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The widespread contamination of animal feed with mycotoxin is not a new issue
worldwide. This toxin is produced by mycotoxigenic fungi as secondary metabolites
and it is harmful to human and animal. Apart from economic lost; the mycotoxin can
have adverse health effects to humans due to the carcinogenicity, teratogenicity, and
mutagenicity potentials of the toxins. Palm Kernel Cake (PKC) is the largest animal
feed production in Malaysia. PKC is a by-product of palm kernel oil processing and
it has been exported as animal feed. The improper storage facilities for PKC may
lead to conditions which enhance the aflatoxigenic fungi growth and thus the
production of aflatoxins in PKC.

The purpose of this study is to isolate and characterize toxigenic fungi from PKC, to
determine the effect of media and temperatures on the fungal growth, and to study
the effect of PKC storage temperatures on aflatoxins production.

For the first objective, characterization of fungi was conducted by using 3 different
media culture; Dichloran Rose Bengal Chloramphenicol (DRBC) Agar, Dichloran
18% Glycerol (DG18) Agar and Malt Extract Agar (MEA) from PKC that is stored
under 3 different temperatures of 4°C, 25°C and 60°C. Identification of fungi was
carried out based on macroscopy and microscopy as well as molecular identification.
Incidences of four mycotoxigenic fungi were found from PKC (Aspergillus niger,
Aspergillus flavus, Aspergillus fumigatus and Penicilium citrinum).

In order to characterize polymorphism of the isolates, RAPD assay was performed
by using OPA 3 as the primer. A dendogram was generated by GelCompare 4.2
software. The dendogram tree was clustering based on the amplified segments



grouped the isolates according to their treatments of temperature and media culture.
The identification of the isolates are obtained based on the banding pattern from the
generated dendogram. The software resulted in constructed dendogram to reveal the
percentage of similarities between the typable isolates (A. fumigatus, A. niger and P.
citrinum) within ranged from 20% to 80%.

The effect of storage temperature on the strains enumeration is reported through this
work. The distributing strains are influenced by the storage temperature of PKC
matrices. The findings clearly viewed that Aspergillus species profused at 25°C PKC
storage while it is restricted at low and high temperature.

The validated HPLC method for detection of aflatoxins from spiked PKC with A.
flavus was greatly evaluated. Acceptability of linearity of this methods was achieved
with correlation coefficients of linear range of 0.998 (AFB;:), 1 (AFB2), 0.9987
(AFG1) and 0.999 (AFG). A good recovery also found within ranged 82.5% to
102.8%. The findings however showed no aflatoxin detected at any of incubated
temperature of PKC from day O until the day of 28. Therefore, another experiment is
conducted to detect the availability of the toxins in the selected isolate of A. flavus.
As expected, there are no aflatoxins recognized from the strain. This finding
suggested that the isolated A. flavus species was not associated with aflatoxin
producing eventhough it was under the favorable condition for fungi growth. In
conclusion, the collected PKC is free with aflatoxigenic strains thus the risk to be
contaminated by aflatoxins is low.
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Pencemaran meluas terhadap makanan haiwan dengan mikotoksin bukan lagi isu
yang baru di seluruh dunia. Toksin ini dihasilkan oleh kulat yang boleh
menghasilkan mycotoxin sebagai metabolit sekunder dan ia adalah berbahaya
kepada manusia dan haiwan. Selain ekonomi merosot; mikotoksin boleh
menyumbang kepada kesan kesihatan yang buruk kepada manusia kerana potensi
kekarsinogenan, teratogen dan mutagen daripada toksin. Pemprosesan Hampas
Isirong Sawit (PKC) adalah pengeluaran makanan haiwan yang terbesar di Malaysia.
PKC ialah hasil sampingan pemprosesan minyak isirong sawit dan telah dieksport
sebagai makanan haiwan. Kemudahan penyimpanan yang tidak wajar bagi PKC
boleh membawa kepada keadaan yang meningkatkan pertumbuhan kulat
aflatoxigenic dan dengan itu meningkatkan pengeluaran aflatoksin dalam PKC .

Tujuan kajian ini adalah untuk mengasingkan dan mencirikan kulat toxigenic dari
PKC , untuk menentukan kesan media dan suhu terhadap pertumbuhan kulat , dan
untuk mengkaji kesan PKC suhu penyimpanan pada pengeluaran aflatoksin.

Bagi objektif pertama , pencirian kulat telah dijalankan dengan menggunakan 3
budaya media yang berbeza iaitu Dichloran Rose Bengal Chloramphenicol (DRBC)
Agar, Dichloran 18% Glycerol (DG18) Agar and Malt Extract Agar (MEA) dari
PKC yang telah disimpan di bawah 3 suhu berbeza iaitu pada 4°C, 25°C and 60°C.
Pengenalan kulat telah dijalankan berdasarkan teknik makroscopi dan mikroskopi
serta pengenalpastian secara molekular. Insiden empat kulat mycotoxigenic telah
didapati daripada PKC iaitu (Aspergillus niger, Aspergillus flavus, Aspergillus
fumigatus dan Penicilium citrinum).



Dalam usaha untuk mencirikan polymorphism daripada pencilan-pencilan kulat,
RAPD assay telah dijalankan dengan menggunakan OPA 3 sebagai primer.
Dendogram telah dijana oleh perisian GelCompare 4.2. Pokok dendogram telah
dikelompok berdasarkan segmen pencilan yang dikuatkan dan dikumpulkan
mengikut rawatan mereka terhadap suhu dan agar media. Pengenalpastian pencilan
diperolehi berdasarkan corak band yang diperolehi dari dendogram yang dihasilkan.
Perisian itu menghasilkan dendogram untuk mendedahkan peratusan persamaan
antara perincian yang boleh dibaca iaitu (A. fumigatus, A. niger dan P. citrinum)
adalah di antara 20% hingga 80%.

Kesan suhu penyimpanan pada penghitungan strain yang juga dilaporkan melalui
kerja-kerja ini. Taburan strain adalah dipengaruhi oleh suhu penyimpanan matriks
PKC. Hasil kajian jelas dilihat bahawa spesies Aspergillus didapati sesuai pada PKC
yang disimpan pada suhu 25°C dalam masa yang sama ia terhad pada suhu rendah
dan tinggi.

Kaedah HPLC yang telah disahkan untuk mengesan aflatoksin dari PKC yang telah
di hidupkan dengan A. flavus telah dinilai dengan berjaya. Linearity yang boleh
diterima melalui kaedah ini dicapai dengan pekali korelasi linear adalah 0.998
(AFBy), 1 (AFB>), 0.9987 (AFG1) and 0.999 (AFG,). Pemulihan yang baik juga
ditemui dalam adalah di antara 82.5% hingga 102.8%. Penemuan bagaimanapun
tidak menunjukkan sebarang aflatoksin yang dapat dikesan di mana-mana suhu
dieram daripada PKC dari hari 0 sehingga hari 28. Oleh itu, eksperimen lain
dijalankan untuk mengesan adanya toksin dalam pencilan yang dipilih iaitu A. flavus.
Seperti yang dijangka, tiada aflatoksin diiktiraf dari strain A. flavus. Penemuan ini
mencadangkan bahawa pencilan dari spesies A. flavus yang tidak berkaitan dengan
penghasilan aflatoksin walaupun ia adalah di bawah keadaan yang menggalakkan
bagi pertumbuhan kulat. Kesimpulannya, PKC yang telah dikumpulkan didapati
bebas dari kulat yang menghasilkan aflatoxins oleh itu ia risiko untuk dicemarkan
oleh aflatoxins adalah rendah.
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CHAPTER 1

INTRODUCTION

Mycotoxins are secondary metabolites produced by mycotoxigenic fungi in
conditions that are favourable for fungal growth. These fungi can produce
mycotoxins during pre-harvest and post-harvest of agricultural crops. Mycotoxin
contamination can also occur in animal feeds, especially when the feeds are not
packed properly, resulting in the growth of mycotoxigenic fungi. Mycotoxin
contamination of agricultural crops and animal feeds is a serious issue since it has
undesirable consequences towards human and animal health. For this reason, a large
number of studies have been carried out on the detection of mycotoxins in
agricultural crops and animal feeds. Beg et al. (2006) conducted a survey on
mycotoxin contamination in samples of yellow maize, soybean meal and wheat bran
which are used in the preparation of poultry feeds at a poultry feed production unit in
Kuwait. Lee et al. (2010) conducted a study to determine the presence of beauvericin
produced by Fusarium spp. in animal feeds and the level of the mycotoxin
contamination in Korea. Even more alarming, some fungi are able to produce
various types of mycotoxins and some mycotoxins are produced by various fungal
species. Aspergillus spp., Penicillium spp. and Fusarium spp. are among the
common types of mycotoxigenic fungi. Some of the common mycotoxins found in
animal feeds are aflatoxins and fumonisins.

Aflatoxins are mainly produced by A. flavus and it is one of the mycotoxins typically
found in animal feeds. A wide variety of agricultural products can be contaminated
by aflatoxins such as corn, rice, wheat, spices and nuts (Busman et al., 2015). To
date, 18 types of aflatoxins have been identified — however, only four of these are of
primary concern, namely AFB1, AFB2, AFG: and AFG: (Decastelli et al., 2007).
AFB;: is the most toxic aflatoxin among the above-mentioned aflatoxins and it has
been classified under ‘Group 1: Carcinogenic to humans’ by the International
Agency for Research on Cancer (IARC) (IARC, 1993). A. flavus is a fungal species
commonly associated with aflatoxin production. However, it shall be noted that there
are other fungal species which are aflatoxins producers and therefore, there are
various sources of aflatoxins production.

Aflatoxins contamination of agricultural crops and animal feeds is a serious issue
since aflatoxins contribute to diseases in both humans and animals. A number of
researchers have reviewed the effects of mycotoxins on human and animal health
over the years. Animal aflatoxicosis is poisoning in animals resulting from the
ingestion of aflatoxins in contaminated animal feeds and it is characterized by a
reduction in weight gain, anorexia, poor feed utilization, lower growth rate,
reduction in egg weight and production, listlessness, susceptibility to microbial and
environmental stresses, as well as higher mortality rates (Leeson et al., 1995). The
route of exposure to aflatoxins involves the metabolism of aflatoxins contaminated
feed ingredients in the cow liver, transmission of the metabolites into milk in the
mammary glands of the cow and subsequent excretion (Busman et al., 2015). The



factors which influence the magnitude of toxicity in humans and animals resulting
from the ingestion of aflatoxins contaminated foods or feeds include the species,
mechanism or modes of action, metabolism, as well as defence mechanisms
(Hussein & Brasel, 2001). Aflatoxins can acutely cause liver necrosis, bile duct
proliferation, edema, as well as lethargy (Williams et al., 2004; Paterson 2007). The
potential carcinogenicity of aflatoxins has led to the establishment of very low
tolerances of aflatoxins in foods (including peanuts and related products) by
government regulatory agencies. This move is made to prevent the trade of
commaodities which are contaminated by aflatoxins beyond the tolerance limits (van
Egmond and Jonker, 2004).

Malaysia is one of the major producers of palm oil and palm oil products in the
world. The increasing demand for palm oil over the years has led to the increase in
the production of palm kernel cake (PKC). Lee Oil Mills located in Klang, Malaysia,
receives 250 tonnes which is equivalent to eight lorries of palm kernel per day.
These palm kernels are used to produce 46 and 54% of palm kernel oil and PKC,
respectively. In 2009, Malaysia produced 17.56 million tonnes of palm oil, from
which 2.31 million tonnes of PKC were produced on 4.69 million hectares of planted
land and it is projected that these values will increase over the years (MPOB, 2009).
PKC is produced from ground palm kernels. The palm kernels are pressed several
times to produce palm kernel oil and its by-product, which is PKC. PKC can be
obtained by means of mechanical extraction (expeller) or solvent extraction. In the
latter method, n-hexane is used as the solvent during the extraction process.
However, mechanical extraction using a screw press is widely used by palm oil
manufacturers in Malaysia because of its low cost. For this reason, PKC is also
known as palm kernel expeller.

In general, oil palm fruits contain a number of bioactive compounds and they are
high in nutritional value. Hence, it is unsurprising that PKC, which is a by-product of
the palm oil milling process, is a rich source of nutrients, particularly fibre and
protein. According to Abdeshahian et al. (2010), PKC contains crude fibre and crude
protein within a range of 12-18% and 15-18%, respectively. For this reason, PKC is
widely used as a nutritious ingredient in animal feeds for farm animals (Awaludin,
2001).

The occurrence of mycotoxins in animal feeds has been studied extensively by
researchers in different countries including South Korea, Sweden and Portugal.
Mycotoxins contamination of animal feeds has undesirable consequences in the long
term since mycotoxins are not only detrimental to human and animal health, but they
also lead to significant economic losses due to the low productivity of animal
husbandry. The negative impact of mycotoxins contamination includes the
condemnation of highly contaminated crops, the implementation of costly preventive
measures and mycotoxins screening programmes, reduction in production efficiency,
detriment in animal health due to exposure to mycotoxins contaminated feeds, as
well as detriment in human health resulting from the ingestion of mycotoxins
contaminated foods (Hooft et al. 2011) of animal feeds from manufacturers to
vendors and end users may consume a significant amount of time, and this increases



the risk of the animal feeds being contaminated with mycotoxigenic fungi. In
addition, there are no dedicated transportation and storage facilities which will
prevent mycotoxins contamination in animal feeds and this aggravates the situation
even further.

Feeding poultry with aflatoxins contaminated feeds results in high feed conversion
ratios, poor weight gain, depressed appetite, lower quantity of meat from the carcass,
lower resistance to diseases as well as high mortality rates (Leeson et al., 1995).
Raising poultry with aflatoxins contaminated feeds will not only result in lower
productivity and inferior product quality for farmers, but it also has adverse effects
on consumer health due to the toxic residues present in the meat. Bintvihok et al.
(2002) detected the presence of aflatoxins in the liver, muscles and eggs of poultry.
Begum et al. (2001) detected higher levels of AFB;: in the liver compared to kidneys
and meat of poultry, which indicates that the liver is the primary site for metabolism
of aflatoxins.

Aflatoxins contamination of foods and feeds can occur during pre-harvest and post-
harvest stages, and the level of contamination is highly dependent on biotic and
abiotic factors since these factors will influence the growth of aflatoxigenic fungi
which in turn, results in the production of aflatoxins. Aflatoxins can be produced by
aflatoxigenic fungi during the post-harvest stage whenever agricultural crops are
harvested during floods and unseasonal rains in the absence of reliable facilities for
crop storage. In addition, mechanical, insect or bird damage of grains, drought
stresses and excessive rainfall may lead to fungal growth during the pre-harvest
stage and thus, the production of aflatoxins in agricultural crops.

At present, PKC is widely used as one of the main ingredients in animal feeds in
Malaysia due to its high nutritional value. More importantly, PKC helps in reducing
the costs of animal feeds. However, the lack of proper temperature storage
transportation and storage facilities for PKC may result in conditions which favour
the growth of aflatoxigenic fungi and hence, the production of aflatoxins in PKC. At
present, there is lack of studies pertaining to the determination of aflatoxins by
aflatoxigenic fungi in Malaysia, which is forms the motivation of this study.

Hence, the aim of this study is to identify the types of fungi present in PKC samples
collected from different palm oil mills in Selangor. Since the growth of fungi is
influenced by factors such as the growth medium and storage temperature, this study
is also focused on investigating the effect of these factors on the growth of fungi in
PKC. Three types of culture media (i.e. Dichloran Rose Bengal Chloramphenicol
(DRBC) Agar, Dichloran 18% Glycerol (DG18) Agar and Malt Extract Agar
(MEA)) are used for this purpose and the PKC samples are stored at three different
temperatures (4, 25 and 60°C). Finally, this study is focused on determining the
presence of aflatoxins in PKC samples spiked with A. flavus (which is an
aflatoxigenic fungus known to produce the most potent aflatoxins in agricultural
crops and animal feeds) stored at different temperatures (4, 25 and 45°C) over a
specific number of days up to 28 days.



The objectives of this study are set as follows:

1) to identify fungi isolated from PKC
2) to determine the effect of media and temperatures on the fungal growth
3) to study the effect of PKC storage temperatures on aflatoxins production
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