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Kojic acid, 2-hydroxy-methyl-5-hydroxy-y-pyrone, is an organic acid that can be
produced in submerged fermentation by Aspergillus spp. Kojic acid has many
potential applications in various fields such as cosmetic, medical, food, agriculture
and chemical industries. The focus of this study was on the improvement of industrial
kojic acid production through strain and process development. The feasibility of using
random mutation method for the improvement of kojic acid producing strain,
Aspergillus flavus Link S44-1, was performed using N-methyl-N' nitro-N-
nitrosoguanidine (NTG), Ultraviolet (UV) and gamma irradiation. For process
development, two possible methods for kojic acid production; (i) biotransformation
using resuspended cell system, and (ii) enzymatic synthesis using enzymes extracted
from cell biomass were studied. The production processes were performed in shake
flask and 2 L stirred tank bioreactor using various types of sugar. The enzymes that
were relevant to kojic acid synthesis were extracted from cell biomass and assayed for
the activities. The effect of various process parameters and conditions such as

dissolved oxygen tension (DOT) and carbon source feeding strategies on the activities



of enzymes relevant to kojic acid synthesis were also investigated. The performance
of kojic acid production methods developed in this study was compared with the

conventional fermentation process, in term of yield and productivity.

The improved mutants (A. flavus NTG-MTDC-22 and A. flavus UV-MTDC-12 and A.
flavus G-MTDC-17) were capable to produce kojic acid up to a final concentration of
46, 42, and 49 g¢/L using fed-batch fermentation technique respectively. This was
almost 2.5 fold higher than those produced by the parent strain. Among the kojic acid
relevant enzymes, higher activities of glucose dehydrogenase and gluconate
dehydrogenase were detected in mutant strains as compared to the parent strain. This
result indicated that these two intracellular enzymes played important roles in the
conversion of sugar to kojic acid. Several kojic acid pathways in A. flavus based on
the relationship between the activities of enzymes and kojic acid synthesis were
identified and proposed. The involvement of glucoside 3-dehydrogenase enzyme, as
indicated by the conversion of 3 -keto glucose to kojic acid, was the potential pathway

of kojic acid by A. flavus.

Production of kojic acid by A. flavus mutant in fed-batch fermentation with glucose
feeding was about 2.3 fold higher than conventional batch fermentation. Kojic acid
fermentation performance in 2 L stirred tank bioreactor was greatly influenced by the
DOT levels in the culture. The highest kojic acid production was obtained when the
DOT level was controlled at 60% saturation throughout the fermentation, which was
related to high activities of glucose dehydrogenase and gluconate dehydrogenase.
Reduced kojic acid production was observed when the DOT was controlled at low

levels (20 and 40% saturation) and also at very high level (80%).



The mycelia of A. flavus mutant can also be utilised for the biotransformation of
various carbon sources to kojic acid. Among the carbon sources tested, high yields
(0.4 g/g and 0.37 g/g) were obtained with glucose and sucrose, respectively. Kojic
acid can also be synthesised enzymatically using crude enzymes extracted from the
mycelia of A. flavus mutant. The enzymatic synthesis using glucose as a carbon
source was about 4 and 5 times lower as compared to fed-batch fermentation and
biotransformation using resuspended mycelia, respectively. To our knowledge the

enzymatic method for kojic acid synthesis has not been reported in the literature.

The simple method developed in this study for the improvement of kojic acid
producing fungus and the alternative methods for kojic acid production may be
applied industrially. This novel process could be useful to produce kojic acid free
from pigments and other metabolites, which will make purification steps easier. High
quality kojic acid is required for use in pharmaceutic and cosmetic industries. In
addition, reduced cost of production is expected with the elimination of complicated

purification procedure.
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Asid kojik, 2-hydroxy-methil-5-hydroxy-gamma-pyrone, adalah asid organik yang
dapat dihasilkan dalam fermentasi tenggelam oleh spesies Aspergillus. Asid kojik
mempunyai banyak aplikasi yang berpotensi dalam pelbagai bidang seperti kosmetik,
perubatan, makanan, pertanian dan industri kimia. Fokus kajian ini adalah untuk
meningkatkan penghasilan asid kojik industri melalui pembangunan strain dan proses.
Kebolehlaksanaan kaedah mutasi rawak bagi meningkatkan penghasilan asid kojik
oleh strain Aspergillus flavus Link S44-1 telah dilakukan dengan menggunakan NTG,
penyinaran UV dan radiasi gamma. Untuk proses pembangunan, dua kaedah yang
mungkin untuk pengeluaran asid kojik telah dikaji: (i) biotransformasi dengan sistem
sel-sel terampai, dan (ii) sintesis enzim menggunakan enzim yang diekstrak dari sel
biojisim. Proses penghasilan asid kojik telah dijalankan menggunakan kelalang
bergoncang dan bioreaktor berpengaduk 2 L dengan menggunakan pelbagai jenis
gula. Enzim yang relevan untuk sintesis asid kojik ini diekstrak daripada biojisim sel
dan aktiviti enzim diesei. Kesan beberapa parameter proses dan keadaan seperti
ketegangan oksigen terlarut (DOT) dan strategi memberi suapan sumber karbon ke

atas aktiviti enzim yang relevan untuk sintesis asid kojik juga telah dikaji. Prestasi



kaedah penghasilan asid kojik yang dibangunkan dalam kajian ini dibandingkan

dengan proses fermentasi konvensional, dari segi hasil dan produktiviti.

Mutan yang telah meningkat (A. flavus NTG-MTDC-22 dan A. flavus UV-MTDC-12)
boleh menghasilkan asid kojik sehingga kepekatan akhir 46, 42, dan 49 g/L
menggunakan teknik fermentasi suapan sesekelompok, yang hampir 2.5 kali ganda
lebih tinggi daripada yang dihasilkan oleh strain induk. Antara enzim yang dikesan
semasa fermentasi asid kojik, aktiviti enzim dehidrogenase glukosa dan
dehidrogenase glukonate yang lebih tinggi dapat dikesan dalam strain mutan
berbanding dengan strain induk. Keputusan ini menunjukkan bahawa kedua-dua
enzim intraselullar memainkan peranan yang penting dalam penukaran gula kepada
asid kojik. Beberapa laluan asid kojik dalam A. flavus, yang berdasarkan kepada
hubungan antara aktiviti enzim dan sintesis asid kojik, telah dikenal pasti dan
dicadangkan. Penglibatan enzim dehidrogenase glukosida, seperti yang ditunjukkan
oleh penukaran glukosa kepada asid kojik 3-keto adalah laluan baru bagi sintesis asid

kojik yang dicadangkan dari penemuan kajian ini.

Penghasilan asid kojik oleh A .flavus mutan dalam fermentasi suapan sesekelompok
dengan suapan glukosa, adalah 2.3 kali ganda lebih tinggi daripada fermentasi
sesekelompok konvensional. Prestasi fermentasi asid kojic dalam 2L bioreactor yang
berpengaduk sangat dipengaruhi oleh tekanan oksigen terlarut (DOT) di dalam kultur.
Penghasilan asid kojik tertinggi diperoleh apabila tahap DOT dikawal pada ketepuan
60% sepanjan masa proses fermentasi, di mana ia berkait dengan aktiviti enzim

dehidrogenase glukosa dan dehidrogenase glukonate yang tinggi. Pengurangan



penghasilan asid kojik dapat diperhatikan apabila DOT dikawal pada tahap yang

rendah (ketepuan 20 dan 40%) serta pada tahap tertinggi (80%).

Mycelia A. flavus mutan boleh digunakan dalam biotransformasi pelbagai sumber
karbon bagi menghasilkan asid kojik. Antara sumber karbon yang diuji, glukosa dan
sukrosa menghasilkan asid kojik yang sangat tinggi ia itu sebanyak 0.4 g/g and 0.37
g/g telah diperoleh masing-masing dengan glukosa dan sukrosa. Asid kojik juga boleh
disintesiskan dengan menggunakan enzim mentah yang diekstrak dari mycelia A.
flavus mutan. Penghasilan asid kojik oleh sintesis enzim yang menggunakan glukosa
sebagai sumber karbon adalah kira-kira 4 dan 5 kali lebih rendah berbanding dengan
fermentasi suapan sesekelompok dan biotransformasi menggunakan miselia terampai.
Kaedah sintesis asid kojik menggunakan enzim tidak pernah dilaporkan di dalam

mana-mana kesusasteraan..

Kaedah mudah yang dibangunkan dalam kajian ini adalah untuk meningkatkan
keupayaan kulat menghasilkan asid kojik dan kaedah alternatif bagi penghasilan asid
kojik yang boleh diaplikasikan didalam industri. Kaedah yang novel ini berguna untuk
menghasilkan asid kojik tanpa pigmen dan metabolit lain tanpa perlu langkah
penulinan yang komplek. Asid kojcberkuditi tinggi diperlukan untuk digunakan di
dalam industri farmaseutik dan kosmetik. Di samping itu, pengurangan Kkos

penghasilan dijangka dengan pemansuhan prosedur penulenan yang rumit.

Vi
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