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OPTIMIZATION OF PRODUCTION AND EVALUATION OF MICROBIAL KOJIC
ACID OBTAINED FROM SUGARCANE MOLASSES (SCM) BY ASPERGILLUS SP.
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ABSTRACT

Kojic acid (KA) is an organic acid that is generated by various fungi, particularly by Aspergillus species, as a secondary metabo-
lite. The current study is aimed to determine the optimal conditions for the production of kojic acid from various fungal strains
grown on agro-industrial wastes. After testing six fungal strains for their suitability for kojic acid production, Aspergillus oryzae
(AUMC.64) and Aspergillus tamari (AUMC.43) were found to be the highest producers of KA. Three different agro-industrial wastes
were screened as a fermentation media and sugar cane molasses showed the highest productivity for (KA). Aspergillus oryzae
(AUMC.64), and Aspergillus tamari (AUMC.43) achieved the maximal production of kojic acid (25.91, 18.95+0.001 g. L-'respec-
tively) from sugarcane molasses (SCM) under optimum conditions of growth (10% solution of sugarcane molasses, pH 4.0 and
fermentation period of 10 days). Also, the antimicrobial activities of KA produced by A. oryzae AUMC64 and A. tamari AUMC43
against the selected test strains of microorganisms Staphylococcus aureus, Bacillus cereus, Escherichia coli, Salmonella typhimurium
were recorded. The maximum growth inhibition zone (20-13.2 mm) was observed on the cultures of Escherichia coli. Meanwhile
the antioxidant activities of KA produced by A. oryzae AUMC64 and A. tamari AUMC43 was 79.1 and 62.42%, respectively.
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OIITUMN3ALINUYA ITPOUN3BOACTBA U OIIEHKA MUKPOBHOI KOMEBOM
KUCJIOTBHI, ITOJIVUAEMOM U3 MATOKM CAXAPHOTI'O TPOCTHHUKA (IICT)
IIPU IITOMOII N TPUBKOBOW KVYJIBTYPHI ASPERGILLUS SP.
Moxamep 1. E., Anuan A. M., Moxamepn, P. M.

Ka(be;[pa HAayKM O NIUTAHUMU, CeIbCKOXO03S1/ICTBEHHbII (l)aKyJ'I])TET, KaI/IpCKI/Iﬁ YHUBEPCUTET, Fmsa, Eruner

K/IIOYEBBIE C/IOBA: AHHOTALI A
Kotiesas Kucnoma, KoiteBass kmciora (KK) mpencrasisier co60if OpraHMUYecKyl0 KMUCJIOTY, BbIpaGaThIBAEMYIO Ppas3JIMUYHbIMM TrpubKamu,
azponpomblul/ieHHble B 4aCTHOCTH, Bunamu Aspergillus, B kauecTBe BTOPUYHOTrO MeTabonuTa. Llenbio HaCTOSIIEro 1CCIeN0BaHus SIBISIETCS OIpe-

omxodbl, [leJIeHMe OTITUMAaJIbHbBIX YCIIOBUIA ITOTyU€HMST KOMEeBOIi KMCIOTHI 13 Pa3IMYHBIX LITAMMOB I'PMOKOB, BBIPAIIEHHBIX Ha OTXOZAX
(epmenmayus, arporpoMBIIIJIEHHOTO KOMIUIeKca. Ilocie TecTupoBaHMs IIECTU IITAMMOB I'PMOKOB Ha TpeIMeT UX MPUTOLHOCTU ISt
namoka, MPOM3BOJCTBA KOII€BO KUCJIOThI 661710 06HAPYKEHO, uTo Aspergillus oryzae (AUMC.64) u Aspergillus tamari (AUMC.43) siBisi-
Aspergillus sp., IOTCST caMbIMM BbICOKMMM mipomytieHTamu KK. B kauecTBe cpebl 151 hepMeHTanyy GbUTM UCIIBITAHbI TPU BUAA Pa3IUUHbBIX
aHmuoxkcuoaum, arporpoOMBIIIUIEHHBIX OTXOJOB, M3 HUX I1aTOKa CaxapHOTO TPOCTHMKA ITOKa3aja CaMyl0 BBICOKYIO MPOAYKTMBHOCTb ITO

anmubaxkmepuansHuiii  ipousBozncTBy KK. Bbuin mosmyueHsl KyabTypsl Aspergillus oryzae (AUMC.64) u Aspergillus tamari (AUMC.43), o6ecrieuuBIime
MaKCHMaJIbHbI 06beM MPOU3BOACTBA KOIeBoit KucioThl (25,91, 18,95+0,001 1/ COOTBETCTBEHHO) M3 ATOKM CaxapHOTO
TpocTHMKA ([ICT) B ONTMMAaAbHBIX YUIOBUSIX KyAbTUBUpOBaHMs (10% pacTBOP MaTOKM CaXapHOTO TPOCTHMKA), pH maToku
4,0, nepuop depmentanyu — 10 nHeit). Takke 6bula 3aMKCUPOBAHA aHTUMUKPOOHAs akKTMBHOCTh KK, mpomyIpyemMbix
A. oryzae AUMC64 n A. tamari AUMC43, B OTHOILIEHUY BBIGPAHHBIX TECT-IITAMMOB MUKPOOPTraHU3MOB Staphylococcus aureus,
Bacillus cereus, Escherichia coli, Salmonella typhimurium. MakcumabHasi 30Ha rofaByienus pocra (20-13,2 Mm) Habm0ga1aCh

Ha Ky/nbTypax Escherichia coli. Tlpu 3ToM aHTHOKCHIaHTHas akTuBHOCTH KK, mpomyumpyemoro rpubkamu A. oryzae AUMC64

u A. tamari AUMC43, coctaBuna 79,1 u 62,42% cOOTBETCTBEHHO.

1. Introduction

Sugars, fibers, proteins, and minerals are the main ingredients of the
goods of agricultural or animal origin that are produced by industrial pro-
cessing. These agro-industrial wastes are mostly composed of lignocel-
lulosic components, which include cellulose, hemicelluloses, and lignin
[1]. Low-cost agro-industrial sources such as whey, sugarcane bagasse,
maize steep liquor, wheat bran, soy bean meal, and others have been used
in place of synthetic nitrogen and carbohydrate sources [2]. To make such
wastes more palatable to microorganisms, they can undergo a range of
physical, chemical, and enzymatic processing [3].

Organic acids can be manufactured industrially with the use of fer-
mentative processes and variety of microorganisms. It is known that
some Aspergillus fungi produce high concentrations of several organic ac-
ids, including citric acid, gluconic acid, and so on. However, some organic
acids such as lactic acid, gibberellic acid, malic acid, and kojic acid are
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formed in trace amounts [4]. These acids are very advantageous for scien-
tific, medical, and economic applications. In 1907, Saito used steamed rice
to produce Aspergillus oryzae and isolated the kojic acid from the mycelial
mat. Eventually, the rice was referred to as Koji, and the phrase Kojic acid
was first used in 1913 by a scientist by the name of Yabuta [5].

Numerous research had proposed using agro-industrial wastes or by-
products for the fungal production of beneficial products, the waste or
byproducts included cheese whey, sugar cane molasses, fruits, vegetables,
and maize steep liquor [3,6].

Kojic acid (5-hydroxy-2-hydroxymethylgamma-pyrone, or KA) is a sig-
nificant secondary metabolite that can be generated from carbohydrates
using a variety of carbon and nitrogen sources [7]. Using agricultural wastes
and aerobic fermentation techniques, this task can be accomplished. Kojic
acid is produced by Aspergillus species that are predominantly found in
the section of flavi, namely Aspergillus flavus, Aspergillus oryzae, Aspergillus
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oryzae var effusus, Aspergillus tamari, and Aspergillus parasiticus, in addition
to Penicillium sp. and certain bacteria [3]. Kojic acid, which has a melting
point within the range of 151-154°C, crystallizes as colorless prismatic
needles in water when cooled by centrifugation [8].

According to Rasmey and Abdel-Kareem [9], it is more soluble in water,
ethanol, and ethyl acetate and less soluble in ether and chloroform. Kojic
acid has a wide range of applications in chemistry, medicine, food and
cosmetics, even though it has been on the market for 40 years, research
on the microbial production and application of kojic acid is still ongoing.
It also has antibacterial, anticoagulant and chelating properties [10]. The
main objectives of this work were to identify the Aspergillus species that
can manufacture kojic acid (KA) using glucose and agro-industrial waste
media, as well as to optimize the conditions of kojic acid synthesis.

2. Materials and methods
2.1. Materials

2.1.1. Microorganisms and chemicals

Aspergillus oryzae (AUMC.64), Aspergillus tamari (AUMC.43), Asper-
gillus niger (AUMC.42), Aspergillus fumigatus (AUMC.13602), Aspergillus
nidulans (AUMC .13902), and Aspergillus japonicas (AUMC.14380) used
in this work were obtained from Assiut University Moubasher Mycologi-
cal Centre (AUMMC, Assiut, Egypt). Organisms were cultivated on potato
dextrose agar slants (PDA) and kept at 4 °C.

The mold was inoculated on malt extract agar slants and incubated for
five days at 30°C in order to create spores. After incubation, the spores
were taken out and re-injected into 50 ml of saline solution containing
0.1% of tween 80. The spores (5 x 10® spores per ml!) were counted under
a microscope, stored at 4 °C, and utilized as a stock inoculum. The chemi-
cals were obtained from Sigma Chemical Company (St. Louis, Mo. USA).

2.1.2. Screening medium and culture conditions

The medium for kojic acid production consists of: (gl!) glucose, 100;
yeast extract, 5; KH,PO,, 1.5; and MgSO,, 0.5 combined at pH 4. 50 ml of
the synthetic medium was added to 250 ml Erlenmeyer flasks, which were
used to grow the experimental cultures. After being sterilized for 15 min-
utes at 121 °C, one milliliter of inoculum spore suspension (5 x 10® spores
per ml!') was added to the flasks after cooling. Then the cultures were
incubated for ten days at 28+2°C.

2.1.3. Agro-industrial wastes

Various samples of agro-industrial wastes sugarcane molasses (SCM)
were purchased from Sugars and Integrated Industries Egyptian Distilla-
tion Plants in Hawamdeia city, Giza, Egypt. Unsalted cheese whey as a by-
product precipitated from milk during the production of cheese samples
was kindly provided by the Dairy Department, Faculty of Agricultural-
Cairo University. Also, the potato washing water resulting from the man-
ufacture of chips was used in the fermentation process.

2.2. Methods

2.2.1. Screening of Aspergillus sp. for kojic acid production

The ability of the following fungal strains to produce kojic acid from
glucose as the only carbon source in a liquid synthetic medium under
aerobic conditions was tested: Aspergillus oryzae (AUMC.64), Aspergil-
lus tamari (AUMC.43), Aspergillus niger (AUMC.42), Aspergillus fumigatus
(AUMC.13602), Aspergillus nidulans (AUMC.13902), and Aspergillus ja-
ponicas (AUMC.14380) were tested. Since glucose is the most basic sugar,
it was utilized to screen for Aspergillus species that produce kojic acid [8].

2.2.2. Treatment of sugarcane molasses

Molasses from sugarcane was kept at 4°C. To create treated molas-
ses, the molasses was diluted 1:1 with distilled water, and concentrated
sulfuric acid was added to bring the diluted molasses’ pH to 4. After being
heated to approximately 80°C in a water bath for 1.5 hours, the molas-
ses was centrifuged for 10 minutes at 4,000 rpm to precipitate the sludge
while cooling. After filtering the treated molasses, the supernatant was
moved to the fermentation flasks [11].

2.2.3. Screening of agro-industrial wastes for kojic acid production
Processed sugar cane molasses, whey, and potato water were used as fer-
mentation media to produce kojic acid without adding any growth supple-
ments. The previous media were sterilized at 121 °C for 15 minutes, followed
by inoculation with tested Aspergillus strains and incubation at 28+2 °C for
10 days. The ability of each experiment to yield kojic acid was evaluated [12].

2.2.4. Chemical composition of agro-industrial wastes
The chemical composition of agro-industrial wastes (sugarcane
molasses, unsalted cheese whey, and potato water) were evaluated. Total
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carbohydrates were determined by the phenol sulfuric acid method [13].
Reducing the content of sugar was determined by DNSA method Utekar
et al. [14]. Protein was also estimated using the Bradford method [15].

2.2.5. Determination of kojic acid content

According to Bentley, the amount of formed kojic acid in the super-
natant culture was measured using a colorimetric technique with ferric
chloride (FeCl,) reagent. To prepare the reagent, one gram of FeCl,.6H,0
was dissolved in 100 milliliters of 0.1 N HCI. The functional groups of
the hydroxyl and pyrone rings in the samples react with the reagent to
produce a deep red color. A spectrophotometer was used to measure the
mixture’s absorbance at 500 nm. The kojic acid standard curve was used
to calculate the kojic acid equivalent [9].

2.2.6. Fast detection of kojic acid

Screening the kojic acid producer was done fast (qualitatively), and
the fungal-grown PDA plates were covered with a ferric chloride solution.
The appearance of a deep red color during this procedure indicates the
presence of kojic acid produced by the strain [10].

2.2.7. Fourier-transform infrared spectroscopy (FTIR)

For the further detection of the presence of kojic acid in extracted
crystals, a Fourier-transform infrared spectroscope (FTIR) was used. The
samples were analyzed on a Nicolet 380 FTIR using the KBr disk tech-
nique. Resolution was 4, and 16 scans were accumulated for each spec-
trum in a range of 500~4000 cm!, IR was used as a source and the detector
is DTGS KBr. NICOLET 380 FT-IR, Thermo Scientific, made in China [16].

2.2.8. High performance liquid chromatography (HPLC)

To determine the KA content HPLC, Smart line, Knauer, Germany, was
used, as well as a Kinetex XB-C18 Column (150 mm x4.6 mm (Phenomenex®,
USA)), operated at 40 °C. The injected volume was 20 ul in mobile phase of
0.1% acetic acid aqueous solution. Methanol 90:10 (v/v) Detection: VWD
detector set at 270 nm was used. VWD: Variable Wavelength Detector [17].

2.2.9. Determination of dry weight

After the fermentation period ended, the biomass was recovered by
filtering it through Whatman filter paper (No. 113), washed three times
with distilled water, and dried for an entire night at 70 °C to determine its
dry mass (DM) [18].

2.2.10. Optimization production conditions of kojic acid

from sugarcane molasses

The study examined the effects of varying cultivating conditions on
the biosynthesis of kojic acid, such as molasses concentration, initial pH
value, and incubation period. Kojic acid was assayed to determine the im-
pact of varying of the initial pH values (3.0, 4.0, 5.0, 6.0, and 7), varying
molasses concentrations (3 to 10% with a 1% interval) and varying fer-
mentation times (7 to 21 days) at the conclusion of each parameter [9].

2.2.11. Kojic acid extraction and crystallization

The process of extracting Kojic acid crystal involved filtering off the
culture media using Wattman filter paper No. 1. The remaining solution
was treated with ethyl acetate and refrigerated for 24 hours at 5 °C, caus-
ing the KA crystals to precipitate. The crystal was processed and dried at
80°C for an hour the following day [10].

2.2.12. Determination of kojic acid antibacterial activity

Kojic acid’s antimicrobial activity was assessed using the well diffusion
assay. Every 24 hour test strains of microorganisms with 1.0 x 107 CFU ml!
was spread plated in 0.1 ml volume on the plate count agar, PCA medium
(Oxoid, England). Subsequently, 50 ul of Kojic acid was added to each well.
The plates were then incubated for 24 hour at 37 °C, and the inhibition of
test strains of microorganisms was measured as the inhibition zone in
millimeters [19].

2.2.13. Determination of kojic acid antioxidant activity

The degree of KA antioxidant activity is its capacity to sca-
venge 1.1-diphenyl-2-picrylhydrazyl (DPPH). Radical scavenging
(%)=[(A0 - A1/A0)x 100] is the formula used by [20,21,22] to determine
the percentage of radical scavenging activity. The absorbance of the sam-
ple extracts is A1, and the absorbance in the control sample is A0 [23].

2.2.14. Statistical analysis

The XLSTAT software version 2014, 5.03 (Addinsoft, New York, NY, USA)
was used to analyze the experimental results using analysis of variance
(ANOVA) in three repeats. The results were expressed as the mean+standard
error of the mean. When calculating the significance of mean differences be-
tween samples, a p-value of less than 0.05 was deemed as significant.
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3. Results and discussion
3.1. Screening of Aspergillus sp. for kojic acid production

The ability of the Aspergillus species A. oryzae, A. tamari, A. niger,
A. fumigatus, A. nidulans, and A. japonicas, to produce kojic acid was
tested, and the results are recorded in the Table 1. The obtained re-
sults demonstrate that after ten days of cultivation, the various strains’
abilities to produce kojic acid varied. The highest kojic acid production
was recorded for A. oryzae AUMC64 (12.599 g. L) followed by A. tamari
AUMC43 (7.003 g. L), A. nidulans AUMC13902 (1.527 g. L'Y), A. fumiga-
tus AUMC13602 (0.694 g. L'), and A. japonicas AUMC14380 (0.276 g. L),
while the lowest value was for niger AUMC42 (0.115 g. L'!). Therefore,
A. oryzae AUMC64 and A. tamari AUMC43 were chosen for additional
testing (Table 1). The results show a high correlation (r=0.97) between
the two approaches when it comes to the relation between the qualita-
tive and quantitative methods. These results are consistent with those
of [9,11,24]. These variations in the biomass and kojic acid production
can be attributed to species differences or culture conditions. Aspergillus
oryzae was a great starting strain for the safe synthesis of kojic acid be-
cause it has been proven in several studies to have low pathogenicity and
to not produce aflatoxins or any other carcinogenic metabolites. Asper-
gillus species can produce the amylase enzyme, which hydrolyses starch
into simple sugars that can then be converted into kojic acid, according
to research by [25]. The type of fermentable sugars present in the culture
medium determines the amount of kojic acid being produced (g. L).

3.2. Chemical composition of agro-industrial waste

The chemical composition of agro-industrial wastes (sugarcane mo-
lasses, unsalted cheese whey, and potato water) was evaluated. Total con-
tent of carbohydrates was determined, and the results were as follows:
56.01, 12, and 20% for molasses, whey, and potato water, respectively.
Meanwhile, reduction sugar was found to be 24.90, 4, and 0.2% for molas-
ses, whey, and potato water, respectively. Protein content was also esti-
mated, and the results were as follows: 5, 2, and 0% for molasses, whey,
and potato water, respectively.

3.3. Screening of the agro-industrial waste for kojic acid production
Various samples of agro-industrial wastes (cheese whey, potato water,
and sugarcane molasses) were tested as a carbon source for the growth of
A. oryzae, and A. tamari and as a natural medium for kojic acid produc-
tion. The results are shown in the Table 2. The results indicated that the
highest productivity of kojic acid was obtained from SCM (14.28 g. L),
followed by cheese whey and potato water (5.34 g. L' and 0.55 g. L},

Table 1. Selection and screening of various Aspergillus sp.
for kojic acid production
Ta6bnuua 1. OT60p ¥ aHaIM3 pasaNIHbIX BUAOB Aspergillus sp.,
VICIIOJIb3YEeMBIX JJIsI IIPOU3BOACTBA KOVieBOW KMUC/IOThI

Strains Kojic ac(lg. gljlc;ductlon Re((rin i(:)ne
Aspergillus nidulans AUMC13902 1.527¢ £0.03 3.47¢+0.06
Aspergillus oryzae AUMC64 12.599:+0.06 4.972+0.05
Aspergillus fumigatus AUMC13602 0.694¢+0.02 2.134£0.05
Aspergillus japonicas AUMC14380 0.276¢+0.04 2.019+0.09
Aspergillus niger AUMC42 0.115£0.07 1.03¢£0.01
Aspergillus tamari AUMC43 7.003°+0.04 4.07°£0.06

The experimental values (means and SD for n=3) with small letter are signifi-
cantly different (P < 0.05).

Table 2. Screening of the agro-industrial waste for kojic acid
production (g. L!) by A. oryzae and A. tamari
T86J'H/ILL£1 2. Ananus arpornpoMbINIIEHHBIX OTX040B, YCIIOJIb3yeMbIX IJIs1
NPOM3BOACTBA KOVieBoii KMcIoThI (8. L) mpu nomoiu A. oryzae ut A. tamari

Aspergillus oryzae Aspergillus tamari
AUMC64 AUMC43
Agro-industrial Koii d Koii d
waste ojic aci . ojic aci .
production Dr{ gwIt::_1§ht production Dr{ gwf_ll%ht
&L : &- LY :
Synthetic media ~ 12.59°+0.01 41.9°+#0.07 7.01°#0.06 38.3°+0.31
Potato water 0.55¢+0.03  7.99+0.49  0.66'+0.04  5.71+£0.42
Cheese whey 5.34°+0.02 24.9°£0.34 4.93°+0.03  25.0°+0.40
Sugarcane molasses 14.282+0.04 52.7°%£0.36 9.61°£0.06  50.32%£0.86

The experimental values (means and SD for n=3) with small letter are signifi-
cantly different (P < 0.05).
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respectively). These results were in harmony with those previously ob-
tained by [3,11]. Egyptian SCM has detectable levels of several vitamins,
including riboflavin and thiamin, and roughly 52% total sugar (glucose,
sucrose, and fructose), as well as 0.46% total nitrogen. These substances
may encourage the synthesis of kojic acid in each type of molasses [12].

3.4. Optimization of kojic acid production in SCM media
by A. oryzae, and A. tamari

3.4.1. Effect of duration of fermentation period on kojic acid production
The effects of the duration of fermentation period on the production
of kojic acid from SCM by A. oryzae, and A. tamari were investigated. The
data presented in the Table 3 indicate that the production of kojic acid
increased gradually along with the duration of the incubation period,
reaching its maximum value (25.9 g. L) at 10 days before declining.
These outcomes corroborated those previously attained by [12,26]. Ac-
cording to Rasmey et al. [11], the mycelium’s breakdown of kojic acid in-
to oxalic and acetic acid when glucose levels are low may be the cause of
the decrease in kojic acid that occurs with longer period of incubation.

3.4.2. Effect of SCM concentrations on kojic acid production

The Table 4 presents the results of a test conducted to determine the
effect of SCM concentrations in the medium on the production of kojic acid
by A. oryzae and A. tamari. The outcome demonstrated that the production
of kojic acid increased as molasses sugar concentrations rose, peaking at
10% sugar content and being produced by A. oryzae, and A. tamari (25.9-
18.9 g. L'!). The production of the acid decreased as the concentration of
sugar molasses (15-20-25%) was increased further. Fermentation rates
decreased as a result of both decreased water activity and the beginning of
plasmolysis. Elevating the initial concentration of sugar led to a notewor-
thy rise in residual sugar content, potentially resulting from the microor-
ganisms’ incapacity to metabolize elevated sugar levels. It was found that
the osmotic pressure had a negative impact because the acid production
abruptly stopped. These outcomes concurred with the preliminary findings
of [11]. Once the fungal growth reached the stationary phase, the synthesis
of kojic acid ceased when the certain concentration of medium’s glucose
was reached. According to studies by [25,26], the synthesis of kojic acid was
impacted by an excessive concentration of carbon sources.

3.4.3. Effect of pH on production of kojic acid

The Table 5 presents the results of a study conducted to examine the
effect of the initial pH value in the molasses fermentation medium on
the production of kojic acid from SCM by A. oryzae, and A. tamari The

Table 3. Effect of various fermentation periods on yield of kojic
acid being produced from SCM by A. oryzae, and A. tamari
Tabnuua 3. BausHue pa3andHbIX nepuoaos depmeHTanuy Ha 06beM
KO¥ieBoJi KuciaoTel, momyuaemoii 3 IICT npu nomouu A. oryzae v A. tamari

Aspergillus oryzae AUMC64  Aspergillus tamari AUMC43

Days  ofuetion  Dryweight U Con Dy weight
(g. L_l) (g' L ) (g' Lfl) (g' L )

3 10.224£0.06 8.7¢£0.06 8.194+0.07 2.7¢£0.06
7 21.73°£0.09 22.47£0.01 15.37°£0.09 8.3f+£0.12
10 25.912£0.06 26.3°£0.06 18.04°+0.08 15.3¢+0.12
13 20.02¢£0.09 22.7£0.12 13.90¢+0.09 21.09+0.10
15 15.71¢£0.07 27.7°+0.06 10.70¢+0.06 25.7¢£0.06
18 13.20°+0.08 32.7°%£0.06 9.927+£0.05 36.3°£0.06
21 10.908+0.01 35.72%£0.06 7.048+0.08 42.32+0.06

The experimental values (means and SD for n=3) with small letter are signifi-
cantly different (P < 0.05).

Table 4. Effect of various concentrations of sugarcane molasses on
the yield of kojic acid being produced by A. oryzae and A. tamari

Tabnuiia 4. BausiHue pasiMyHbIX KOHIIEHTPALMIA TATOKM CAaXapHOI0 TPOCTHUKA
Ha 00'beM KO¥ieBOJi KMCJIOTBI, ITI0JTy4aeMo¥i IIpy oMo1nu A. oryzae vi A. tamari

Aspergillus oryzae Aspergillus tamari
SCM AUMC64 AUMCA43

concentration%  Kojic acid . Kojic acid .

V/V) production Dry Wf_llght production Dry wf_l]ght
(g. L*l) (g' ) (g. L'l) (g‘ )

5% 16.70¢£0.01 14.2¢+0.1 10.90¢+0.01  12.7¢+0.38
10% 25.90°+0.05 26.3¢£0.12 18.91*#0.07 23.7¢+0.21
15% 23.13*+0.05 32.3°£0.16 17.92°+0.04 31.3+0.35
20% 17.59+0.06  45.3°£0.25 12.58*0.05 44.0°+0.26
25% 10.19°+0.05 52.7°+0.12  8.03°*0.07  53.7°%0.31

The experimental values (means and SD for n=3) with small letter are signifi-
cantly different (P < 0.05).
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tested strains produced kojic acid at the best level at a pH of 4.0. Beyond
pH 4.0, kojic acid production started to decline. Based on the initial pH of
culture, the majority of research on how culture pH affects kojic acid pro-
duction and growth was done. A. oryzae, and A. tamari are two examples
of fungi that can produce kojic acid within the pH range of 3 to 7. High pH
had a major impact on the metabolism of fungi. The fungus’s metabolism
shifted to other pathways rather than producing kojic acid. Thus, a high
pH further decreased the yield of kojic acid [27]. At pH 4.0, A. oryzae and
A. tamari demonstrated the highest yield of crystals of kojic acid. The
growth of the fungus and the yield of kojic acid decreased as the pH of
the culture medium increased [10]. According to [9], the structure and
function of enzymes were influenced by the pH of the culture medium
because the enzymes are proteins with ionizable groups. Determining the
perfect pH is crucial because it has a significant impact on the best way to
produce the enzymes needed to obtain kojic acid.

3.5. Production of kojic acid in optimal conditions

According to this study, 10% concentration of SCM provided the best con-
ditions for the fermentation of A. oryzae AUMC64 and A. tamari AUMCA43,
which produce kojic acid. In perfect environmental conditions, the pH and
incubation period were 4.0 and 10 days, respectively. These outcomes are
exactly the same as those noted by multiple researchers [9,10,12,27].

3.6. Extraction and characterization of produced kojic acid

The process of extracting kojic acid crystals involved filtering culture
media using Wattman filter paper No. 1. As previously mentioned, the left
mycelial mass was also weighted according to the procedures to determine
wet and dry weight. After being treated with ethyl acetate, the remaining
solution was kept in a refrigerator at 5°C for a full day. The following day,
crystals of KA were visible at the beaker’s bottom. To o btain such crystals,
filtration was done, and they were then oven dried for one hour at 80°C [10].
220
200
180
160
140
120
100

80

Yo L 1AISINILANUE

60

40

20

0

-20

3451.66

40

-60

ety L — L
4000 3500 3000 2500

110+

Y% | ransmittance

~
«©
b
10 <
&

204

2304

40
ettt e  — U
4000 3500 3000 2500

Table 5. Effect of various initial pH values on production of kojic
acid from SCM by A. Oryzae and A. tamari
Tabnuua 5. BausiHue pasIMYHbIX HAYaIbHbIX 3HaueHuit pH Ha 06beMm
Ko¥ieBoJi KMcI0ThI, nonyuaemoisi u3 IICT npu nomouu A. oryzae u A. tamari

Aspergillus oryzae AUMC64  Aspergillus tamari AUMC43

R by KIS by el
(g. LY 8. LY (g. LY (g-LY

3 19.65¢+0.05 15.7°+£0.04 14.30¢+0.04 16.0+0.30

4 25.912+0.05 26.82+0.25 18.952£0.09 23.72+0.50

5 21.65°+0.06 15.6°+0.05 15.91°+0.08 17.3°£0.15

6 18.12¢+0.07 11.5¢+0.31 11.214+0.01 13.3¢+0.15

7 15.04¢+0.05 7.99+0.26 8.31¢£0.06 8.34+0.06

The experimental values (means and SD for n=3) with small letter are signifi-
cantly different (P < 0.05).

3.6.1. Infrared spectroscopy via Fourier-transform infrared
spectroscopy (FTIR)

The sample of kojic acid’s FTIR spectrum displays peak wave number
values peculiar for the functional groups that are comparable to those of
regular kojic acid (Figure 1). Functional groups 3270.8 cm!, 3179.43 cm'!
(OH), 2925.17 cm™!, 2854.05 cm! (aliphatic-CH), 1660.59 cm™! (cyclic-C=0),
1611.11 cm™ (C=C), 1472.61 cm (deformation of-CH2), 1074.04 cm
(cyclic C-0-C), 943.58 cm™, 863.66 cm!, and 775.65 cm™ (1, 4 o -disubstitut-
ed ring) are among the functional groups where the bands are present [17].

3.6.2. High performance liquid chromatography (HPLC)

The compound with the same retention time as the standard kojic acid
was found among the best HPLC results for A. oryzae (Figure 2). All the
experimental analysis (HPLC and FTIR) indicated that kojic acid was pro-
duced by both fungus [10].
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Figure 1. Peak wave number values of FTIR for standard kojic acid
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Figure 2. HPLC of kojic acid obtained from A. oryzae (A) and A. tamari (B)

Pucynok 2. B3JKX KoiieBo¥i KMCIOTbI, ITOTyYaeM

3.6.3. Antibacterial activity of kojic acid

The antimicrobial activities of KA produced by A. oryzae AUMC64 and
A. tamari AUMCA43 against the selected test strains of microorganisms
(Staphylococcus aureus, Bacillus cereus, Escherichia coli, and Salmonella
typhimurium) was investigated. Our results are presented in the Table 6.
The maximum zone of inhibition (20-13.2 mm) was observed with the
cultures, Escherichia coli and Salmonella typhimurium, followed by Staphy-
lococcus aureus and Bacillus cereus (9.6-8.3 mm) for KA produced by
A. oryzae AUMC64. Such a result indicates that these organisms were
highly sensitive to antimicrobial compounds and kojic acid. These results
agreed with those previously obtained by [5,19].

Table 6. Antibacterial activities of kojic acid produced by A. oryzae
and A. tamari
Tabmuiia 6. AHTUGAKTepUA/IbHAsA AKTMBHOCTD KOMEBOI KUCIOTHI,
nosxyJyaeMosi pyu nomoiny A.oryzae i A. tamari

Kojic acid concentration Inhibition zone

Test strains (mg/ml) (mm)
of microorganisms A. oryzae A. tamari
0.5 1 2 0.5 1 2
S. aureus 2.5 6.6 9.6 1.6 4.5 7.1
B. cereus 1.8 6.1 8.3 1.1 3.8 6.4
E. coli 4.2 8.4 20 2.5 5.7 13.2
Sal. typhimurium 3.2 7.3 11.1 1.9 5.1 7.6

3.6.4. Antioxidant activity of kojic acid

The antioxidant activity of KA produced by two fungal strains was
tested by their scavenging effect on DPPH radicals under cultural condi-
tions, and the results are recorded in the Figure 3. The results indicated
that the antioxidant activity of KA extract produced by A. oryzae AUMC64
and A. tamari AUMC43 was 79.1 and 62.42%, respectively. These results
indicate that the antioxidant percentage is correlated with amounts of KA

75
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in the culture medium. KA is a good chelator of transitional metal ions
and a good scavenger of the free radical DPPH. Moreover, KA has poten-
tial activity in depigmentation processes through chelating the copper
ion present in the active site of tyrosinase, which mediates the formation
of melanin from the amino acid tyrosine [28]. The potential antioxidant
activity of KA approves the benefits of its application in the food industry,
where it has been used in the post-harvest process as an anti-speck and
an anti-browning agent for the agricultural products [29].
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The experimental values (means for n=3) with small letter are significantly
different (P < 0.05).
Figure 3. Antioxidant activity of kojic acid produced
by A. oryzae and A. tamari
PucyHOK 3. AHTMOKCUAHTHAsI aKTUBHOCTb KOJ€BOJ KMCIOThI,
HoJTyyaeMovi npy nomouu A.oryzae i A.tamari

4. Conclusion

During the study of the possibility of utilizing some agro-industrial
wastes to produce microbial kojic acid using both A. oryzae and A. tamari,
the results demonstrated the possibility of using SCM as a fermentation
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medium and obtaining high level of kojic acid production compared to
the synthetic medium. Fermentation conditions were also controlled to
maximize the productivity. Some properties of kojic acid were studied,
such as its effect as an antioxidant and antibacterial substance, and the

results positively proved its ability to do this. In the future, we can con-
tinue to study the possibility of using waste for fermentation producing
biological compounds and running works to reduce the pollution result-
ing from these wastes on the path to sustainable development.
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