, & Lu, Y.B. (2013). Simultaneous determination of
carbamate insecticides and mycotoxins in cereals by reversed phase
liquid chromatography tandem mass spectrometry using a quick, easy,
cheap, effective, rugged and safe extraction procedure. Journal of
Chromatography B, 915-916, 13-20.

66



Zinedine, A., & Manes, J. (2009). Occurrence and legislation of mycotoxins in
food and feed from Morocco. Food Control, 20, 334-344.

Zinedine, A, Brera, C., Elakhdari, S., Catano, C., Debegnach, F., Angelini, S.,
De Santis, B., Faid, M., Benlemlih, M., Minardi, V., & Miraglia, M. (2006).
Natural occurrence of mycotoxins in cereals and spices commercialized in
Morocco. Food Control, 17, 868-874.

67



	SIMULTANEOUS DETERMINATION OF AFLATOXINS ANDOCHRATOXIN A IN SELECTED SPICES USINGHIGH PERFORMANCE LIQUID CHROMATOGRAPHYWITH FLUORESCENCE DETECTOR
	ABSTRACT
	TABLES OF CONTENTS
	CHAPTERS
	REFERENCES



