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This study was intended to morphologically and molecularly characterize and 
determine the aflatoxigenic and non-aflatoxigenic Aspergillus flavus isolates. Forty 
isolates of A. flavus were obtained from sweet corn kernels and soil samples collected 
from Kampong Raja, Rose Valley, Kea, and Klebang farms in Malaysia. They were 
cultured on potato dextrose agar (PDA), dichloran rose-bengal chloramphenicol 
(DRBC), A. flavus, and parasiticus agar (AFPA), and coconut cream agar (CCA). 
Macro-morphological characteristics were determined by observing the colony color, 
and texture while the micro-morphological characteristics were determined by 
examining the spore color, size, structure, conidiophore structure, and vesicle shape. 
The production of aflatoxin was determined by direct visualization of the UV 
fluorescence of A. flavus colonies on CCA. Aflatoxin was qualitatively detected in 18 
(45%) isolates of A. flavus using UV fluorescence screening while the remaining 22 
(55%) isolates did not exhibit any aflatoxin production. AFs production by A. flavus 
was quantitatively analyzed using High-Performance Liquid Chromatography 
equipped with a fluorescence detector and post-column photochemical reactor. The 
limits of detection for AFB1, AFB2, AFG1, and AFG2 were 0.072, 0.062, 0.028, and 
0.032 ppb, while the limits of quantification were 0.220, 0.189, 0.087, and 0.098 ppb 
respectively. AFB1 was detected in 24 out of 40 isolates of A. flavus in concentrations 
ranging between 0.009 and 3.848 ppb. On the other hand, AFG1 was detected in 12 
isolates in which two isolates (ARV17, ARV22) exceeded the maximum tolerable 
limits of 5 ppb (50.687 ppb, 40.434 ppb). AFs content was significantly different (p < 
0.05) in A. flavus isolates collected from four different farms. Molecular 
characterization of A. flavus isolates and detection of AF-producing gene in AF+ was 
carried out using polymerase chain reaction (PCR). Specific primers, FLA1 and 
FLA2, were used to amplify the targeted sequence of A. flavus. The isolates were 
confirmed as A. flavus, exhibiting 100% homology with other reference strains of A. 
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flavus on the National Center for Biotechnology Information (NCBI). Multiplex PCR 
techniques successfully amplified aflP, aflO, and aflR genes. AF-producing genes 
were detected in 35 strains of A. flavus strains, while the remaining five strains did not 
exhibit these genes. The efficacy of AF- strains in inhibiting AF+ growth and reducing 
AFB1 production was assessed. Co-inoculation of sweet corn kernels with AF- and AF+ 
strains significantly (p < 0.05) reduced the concentrations AFB1 in sweet corn kernels. 
The concentration of AFB1 detected in the co-inoculated treatments ranged from 0.321 
to 1.093 ppb while the reduction of AFB1 in corn kernels ranged from 23% for AKL36- 
to 79% for AKR5- strain.  The AKR5- and AKL34- strains exhibited the maximum 
AFB1 reductions of 79 and 75% while the AKL36- exhibited a minimum reduction 
towards AFB1 production. In conclusion, the AKR5- and AKL34- would be suitable 
candidates as potential biocontrol agents to be used in the sweet cornfield, as they 
significantly reduced the AFB1 in sweet corn kernels.  
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Kajian ini bertujuan untuk mencirikan secara morfologi dan molekular serta 
menentukan isolat Aspergillus flavus aflatoksigenik dan bukan aflatoksigenik. Empat 
puluh isolat A. flavus diperoleh dari biji jagung manis dan sampel tanah yang 
dikumpulkan dari ladang Kampong Raja, Rose Valley, Kea, dan Klebang di Malaysia. 
Mereka dikultur pada agar-agar dekstrosa kentang (PDA), dichloran rose-bengal 
chloramphenicol (DRBC), A. flavus dan agar parasiticus (AFPA), dan agar-agar krim 
kelapa (CCA). Ciri makro-morfologi ditentukan dengan memerhatikan warna dan 
tekstur koloni sementara ciri-ciri mikro-morfologi ditentukan dengan memeriksa 
warna spora, ukuran, struktur, struktur konidiophore dan bentuk vesikel. Penghasilan 
aflatoksin ditentukan oleh visualisasi langsung pendarfluor UV koloni A. flavus pada 
CCA. Aflatoxin dikesan secara kualitatif dalam 18 (45%) isolat A. flavus yang 
menggunakan pemeriksaan pendarfluor UV sementara 22 (55%) isolat selebihnya 
tidak mengeluarkan aflatoksin. Penghasilan AF oleh A. flavus dianalisis secara 
kuantitatif menggunakan Kromatografi Cecair Berprestasi Tinggi yang dilengkapi 
dengan pengesan pendarfluor dan reaktor fotokimia pasca lajur. Had pengesanan 
untuk AFB1, AFB2, AFG1, dan AFG2 masing-masing adalah 0,072, 0,062, 0,028, dan 
0,032 ppb, sementara had pengukuran adalah 0,220, 0,189, 0,087, dan 0,098 ppb. 
AFB1 dikesan dalam 24 daripada 40 isolat A. flavus dalam kepekatan antara 0,009 dan 
3,848 ppb. Sebaliknya, AFG1 dikesan dalam 12 isolat di mana dua isolat (ARV17, 
ARV22) melampaui had maksimum toleransi 5 ppb (50.687 ppb, 40.434 ppb). 
Kandungan AF berbeza secara signifikan (p < 0.05) dalam isolat A. flavus yang 
dikumpulkan dari empat ladang yang berbeza. Pencirian molekul isolat A. flavus dan 
pengesanan gen penghasil AF- dalam AF+ dilakukan dengan menggunakan reaksi 
berantai polimerase (PCR). Primer khusus, FLA1 dan FLA2 digunakan untuk 
memperkuat urutan A. flavus yang disasarkan. Isolat yang disahkan sebagai A. flavus, 
menunjukkan homologi 100% dengan jenis rujukan A. flavus lain di Pusat Maklumat 
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Nasional Bioteknologi (NCBI). Teknik PCR multiplek berjaya menguatkan gen aflP,
aflO, dan aflR. Gen penghasil AF dikesan pada 35 strain  A. flavus sementara 5 strain 
selebihnya tidak menunjukkan gen ini. Keberkesanan strain AF dalam meningkatkan 
pertumbuhan AF+ dan mengurangkan pengeluaran AFB1 telah dinilai. Inokulasi biji 
jagung manis dengan strain AF- dan AF+ secara signifikan (p < 0.05) mengurangkan 
kepekatan AFB1 dalam biji jagung manis. Kepekatan AFB1 yang dikesan dalam 
rawatan bersama-inokulasi berkisar antara 0,321 hingga 1,093 ppb sementara 
pengurangan AFB1 dalam biji jagung kisar antara 23% untuk AKL36- hingga 79%
untuk strain AKR5-. Strain AKR5- dan AKL34- menunjukkan penurunan AFB1
maksimum 79 dan 75% sementara AKL36- menunjukkan penurunan minimum 
terhadap pengeluaran AFB1. Kesimpulannya, AKR5- dan AKL34- berpotensi  
digunakan sebagai agen biokontrol di ladang jagung manis, kerana mereka 
mengurangkan AFB1 secara signifikan dalam biji jagung manis. 
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CHAPTER 1 

1 INTRODUCTION 

Corn (Zea mays L.) ranks as the third main cereal crop after wheat and rice. Asia is 
one of the leading producers of sweet corn, where more than 62% of corn production 
is consumed in animals’ feeds and human consumption. While sweet corn is a popular 
food in the U.S, China, and Brazil, it has recently gained popularity in other Asian 
countries such as Malaysia. According to the U.S Department of Agriculture, the total 
world corn production in 2017-2018 was 1,076.18 million tons. By 2025, corn is 
predicted to be the most cultivated cereal with market demand to be double by 2050 
in developing countries (Rosegrant et al., 2018). In 2017, Malaysia consumed nearly 
4 million tons of grain corn. In Malaysia, the majority of grain corn consumed has 
been imported while sweet corn was grown locally (Wahab, 2018).  

According to the Malaysian Department of Agriculture (Shahniza et al., 2020), 
approximately 10,477.30 ha of the cultivated land produced 72,560.522 tons of sweet 
corn in 2017. Malaysia’s leading states of sweet corn are Johor, Pahang, and Kelantan. 
Sweet corn has been consumed as a food by humans and as a raw material in the 
industry. For animal consumption, Malaysia usually imports corn grains from other 
corn-producing countries, including Argentina, Brazil, the U.S, Pakistan, and France 
(FAOSTAT, 2017). Malaysia’s climate, which has a constant high temperature (22–
31 ) and high relative humidity (60–80%), provides ideal conditions for the growth 
of Aspergillus fungi to infect food and feedstuffs (Neme & Mohammed, 2017; Norlia 
et al., 2018). The average annual rainfall is approximately 200-250 cm. A study of 
aflatoxins (AFs) in food and stored agricultural products in Malaysia revealed that 
corn is exceedingly vulnerable to mold and AFs contamination, except for Bt corn. 
Several mycotoxin-producing fungi contaminate corn crops and produce mycotoxins 
such as Aspergillus, Fusarium, Penicillium, and Alternaria (Munkvold et al., 2019).  

Mycotoxins are the secondary metabolites, which significantly affect food safety and 
cause severe complications for humans and animals (Njoroge et al., 2017; Ostry et al., 
2017). In commodities, the most common mycotoxins are aflatoxins (AFs), 
fumonisins (FUM), deoxynivalenol (DON), ochratoxins-A (OTA), zearalenone 
(ZEA), patulin (PAT), and citrinin (CIT) (Alshannaq & Yu, 2017). Among 
mycotoxins, AFs have received considerable attention due to its sporadic incidence in 
food commodities and health effects in poultry, fish, swine, and cattle (Ali et al., 
2015). AFs are potent carcinogenic compounds, predominantly produced by 
Aspergillus flavus and A. parasiticus, which contaminate diverse cereal crops such as 
corn, rice, and nuts (Frisvad et al., 2019; Okoth et al., 2018).  

While numerous AFs were presently identified, AFB1, AFB2, AFG1, and AFG2 are the 
four most crucial AFs. The International Agency for Research on Cancer classifies 
AFB1 as the most potent, mutagenic, and Group 1 human carcinogen (McGuire, 2016). 
It is also considered to cause chronic and acute health diseases (aflatoxicosis) in 
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children and older people. Several studies have revealed that the liver is the main target 
organ of AFB1 in humans and animals (Benkerroum, 2016). Furthermore, the intake 
of high-dose undetectable AFB1 in food can be fatal. AFB1 exposure in agricultural 
corn products has been the most significant and severe case of an epidemic of acute 
aflatoxicosis in Eastern and Central Kenya, resulting in 317 cases and 125 deaths 
(Frisvad et al., 2019). In Malaysia, the first outbreak of aflatoxicosis was recorded in 
1960, in pig farms of Malacca (Mohajeri et al., 2018). The second outbreak erupted 
in 1988, in Perak, killing 13 Chinese children who consumed Chinese noodles known 
as loh shi fun (Benkerroum, 2020; Iqbal et al., 2019; Norlia et al., 2018). In 2009, 
Zulhabri and his colleagues recorded AFB1-albumin adduct in patients with 
hepatocarcinoma (HCC) (Redzwan et al., 2014). Thus, many countries have 
developed guidelines for AFs in food and other products while taking account of 
possible risks to human health.  

The European Commission Regulation established an acceptable amount of 2 μg/kg 
for AFB1 and 4 μg/kg for overall AFs (Commission Regulation (EC) No. 165/2010). 
In the same way, Malaysia has set an acceptable limit of 10 μg/kg for AFB1 and 15 
μg/kg for all AFs in cereal crops in the Food law of 1983 (Amendment) (No.3) 
Regulations of 2014. Although several methods have been implemented globally to 
minimize pre-harvest AFs contamination in corn and other cereals, only a few have 
shown some potential (Atehnkeng et al., 2014; Bandyopadhyay et al., 2016). 
Concerns about fungicides use and cost-effectiveness reduce its significance for 
handling AFs contamination in corn (Abdallah et al., 2015). Therefore, the usage of 
non-aflatoxigenic A. flavus (AF-) as a biocontrol agent would be the most promising 
method for this purpose.  

AF- strains cannot produce AFs owing to genetic mutation or the lack of polyketide 
synthase genes on the AF gene cluster (Ehrlich et al., 2015; Zanon et al., 2016; Zhou 
et al., 2015). This technique for regulating AFs has been employed on cotton (Zhang 
et al., 2018), corn (Mauro et al., 2015), and peanuts crops (Chulze et al., 2015). The 
control of AFs contamination by this technique is attributed to the competitive 
exclusion of AF+ strains with AF- strains. The removal of AF+ strains could be 
achieved through the rapid expansion of AF- strains (Damann, 2015). This technique 
has already been employed in countries where AFs contamination in corn is a severe 
problem, including the U.S, China, Kenya, Nigeria, and Malaysia. Hence, the present 
study was conducted to characterize Malaysian non-aflatoxigenic A. flavus isolates 
and analyze their potential use as biocontrol agents for aflatoxingenic A.  flavus in 
sweet corn. The following specific objectives can accomplish this: 

1 To collect, isolate, morphologically characterize the A. flavus, and determine 
the potential aflatoxigenic and non-aflatoxigenic isolates of A. flavus.   

2 To detect, analyze, and quantify aflatoxin produced by aflatoxigenic A. 
flavus by High-Performance Liquid Chromatography (HPLC). 

3 To molecularly characterize A. flavus strains and detect the aflatoxin-
producing genes in aflatoxigenic strains. 
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4 To assess the efficacy of non-aflatoxigenic strains of A. flavus against 
aflatoxigenic strains in sweet corn kernels, in vitro condition. 
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