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Application of Oxygen Vector to Aspergillus flavus cultivation
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I'
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ABSTRACT

The influence of different types of oxygen vectors (silicone oil, paraffin and Il-dodecane) on kojic acid production by

Aspergillus jlavlls NSH9 in shaking-flask cultivations was investigated . Introduction of silicone oil in the cultivation gave
the maximum kojic acid production of 0.256 giL which was 1. 15 to 1.58 fold higher than that yielded by paraffin and n
dodecane. From this study, the presence of oxygen vectors were able to increase biomass and koj ic acid production by 1.21
to 2.61 fold and 1.85 to 2.94 fold respectively compared to fermentation without the oxygen vector. Addition of silicone oil
at 6% (v/v) exhibited the highest peak of kojic acid production (1.465 giL) compared to other concentrations 1-5% (v/v)
tested. The results from the present works indicate the positive roles of oxygen carrier compound particularly silicone oil in
enhancing the cultivation of A. jlavus NSH9 and consequently the productivity of kojic acid fermentation.

Key words: Aspergillllsjlavus, kojic acid, oxygen vector, shaking-flask cultivations

ABSTRAK

Kesall jenis veklor oksigenyang berbeza (silikon minyak. parajin dan n-dodecane) pada pengeillarall asid kojic oleh
Aspergillus jlal'lIs NSH9 dalam kelalang goncallg lelah dikaji. Penambahan mil/yak silikon dalam kllllllr menghasi!kan
pengeillaran asid kojic maksimllm pada 0.256 gl L dengan

1.15 hingga 1.58 kali gal/da lebih linggi daripada hasi!

pengeluaran oleh parajin dan n-dodecane. Daripada kajian illi. kehadiran veklor oksigen dapa/ meningka/kan biomas dan
pengeJuaran asid kajic masing-masil/g dengan 1.21 hingga 2.61 kali ganda dan 1.85 hingga 2. 94 kali ganda berbanding
penapaian lanpa veklor oksigen. Penambahan minyak silikan pada kadar 6% vlv lelall mempamerkan penge!lIaran asid
KOjic lerlinggi (1.465 giL) berbanding kepekalan yang lain (1-5% vlv) lelah dillji. Hasil daripada kajian ini meltllnjllkkan
peronan posilij kombinasi pembawa oksigen lemlamanya minyak silikon dalam meningkalkan kll/lllr A. jlavIIs NSH9 dan
selenlSllya produklivili asid kojic penapaian.
Kala kunci: AspergillllsjlavlIs. asid kojic. vektor oksigen. klli/llr kelalang goncang

1

1.0 Introduction
Kojic acid (5-hydroxy-2-hydroxymethyl-Y-pyrone) and its derivatives has many potential
industrial applications. It has been tested as potential antibacterial reagents (Kayahara et al.,
1990) and subsequently used in the medical as pain killer and anti-inflammatory drug (Anon
1992). Moreover, in food industry it is applied as a precursor of flavor enhancer (Le Blanc &
Akers, 1989). Kojic acid has the ability to prevent the undesirable melanosis (blackening) of
agricultural products by inhibiting polyphenol oxidase (Chen et al., 1991). In cosmetic, it is
used as skin whitening (Ohyama & Mishima, 1990).
As reported widely in literature, Aspergillus jlavus (Bajpai et al., 1981; Bajpai et aI. , 1982;
Megalla et aI., 1987; Nandan & Polasa, 1985; Madihah et al., 1993) and Aspergillus

parasiticus (Nandan & Polasa, 1985; Coupland & Niehaus, 1987) have the ability to produce
large amounts of kojic acid. Kojic acid can be produced either by submerged fennentation
(Kitada et al. , 1971; Madihah et al. , 1993), resuspended cell material (Bajpai et al. , 1981;
Bajpai et al., 1982), or solid state fennentation (Kharchenko, 1999). However, one of the
problems that nonnally occurred in submerged fermentation like in kojic acid production is
oxygen limitation that may in tum cause unfavorable growth of culture. A. jlavus is an
aerobic microorganism and therefore sufficient supply of oxygen is really important in
ensuring favorable growth and subsequently the kojic acid biosynthesis. One of the strategies
in maximizing oxygen supply is by incorporating carrier compounds which can increase
oxygen solubility in the culture. Various oxygen carrier substances are available and their
effects on fermentation have continuously sparked an interest among the researchers to
inve tigate. The function of oxygen vector is to improve the oxygen transfer rate from the gas
phase to the microorganisms (Yeung & Wong, 2003). Besides, oxygen vectors act as surface
active agents that may lower the surface tension of water and subsequently enlarge gaseous
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specific surface area (Xu et at., 2007). This may contribute to the enhancement of enzyme
activity.
The ultimate focus of this research was to study the application of oxygen vector to A. flavus
cultivation by employing liquid paraffin, silicone oil and n-dodecane. The expected outcomes
from this work would serve as useful insights in discovering the significance of oxygen
carrier compound on kojic acid fermentation.

Therefore, the specific objectives ofthis work were:

1.

To identify the best type of oxygen vector that favours high kojic acid production in
A.flavus cultivation.

11.

To determine the optimal concentration of the best oxygen vector selected that
enhance the production of kojic acid production by A. flavus.

3
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2.0 Literature Review
2.1

Kojic acid

Kojic acid (5-hydroxy-2-hydroxymethyl-Y-pyrone) is an organic acid that can be produced
biologically by different types of fungi during aerobic fermentation using various substrates
(Kitada et al., 1967; Ariff et al., 1996; Wakisaka et al., 1998; El-Aasar, 2006). Figure 1
shows the chemical structure of kojic acid.

OH
HO

o

Figure 1: Molecular structure of kojic acid

The name 'kojic acid' was derived from "Koji", and the first scientist, Saito found that from
isolated mycelia of A. oryzae which had been cultured on steamed rice. Previously, kojic acid
is not commercially important until its applications become prevalent in cosmetic industry.
At present, kojic acid is primarily used as main ingredient for excellent skin lightening
creams and skin protective lotion due to its ability to suppress hyper pigmentation in human
skins by restraining the formation of melanin through the inhibition of tyrosinase formation,
the enzyme that is responsible for skin pigmentation (Ohyama & Mishima, 1990; Noh et aI.,
2009). It also becomes a major alternative to hydroquinone in recent years since
hydroquinone has been banned for cosmetic usage due to its carcinogenicity. Besides
cosmetics, kojic acid is also applied in other industrial fields such as food, agriculture and
medical (Kayahara et al., 1990; Le Blanch & Akers, 1989; Gomes et aI., 2001; Smith &
Lindsay, 2001).
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2.2

Kojic acid fermentation

Submerged culture is widely used for high perfonnance of kojic acid production (Kitada et
al., 1967; Wei et al., 1991; Ariff et al., 1996; Ariff et al., 1997) as compared to solid state

fermentation. The growth of aerobic microorganisms in a submerged culture is controlled by
the availability of substrates, energy and enzymes. The rate of reaction of cultures depends
on the rate of substrates at particular interface.
Different modes of fennentation, such as batch, fed-batch and continuous can strategized in
order to achieve an optimal and economical fennentation process (Kitada et al., 1967; Ariff et
al., 1996). Kojic acid fennentation by A. jlavus is classified as a non-growth associated

process, where the production mainly occurs during the stationary phase of fungal growth
(Rosfarizan et al., 2002). During active growth phase, glucose and nitrogen function to
promote growth and enhance the synthesis of enzymes involved in kojic acid biosynthesis
(Mohamad et al., 20 10). Meanwhile the secondary phase, the remaining glucose is converted
to kojic acid by the action of cell-bound enzymes that are produced in the earlier phase
(Bajpai et al., 1981). Several works on production of kojic acid via submerged fennentation
have been reported by previous researchers which concerned about various aspects of studies.
Table 1 summarizes few works pertaining to kojic acid fennentation via submerged
fermentation.

5

Table I: Kojic acid production by using submerged fermentation from various aspects of studies

Description

References

Studies on kojic acid fennentation (I)
Cultural condition in submerged culture

Kitada et al.(1967)

Production of kojic acid by membrane
surface liquid culture of Aspergillus oryzae
NRRL484

Ogawa et ai. (1995)

Repeated-batch production of kojic acid in a
cell-retention fennenter using Aspergillus
oryzae M3B9

Wan et al. (2005)

Development of a cylindrical apparatus for
membrane-surface liquid culture and
production of kojic acid using Aspergillus
oryzae NRRL 484

Wakisaka et at. (1998)

Cultural conditions studies on kojic acid
production by Aspergillus parasiticus

El Asaar (2006)

2.3

Kojic acid producer

Kojic acid is produced mainly by A. jlavus. It is a filamentous fungus and usually called as
molds. The colonies are yellowish to greenish in colour. Figure 2 shows the A. jlavus grown
on PDA after 7 days of incubation. It is widely distributed since it disperses easily by air and
also possibly by insects. A. jlavus is unique fungi because it favors hot dry conditions. The
optimum temperature for growth is 37 ·C, but the fungus readily grows between the
temperatures of 25-42·C (Hedayati et ai., 2007). A. flavus has been reported to produce high
yield of kojic acid (Ariff et ai., 1997; Rosfarizan et aI. , 2007). Table 2 below shows
production different strains of Aspergillus that were reported in the literature as kojic acid
producer.
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Figure 2: A. flavus NSH9 grown on PDA plate

Table 2: Different strains of Aspergillus strains that involved in kojic acid production

Microorganism

References

A.oryzae

Basappa et al. (1970); Kitada et al.(1967);
Takarnizawa et al. (1996)

A. tamarii

Gould (1938)

A. luteo-virescens

Morton (1945)

A. candidus

Wei et al.(1991)

A. parasiticus

EI-Aasar (2006)

A. albus

Saruno et al.(1978)

One of the major problems in aerobic fungal fermentation like kojic acid fermentation is

deficiency of oxygen due to the fragmentation behaviour of fungi. This results in a change of

the fermentation biology such as mass transfer within the broth which in tum may affect the

whole process productivity.
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2.4

Oxygen vector

An adequate oxygen supply is extremely important for improvement of cell growth for
aerobic microorganism thus in turn the product synthesis. However, the low solubility of
oxygen in aqueous medium is approximately 8 to 10 mg/l at 25-30°C at 1 atm total pressure
making the oxygen supply rate to the aqueous phase as the limiting factor in an aerobic
process (Jianlong, 2000). In this state, the dissolved oxygen level in the aqueous phase may
decrease below the critical oxygen concentration needed for metabolic activities. One of the
ways to accomplish better oxygen supply is by employing oxygen vector substance in the
culture which can maximize the apparent solubility of oxygen in the medium (Xu et aI.,
2007).
Oxygen vectors are hydrophobic liquids in which the proportional oxygen has a higher
solubility than in water (Narta et al., 2011). Examples of main oxygen vectors include
perfluorocarbons and hydrocarbons which are generally applied in bioprocesses. Most works
on enhancement of oxygen transfer for microbial culture reported the application of oxygen
vector in the cultivation. Oxygen vectors act as oxygen provider in aerobic fermentation and
have no toxicity against cultivated microorganisms. In certain circumstances, it may serve as
supplementary carbon sources and antifoam agent. Perfluorocarbons have been indicated as
environmentally hazardous. On the other hands, hydrocarbon is ideally suited over
perfluorocarbons because it is cheaper and easily separable from the fermentation medium
due to lower melting point (Gridhar & Srivastava, 2000).
The application of oxygen vector for lycopene and fJ-carotene production has been reported
by Xu et al. (2007). According to Xu et al. (2007) the use of hydrocarbons like n-hexane and
n-dodecane as an oxygen vector could improve the production of lycopene and fJ-carotene. In
some 'other studies by Lai et al. (2002), an enhanced production of lovastatin was observed

by the addition addition of 2.5 % (w/v) n-dodecane to the medium. This can approximately
8

gave about a 1.4-fold increase in the productivity. Besides that,

In

the presence of n

dodecane, fonnation of small, unifonn, compact pellets was also seen. Moreover,
enhancement production of citric acid (lianlong, 2000) and L-sarbose (Gridhar & Srivastava,
2000) were reported with the addition of various kinds of oxygen carrier compound in the
fennentation.
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3.0 Materials and Methods
3.1 Microorganisms
A. flaVlIS NSH9 strains was retrieved from Molecular Biology Department, Faculty of

Resource Science and Technology, UNIMAS. Potato Dextrose Agar (PDA) had been used
for subculturing the fungus. The incubation was carried out at 30"C for about 7 days for the
development of spores. The well-grown spores were used for fermentation.
A. flavus NSH9 spores was harvested in sterile 0.001 % (v/v) of Tween 80 and washed three

times. The spore count was performed using haemacytometer facilitated by microscopic
observation.
3.2 Fermentation
Kojic acid fermentation was carried out by using shake flask with working volume of 150 ml.
The standardized inoculums spore used was set as 105 (spore/ml). The optimized medium as
reported by Madihah et al. (1993) that contains of glucose (100 giL), yeast (5 giL), KH2P04
(1 giL), MgS04.7H20 (0.5 giL) and methanol (10 mllL) was applied. The cultures in the

absence of oxygen vector were referred as control. The cultures were incubated at initial pH
3, room temperature and agitated at 150 (rev/min) as suggested by Ariff et al. (1996). The
concentration of each oxygen vector applied in fermentation was fixed at 4% (v/v). In the
first stage, the effect of different type oxygen vectors namely paraffin, silicon oil and n
dodecane was tested on kojic acid fermentation by A. flavus NSH9. The experimental runs
were done in duplicate. For the second stage, the best type of oxygen vector identified in the
earlier stage that produced high kojic acid was tested by varying different levels of
concentration from 1% until 6% (v/v). The fermentation was done in triplicate.

10
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3.3

Analytical methods

The fennentation broth was filtered through pre weighed filter paper. Upon filtration, the
residues on the pre weighed filter paper were dried in oven for 48 hours. The weight of dried
residues was detennined. The difference between the weight of pre weighed filter paper and

dried residue on pre weighed filter paper was referred as the weight of dry biomass. The
filtrate produced was used for reducing sugar and kojic acid analysis. Reducing sugar of the
samples was detennined by DNS method (Miller, 1959) while colorimetry method (Bently,
1957) was used for analyzing kojic acid.

3.3.1

Reducing sugar analysis

DNS method (Miller, 1959) was applied for detennining the reducing sugar in the samples.
DNS reagent was prepared by dissolving 5 g of 3,5 - dinitrosalicylic acid, 1.0 g phenol, 2.5 g
sodium sulphite and 1 g of NaOH in 500 ml of distilled water. Glucose was used as the sugar
source for the construction of standard curve. One mililitre of every glucose solution was
reacted with 1 ml of DNS reagent. The mixture was then heated at 90'C for 5 minute for the
fonnation of red-brown color. After that, 1 ml of Roschell salt solution was added. After
cooling the absorbance of mixture was read at 575 nm. The absorbance of the mixture was
then translated into reducing sugar concentration.

3.3.2 Kojic acid analysis
Colorimetry method (Bently, 1957) was applied for analyzing the kojic acid in the samples.
erric chloride, (FeCh) solution was prepared by dissolving 1 g of FeCh.6H20 in 100 mL of

0.1 NHCI (1 M HCI= 1NH CI) and the mixture was diluted in 250 ml of distilled water. For
ojic acid standard curve, pure kojic acid was used. One mililitre of diluted sample was
with 1 ml of ferric chloride, (FeCh) solution. The absorbance of the mixture was read
500 run. The absorbance of the mixture was then translated into kojic acid con-centration.
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4.0 Results and Discussion
4.1

Effects of different types of oxygen vector on A. flavus NSH9 cultivation

Different types of oxygen vector namely paraffm, silicon oil and n-dodecane were applied as
additional ingredient in the cultivation medium of A . flavus NSH9. The perfonnance of the
cultivation was assessed in tenns of biomass production, reducing sugar consumption and
kojic acid production. The control experiment was conducted in the absence of oxygen
vector. All the experimental runs were perfonned at optimal condition as suggested by
Madihah et al. (1993). Figure 3, 4, and 5 show the influence of different types of oxygen
vector on A. flavus NSH9 cultivation in tenns of change of biomass, residual sugar and kojic
acid over the incubation time respectively.
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Figure 3: Time course ofbiomass production during kojic acid fermentation by A. flavus NSH9 using different
types ofoxygen vectors. ( . ) control;. ) paraffin; (.) silicone oil; ( X ) n-dodecane
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As shown in Figure 3, the highest concentration of biomass, 38.4 giL was seen when paraffin
was applied in cultivation. In comparison with the control fennentation, the use of paraffin
gave an increase of 2.6 fold in the production of biomass. In general, the application of the
oxygen vectors in this study gave the maximum production of biomass by 1.2 to 2.6 fold
higher than that without the oxygen vector. The higher profile shown by fennentation that
employed oxygen vector is understood by the fact that the oxygen carrier compounds do exert
the influence on the growth of the fungal cells (Peng & Chen, 1994).
Figure 4 and 5 show the time course of reducing sugar consumption and kojic acid
production during the cultivation respectively. In Figure 4, it was shown that the rate of
reducing sugar consumption in shake flask without oxygen vector was more easily depleted
compared with shake flasks that contain oxygen vectors. This can be explained that besides
the droplet of oxygen vector can increase oxygen transfer rate by increasing the apparent
solubility of oxygen in the medium (Giridhar & Srivastava, 2000; Wang, 2000), some can
also function as carbon source (Lee & Ho, 1996).

In Figure 5, results from this study depicted that the use of different type oxygen vectors can
enhance the production of kojic acid by A. flavus NSH9 fennentation. The highest production
of kojic acid was achieved by application of silicon oil in the culture with the maximum peak
of 0.256 giL and hence was selected for further studies. The second highest kojic acid
production was achieved by paraffin with the maximum peaks of 0.223 giL and following
t was 0.162 gil by n-dodecane. The use of oxygen vector promoted the increase of

aximum production of kojic acid by 1.9-2.9 fold compared to fennentation that did not
!l!mPlO'y the oxygen vector. The higher achievement of kojic acid production in oxygen vector
expected since the oxygen vector was revealed to serve as anti-foaming agent (Lai et

at.,

and increase dissolved oxygen in the medium which was an important factor in aerobic
fermentation in submerged culture (Xu et at., 2007).
14
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4.2

Effect of oxygen vector concentration on A. flavus NSH9 cultivation

The best type of oxygen vector identified in earlier stage was further tested in this study. The
effect of different concentration from 1% until 6% (v/v) of silicone oil was investigated in
terms of biomass production, reducing sugar consumption and kojic acid production. Figure
6, 7, and 8 depict the profile of biomass, reducing sugar and kojic acid over incubation time
respectively.
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The oxygen solubility in the culture medium can be affected by the concentration of oxygen
vector (Narta et ai., 2011). High concentration of oxygen vector can increase the oxygen
transfer rate and influence the production of biomass as well as production of kojic acid. In
general, as shown in Figure 6, the use of silicone oil at 4% concentration (v/v) gave a
relatively higher profile to other concentration. Meanwhile for reducing sugar consumption
rate as in Figure 7 occurred rapidly in 1% concentration (v/v) of silicon oil that gave the
lowest profile compared to other concentration. In comparison with the shake flask without
oxygen, all different concentration added in the culture gave higher profile compared to
control experiment. The lowest profile shown by fennentation that employed the lowest
concentration can be understood by the fact that the oxygen carrier compound can serve as
additional carbon source in the culture besides enhancing the availability of oxygen that in
tum increase the production of biomass in the culture (Lai et ai., 2002).
In tenns of kojic acid production, as illustrated in Figure 8, the use of 6 % of silicon oil gave
the highest kojic acid production profile with maximum production of 1.465 giL. The
utilization of different amount of oxygen concentration in the culture enhanced the maximum
production of kojic acid in fennentation by 1.9-16.7 fold compared to fennentation that did
not employ oxygen vector. The results from this work can be related with the finding from a
study by Narta et ai. (2011) that revealed the concentration of oxygen vector can be one of
the factors that lead to the increase the oxygen solubility in the submerged culture. Also,
i:silicone oil has many advantages features as oxygen vector in the culture. Based on the other
iprev· n I works, silicone oil has been observed could increase at least twice the oxygen
lJolubility compared to perfluorocarbon liquid (Chibata et ai., 1974). According to Leonhardt

fit al. (1985), the improvement of L-amino acid oxidase activity of free and immobilized cells
occurrE~

in the presence of silicone oil compound. Silicone oil as oxygen carriers were also
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