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ABSTRACT: Kojic acid (KA) is globally relevant in the cosmetic, medical, and food
industries, production optimization to mitigate cost, maximize profit and manage waste through
eco-friendly and sustainable alternatives is imperative. This research sought to investigate the
suitability of resident moulds grown on guinea corn sheaf (GCS) as sole carbon source for KA
production. Resident moulds were isolated, identified and screened for KA production through
standard methods. Promising moulds were adopted for kojic acid production in SSF for 9 days
and assay was done daily using commercial kojic acid as standard. Response surface
methodology was utilized to optimize some fermentation process variables. The functional
groups in extracted KA were determined with FTIR. Aspergillus niger, Rhizopus stolonifer, and
Penicillium digitatum were identified and confirmed with the accession number PP330720 and
PP461997 for A. niger and P. digitatum, respectively. Fermentation for 9 days, substrate
concentration of 30 g/l, inoculum size of approximately 2.1 x 10° spores/ml, moisture content of
30 ml, mineral supplement of 6 g/l, pH of 6.82 and temperature of 27.5 °C were identified as the
best conditions for maximum kojic acid yield. A. niger and P. digitatum were used for
fermentation. Kojic acid concentration was similar by the two isolates (1.85+0.07 — 6.80) until
day 7 when Penicillium digitatum demonstrated higher kojic acid concentrations (7.28 mg/ml).
Alkyl, hydroxyl and carboxylic acid groups were found in the KA produced. The research
suggests the suitability of GCS as substrate for KA production and the isolated moulds as
potential organisms.
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During centuries ago, it was found that divergent types of
natural sources like animals, microorganisms, insects and
some plants were capable of producing numerous active
metabolites. Out of these sources, the microorganisms
producing metabolites, occupy promptly the utmost industrial
applications because they obtain energy from organic
compounds through chemical reactions
(chemoorganotrophic), possess a maximum growth rate
within a short period of life cycle and produces high amounts
of biomass in short time. Hence, generation of fungal
metabolites industrially claims minor complex operational
control process [1].

Kojic acid, a significant secondary metabolite, can be
derived from carbohydrates utilizing various carbon and
nitrogen sources, as well as agriculture wastes through
aerobic fermentation techniques. The initial isolation of Kojic
acid was accomplished by Satio [2] from the mycelium of
Aspergillus oryzae on steamed rice. These isolated natural

products; one of such compound, kojic acid covers a wide
range of applications in various fields like food,
pharmaceutical, cosmetics, medical, chemical industries etc.
Glucose, sucrose, acetate, ethanol, arabinose, and xylose
have served as carbon sources in the production of kojic acid.
Among these, glucose stands out as the most effective carbon
source for kojic acid synthesis, attributed to its structural
resemblance to kojic acid. It has been proposed that, in the
fermentation process, kojic acid is synthesized directly from
glucose without any breakdown of the carbon chain into
smaller components. Numerous studies have suggested the
use of agricultural and industrial residues for fungal
production of valuable substances. Examples include cheese
whey, sugar cane molasses, fruits, vegetables, corn steep
liquor, rice husk, and guinea corn sheaf (GCS), etc. [3].
Guinea corn (Sorghum bicolor) belongs to the genus
Sorghum, tribe Andropogoneae, of the Poaceae family. The
species S. bicolor includes all cultivated sorghums as well as
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a group of semi wild and wild plants regarded as weeds.
Sorghum bicolor (sweet sorghum) is a high yielding species
and it is considered as an energy crop that is able to survive
in water limited environments.

The harvesting of guinea corn generates a considerable
amount of waste, presenting a significant challenge in terms
of effective waste management strategies. GCS is an
agricultural waste from milling of Guinea corn (Sorghum
bicolor). FAO [4] reported that about 3.0 million tons of
GCS is generated annually which has potential to increase as
the economy is diversified to agriculture. Conventionally,
GCS has been disposed of through incineration, landfills, or
opens burning. However, these methods have been associated
with several environmental concerns. Incineration releases
greenhouse gases and air pollutants, contributing to climate
change and air pollution. Open burning not only produces
harmful emissions but also leads to the loss of organic matter
and valuable nutrients that could otherwise be utilized
beneficially [5].

In recent years, there has been a growing recognition of
the need to develop sustainable waste management practices
within the agricultural industry. Researchers and industry
stakeholders have explored alternative approaches to
agricultural waste management, aiming to minimize
environmental impacts and promote resource efficiency. One
such approach is the utilization of GCS as a substrate for the
production of value-added products through various
biotechnological processes [6].

MATERIALS AND METHODS

Sample collection and preparation

GCS was collected from local farmers and it was
transported to the laboratory in polythene bags. The GCS was
pulverized to 0.4mm in sizes using blendtec blender to
increase surface area for microorganisms.

Sterilization techniques

All glass wares (conical flask, beakers, etc.) used for the
experiment were washed with detergent, rinsed and allowed
to dry, they were then wrapped with aluminum foil and
sterilized in the hot air oven at 160 °C for one hour in order
to prevent contamination. The inoculating needle was
sterilized by heating to redness before and after each round of
experiment. Cotton wool soaked in 70 % alcohol was used to
disinfect the laboratory bench and this was done before and
after each round of experiment [7].

Culture media
The type of agar that was used for the microbiological
analyses was Potato Dextrose Agar (PDA), a selective
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medium which is used for the isolation and maintenance of
Fungi. The medium was prepared according to the
manufacturer’s instructions and was sterilized by autoclaving
at 121 °C temperature at 15 lbs. pressure for 15 minutes [8].

Isolation of fungi through spontaneous fermentation
of corn sheaf

Five grams of the GCS was weighed and mixed with 5
ml of distilled water into a flask. It was left for spontaneous
fermentation at 27 °C for 72 hours. Visible mycelia growth
from the fermented substrate were inoculated on PDA. The
plates were incubated at 28 + 2 °C for 48 hours until fungal
growth was observed. The cultures were sub-cultured
repeatedly on PDA to obtain pure colonies. The pure cultures
were kept on a PDA slant for further analysis at 4 °C [9].

Characterization and identification of isolates

The fungal morphology was studied macroscopically by
observing the colony features (color, shape, size, hyphae),
and microscopically using a compound microscope with a
digital camera using a lactophenol cotton blue stained slide
mounted with a small portion of the mycelium [10].

Determination of proximate composition of GCS

Proximate analysis was conducted to ascertain the
mineral composition present in the sample which include;
lipids, protein, carbohydrates, ash and moisture content.

Screening of the isolates for kojic acid production

Screening of kojic acid producers were determined
according to colorimetric method using 1 % Ferric chloride
solution. KA forms a chelated compound with ferric ions and
subsequently generates a red color: The fungal isolates were
subcultured onto PDA supplemented with 1% Ferric chloride
solution and incubated for 72 hours at 28 °C. The appearance
of a deep red colour after incubation was the indication of the
presence of kojic acid production by the strains [11].

Molecular identification of fungi

Two of the fungal strain showing promise for kojic acid
production was subsequently identified using molecular
biology methods following screening for Kkojic acid
production.

Kojic acid production by solid-state fermentation

Medium preparation

A minimal salts medium broth containing the substrate
as the carbon source was prepared and dispersed, into clean
conical flask and sterilized by autoclaving at 121 °C



temperature at 15 Ibs. pressure for 15 minutes [12]. The
ingredients of the salt medium includes: 5 g/L of Yeast
Extract, 1 g/L KH,PO,, 0.5 g/L MgS0,.7H,0, 50 g of GCS
as the only carbon source.

Preparation of the kojic acid standard calibration curve

The standard solution was prepared by mixing 0.01 g of
commercial kojic acid in 100 ml of distilled water. Backward
dilution was carried out with 10 test tubes each having
varying concentration of the standard solution mixed with
varying concentration of distilled water. Each tube was
reduced to 2 ml and 2 ml of 1 % Ferric chloride solution was
added. The absorbance was measured at 540 nm [13].

Solid-state fermentation for kojic acid production

The medium suggested by Shifali et al. [14] was
employed for the production of kojic acid. The medium
consist of 5 g/Lof Yeast Extract, 1 g/L KH,PO,4 0.5 g/L
MgS0,.7H,0, 50 g of GCS as carbon source in a 250 ml
Erlenmeyer flask. From all isolated fungal cultures, spore
suspension was prepared and adjusted to 0.5 % Macfarland
standard solution (One ml of inoculum contains
approximately 1.5x10® spores/ml) [15], 20 ml of spore
suspension was used as inoculum in all experiment. The
mixture was incubated at static conditions for 9 days.

Assay for kojic acid

Every 24 hours, 1 g of the fermented substrate was
weighed into sterile conical flask with the addition of 100 ml
of distilled water. It was placed on orbital shaker at 180 rpm
for 1 hour to extract the kojic acid into the water. After that,
it was filtered using number 1 Whatman filter paper. The
filterate was taken as the crude kojic acid. Then, to 2 ml of
the crude kojic acid was added 2 ml of 1 % Ferric chloride
solution, this was mixed thoroughly by shaking. kojic acid
was quantified by measuring the absorbance at 540 nm and
calculating the concentration using the standard curve [16].

Optimization of kojic acid production using the
response surface methodology

The Response Surface Methodology (RSM) was used to
establish the best parameters for both fungal growth and the
production of kojic acid. This involved analyzing data (Table
1) from experiments that optimized factors such as substrate
concentration, inoculum size, mineral supplements and
moisture content, all of which were previously studied to
pinpoint the conditions that would maximize fungal growth
and improve kojic acid production. Using RSM, a statistical
technique for modeling and optimization, the association
between the chosen factors and the response variables (kojic
acid production) was examined to pinpoint the best levels of
each factor [17]. This enabled the identification of the
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advantageous mix of substrate concentration, inoculum size,
mineral supplements and moisture content that would result
in the greatest production of kojic acid by fungi. The best
optimization parameters were Inoculum size of 2.1 x 10°
spores/mL, Substrate concentration of 30 g/L, 30ml of
Moisture content, 6 g/L of Mineral supplement, 27.5 °C of
Temperature, and a pH of 6.82.

Table 1. Four Variables Screened for RSM Design

SIN  Factors Ra}nge Rapge Unit
(minimum)  (Maximum)
Substrate Gram per
1 . 1 .
Concentration 0 50 litre (g/L)
2 Inoculumsize  1.5x10° 2.1x10°  Spores/mL
3 Mineral 5 7 oL
supplements
Moisture
2 4 |
Content 0 0 m

Extraction of kojic acid from fermentation medium

In order to determine the effect of different amounts of
ethyl acetate on the yield of kojic acid extraction, 300 mL of
fermentation broth (containing 12.45 g of kojic acid) was
added to ethyl acetate for extraction according to the
fermentation broth: ethyl acetate (volume ratio) = 1:0.8,
1:1.0, 1:1.2, 1:1.4. After extracting with ethyl acetate, the
mixture was shaken for 1 minute every 2 minutes and
repeated for 10 times, and then allowed to stand for 1 hour.
The ethyl acetate layer was separated, and subjected to a
rotary evaporator to recover ethyl acetate. The obtained
product was vacuum dried, weighed, and analyzed to
determine the purity of the product, and the extraction rate
was calculated [18].

Characterization of the extracted kojic acid

Analysis was done to acquire the elemental composition
of kojic acid. Purified kojic acid samples underwent Fourier
Transmission Infra-red spectroscopy (FTIR) to identify the
constituents and functional groups present in the samples
[19].

RESULTS
Fungi isolation

A total of three unique fungal isolates were acquired
during the isolation process. They were found as members of
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three genera, which were
Penicillium and Rhizopus

identified as Aspergillus,

Microscopic and macroscopic characterization and
identification

The isolates exhibited diverse colonial morphological
properties and microscopic characteristics. Aspergillus niger
has dark brown spore colors, presence of conidia, spreading
mycelia, the stipe of its conidiophore was double walled
while Penicillium digitatum has green color of spore, finger-
like conidia head, septate hyphae, spreading mycelium, while
Rhizopus stolonifer has grayish white spore color, roughened
sporangiophore, rising mycelia, etc. as shown in Table 2.

Molecular identification of fungi

The molecular identification process, confirms the
isolates to be Aspergillus niger (PP330720) and Penicillium
digitatum (PP4892864). The names with the accession
numbers have been deposited at the Genbank as shown in
Figure 2.

GCS proximate composition

The proximate results of the GCS indicated that Crude
Protein (%) was the lowest (1.660227 + 0), while CHO (%)
had the highest value (45.42475 + 2.141756). The Caloric
Value was found to be 929.66205 + 40.72079 kcal/100 g as
shown in Table 3.

Plate screening of fungal isolates for kojic acid
production

Two of the fungal isolates which are: Aspergillus niger
and Penicillium digitatum were positive exhibiting a deep red
zone of clearance while Rhizopus stolonifer was negative.
The growth of A. niger and P. digitatum was numerically
represented in relation to the zone of clearance as displayed
in Table 4.

Kojic acid production by fungal isolates

The concentration of kojic acid obtained for each isolate.
The results, presented in Table 5, show the mean kojic acid
concentration (mg/ml) for both A. niger and P. digitatum at
each time point. Over the nine-day period, both organism
exhibited similar concentrations on the first 7 days while P.
digitatum exhibited higher kojic acid concentrations
compared to A. niger on the last two days of the fermentation
period. The highest concentration for both A. niger and P.
digitatum were 6.81 (day 8) and 7.28 (day 8) respectively and
the lowest concentration for both A. niger and P. digitatum
were 1.93+0.11 and 1.85+0.07 respectively on day 1.
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Figure 1. Fungi Isolates Acquired during Isolation Process.
A) Penicillium digitatum; B) Aspergillus niger; C) Rhizopus
stolonifer



MRAI(***PP892864)

LT715561.1 Curvularia americana strain UTHSC 09-2806
NG 058809.1 Curvularia americana UTHSC 08-3414
KM434331.1 Aspergillus awamori strain CASVKS
KM660725.1 Aspergillus awamori 18S ribosomal RNA gene partial sequence
OR198855.1 Penicillium digitatum strain OQ8

EU563119.1 Botrytis fabae strain BroadbeanBC-17
EU563125.2 Botrytis fabae strain BroadbeanBC-25

NR 163531.1 Fusarium solani CBS 140079

KM052857.1 UNVERIFIED: Fusarium solani isolate FS8
JN205927.1 Mucor racemosus f. racemosus strain CBS 634.78 clone 2
JN205927.1 Mucor racemosus f. racemosus strain CBS 634.78 clone 2

Figure 2. Phylogenetic tree of kojic-acid producing fungal
isolate and related sequences obtained from NCBI Database

Figure 3. Positive for Kojic acid production

J. Appl. Biol. Sci., 19(1): 13-22, 2025; jabsonline.org

Figure 4. Fermented Medium

Optimization of kojic acid production using response
surface methodology (RSM)

Results in Tables 6 and 7 reveal that kojic acid yield
ranges from 6.20 — 8.74 mg/mL. The highest yield (8.74
mg/mL) was obtained at 9 days fermentation time, using 30.0
g/L of substrate concentration, 2.1 x 10° spores/mL of
Inoculum size at a pH of 6.82, moisture content of 30 mL,
mineral supplement of 6.0 g/L and temperature of 27.5 °C
(Run 7 using P. digitatum), while the least value (6.23
mg/mL) was observed in experimental run 15 using A. niger:
9 days of fermentation period, 50.0 g¢g/L of substrate
concentration, 3.0 x 10° spores/mL of Inoculum size at pH of
5.77, moisture content of 40 mL, mineral supplement of 5.0
g/L and temperature of 30.0 °C.

Table 2. Microscopic and macroscopic characteristics of the isolates

Characteristics Isolate A Isolate B Isolate C
Colony color before Sporulation ~ White Olive-Green White

Color of Spore Dark Brown Green Grayish White
Reverse View Black Creamy Dark Gray
Days before Sporulation 2 Days 3 Days 2 Days

Type of Spore Conidia Conidia Sporangiospores
Conidia Head/ Sporangium Radiate Finger-like Rounded
Conidiophore/ Sporangiophore Roughened Hyaline and Smooth Roughened
Stipe Double Walled Single Walled Single Walled
Conidia / Sporangiospores Double Walled Double Walled Single Walled
Hyphae Aseptate Septate Aseptate
Mycelia Spreading Spreading Rising

Probable Organism

Aspergillus niger

Penicillium digitatum

Rhizopus stolonifer

17


https://jabsonline.org/index.php/jabs

Adedayo and Adesokan, 2025

Table 3. Proximate content of GCS samples

Table 5. Kojic acid production by A. niger and P. digitatum

Proximate composition GCS samples (Mean + SD) Incubation Kojic acid concentration (mg/ml) Mean+SD
Moisture (%) 8.936339 + 0.05 period
Ash (%) 5.12195+ 0.05 (Days) A. niger P. digitatum
CHO (%) 45.42475 +2.14 0 0 0
Caloric Value (Kj/100 g) 929.66205 + 40.72 1 1.93+0.11% 1.85+0.07%
Crude Lipid (%) 3.8020985 + 0.13 2 1.85+0.00 2.15+0.35°
Crude Fibre (%) 35.054405 + 2.27 3 5.10+0.14 5.6+0.28"
Crude Protein (%) 1.660227 +0.00 4 6.44+0.05° 6.44+0.06°
CHO: Carbohydrate; Data are means of two replicates+SEM 5 6.48+0.00°¢ 6.45+0.07°¢
6 6.75+0.07° 6.58+0.04°
Table 4. Kojic Acid Production Ability of the Fungal Isolates 7 6.80+0.00° 6.80+0.00°
as Depicted by Zones of Red Clearance after Screening 8 6.81+ 0.00° 7.280.00°
Fungal isolates Zones of red clearance (mm) 9 6.440.06° 7.04£0.34°
A. niger 8.00 Data are means of two replicates +SEM. Groups with the same letter (a, b, c)
P. digitatum 8.50 within each column are not significantly different from each other.

Table 6. The yield of kojic acid as affected by process variables with A. niger

Inoculum siz r Moistur Mineral lemen Temperatur .
Run (s(:)(i)urrgs/msL)e concesr:Jt?:lttig;e(g/L) conferitu(rﬁl) ° a(;yf)p eent ) '(j"eC)a e pH Yield (mg/mL)
1 2.1x10° 30.00 50.00 6.00 25.00 6.14 6.73
2 2.1x10° 00.00 30.00 6.00 27.50 7.23 0.00
3 1.5x 108 10.00 40.00 5.00 30.00 4.34 6.83
4 2.1x10° 30.00 30.00 6.00 30.00 6.10 7.08
5 1.5x 108 10.00 20.00 5.00 25.00 6.36 6.80
6 2.1x10° 30.00 30.00 6.00 27.50 6.05 6.83
7 1.5x 108 10.00 20.00 7.00 23.60 6.27 6.80
8 1.5 x 108 10.00 40.00 7.00 25.00 5.94 6.80
9 3.0x 108 50.00 20.00 5.00 30.00 6.18 6.80
10 2.1x10° 30.00 30.00 4.00 31.40 6.92 6.80
11 0 30.00 40.00 6.00 27.50 6.58 0.00
12 1.5 x 108 50.00 40.00 5.00 25.00 5.68 6.38
13 3.0x10° 10.00 20.00 5.00 30.00 5.83 6.79
14 1.5x 108 50.00 20.00 5.00 30.00 6.01 6.58
15 3.0x10° 50.00 40.00 5.00 30.00 5.77 6.23
16 2.1 x10° 30.00 30.00 8.00 27.50 5.76 6.45

Table 7. The yield of Kojic acid as affected by process variables with P. digitatum

RuUN Inoculum size Substl_’ate Moisture Mineral Temperature pH Yield
(spores/mL) concentration (g/L)  content (ml) supplement (g/L) (°C) (mg/mL)
1 2.1x10° 30.00 30.00 6.00 25.00 5.70 6.41
2 2.1x10° 30.00 30.00 6.00 25.00 6.27 6.73
3 2.1x10° 70.00 30.00 6.00 25.00 6.64 6.44
4 3.0 x 10° 50.00 40.00 7.00 27.50 6.10 6.78
5 3.0x10° 50.00 20.00 7.00 27.50 6.62 6.77
6 3.0x10° 10.00 20.00 7.00 30.00 6.21 6.44
7 2.1x10° 30.00 30.00 6.00 27.50 6.82 8.74
8 2.1x10° 30.00 30.00 8.00 27.50 6.71 6.32
9 3.0x 108 10.00 40.00 5.00 27.50 4.27 7.80
10 1.5x10° 50.00 20.00 7.00 25.00 6.53 6.70
11 2.25 x 108 30.00 30.00 6.00 30.00 6.34 8.04
12 2.1x10° 30.00 10.00 6.00 27.50 6.99 6.50
13 2.1x10° 30.00 30.00 6.00 27.50 6.45 6.63
14 3.0x108 10.00 40.00 7.00 27.50 5.17 6.75
15 1.5 x 108 50.00 40.00 7.00 27.50 6.25 7.28
16 2.1x10° 00.00 30.00 6.00 27.50 6.25 0.00
17 0.0x10° 30.00 30.00 6.00 27.50 6.07 0.00
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Fourier transform infrared
characterization
Graphs were used to represent the results of the FTIR

characterization, displaying the infrared spectra of kojic acid

spectroscopy
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Table 8. Ethyl acetate for Koji acid extraction

Ratio of fermented broth

Fermented broth: ethyl to ethyl acetate

acetate (v/v)

’ _ _ i 1:1.0 1:1.2 1:1.4
produced by fungi organisms alongside the infrared spectrum
of commercially obtained kojic acid, which has a complex Final product mass (g) 2.63 3.25 3.72
chem.lcal composition. The two samples share common Purity (%) 94.72 9731 98.20
functional groups, such as hydroxyl, alkane groups, alkene )
s o Extraction rate (%) 15.93 19.55 23.04
groups, ethers, etc. indicating their similarity (Table 9).
Flenaeme 0040110 3493 SAASF  Resclotiond 00  Scan timer 3032 [ File name 2024-01-18 140143 SAASF  Resolotiond 00  Scan times 3232
A < B
'%%\2 1 &
3 ;

Figure 5. FTIR Characterization of different sources of Kojic acid. A) FTIR characterization of commercial Kojic acid; B) FTIR

Characterization of extracted Kojic acid with ethyl acetate

Table 9. Functional groups in kojic acid as revealed by FTIR using penicilium digitatum

Wavelength Functional groups Names Commercial Kojic Acid  Extracted Kojic Acid
3500-3400cm”-1 O-H Hydroxyl Groups Present Present
2979.48 cmM-1 C-H Alkane and Alkyl Groups Present Present
1643.05 cm™-1 Cc=C Alkene and Aromatic Compounds Present Present
1045.23 cm™-1 Cc-0 Ethers, Esters, and Carboxylic Acids Present Present

DISCUSSION

This research sought to investigate the possibility of
generating kojic acid by employing indigenous fungal strains
in the solid-state fermentation of GCS. The emphasis was
placed on assessing the effectiveness of production and the
suitability of indigenous fungi for synthesizing kojic acid in a
regulated environment.

The outcomes of the isolation, characterization and
successful identification of fungi from the GCS sample
indicate the three genera. The isolates which were
Aspergillus niger, Rhizopus stolonifer, and Penicillium sp.
The successful isolation of Aspergillus niger, Rhizopus
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stolonifer, and Penicillium digitatum from GCS can be
attributed to the natural presence and growth of these fungi in
the environment, particularly in materials such as plant
matter and grains [20]. These fungi are commonly found in
the soil, air, and decaying organic matter [21]. GCS provides
a suitable environment for the growth of these fungi due to its
composition, which includes carbohydrates, proteins, and
other nutrients that serve as a food source for these
organisms. Additionally, the physical structure of the GCS
may provide a condusive habitat for the colonization and
growth of these fungi. Fungi like Aspergillus niger, Rhizopus
stolonifer, and Penicillium digitatum are known for their
ability to break down complex organic compounds and
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utilize them for growth and reproduction [22]. Therefore, it is
not uncommon to find these fungi present in agricultural
residues such as GCS where they play a role in the natural
decomposition process. These fungi genera isolated were
similar to the report of Ajiboye and Said [23]; Kawata et al.
[24] who reported the presence of similar fungi in fermented
agricultural wastes.

The proximate composition of the GCS samples as
shown in Table 2 indicate that GCS is predominantly rich in
carbohydrate and has relatively low protein content. The high
carbohydrate content and relatively low protein makes it
suitable for the production of kojic acid using fungi because
high amount of sugar is needed to synthesize kojic acid [14].
Carbohydrates serve as the primary energy source for fungi
during fermentation processes, and they can be metabolized
by fungi to produce various metabolites, including kojic acid
[25]. Although proteins are important for the growth and
metabolism of fungi, the low protein content in GCS may not
be a limiting factor for kojic acid production. Fungi are
versatile microorganisms that can adapt to different nutrient
sources and can efficiently utilize carbohydrates present in
substrates like GCS for their metabolic processes. This report
corroborates those of Gbadebo et al. [26].

The ability of two of the isolates to produce kojic acid as
presented in Table 3 is attributable to the fact that
filamentous fungi have been incriminated to carry out
enzymatic degradations resulting in the release of different
types of organic acid [27]. A. niger and P. digitatum
produced kojic acid reacts with ferric ions to create a
chelated complex, resulting in the production of a red hue
[28, 29]. Conversely, R. stolonifer was negative in this study,
indicating a lack of suitability to use this substrate in terms of
kojic acid production. A. niger and P. digitatum were
reported to have the genetic capability to produce kojic acid
due to the presence of specific enzymes and metabolic
pathways that enable them to synthesize this compound [30].
On the other hand, Rhizopus stolonifer might not naturally
produce kojic acid because it lacks the necessary enzymes
and metabolic pathways for kojic acid biosynthesis [31]. The
ability of a fungus to synthesize a specific compound like
kojic acid is determined by its genetic makeup and metabolic
capabilities. This was similar to report of Xiao et al. [32].

The results, presented in Table 4, show the mean
kojic acid concentration (mg/mL) for both A. niger and P.
digitatum at each time point. The two isolates were able to
synthesize kojic acid at a similar rate until the he last two
days of the fermentation period. This observation was similar
to the report of previous authors on kojic acid production
[33]. The steady increase in kojic acid concentration over the
nine-day period for both isolates can be attributed to several
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factors such as enzyme production needed that help catalyze
the conversion of precursor molecules in the GCS into kojic
acid [30], metabolic activity of the fungi whereby they utilize
nutrients present in the GCS to fuel their growth and
biosynthetic pathways leading to the production of kojic acid
as a byproduct. This was also reported by Ibrahim [34].

Table 5 and 6 shows the yield of the kojic acid generated
in a detailed manner as affected by process variables of
substrate concentration, Inoculum size, pH, temperature,
mineral supplements and moisture content. The variations in
kojic acid yield may be attributed to several factors such as
variations in substrate concentration which could affect the
availability of essential nutrients for the fungi, impacting
their ability to produce kojic acid efficiently, changes in
parameters like moisture content, pH, temperature, and
aeration can influence the growth and metabolic activity of
the fungi, the metabolic pathways responsible for kojic acid
biosynthesis in A. niger and P. digitatum may be influenced
by the fermentation medium composition [35]. Altering
parameters like substrate concentration can affect the flux
through these pathways, potentially impacting the yield of
kojic acid. This was similar to report of Abdel-Hamied et al.
[17] who reported the optimum temperature for formation of
kojic acid by different fungal species to be in the range 25-30
°C. Zohri et al. [36] reported the best incubation days to be 9
days as earlier reported in this study.

The results of Fourier Transmission Infra-Red
spectroscopy (FTIR) study for both the commercial and
produced kojic acid study (Table 8) revealed O-H (hydroxyl)
functional group, which are commonly found in alcohols and
carboxylic acids. The two samples also contain a C-H (alkyl
group) stretching vibration which indicates the presence of
hydrocarbons in both samples. Presence of C=C (alkene)
stretching vibrations was also detected in both samples.
Previous authors have documented the presence of these
functional groups and others (C-O, ethers, esters, hydroxyl
and carboxylic acids) stretching vibrations in KA [10].
Functional groups in molecules are responsible for the
chemical properties of compounds. Therefore, the presence
of similar functional groups in the FTIR spectra of extracted
kojic acid in this study and commercially available kojic acid
confirms that both samples are likely composed of the same
compound. This similarity was also reported by Kayitha et al.
[37] and Prantika et al. [19].

CONCLUSION

Based on the findings of this study,
recommendations are suggested:

the following



The adoption of carbohydrate rich agricultural waste in
the production of KA and other important industrial raw
materials to reduce production and importation cost. This will
enhance effective agricultural waste management in no small
measure and mitigate waste burning which could lead to
generation of greenhouse gas. It is also a way of value
addition with strings of benefits in value addition to waste.
There is an urgent need to continuously optimize
fermentation process to maximize kojic acid production. This
may involve monitoring and adjusting parameters such as
aeration, pH etc. Locally developed methods for recovery
and purification of the produced kojic acids are very essential
and must be prioritized. Finally, there should be
consideration on the utilization of the fungal biomass and
fermentation residues as biofertilizers, animal feed additives,
or for biogas production to ensure minimal waste generation.

This study highlights the potential of using indigenous
fungi and GCS as a substrate for kojic acid production,
contributing to the interest in converting waste materials into
valuable products for various applications. The findings
indicated that kojic acid biosynthesis is highly affected by
substrate concentration, inoculum size, mineral supplement
and moisture content in the fermentation medium. The
optimization process in this study identified the best
conditions for maximum kojic acid vyield, including a
fermentation time of 9 days, substrate concentration of 30
g/L, inoculum size of approximately 2.1 x 10%spores/mL,
moisture content of 30 ml, mineral supplement of 6 g/L, pH
of 6.82 and Temperature of 27.5 °C. The FTIR analysis
revealed the presence of similar functional groups in the
produced kojic acid and the commercial kojic acid.

DECLARATIONS

Acknowledgement

The authors acknowledge laboratory of Microbiology of
the Faculty of Pure an Applied Sciences, Kwara State
University, Nigeria for research facilities.

Authorship Contribution

Concept: M.A., Work Supervision: M.A., Manuscript
Editing: M.A., Research: T.A., Data Collection and Analysis:
T.A., Manuscript Writing: T.A.

Funding
This research received no grant from any funding
agency/sector.

Competing interests
The authors declared that there is no conflict of interest.

21

J. Appl. Biol. Sci., 19(1): 13-22, 2025; jabsonline.org

REFERENCES

[1] Liu, W,, Licheng, Z., Xiaojie, L., Ruitong, L., Wei, C., Weixia, G.,
Jiao, L., Zhoujie, X., Hao, L. (2023): Effective production of kojic
acid in engineered Aspergillus niger. Microbial Cell Factories, 22, 40.
https://doi.org/10.1186/s12934-023-02038-w.

[2] Saito, K. (1907): Uber die saurebildung bei Aspergillus oryzae. Journal
of Botany.21:7-11. Deutsche..
https://doi.org/10.15281/jplantres1887.21.240 7.

[3] Bibi, F., llyas, N., Saeed, M., Shabir, S., Shati, A.A., Alfaifi, M.Y.,
Amesho, K.T.T., Chowdhury, S., Sayyed, R.Z. (2023): Innovative
production of value-added products using agro-industrial wastes via
solid-state fermentation. Environmental Science and Pollution

Research Internatuonal, 30(60):125197-125213.
https://doi.org/10.4314/br.v21i1.6.
[4] Food and Agriculture Organization (FAO) (2023):

www.fao.org/publications

[5] Hironaga, A., Mohd, Z.M.Y., Shinji, F. (2021): Preparation of oil palm
empty fruit bunch hydrolysate. Fermentation, 7(2), 81-81.
https://doi.org/10.3390/fermentation7020081.

[6] Jajang, S., Mieke, R.S., Rija, S., Cucu, S., Xavier, B. (2022):
Composting for a more sustainable palm oil waste management: a
systematic literature review. The Scientific World Journal, 2022, 1-20.
https://doi.org/10.1155/2022/5073059.

[7] Jain, A. Jain, R., Jain, S. (2020): Sterilization of glassware;
preparation and sterilization of media. basic techniques in
biochemistry, microbiology and molecular biology (pg 93-99).
https://doi.org/10.1007/978-1-4939-9861-6_28.

[8] Maria, M., de Wet, M., Hendrik, G.B. (2021): Fungi in the
bioremediation of toxic effluents. fungi bio-prospects in sustainable
agriculture, environment and nano-technology. 2, 407-431.
https://doi.org/10.1016/B978-0-12-821925-6.00018-6.

[9] Pratik, J., Harshajit, N., Puja, B.K., Shivani, D., Padmaja, M.,
Jayashankar, D., Sushma, D. (2021): Mycogenic fabrication of
nanaoparticles and their appplications in modern agricultural practices
& food industries.VVol 3:pg 475-488. https://doi.org/10.1016/B978-0-
12-821734-4.00007-1.

Ezeonuegbu, B.A., Abdullahi, M.D., Whong, C.M.Z, Sohunago, J.W.,
Kassem, H.S., Yaro, C.A., Hetta, H.F., Mostafa-Hedeab, G.,
Zouganelis, G.D., Batiha, G.E. (2022): Characterization and phylogeny
of fungi isolated from industrial wastewater using multiple genes,
12(1): 2094. https://doi.org/10.1038/s41598-022-05820-9.

Rehana, B., Samiya, Y., Asma, A., Qurat, U.A.S. (2021): Screening
and optimization of submerged fermentation of aspergillus species for
kojic acid production, Research Square.
https://doi.org/10.21203/rs.3.rs-334019/v1

Rinat, M., Rishat, M., Evgeny, S., Alexey, C., Sergey, Z., Angelika,
G., Valiullin, V.R. (2020): Chitinase production by Trichoderma viride
in  submerged state fermentation. lop Conference Series.
https://doi.org/10.1088/1755-1315/578/1/012009

Ghada, A.M., Abdel-Naser, A.Z. (2021): Amendment stable kojic acid
produced by non-toxinogenic aspergilus oryzae using five levels
central composite design of response surface methodology. 10(6):
€2683. https://doi.org/10.15414/jmbfs.2683

Maria, T., Renan, N., Barbosa, Jadson, D.P.B., Cristina, M.S. (2023):
Prodution of kojic acid by Aspergillus species; trends and applications.
Fungal biological reviews, 45(6):100313.
https://doi.org/10.1016/j.fbr.2023.100313.

Lozano, G.E., Beatriz, S.R., MarAa, G.N.P., Francisco, J.M.C. (2018):
Low accuracy of the mcfarland method for estimation of bacterial
populations. Vol.12(31), pp. 736-740.
https://doi.org/10.5897/AJMR2018.8893

Dantas, K.N.M., Andrade, L.R., Lisboa, E., Santana, V.L., Santos,
A.L.S., Mello, T.P., Severino, P. (2021): Antimycotic nail polish based

[10]

[11]

[12]

[13]

[14]

[15]

[16]


https://jabsonline.org/index.php/jabs
https://doi.org/10.1088/1755-1315/578/1/012009

Adedayo and Adesokan, 2025

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

on humic acid-coated silver nanoparticles for onychomycosis. Journal
of Chemical Technology and Biotechnology, 24(22):4200.
https://doi.org/10.1002/jctb.6676

Abdel-Hamied, M.R., Marwa, A. (2021): Optimization of culture
conditions for kojic acid production in surface fermentation by
Aspergillus oryzae isolated from wheat grains, Bulletin of
Pharmaceutical Sciences, Assiut University, Vol. 44, Issue 1, 2021, pp.
201-211. https://doi.org/10.21608/bfsa.2021.174146

Antonius, R.B.O., Yoseph, S., Christina, A.P.S., Reiner, I.L., Bibiana,
D.T. (2020): Analysis of production kojic acid from endophytic fungi
Aspergillus flavus isolated from annona squamosa leaves using an
osmac approach, Material Science and Engineering, Vol 823(1),
012003. https://doi.org/10.1088/1757-899X/823/1/012003

Prantika, M., Vijay, B., Reena, T. (2023): Development and
characterization of kojic acid loaded drug delivery system for the
treatment of skin disorders. European Chemical Bulletin, 12(10),
1270-1275. https://doi.org/10.25258/ijddt.14.2.04

Christodoulus, D., Christopher, M., Adriana, S., Haileeyeesus, H.G.,
Vasilis, V., Maria, P. (2023): Fungal and toxin contaminants in cereal
grains and flours: systematic review and meta-analysis.12(23): 4328.
https://doi.org/10.3390/foods12234328

Viorica, M.C., Irina, G.B., Andrea, S.D., Corneliu, O.V., Tatiana, E.S.
(2023): Current insights in fungal importance-a comprehensive review.
Microorganisms, 11(6), 1384.
https://doi.org/10.3390/microorganisms11061384

Peter, M., Pavol., Bence, F., Martin, U. (2023): Review on
performance of Aspergillus and Penicillium species in biodegradation
of organochlorine and organophosphorus pesticides, vol 11(6): 1485.
https://doi.org/10.3390/microorganisms11061485

Ajiboye, A.E., Said, R.O. (2023): Production of gluconic acid from
sweet potato peels using naturally occurring fungi by submerged
fermentation. Journal of Biological Research and Biotechnology.
21(1),1828-1838. https://doi.org/10.4314/br.v21i1.6.

Kawata, H.M., Omojasola, P.F., Ajiboye, A.E., Adedayo, M.R., Bale,
S.I. (2023): lIsolation, identification and screening of humic acid
producing fungi from soil environment of oil palm (elaeis guineensis)
associated with empty fruit bunches. Umaru Musa Yar’adua University
Journal  Of  Microbiology  Research. 8(2), 165-173.
https://doi.org/10.47430/ujmr.2382.019.

Arthraa, A., Alsashaf, F. (2021): Optimum conditions for the
production of kojic acid from the fungus Aspergillus flavus, DOI:
https://doi.org/10.13140/RG.2.2.31857.40800.

Gbadebo, C.T., Ahmed, L.T. (2021): Proximate composition and
sensory evaluation of guinea corn meal enriched with soybean and
groundnut for infant feeding. Croatian. Journal of food science and
technology. Vol 13(10):51-56.
https://doi.org/10.17508/CJFST.2021.13.1.07.

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(371

Timothy, C.C., Xiaomei, Z., Pping, Z., Jibin, S., Vera, M. (2021):
Turning inside out: filamentous fungal secretion and its applications in
biotechnology, agriculture, and the clinic. Journal of Fungi, 7(7), 535.
https://doi.org/10.3390/jof7070535.

Saeedi, M., Eslamifar, M., Khezri, K. (2019): Kojic acid applications
in cosmetic and pharmaceutical preparations. Biomedicine and
Pharmacotherapy, 110(3):582-593.
https://doi.org/10.1016/j.biopha.2018.12.006.

Tomasa, Q., Susana G., Jose, A.G., Adalberto, B., Fabian, F., Julia, M.,
Armando, R. (2023): Production of kojic acid by aspergillus niger m4
with different concentrations of yeast extract as a nitrogen source,
11(6):1724. https://doi.org/10.3390/pr11061724.

Perng-Kuang, C., Leslie, L.S., Noreen, M., Qing, K. (2023): Kojic acid
gene clusters and the transcriptional activation mechanism of
Aspergillus flavus KojR on expression of clustered genes. 9(2): 259.
https://doi.org/10.3390/j0f9020259.

Anjali, Z., Jacqueline, E., Simone, R. (2022): Production of primary
metabolites by Rhizopus stolonifer, causal agent of almond hull rot
disease, molecules, 27(21), 7199.
https://doi.org/10.3390/molecules27217199

Xiao, J., Jiayi, S., Yijian, W., Sai, F., Zeao, S., Yan, H., Mengxue, Y.,
Rui, H., Bin, Z. (2024): Strategies for the enhancement of secondary
metabolites production via biosynthesis gene cluster regulation in
Aspergillus  oryzae. Journal of Fungi (Basel), 10(5):312.
https://doi.org/10.3390/jof10050312.

Kamal-Eldin, N.A., Zohri, A.A., Mahmoud, G.A. (2023): Optimization
of kojic acid production by Aspergillus coculture and its application as
anti-browning agent. Bulletin of Pharmaceutical Sciences, Assiut
University, Vol. 46(2), pp.1269-1283.
https://doi.org/10.21608/bfsa.2023.216073.1766

lbrahim, M.A. (2023): Special issue on ‘“secondary metabolites:
extraction, optimization, identification and applications in food,
nutraceutical and pharmaceutical industries”, Processes, 11(9), 2801.
https://doi.org/10.3390/pr11092801.

Sweany, R.R., Gilbert, M.K., Carter-Wientjes, C.H., Lebar, M.D.
(2024): Variations in kojic acid production and corn infection among
Aspergillus flavus isolates suggest a potential role as a virulence factor.
Toxins, 16(12), 539; https://doi.org/10.3390/toxins16120539.

Zohri, A.A., Ghada, A.M., Nermien, H. S., Radwa, A.H. (2018):
Optimization of kojic acid production conditions from cane molasses
using Plackett-Burman design. European Journal of Biological
Research, 8(2), 56-69. http://dx.doi.org/10.5281/zenodo.1211517.

Angreni, A., Insan, S.K.K., Megantera, S., Anis, Y.C. (2024):
Nanotechnology-enhanced cosmetic application of kojic acid
dipalmitate, a kojic acid derivate with improved properties. cosmetics,
11(1), 21; https://doi.org/10.3390/cosmetics11010021.

Publisher’s note: Anatolia Academy of Sciences Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link

to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article’s Creative
Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of
this licence, visit https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

22


https://doi.org/10.3390/toxins16120539
https://creativecommons.org/licenses/by/4.0/

	ABSTRACT:
	KEYWORDS:
	INTRODUCTION 
	MATERIALS AND METHODS 
	Table 1. Four Variables Screened for RSM Design 

	RESULTS 
	Figure 1. Fungi Isolates Acquired during Isolation Process. A) Penicillium digitatum; B) Aspergillus niger;  C) Rhizopus stolonif
	Figure 2. Phylogenetic tree of kojic-acid producing fungal isolate and related sequences obtained from NCBI Database 
	Figure 3. Positive for Kojic acid production
	Figure 4. Fermented Medium 
	Table 2. Microscopic and macroscopic characteristics of the isolates 
	Table 4. Kojic Acid Production Ability of the Fungal Isolates as Depicted by Zones of Red Clearance after Screening  
	Table 3. Proximate content of GCS samples 
	Table 5. Kojic acid production by A. niger and P. digitatum
	Table 6. The yield of kojic acid as affected by process variables with A. niger 
	Table 7. The yield of Kojic acid as affected by process variables with P. digitatum 
	Table 8. Ethyl acetate for Koji acid extraction
	Table 9. Functional groups in kojic acid as revealed by FTIR using penicilium digitatum 
	Figure 5. FTIR Characterization of different sources of Kojic acid. A) FTIR characterization of commercial Kojic acid; B) FTIR Ch

	DISCUSSION 
	CONCLUSION 
	DECLARATIONS 
	Acknowledgement 
	Funding 
	Authorship Contribution 
	Competing interests 

	REFERENCES 

