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ABSTRACT

The present study describes the optimal conditions for the production of kojic acid
crystals by Aspergillus oryzae var. effusus NRC 14 isolate. The strain was
subjected to different concentrations of glucose salts media, pH, temperature,
carbon sources, nitrogen sources, medium volume and age and size of inoculum.
The results concluded that the organism produces kojic acid with a maximum yield
(49.5 g/l) and biomass dry weight 7.1 g/l at the 12" day of growth pH 4.0 and
temperature 30°C. Glucose and ammonium nitrate in concentrations of 100 g/l and
1.125 g/l,respectively were the favorable factors for kojic acid and biomass dry
weight production (50 g/l kojic acid, 7.5 g/l biomass dry weight). On the other
hand, 50 ml of culture medium and 10° sporessml of inoculum from six days of
incubation were found to be the best volumes for kojic acid production.

I ntroduction

Kogjic acid (5-hydroxy-2-hydroxymethyl-
gamma-pyrone; KA) is a mgor secondary
metabolite produced from carbohydrates by
a varietyof microorganisms, including A.
oryzae, Aspergillus flavus, and Aspergillus
tamarii, as well as Penicillium species and
certain bacteria (Hazzaa et al., 2013; Ana
Paula et a.2011; Bentley, 2006). Kojic acid
can be produced in ample amount by using
different carbon and nitrogen sources, also
using agriculture based waste under aerobic
fermentation strategies. To date, glucose has
been described as a high kojic acid yielding
raw material. However, use of
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some mutated strains of A.flavus has shown
good yield of kojic acid by using potato,
sago and corn starch etc. (Chaudhary et al.
2014). Kojic acid has several economic uses
in various fields. In medical, kojic acid is
used as an anti-bacterial and anti-funga
agent. In chemical industries it has been
successfully used to make azo-dyes and
biodegradable  compounds. In  food
industries, kojic acid is used as anti-speck
and anti- melanosis (blacking of product)
agent for agricultural products. In addition,
kojic acid is also used as a chelating agent
and activator in insecticide production.
Recently, a new application of kojic acid is
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found in the cosmetic industry (Rosfarizan
et al. 2010).

The present investigation describes the
optimal conditions for kojic acid crystals
production by Aspergillus oryzae var.
effusus NRC 14 Isolate.

Materials and M ethods
Mold culture

In a previous work (Hazzaa et a., 2013)
Aspergillus oryzae var. effusus NRC14 was
isolated from Egyptian soil and identified by
the Regional Center for Mycology and
Biotechnology, Al-Azhar Univ., Cairo,
Egypt based on hyphal morphology and
colony characters using an image analysis
system.

Culture conditions

The strain was maintained on potato
dextrose agar (PDA) dlants at 4°C and sub-
cultured at intervals from 15-30 days.

Culture medium

Glucose sdts liquid medium (May et 4.
1931) was initially used for the production
of kojic acid. It has the following
composition (g/l); glucose, 100; NH4NOsg,
1.125; MgS0O4.7H,0, 0.5; KCI, 0.1; H3PO,,
0.063ml.

The fungal strain was inoculated (one disk
of mycelial growth, 6 days old) into 250 ml
flasks, each containing 50 ml medium. The
cultures were incubated static at 30°C+2 for
different time intervals. All cultures were
run in duplicates. The medium was
decanted, the mycelium washed severa
times with distilled water and dried in the
oven at 80°C for 24h. The supernatant was
utilized for the determination of kojic acid,
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residual glucose and final pH value.

The combined medium and washings were
maintained under refrigeration at 5°C. After
one night of storage, the precipitated crystals
were separated by filtration. The crystals
were collected, dried at 80°C for 24h and
weighed (Lin et al. 1976). For further kojic
acid extraction, the filtrate was then mixed
with ethyl acetate and kojic acid crystals
were recovered by evaporation and weighed
(Barnard and Challenger, 1949). They were
combined and purified by repeated
crystallization from a mixture of acetone and
water (Linet a. 1976).

Determination of kojic acid and glucose

Kojic acid was determined in culture
filtrates by the method of Bentley (1957).
Glucose was determined by DNS method
(Chaplin, 1986).

Results and Discussion

In a previous work, among 20 fungal
strains, Aspergillus oryzae var. effusus NRC
14 was found to be the most highly active
organism for kojic acid production when
grown on a solid glucose salts medium
(Hazzaa e d., 2013). Therefore,
experiments on the production of kojic acid
by A. oryzae var. effususNRC14 were
carried out using a liquid glucose salts
medium to follow up the course of kojic
acid production and the growth of
mycelium. The biochemical changes during
kojic acid production are presented in (Fig.
1). Kojic acid and biomass dry weight
increased as fermentation progressed tol2
days (49.5 and 7.1g/l, respectively). Initial
glucose was reduced from 100.0 g/l to
42.0%. Kojic acid and biomass dry weight
increased as fermentation progressed up to
12 days and then decreased. As expected,
the concentration of residual glucose
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decreased during fermentation, coinciding
with the increase in kojic acid and biomass
accumulation. Such behavior of kojic acid
fermentation is usually observed (May et a.
1931; Ogawa et al. 1995; Ariff et al. 1996;
Saad et al. 1996; Futamura et al. 2001; Gad,
2003 and El-Aasar, 2006).

Upon testing the influence of carbon sources
on the production of kojic acid aswell asthe
growth of mycelium, different carbon
sources were separately added to the
medium in such amount that the final
concentration (100 g/l) of carbon in the
medium remained unchanged. The resultsin
Table 1 showed that glucose was the best
carbon source for kojic acid production
followed by sucrose, fructose and starch
(49.0, 38.0, 34.0 and 26.0 g/l, respectively),
in addition to biomass dry weight yield (7.4,
6.2, 7.3 and7.5 g/l, respectively). Kojic acid
was not detected when A. oryzae var. effusus
NRC14 grown separately on cellulose,
xylose, maltose or arabinose containing
medium. The use of various carbon sources
such as starch, sucrose, fructose, glucose
and xylose for kojic acid fermentation by A.
oryzae had also been investigated by Kitada
et a. (1967) who suggested that kojic acid
was detected in the fermentation using
glucose as the carbon source, followed by
sucrose and fructose, yields ranging from
0.5-0.6 g kojic acid/ g glucose could be
obtained from fermentation by various kojic
acid producing strains. Thus, glucose is not
only used as a carbon source for biomass
built- up, but it is also used as a precursor
for kojic acid synthesis (Arnstein and
Bentley, 1956; Kitada and Fukimbara,
1971). It is well known that glucose is the
best carbon source for kojic acid production
due to the similarity of its structure to that of
kojic acid (Kitada et al. 1967; Basappa et al.
1970). Kitada et al. 1967; Megdla et a.
1986  suggested that, during the
fermentation, kojic acid is formed directly

135

from glucose without any cleavage of the
carbon chain into smaller fragments.On the
other hand, polysaccharides are a poor
source of carbon for kojic acid production
and very little when maltose was used
(Kitada et al. 1967 and Basappa et al. 1970).

The results indicated that glucose was found
to be the best carbon source for kojic acid
production, accordingly glucose was tested
in growth medium a  different
concentrations ranging from 50-150 gl/l.
Kojic acid production and biomass yields
were recorded in Fig. 2.These results show
that 10% glucose induced maximum kojic
acid production and 12.5, 15.0% glucose
induced maximum biomass dry weight yield
(78, 7.8 g/l). The osmotic pressure
apparently had an unfavorable effect since
the production of the acid dropped off
sharply, whereas, the biomass dry weight
was increased. These results agreed exactly
with the early results found by May et al.
(1931). Kwak and Rhee, 1992 reported that,
the optimum production of kojic acid was
obtained at 100 g/l (10%) glucose and 0.3
g/l total amino nitrogen.

The source of nutrient nitrogen is of prime
importance among the factors governing the
formation of kojic acid (May et 4.
1931).The effect of some inorganic nitrogen
sources containing salts (0.389 N/I) on kojic
acid production is shown in Table 2.
Ammonium nitrate followed by ammonium
di-hydrogen phosphate and ammonium
mono-hydrogen phosphate were the best
nitrogen sources for the production of kojic
acid (49.0, 27.0 and 26.0g/l, respectively),
with glucose consumption (58.0, 59.0 and
47.0g/l, respectively). On the other hand, A.
oryzea var. effusus produced 0.84, 0.46 and
0.55 g kojic /g glucose consumed. The
biomass dry weights were 7.5, 5.5 and 6.3
o/l, respectively. May et a. (1931) found
that ammonium nitrate was most
satisfactory.
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The effect of variation in its concentration is
given in Fig. 3, the results indicated that
11259 ammonium nitrate (0.389N/I)
induced maximum kojic acid production
(50g/1), while 1.688g ammonium nitrate
induced maximum biomass dry weight (9.0
g/l) with glucose consumed (81.6g/l). These
results were in agreement with the finding
of Kwak and Rhee (1992) who found that
the rate of kojic acid production and glucose
consumption by immobilized cell cultures
increased proportionally with theincrease in
the nitrogen content, but at a higher
nitrogen concentration there was no
increase in the rate of kojic acid production,
while a gradual increase in glucose
consumption was observed.

The optimal pH for kojic acid production by
A. oryzae var. effusus NRC14 appears to be
4.0 when grown on glucose as a carbon
source and ammonium nitrate as the
nitrogen source. The highest biomass dry
weight was observed at pH 6 (Fig. 4). Most
studies conducted on the effects of culture
pH towards the growth and production of
kojic acid was based on the initial culture
pH (Lin e a. 1976; Clevstrom and
Ljunggren, 1985).The maximum kojic acid
production was achieved at pH 3.08 when
ammonium nitrate was used as the nitrogen
source (Kitada et a. 1967). On the other
hand, Lin et al. (1976), showed two optimal
pH values for the production of kojic acid
(4.5 and 6.2) by A. parasiticus. Lekha and
Lomane (1997) reported that enzymes, being
proteins, contain  ionizable  groups,
consequently, the pH of the culture medium
effects their structure and function.

Temperature was found to have a decided
effect on kojic acid production and biomass
yield. Maximum kojic acid production was
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achieved at 30°C (49.0 g/l). The highest
biomass dry weight yield was appeared at 25
°C (11.0 g/) (Fig. 5). Kwak and Rhee, 1992
reported that the optimum temperature for
kojic acid production by fungi in most of the
cases was found to be 25-30°C.

The effect of medium volume (aeration) on
kojic acid production and biomass dry
weight yield was studied. Results in Fig. 6
showed that 50 ml of culture medium was
the best volume for kojic acid production
after 12 days of incubation at 30°C, while
the highest yield of biomass dry weight was
at 100 ml of culture medium. May et al.
(1931) reported that the ratio of the surface
area of the mycelium to the volume of the
solution governs, to alarge extent, the yields
obtained, especially in shorter periods of
culture. The maximum of acid were most
economically produced in 12 day cultures
when this ratio had a volume of from 0.3 to
0.5. Wel et a. (1991) reported that the
process parameters such as pH, temperature
and dissolved oxygen tension are difficult to
control in the surface culture system.

Kojic acid production and biomass dry
weight yield are governed by age and size of
inoculum. Data presented in Tables 3 and 4
showed that one disk containing 10° spores
of inoculum from six days of incubation was
the favorable factors for kojic acid
production and biomass dry weight yield.
These results agreed with the results
obtained by Futamura et a. (2001) who
reported that, using 10%ml spore solution of
a six days mutant A. oryzae MK 107-39
previously grown on PDA medium at 30°C
gave a high yield of kojic acid production
(28 g/ 100 g glucose/l).
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Table.1 Effect of different carbohydrate sources on production of kojic acid by Aspergillus
oryzae var. effusus NRC14

Different _ Biomass Koj ic Kajic Residual Consumed gkajic acid/
carg&hr)grsate Final pH dry( ;]N/?)ght z(ag)g | acid sEJgg”z;r sEJgg}Sr g sugar
yield (%) consumed
Glucose 4.44 74 49.0 49 41 59 0.83
Sucrose 3.50 6.2 38.0 38 19 81 0.47
Fructose 3.20 7.3 34.0 34 24 76 0.45
Starch 3.19 7.5 26.0 26 15 85 0.31
Lactose 3.26 0.5 3.0 3 68 32 0.094
Cellulose N.d 0.0 0.0 0.0 100 0.0 0.0
Xylose N.d 0.0 0.0 0.0 100 0.0 0.0
Maltose N.d 0.0 0.0 0.0 100 0.0 0.0
Arabinose N.d 0.0 0.0 0.0 100 0.0 0.0

Initial pH: 4,Incubation temperature: 30°C, Incubation time: 12 day, Incubation type: Static
Kojic acid yield (%), expresses kojic acid formed of initial glucose in medium.
N.d. Means not determined.

Table.2 Effect of different inorganic nitrogen sources on production of kojic acid by
Aspergillus oryzae var. effusus NRC14

Different . Kojic . Residual Consumed g kojic acid/
. . Biomass ; Kojic
nitrogen Final pH . acid . glucose glucose g glucose
dry weight acid
sour ces @) (a/) yield (%) (a/) (a/l) consumed
(Inorganic)
NH4NO; 4.60 75 49.0 49.0 42 58 0.84
NH4H,PO, 2.32 55 27.0 27.0 411 59 0.46
(NH4),HPO, 261 6.3 26.0 26.0 53 47 0.55
NaNO; 4.35 8.8 18.0 18.0 27 73 0.25
(NH,),S0O, 2.16 5.0 135 135 34 66 0.20
KNO; 4.20 7.3 12.0 12.0 38 62 0.19
(NH4)sHPO, 2.80 51 8.0 8.0 25 75 011

137




Int.J.Curr.Microbiol.App.Sci (2014) 3(10) 133-142

Table.3 Effect of different inoculum's age on production of kojic acid by
Aspergillus oryzae var. effusus NRC14

| . . Biomass Kajic KO!'C Residual Consumed g kojic acid/
noculum'sage | Final d oht d acid | | |
(days) oH ry weig aci yidd glucose glucose g glucose
o/ (g/h) (%) (g/h) (g/) consumed
3 3.46 6.0 36 36 38 62 0.58
6 4.31 7.4 49 49 43 57 0.86
9 4.20 6.1 39 39 48 52 0.75
12 3.30 5.8 34 34 49 51 0.67
15 3.20 5.2 28 28 52 48 0.58

Table.4 Effect of different inoculum's size on production of kojic acid by Aspergillus oryzae
var. effusus NRC14

. , Kajic Residual Consumed L
. Final Biomass ! L gkojic acid/
Inoculum'ssize pH dry weight acid Kojic acid glucose glucose g glucose
W (@) | vield (%) (o) g/ consured
0.25 of disk 3.66 4.0 36 36 38 62 0.58
0.50 of disk 3.71 5.3 39 39 31 69 0.57
1.00 of disk 4.6 7.5 50 50 41 59 0.85
1.5 of disk 3.3 7.0 14 44 45 55 0.80
2.0 of disk 3.2 6.2 33 33 36 64 0.51
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Fig.1 Effect of incubation time on production of kojic acid by
Aspergillus oryzae var .effusus NRC14
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Fig.3 Effect of different concentrations of ammonium nitrate on 4producti on of kojic acid
by Aspergillus oryzae var. effusus NRC14.
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Fig.6 Effect of medium volume (aeration) on production of kojic acid by
Aspergillus oryzae var. effusus NRC14
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