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Abstract of thesis submitted to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the Degree of Master of Science 

 

 

METHOD DEVELOPMENT FOR SIMULTANEOUS DETERMINATION OF 

MULTI-MYCOTOXINS IN PALM KERNEL CAKE 

 

By 

SIMAYI YIBADATIHAN 

August 2015 

 

 

Chairman  :  Professor Jinap Selamat, PhD 

Faculty       :  Institute of Tropical Agriculture 

Palm kernel cake (PKC) has been widely used for animal feed production as being a 

useful source of protein and energy for livestock. However, PKC can easily be 

contaminated with mycotoxins during production and storage owing to its favourable 

environments for the fungus to grow. Public concerns about the consequential 

economic losses and health risks for animals and humans have accentuated the need for 

evaluation of mycotoxins in PKC. Furthermore, a method for determination of multi-

mycotoxins in PKC has so far not been established. The European Commission has set 

maximum regulatory limits of 5-50, 50-250, 100-3000, 900-12000, 5000-60000, 250-

2000 and 250-2000 ng g
-1

 for aflatoxin B1, ochratoxin A, zearalenone, deoxynivalenol, 

fumonisins, T-2 and HT-2 toxins, respectively intended for animal feeds. This research 

was therefore conducted to develop an LC-MS/MS method for simultaneous 

determination of the 11 mycotoxins (aflatoxins B2, G1, G2 and the regulated 

mycotoxins) in PKC. The LC-MS/MS method was developed through the investigation 

of different ionization process, collision energies, and different types of mobile phase. 

Then, the LC-MS/MS detection conditions including flow rate (0.15-0.3 ml min
-1

), acid 

percentage in the mobile phase (0-0.7%), organic percentage at the beginning (5-25%) 

and at the end (70-90%) of the gradient mobile phase were optimized using central 

composite design (CCD). The best detection and separation of all the target mycotoxins 

were achieved using electro spray ionization (ESI) in both positive and negative ion-

modes under the optimized LC-MS/MS detection parameters, which were 10% 

methanol at the beginning and 90% at the end of the gradient mobile phase with 0.2% 

formic acid and at the flow rate of 0.2 ml min
-1

. The efficiency of different ratios of 

extraction solvents composed of acetonitrile or methanol with water (50:50-90:10, v:v) 

was also investigated, followed by the evaluation of formic acid (0.1-2%) effect on the 

recovery of mycotoxins. Purification approaches of no clean-up and clean-up with 

immunoaffinity column (IAC) were also compared. The highest recovery of target 

mycotoxins (88-110%) were obtained by using acetonitrile:water:formic acid (70:29:1, 

v:v:v) as the extraction solvent and no clean-up method. The optimized method was 

then validated through determination of linearity, limits of detection (LOD), limits of 

quantification (LOQ), accuracy, precision and matrix effect. The LODs and LOQs in 

mycotoxins standards and PKC samples ranged from 0.02 to 17.5 ng g
-1

 and from 0.06 

to 58 ng g
-1

, respectively. The mean recoveries of mycotoxins in PKC samples which 
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have been added with standard solution ranged between 81-112%. The intra-day and 

inter-day precision values were in the range of 1.41-14.35% and 1.72-16.97%, 

respectively. The validated method was successfully applied on 25 PKC samples 

obtained from feed industries. The study found that all of the samples were 

contaminated with at least 7 out of 11 mycotoxins being studied. A total 96% of the 

samples exceeded the maximum regulatory limits of 5 and 100 ng g
-1

 for aflatoxin B1 

and zearalenone, respectively. In conclusion, the newly developed and optimized LC-

MS/MS method is sensitive, efficient and reliable for the simultaneous determination 

of multi-mycotoxins, which can be ideal to be used for routine analysis in laboratories. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi syarat keperluan untuk Ijazah Sarjana Sains 

 

 

PEMBANGUNAN KAEDAH PENENTUAN MULTI-MIKOTOKSIN SECARA 

SERENTAK BAGI DALAM KEK ISIRUNG KELAPA SAWIT  

 

By 

SIMAYI YIBADATIHAN 

Ogos 2015 

 

Pengerusi :  Professor Jinap Selamat, PhD 

Fakulti      :  Institut Pertanian Tropika 
 

Kek isirong kelapa sawit (PKC) telah digunakan secara meluas sebagai sumber protein 

dan tenaga untuk pengeluaran makanan haiwan ternakan. Walau bagaimanapun, PKC 

mudah dicemari dengan mikotoksin semasa pengeluaran dan penyimpanan kerana 

persekitaran yang menggalakkan pertumbuhan kulat. Kebimbangan awam mengenai 

kerugian ekonomi yang berbangkit dan risiko kesihatan haiwan dan manusia telah 

meningkatkan keperluan untuk penilaian mikotoksin dalam PKC. Tambahan pula, 

setakat ini kaedah untuk menentukan pelbagai mikotoksin dalam PKC masih belum 

dibangunkan. Suruhanjaya Eropah telah menetapkan had peraturan maksimum untuk 

makanan haiwan, 5-50, 50-250, 100-3000, 900-12000, 5000-60000, 250-2000 dan 250-

2000 ng g
-1

 untuk aflatoksin B1, ochratoxin A, zearalenone, deoxynivalenol, 

fumonisins, toksin T-2 dan HT-2, masing-masing. Oleh itu, kajian ini telah dijalankan 

untuk membangunkan kaedah LC-MS/MS bagi penentuan serentak 11 mikotoksin 

(aflatoksin B2, G1, G2 dan mikotoksin terkawal) dalam PKC. Kaedah LC-MS/MS 

telah dibangunkan melalui penyiasatan proses pengionan yang berbeza, tenaga 

perlanggaran, dan pelbagai jenis fasa bergerak. Kemudian, keadaan pengesanan LC-

MS/MS termasuk kadar aliran (0.15-0.3 ml min
-1

), peratusan asid dalam fasa bergerak 

(0-0.7%), peratusan organik pada awal (5-25%) dan akhir (70-90%) bagi fasa bergerak 

kecerunan telah dioptimumkan dengan menggunakan reka bentuk komposit pusat 

(CCD). Pengesanan dan pemisahan terbaik bagi semua mikotoksin sasaran telah 

dicapai dengan menggunakan semburan elektro pengionan (ESI) dalam kedua-dua ion-

mod positif dan negatif pada parameter pengesanan LC-MS/MS yang telah 

dioptimumkan, iaitu 10% metanol pada permulaan dan 90% pada akhir fasa bergerak 

kecerunan dengan 0.2% asid formik dan pada kadar aliran 0.2 ml min
-1

. Kecekapan 

nisbah  pelarut pengekstrakan berbeza yang terdiri daripada asetonitril atau metanol 

dengan air (50:50-90:10, v:v) juga telah disiasat, diikuti dengan penilaian kesan asid 

formik (0.1-2%)  ke atas pemulihan mikotoksin. Kaedah penyucian tanpa pembersihan 

dan pembersihan dengan lajur immunoaffiniti (IAC) juga telah dibandingkan. 

Pemulihan tertinggi mikotoksin sasaran (88-110%) telah diperolehi dengan 

menggunakan asetonitril:air:asid formik (70:29:1, v:v:v) sebagai pengekstrakan pelarut 

tanpa kaedah pembersihan. Kaedah yang dioptimumkan kemudian disahkan melalui 

penentuan kelinearan, had pengesanan (LOD), had kuantifikasi (LOQ), ketepatan, 

kejituan dan kesan matrik. Had LODs dan LOQs mikotoksin dalam larutan piawai dan 
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sampel PKC ialah di antara 0.02-17.5 ng g
-1

 dan 0.06-58 ng g
-1

, masing-masing. 

Pemulihan purata mikotoksin dalam sampel PKC yang telah dimasukkan larutan 

piawai adalah antara 81-112%. Kejituan nilai-nilai antara hari dan mengikut hari adalah 

dalam lingkungan 1.41-14.35% dan 1.72-16.97%, masing-masing. Kaedah yang 

disahkan telah berjaya digunakan pada 25 sampel PKC yang diperolehi daripada 

industry makanan haiwan. Kajian mendapati bahawa semua sampel telah tercemar 

dengan sekurang-kurangnya 7 daripada 11 mikotoksin yang dikaji. Sebanyak 96% 

daripada sampel melebihi had maksimum yang dibenarkan, 5 dan 100 ng g
-1

 untuk 

aflatoksin B1 dan zearalenone, masing-masing. Kesimpulannya, kaedah LC-MS/MS 

yang baru dibangunkan dan dioptimumkan didapati sensitif, cekap dan berkesan untuk 

penentuan serentak berbilang mikotoksin, yang sesuai untuk digunakan bagi analisis 

rutin di makmal. 
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CHAPTER 1 

INTRODUCTION 

 

 

1.1 Background of study 

 

Risk assessment, monitoring and prevention of contaminants in animal feeds have been 

crucial issues related with animal health, feed supply, national and international trade. 

Mycotoxins are one of these contaminants, which are recognized as prevalently toxic 

compounds produced as secondary metabolites by various fungi and excreted into their 

substrates. Animal feeds and various feed ingredients used for compound feed 

production are the main substrates which in mycotoxin contamination frequently occur. 

Mycotoxins have attracted worldwide attention due to significant losses associated with 

their impact on animal health, as well as consequential economic implications 

(Poornima & Palanisamy, 2013). When mycotoxins ingested by animals above a 

certain concentration, they cause a toxic response referred to as mycotoxicosis (Binder, 

2007). The symptoms elicited by mycotoxins consumption range from reduced animal 

productivity and immune suppression, increased susceptibility to disease and parasites 

to overt disease and death (Streit et al, 2012). The economic impact of mycotoxins are 

loss of animal life, increased health care and veterinary care costs, reduced livestock 

production, loss of forage crops, disposal of contaminated feeds, regulatory coasts and 

investment in research to reduce severity of the mycotoxin problem (Saleemi, 2010; 

Zain, 2011). 

 

 

To address these adverse effects of mycotoxin contaminants in feeds, national and 

international institutions and organizations, such as the European Committees (EC), the 

US Food and Drug Administration (FDA) have set regulatory maximum levels for 

some mycotoxins in feedstuffs. The regulation strategies need to be strict to protect 

animals from mycotoxins exposure, and to minimize economic losses. Therefore, the 

analytical methods for the determination of mycotoxins in feedstuffs should be accurate 

and should provide reliable data. These requirements have accentuating the need for 

development of more sensitive and accurate analytical methods for mycotoxins 

analysis.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

 

 

Since the discovery of the mycotoxins, several methods have been developed for 

identification and quantification purpose. Among the existing methods, liquid 

chromatography coupled with tandem mass spectrometry (LC-MS/MS) method has 

gained more popularity than the others due to the advantages of high selectivity and 

sensitivity, as well as time and solvent-saving separation process without any pre- or 

post-column derivatization. Moreover, mycotoxigenic fungi are usually capable of 

producing more than one mycotoxin and feed raw materials are commonly contminated 

with various fungal species at a time (Striet et al, 2012). As a consequence, the co-

occurrence of mycotoxins in various food and feedstuffs has been becoming a common 

issue. Since a vast amount of samples need to be tested in the industries, rapid and 

sensitive simultaneous determination methods have become more desirable approach. 

The high sensitivity and improved specificity of LC-MS/MS methods enable many 

different classes of mycotoxins to be detected simultaneously with high accuracy.  
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Another important and critical step in simultaneous mycotoxin analysis is sample 

preparation, including sample extraction and sample clean-up. To improve the sample 

extraction efficiency, different approaches have been developed, such as liquid solid 

extraction (Sulyok et al, 2006; Khayoon et al, 2010), liquid-liquid extraction (Song et 

al, 2013). The same considerations have also been put on the purification step by 

applying different clean-up techniques such as immunoaffinity column (IAC), liquid-

liquid separation, and solid phase extraction. Moreover, there have been also some 

reports on the successful application of so called “No clean-up” method during sample 

preparation (Zöllner & Mayer-Helm, 2006; Herebian et al, 2009; Verga et al, 2013).  

With the aid of highly sensitive instruments like LC-MS/MS they have been able to 

inject crude sample extracts to the system. Thus, simple and efficient sample extraction 

methods can be developed without applying further clean-up steps during sample 

preparation instead of using the costly and labour demanding extraction methods. 

 

 

The problem of increasing the scope of animal production to provide the much-needed 

animal protein has become pronounced in the face of the ever-increasing human 

population. To reduce the cost of feeding for livestock, which competes directly with 

human beings for the same feedstuffs, attempts have been made to use alternative 

sources of protein and energy (Adesehinwa, 2007). Palm kernel cake (PKC) is an 

important oil palm by-product. It does not form food for man or have other industrial 

uses besides its usage for animal feeding (Kperegbeyi & Ikperite, 2011). PKC has been 

used widely as a filler to increase the bulkiness of feed while providing some protein, 

energy, minerals and vitamins (Alimon and Hair-Bejo, 1995; Adesehinwa, 2007). 

Thus, PKC has been used as one of the alternative feed resources to spare the 

conventional feedstuffs such as maize, soya bean etc. Consequently, compared to other 

feedstuffs its nutritional value, low pricing and long-term availability make PKC more 

competitive in international feed markets.  

 

 

1.2 Problem statement 

  
Mycotoxins that may occur in feeding stuffs are produced mainly by microscopic 

filamentous fungi species of Fusarium, Aspergillus, Penicillium (Woloshuk and Shim, 

2013). They originate predominantly not only in the field when crops or forage are 

growing, but also during their storage. Particularly, any failure to comply with the good 

manufacturing practices usually lead to increased mycotoxin production (Zachariasova 

et al, 2014). Most of the mycotoxins are relatively stable compounds, when they are 

present in the input materials, their concentrations are hardly reduced during the animal 

feed production steps including fermentation, pelleting, and extruding (Teller et al, 

2012; Vaclavikova et al, 2013). Thus, the regular consumption of mycotoxins 

contaminated feeds would increase the accumulation of the mycotoxins in animal’s 

body and result in various health problems. 

 

 

PKC mostly produced in tropical countries which have hot and humid climate 

conditions throughout the year. Like other animal feeds it is also subject to increased 

levels of fungal and mycotoxin contamination. On top of that the unhygienic 

production and storage conditions with uncontrolled temperature and relative humidity 

can exacerbate the formation of mycotoxins. The usage of mycotoxins contaminated 

PKC in animal feed production would infect the entire animal feed and would cause 
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more toxic effects with the combination of other possible mycotoxins in the compound 

feeds, and lead to economic losses in the form of decreased productivity. They would 

also affect humans due to the carryover of these hazardous contaminants via animal 

products such as meat, milk and eggs. Therefore, it is essential to evaluate the 

mycotoxins in PKC for monitoring and prevention of their potential hazard to animal 

and human health, as well as to the economy.   

 

 

Studies on risk assessment of mycotoxins in various animal feeds and feed ingredients 

continue to rise throughout the world. However this is not the case for PKC, duo to the 

limited data available on the incidence of mycotoxins and associated health disorders. 

Thus, the evaluation of mycotoxin contamination of this commodity has been 

overlooked while its usage for animal feeds has been increased remarkably. Owing to 

the importance of PKC in animal feed production and its high possibility of mycotoxin 

contamination, as well as the adverse effects of mycotoxins this study was conducted to 

generate data for the future planning on feed safety issues and to accentuate monitoring 

of mycological contamination of PKC.  

 

 

Furthermore, there have been some analytical methods developed to determine the 

contamination levels of mycotoxins in various commodities, such as cereals (Rahmani 

et al, 2013), peanuts (Arzandeh et al, 2011; Khorasgan et al, 2013), peppers (Jalili et al, 

2012), nutmeg (Kong et al, 2013), agro-food (Li et al, 2013), soybean-based food and 

feed (Piotrowska et al, 2013), milk (Sørensen & Elbæk, 2005; Muscarella et al, 2007), 

wines (Tamura et al, 2012) and animal feed (Ates et al, 2012; Kolosova & Strika, 

2012). There have been only a limited number of reports on the frequency and levels of 

AFB1 in PKC (Coker et al, 2000; Reiter et al, 2011; Kolapo et al, 2012; Pranowo et al, 

2013). However, no method has been developed for the determination of multi-

mycotoxins in PKC. The reported single mycotoxin methods on the determination of 

AFB1 in PKC are not applicable for the multi-mycotoxin analysis, as they are costly, 

time consuming and not sensitive enough to determine the multi-mycotoxins 

simultaneously until trace levels. Besides, the other existing multi-mycotoxin methods 

have limited applicability to the samples other than the one type of sample, duo to the 

different composition and matrix effect of different types of samples. In addition, the 

industries have required the development of more sensitive and efficient (in time and 

cost) multi-mycotoxin methods to enforce the strict regulations and to cope with the 

increasing demand of production. 

 

 

1.3 Objectives 

 

The following objectives have been sought out in this study: 

 

1. To develop and optimize an LC-MS/MS method for simultaneous 

determination of multi-mycotoxins. 

2. To optimize the sample preparation procedure for simultaneous extraction of 

multi-mycotoxins in PKC. 

3. To validate and verify the newly developed LC-MS/MS method for 

quantification of multi-mycotoxins in PKC. 
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