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Kojic acid has applications in many fields so it is important to increase the amount of 

kojic acid. In this study production of kojic acid increased using coculture of Aspergillus oryzae 

ASU44 (OL314732) and A. flavus ASU45 (OL314748) than single culture, after optimizing by 

Box-Behnken statistical design, the production enhanced to 114.28 g/l using Glucose (150, g/l) 

(A), Yeast extract (5 g/l) (B), KH2PO4 (3 g/l) (C), MgSO4.7H2O (0.5 g/l) (D) and pH (3) (E). The 

design was effective and applicable with coefficient (R2) 99.1% and adjusted R2 value 98.1%. 

Ethyl acetate was the best extraction solvent with ratio 1:1 and the crystals of kojic acid 

appeared in needle shape after evaporation of ethyl acetate using rotatory evaporator. The 

crystalized kojic acid has the ability to inhibit the fungal pigment of A. niger ASU311. By 

increasing the KA concentration, the black color decreased, especially at 10 µg/ml comparing 

with the control samples. On the other hand, crystalized KA preserved the color of apple juice 

from the conversion to brown color and the activity increased by increasing the concentration 

until 50 µg/ml for 6 hrs comparing with the control. Application of kojic acid produced 

naturally using Aspergillus coculture considered safe and environmentally friendly for 

increasing the freshness of the fruit juice. 

             Keywords: Co-culture.  Fungi. Experimental design. Decolorization 

 

 

INTRODUCTION 

 

Kojic acid name was derived from “Koji”, 

a fungus or starter inoculum used in oriental 

food fermenters, many years ago in Japan. This 

crystalline substance was firstly isolated by 

Saito (1907)1, from the mycelia of A. oryzae 

grown on steamed rice. The chemical name of 

kojic acid is 5-hydroxy-2- hydroxymethyl-ɣ-

pyrone2.Kojic acid is present in colorless 

prismatic needle form. It has melting point 

ranging from 151 - 154C3, while the boiling 

point of this substance is 401.67C at 760 

mmHg. The molecular weight of Kojic acid is 

142.14&5and its maximum peak of UV 

Absorption Spectra is at 280-284 nanometer6. 

KA is highly soluble in water, ethanol, ethyl 

acetate, acetone and ethyl ether and slightly 

soluble in Ether, Chloroform and Pyridine etc. 

It is reactive at every position on the ring and 

number of products which have values in 

industrial chemistry, such as metal chelates, 

pyridines, ethers, azodyes, mannich base, and 

the products of cyanoethylation can be formed 

from kojic acid5,7. It is weakly acidic and 

combine with metals like Na, Zn, Cu, Ni, Ca & 

Cd and forms salts8. Kojic acid is an organic 

acid produced biologically as secondary 

metabolite during the aerobic fermentation of 

different foods by various types of fungi. kojic 

acid produced mainly by some species of 

Aspergillus such as: A. flavus, A. oryzae, A. 

tamarii and A. parasiticus as well as 

Penicillium species and certain bacteria9&10. 

Kojic acid can be produced in large amounts by 

using various carbon and nitrogen sources. Till 

now among other carbon sources, glucose is the 

best carbon source for kojic acid production. 

Co-culture fermentations may result in 

increased yield, improving control of product 
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Nahla A. Kamal-Eldin, et al. 

1270 

qualities and the possibility of utilizing cheaper 

substrates. Co-cultivation of different 

microorganisms may also help to identify and 

develop new biotechnological substances.  

Because sterile cultivation enables an easy way 

of controlling microbial growth and product 

formation, most of the products in industrial 

biotechnology today are formed using 

processes involving a single microbial strain. 

On the other hand, there are many instances 

where the utilization of co-cultures appears to 

be advantageous over a single micro-organism 

because of the potential for synergistic 

utilization of the metabolic pathways of all 

involved strains in a co-culture situation11. 

Most bio-transformations in nature take place 

by the combination of metabolic pathways 

from different micro-organisms. Fungal co-

cultivation has emerged as a powerful strategy 

for the induction of new bioactive fungal 

metabolites12. For examples, Banerjee et al. 

(2005)13 described the advantages of tannase 

production by a co-culture of Rhizopus oryzae 

and Aspergillus foetidus. Increase the 

production of cellulases by a co-culture of two 

moulds Aspergillus ellipticus and Aspergillus 

fumigatus was described by Gupte and 

Madamwar (1997)14. Also, the co-cultivation of 

Aspergillus niger and Trichoderma reesei 

increased cellulase production significantly15. 

Numerous studies associated with the 

production of kojic acid have generally used 

Aspergillus as a sole culture. However, there 

was a study used a combination culture of A. 

flavus NSH9 and A. flavus Link 44-1 for kojic 

acid fermentation. Spencer et al. (2012)16 

stated that kojic acid produced by mixed 

cultures of Aspergillus molds showed higher 

yield value than was produced by the sole use 

of Aspergillus. Suryadi and Sukarna (2018)17 

produced kojic acid using combination cultures 

of A. oryzae and A. tamarii and founded that 

the yield value of kojic acid using mixed 

cultures was higher than that when using a sole 

culture. 

Kojic acid has many economic 

applications in different eras, such as in the 

field of medical, it has been reported as having 

anti-bacterial and anti-fungal potentials. While 

in case of chemical industries it has been also 

used for the synthesis of azo-dyes and 

biodegradable compounds7&18. Furthermore, in 

the field of food industries, it has been used as 

an anti-browning agent along with the 

combination of vitamin C4. It is used during the 

food preparation like soy sauce, miso, sake etc 

as a food additive to inhibit enzymatic 

browning19. It is also used for preservation of 

canned foods as an anti-browning agent. Fungi 

that produce kojic acid were used commonly in 

traditional staple Japanese fermented foods 

production such as shochu (a distilled liquor); 

amazake (a sweet beverage) and mirin (a sweet 

alcoholic seasoning). Most of the healthy foods 

that are consumed in japan contain kojic acid20. 

kojic acid has anti-oxidizing activity so it is 

used as flavor enhancer and natural 

preservative21. It prevents fruits from browning 

like apples after cut22. It acts as precursor for 

flavor enhancers like ethyl maltol and maltol23. 

Comenic acid is derived from kojic acid where 

it is intermediate in synthesis of maltol that is 

used as flavor enhancer in food products and 

constituent in perfumes etc24. According to 

global marketing report the use of kojic acid in 

cosmetic is increasing day by day. KA is used 

as primary constituent in skin products as it 

obstructs the synthesis of pigment, responsible 

for skin blackening25. Kojic acid inhibits the 

formation of melanin in human skin by 

inhibition tyrosinase enzyme activity which 

responsible for the synthesis of melanin26&27, 

where it chelates the copper ion which play 

role in the activation of tyrosinase28. Because it 

acts as skin lightening and de-pigmenting 

agent, kojic acid was used in preparation of 

skin care products29. It is used in the 

manufacture of beauty products like sun 

screens, gels, bubble bath products, bath salts, 

creams, baby lotions etc., to enhance the skin 

complexion25. Beard and Walton (1969)30 

founded that kojic acid could utilize as 

insecticides and pesticides agent. Kojic acid is 

active against several common bacterial strains 

at dilutions of 1:1,000 to 1:2,00031. 

 

MATERIALS AND METHODS 

 

Microorganisms 

Two highly kojic acid producers were 

selected from 25 fungal isolates by Kamal-

Eldin et al (2022)32. These two isolates were 

genetically identified and examined for 

aflatoxin production and recorded as non-

aflatoxin producers (A. oryzae ASU44 

(OL314732)&A. flavus ASU45 (OL314748))33. 

https://www.ncbi.nlm.nih.gov/nuccore/OL314732
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Optimization Using Box-Behnken Statistical 

Design  

 Kojic acid production by the single 

culture from A. oryzae ASU44 and A. flavus 

ASU45 were optimized using Box-Behnken 

Statistical Design to 46.53 and 81.59 g/l 

respectively in the same laboratory33. 

 

Antagonistic effect 

The antagonistic effect was performed for 

the co-culture of A. oryzae ASU44 and A. 

flavus ASU45 using Czapek’s dextrose agar 

plates. Sterilized medium was poured on plates 

containing one ml of A. oryzae ASU44 spores 

suspension, mixed well then left to solidify. 

Then, A. flavus ASU45 spores were inoculated 

in the center of plates. The plates were 

incubated at 28± 1°C static for five days and 

observed for clear zone generation.  

 

Enhancing kojic Acid Production by Co-

culture of A. oryzae ASU44 (OL314732) and 

A. flavus ASU45 (OL314748) Using Box-

Behnken Statistical Design  

Box–Behnken experimental design was 

used for enhancing kojic acid production via 

studying the interactions between different 

parameters, the main effects, and quadratic 

effects of the evaluated variables. Five 

parameters, 3-levels randomized statistical 

design with forty-one runs were conducted 

exploring. Glucose (g/l) (A), yeast extract (g/l) 

(B), KH2PO4 (g/l) (C), MgSO4.7H2O (g/l) (D) 

and pH (E) were stated by three levels low, 

medium, and high concentrations (-1, 0, +1). 

The non-linear quadratic statistical model was 

generated by the quadratic equation (1) as 

cleared by Liu et al. (2013)34 and Yan et al. 

(2014)35.  

 

Y= β0+ ∑βi xi +∑βii xi 2+ ∑βijxij               (1) 

 

Y stands for the predicted values of kojic 

acid, dry mass and residual sugar of tested 

strain, β0 is the intercept, βi is the linear impact, 

βii is the squared impact, βij is the interaction 

impact, xi, xij denotes the independent levels of 

variables. Response surface plots, curves of 

actual and expected values, and statistical 

analysis of all data were used to clarify the 

variables' linkages. For the validity of the 

created models, Derringer's required equations 

were set. Data were analyzed using Design 

Expert 7.0.0 statistical software from the 

United States, which included quadratic 

regression and variable interaction analysis 

using one-way ANOVA with a P value of 0.05.   

 

Extraction and Crystallization of Kojic Acid 

The co-culture of A. oryzae ASU44 and A. 

flavus ASU45 were grown on the optimum 

modified Czapek’s glucose broth medium at 

28 2C for ten days. Kojic acid extracted from 

the filtrate using the following solvents; ethyl 

acetate, chloroform, methanol, ethanol, acetone 

and diethyl ether, individually. Three different 

ratios used from each solvent (1:1, 2:1 & 1:2; 

filtrate: solvent) and kojic acid measured using 

spectrophotometer at wavelength 540 nm 

according to Sanjotha et al. (2019)10 using 

ferric chloride (FeCl3) as detecting agent to 

choose the best extract solvent and its 

extraction ratio.  

Crystallization of the extracted kojic acid 

was achieved using the best extraction solution 

(ethyl acetate) as follow: the filtrate stored for 

one day at 5C, then evaporated using rotatory 

evaporator 70C at 120 rpm, the remaining 

filtrate after evaporation mixed with the same 

volume of ethyl acetate (1:1, filtrate: solvent), 

then the layer of ethyl acetate separated using 

separation funnel, leaved to evaporate and form 

crystals36. 

 

Kojic acid activity in fungal de-pigmentation 

Crystalized kojic acid was tested for their 

ability to de-pigment the black color of 

Aspergillus niger ASU311. A. niger inoculated 

in conical flasks containing YME media 

include (g/l) (glucose, 10; peptone, 5; yeast 

extract, 3 and malt extract, 3)37. Different 

concentrations of kojic acid dissolved in 

distilled water (1:10 µg/ml) were added to the 

flasks, individually. One of these conical flasks 

was a control without kojic acid. After 7 days 

of incubation, the content of the flasks filtrated 

using filter paper. Then 0.5 g of fungal mass 

(from each kojic acid concentration) added to 

the tube containing 2.5 g ethyl alcohol then the 

tubes after 48 hrs were centrifuged 6000 rpm 

for 10 minutes. The absorbance spectra of the 

pigment solution were screened at 350–700 

nm, then tubes were measured using 

spectrophotometer at 411nm38. 

 

https://www.ncbi.nlm.nih.gov/nuccore/OL314732
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Kojic acid activity as anti-browning agent in 

food industry 

Crystalized kojic acid was tested for their 

ability as anti-browning of apple juice. Apples 

were peeled and juiced with an ordinary 

domestic food processor (100 g from apples in 

500 ml distilled water). Samples of the juice 

were poured into tubes, one tube was without 

kojic acid and the others containing different 

concentrations of kojic acid dissolved in 

distilled water (10, 20, 30, 40 & 50 µg/ml). The 

tubes kept at room temperatures (30C) for 1, 

2, 3, 4, 5, and 6 hrs. The tubes were centrifuged 

6000 rpm for ten min. then measured at 421nm 

using spectrophotometer39.  

 

RESULTS AND  DISCUSSION 

 

Results 

Antagonistic effect  

There wasn’t antagonistic effect between 

the two fungal strains. 

 

Enhancing kojic Acid Production by Co-

culture of A. oryzae ASU44 (OL314732) and 

A. flavus ASU45 (OL314748) Using Box-

Behnken Statistical Design  

The interaction effects, main effects, and 

quadratic effects of the studied variables on the 

synthesis of kojic acid by co-culture of 

Aspergillus oryzae ASU44 (OL314732) and A. 

flavus ASU45 (OL314748) in glucose 

fermentation medium were optimized and 

evaluated using a Box–Behnken statistical 

experimental design. Five-parameter (Glucose 

(100, 150, 200 g/l) (A), Yeast extract (1, 5, 10 

g/l) (B), KH2PO4 (0, 1, 3 g/l) (C), MgSO4.7H2O 

(0, 0.5, 2 g/l) (D) and pH (3, 5, 7) (E), three-

level (-1, 0, +1) statistical design with 41-runs 

was established as mentioned in Table (1). The 

predicted values of the completed runs were 

determined using the equation (1) for second-

order polynomial; the predicted values of kojic 

acid (g/l), was calculated by equation (2) as 

following: 

Kojic acid (g/l) = 63.26+(9.84) A +(4.52) B + 

(-0.9161) C + (-1.27) D +(-24.50) E + (7.60) 

AB + (0.13) AC + (1.99) AD + (-2.03) AE + (-

0.61) BC + (0.3967) BD + (0.08) BE + (-

0.4133) CD + (-12.13) CE + (-2.34) DE + 

(1.27) A² + (1.31) B² + (-1.55) C² +  (4.13)D²  

+  (2.17) E²                        (2) 

 

Maximum experimental values of kojic 

acid production was 114.28 g/l; whereas the 

corresponding predicted values was 111.84 g/l 

obtained in run number (23) using Glucose 

(150, g/l) (A), Yeast extract (5 g/l) (B), 

KH2PO4 (3 g/l) (C), MgSO4.7H2O (0.5 g/l) (D) 

and pH (3) (E), however the lowest kojic acid 

production cleared  was 15.10 g/l; whereas the 

corresponding predicted values was 17.94 g/l 

obtained in run number (7) using Glucose (150, 

g/l) (A), Yeast extract (1 g/l) (B), KH2PO4 (1 

g/l) (C), MgSO4.7H2O (0.5 g/l) (D) and pH (7) 

(E).  

The predicted values of kojic acid 

production was found to be very near to the 

response model experimental data, indicating 

that the established model is accurate as 

cleared in Table (1) and Fig. 1. The statistical 

model suitability, accuracy, and significance of 

the quadric polynomial equations were further 

examined using one-way analysis of variance 

to corroborate the statistical model suitability, 

accuracy, and significance (ANOVA) as 

established in Table (2). The F and P- values 

of the tested model of kojic acid production 

(g/l) were F; 103.35 and P; ˂0.0001 indicating 

that the parameter yielded significant results 

(Probability ≤0.05). The statistical parameter 

coefficient (R2) was also determined to 

evaluate the model goodness, accuracy, and 

fitting; R2 values of kojic acid production (g/l) 

was 0.991and adjusted R2 value 0.981 which 

indicated that the whole variations were 

explained highly by the statistical model.  

 

 

Table 1: Box-Behnken design with five variables; Glucose (g/l) (A), yeast extract (g/l) (B), KH2PO4 

(g/l) (C), MgSO4·7H2O (g/l) (D) and pH (E) with actual and/or predicted responses of kojic 

https://www.ncbi.nlm.nih.gov/nuccore/OL314732
https://www.ncbi.nlm.nih.gov/nuccore/OL314732
https://www.ncbi.nlm.nih.gov/nuccore/OL314732
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acid (g/l) (KA) by co-culture of Aspergillus oryzae ASU44 (OL314732) and Aspergillus 

flavus ASU45 (OL314748).   

Trial

s 

Glucose 

(g/l) 

Yeast 

extract 

(g/l) 

KH2PO4 

(g/l) 

MgSO4·7H2O 

(g/l) 

pH 

(E) 

Actual 

values of 

KA (g/l) 

Predicted 

values of KA 

(g/l) 

1 1 -1 0 0 0 40.53 42.10 

2 0 1 0 0 1 42.88 43.23 

3 1 0 0 0 1 66.70 66.22 

4 0 1 1 0 0 63.55 64.94 

5 0 -1 0 1 0 28.34 29.60 

6 0 0 -1 1 0 58.93 60.73 

7 0 -1 0 0 1 15.10 17.94 

8 0 -1 1 0 0 33.86 31.01 

9 1 1 0 0 0 68.45 66.32 

10 -1 0 0 0 -1 92.21 95.53 

11 0 0 -1 -1 0 82.63 80.75 

12 0 1 0 -1 0 41.56 41.18 

13 0 0 1 0 1 58.44 59.81 

14 0 0 -1 0 -1 113.74 110.63 

15 -1 1 0 0 0 35.35 31.45 

16 0 -1 0 0 -1 81.30 83.19 

17 -1 0 0 -1 0 44.10 49.62 

18 1 0 0 -1 0 82.25 83.54 

19 0 1 0 1 0 40.98 44.18 

20 1 0 1 0 0 108.62 107.47 

21 0 0 0 -1 -1 110.64 108.70 

22 1 0 -1 0 0 62.59 64.27 

23 0 0 1 0 -1 114.28 111.84 

24 0 0 0 1 -1 94.44 92.32 

25 -1 0 -1 0 0 88.71 89.62 

26 0 1 -1 0 0 39.81 41.87 

27 0 0 0 -1 1 47.11 45.88 

28 -1 0 0 1 0 62.88 61.31 

29 0 -1 0 -1 0 40.03 37.70 

30 0 0 0 1 1 58.58 57.16 

31 0 0 1 1 0 71.74 76.37 

32 -1 0 0 0 1 51.37 49.23 

33 0 0 1 -1 0 60.49 61.44 

34 -1 -1 0 0 0 37.82 37.61 

35 1 0 0 0 -1 112.92 117.90 

36 -1 0 1 0 0 44.67 42.76 

37 0 -1 -1 0 0 59.91 57.74 

38 0 0 0 0 0 63.26 63.26 

39 0 0 -1 0 1 63.99 64.69 

40 1 0 0 1 0 72.54 66.75 

41 0 1 0 0 -1 76.55 75.96 
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Fig. 1: Comparison between the actual and predicted values of kojic acid production (g/l) by co-culture 

of Aspergillus oryzae ASU44 (OL314732) and Aspergillus flavus ASU45 (OL314748). 

 

Table 2: ANOVA results for Box-Behnken quadratic model of kojic acid (g/l) by co-culture of 

Aspergillus oryzae ASU44 (OL314732) and Aspergillus flavus ASU45 (OL314748) .  

Source Sum of Squares Mean Square F-value P-value 

Model 25543.7 1277.19 103.35 < 0.0001 

A-Glucose (g/l) 1550.07 1550.07 125.43 < 0.0001 

B-Yeast extract (g/l) 326.33 326.33 26.41 < 0.0001 

C-KH2PO4 (g/l) 13.43 13.43 1.09 0.3097 

D-MgSO4.7H2O (g/l) 25.96 25.96 2.10 0.1627 

E-pH 9600.52 9600.52 776.87 < 0.0001 

AB 230.84 230.84 18.68 0.0003 

AC 2027.90 2027.90 164.10 < 0.0001 

AD 202.74 202.74 16.41 0.0006 

AE 7.24 7.24 0.5857 0.4530 

BC 619.85 619.85 50.16 < 0.0001 

BD 30.86 30.86 2.50 0.1298 

BE 264.53 264.53 21.41 0.0002 

CD 305.46 305.46 24.72 < 0.0001 

CE 9.27 9.27 0.7504 0.3966 

DE 191.42 191.42 15.49 0.0008 

A² 52.64 52.64 4.26 0.0523 

B² 1640.78 1640.78 132.77 < 0.0001 

C² 231.40 231.40 18.72 0.0003 

D² 13.44 13.44 1.09 0.3095 

E² 681.44 681.44 55.14 < 0.0001 

 

Response surface plots and the interaction plots 

draw for the 3D visualization of the cleared 

interaction between pair-wise of the two factors 

when the other factor constant as showed in 

Fig. (2) explaining the effect of AB (Glucose 

(g/l) * Yeast extract (g/l)), AC (Glucose (g/l) * 

KH2PO4 (g/l)), BC (Yeast extract (g/l) * 

KH2PO4 (g/l)) and BD (Yeast extract (g/l) * 

MgSO4.7H2O (g/l)) on kojic acid production 

(g/l) by coculture of Aspergillus oryzae ASU44 

(OL314732) and Aspergillus flavus ASU45 

(OL314748). 

https://www.ncbi.nlm.nih.gov/nuccore/OL314732
https://www.ncbi.nlm.nih.gov/nuccore/OL314732
https://www.ncbi.nlm.nih.gov/nuccore/OL314732
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Fig.2: 3D surface plots of Box–Behnken statistical experimental design explaining the interactions 

effects of AB (Glucose (g/l) * Yeast extract (g/l)), AC (Glucose (g/l) * KH2PO4 (g/l)), BC 

(Yeast extract (g/l) * KH2PO4 (g/l)) and BD (Yeast extract (g/l) * MgSO4.7H2O (g/l)) on 

kojic acid (g/l) production by co-culture of Aspergillus oryzae ASU44 (OL314732) and 

Aspergillus flavus ASU45 (OL314748). 

 

The significance and effects of each 

individual variable and/ or the interactions 

were set in Table (2) as one-way ANOVA 

results. Individual variables of Glucose (A), 

Yeast extract (B), KH2PO4 (C), MgSO4.7H2O 

(D) and pH (E) have significant effects on dry 

mass, while among the five variables C 

(KH2PO4) and D (MgSO4.7H2O) found to be 

non-significant for kojic acid production but C 

(KH2PO4) found to be non-significant for 

residual sugar. The interaction between 

different variables AB (Glucose (g/l) * Yeast 

extract (g/l)), AC (Glucose (g/l) * KH2PO4 

(g/l)), AD (Glucose (g/l) * MgSO4.7H2O (g/l)), 

BC (Yeast extract (g/l) * KH2PO4 (g/l)), BE ( 

Yeast extract (g/l) * pH), CD (KH2PO4 (g/l)* 

MgSO4.7H2O (g/l)), and DE (MgSO4.7H2O 

(g/l) * pH) were found to be significant for 

kojic acid production (g/l), while the 

interaction between AE (Glucose (g/l) * pH), 

BD (Yeast extract (g/l) * MgSO4.7H2O (g/l)) 

and CE (KH2PO4 (g/l) * pH) were non-

significant for kojic acid production.   

Derringer's desirability function was used 

to calculate an optimal variable concentration 

for high kojic acid production (g/l). By 

applying the function, the obtained optimum 

levels were Glucose (150, g/l) (A), Yeast 

extract (5 g/l) (B), KH2PO4 (3 g/l) (C), 

MgSO4.7H2O (0.5 g/l) (D) and pH (3) (E) were 

found to be the best levels after using the 

function, which gives desirability equal to 

1.000 for kojic acid production, as cleared at 

Fig. (3).  

https://www.ncbi.nlm.nih.gov/nuccore/OL314732
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Fig. 3: The statistical optimization desirability ramp plot for kojic acid (g/l) production by co-culture 

of Aspergillus oryzae ASU44 (OL314732) and Aspergillus flavus ASU45 (OL314748). 

 

Extraction and Crystallization of Kojic Acid 

To choose the best extraction solvent and 

its extraction ratio, six extraction solvents were 

used: ethyl acetate, chloroform, methanol, 

ethanol, acetone and diethyl ether with three 

different ratios (1:1, 2:1 & 1:2 filtrate: solvent). 

It was cleared that ethyl acetate and acetone 

were the best extraction solvents, 1:1 and 1:2 

were the best ratios for the extraction. Highest 

extracted quantity of kojic acid was 96.98±0.24 

g/l using ethyl acetate (1:1, filtrate: solvent) as 

cleared in Table (3) & Fig. (4). After 

evaporation, crystals are formed in needle 

shape as cleared in Fig. 5 (a-c). 

 

Table 3: Extraction of kojic acid (g/l) produced by co-culture of A. oryzae ASU44 (OL314732) and A. 

flavus ASU45 (OL314748). Six separated solvents were tested: ethyl acetate, chloroform, 

methanol, ethanol, acetone and diethyl ether with three different ratios (1:1, 2:1 & 1:2 

filtrate: solvent). 

 

Solvents 

Ratios (filtrate: solvent) 

1:1 2:1 1:2 

Ethanol 71.74±0.96 72.28±5.86 78.62±1.9 

Methanol 75.62±4.34 62.08±1.38 81.22±2.44 

Diethyl ether 83.42±3.08 35.96±0.74 28.68±1.78 

Ethyl acetate 96.98±0.24 58.14±4.18 95.62±0.74 

Acetone 90.64±2.54 73.26±5.54 91.7±0.9 

Chloroform 61.84±6.74 24.32±0.9 41.1±2.22 
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Fig. 4: Extraction of kojic acid (g/l) produced by co-culture of A. oryzae ASU44 (OL314732) and A. 

flavus ASU45 (OL314748). Six separated solvents were tested: ethyl acetate, chloroform, 

methanol, ethanol, acetone and diethyl ether with three different ratios (1:1, 2:1 & 1:2 

filtrate: solvent). 

(a) 

 
(b) (c) 

 

Fig. 5:  Kojic acid crystals shape visual (a) and under light microscope (b& c). 
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Kojic acid activity in fungal de-pigmentation 

The effects of different kojic acid 

concentrations (1-10 µg/ml) were cleared in 

Fig.s (6& 7). The suitable wavelength for 

measuring black pigment of Aspergillus niger 

ASU311 was 411 nm (Fig., 6). Inhibition of 

fungal pigment formation increased by 

increasing the concentration of kojic acid 

compared with the control samples. UV 

absorbance at concentration from 1 to 4 µg/ml; 

there wasn’t clear inhibition, however high 

concentrations 7 (1.997), 8 (1.895), 9 (1.607) 

and 10 (1.459) µg/ml showed good inhibitions 

in the UV absorbance compared with the 

control samples (2.736 µg/ ml) as cleared in 

Fig.s (6 & 7). 
 

Kojic acid activity as anti-browning agent in 

food industry 

Kojic acid activity increased by increasing 

the concentration until 50 µg/ml, the most 

effective concentration, where the kojic acid 

preserved the color of apples from the 

conversion to brown color as cleared in Fig.s 

(8). Maximum KA activity at 50 µg/ml was 

1.48, 1.41, 1.37, 1.35, 1.46, and 1.47 after 1, 2, 

3, 4, 5, and 6 hrs, respectively comparing with 

control samples 1.82, 1.84, 1.83, 1.81, 1.81, 

and 1.82 after 1, 2, 3, 4, 5, and 6 hrs, 

respectively.  

 

 

Fig. 6: UV- spectrum for black pigment of Aspergillus niger ASU311. 

 

Fig. 7: Effect of different concentrations of kojic acid (0-10 µg/ml) on the black pigment production of 

Aspergillus niger ASU311. 
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Fig. 8 : Effect of different concentrations of kojic acid (0-50 µg/ml) on fresh apple juice colour 

during 6 hrs of preservation in room temperature 30° C ±1. 

 
Discussion 

Co-culture fermentations may result in 

increased yield, improving control of product 

qualities and the possibility of utilizing cheaper 

substrates. In our study after optimizing kojic 

acid production by co-culture of Aspergillus 

oryzae ASU44 (OL314732) and A. flavus 

ASU45 (OL314748) using Box-Behnken 

statistical design (41 runs), kojic acid 

production enhanced to 114.28 g/l using 

fermentation medium with 150 g/l glucose, 5 

g/l yeast extract, 3 g/l KH2PO4, 0.5 g/l 

MgSO4.7H2O at pH (3). Suryadi and Sukarna 

(2018)17 found that Kojic acid production by 

co-cultures of A. oryzae and A. tamarii yielded 

0.1396 gg−1 and the yield value of kojic acid 

was higher than that when using a sole culture. 

Numerous studies associated with the 

production of kojic acid have generally used 

Aspergillus as a sole culture. However, there 

was a study used a combination culture of A. 

flavus NSH9 and A. flavus Link 44-1 for kojic 

acid fermentation16. They reported that kojic 

acid produced by the mixture of the two A. 

flavus was higher yield than those produced by 

the sole use of each strains. 

Extraction of kojic acid from the 

fermented medium was performed using six 

extraction solvents named: ethyl acetate, 

chloroform, methanol, ethanol, acetone and 

diethyl ether with three different ratios (1:1, 

2:1 & 1:2 filtrate: solvent) of each. The highest 

extracted quantity of kojic acid was achieved 

using ethyl acetate (1:1, filtrate: solvent). In 

agreement with our study, Sanjotha et al. 

(2019)10 used ethyl acetate, chloroform and 

methanol (1:1 ratio) for extraction kojic acid 

and acquired the maximum extracted quantity 

of kojic acid using ethyl acetate. Also, Chaves 

et al. (2012)40; Hazzaa et al. (2013)9 and Ola et 

al. (2019)41 used ethyl acetate for extraction of 

kojic acid as effective extraction solution.  

Kojic acid was recorded as inhibitor for 

the formation of melanin by inhibition 

tyrosinase activity which responsible for the 

synthesis of melanin26,27 So, examination of the 

effect of kojic acid on the pigment formation 

by Aspergillus niger was achieved in this 

study. The result revealed that kojic acid had 

the ability to inhibit the fungal pigment 

formation. The inhibition effect was increased 

by increasing the kojic acid concentration. 

Where there wasn’t clear inhibition using 

concentrations from 1 to 4 µg/ml but high 

concentrations from 7 to 10 µg/ml showed 

good inhibitions comparing with the control 

https://www.ncbi.nlm.nih.gov/nuccore/OL314732
https://www.ncbi.nlm.nih.gov/nuccore/OL314732
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samples. Chee and Lee (2003)42 proved that 

kojic acid significantly reduced the 

melanization of Cryptococcus neoformans. 

Berthelot et al. (2020)43 showed that kojic acid 

also significantly reduced the black 

pigmentation of Cadophora sp. and 

Phialophora mustea at concentration 50 µg/ml.  

Crystalized kojic acid was effective as 

anti-browning agent by using concentrations 

from 10 to 50 µg/ml, where 50 µg/ml was the 

most effective concentration that preserved the 

color of apple juice from conversion to brown 

color for 6 hrs comparing with the control. In 

this respect, Son et al. (2001)22 founded that 

the minimum concentration for an effective 

anti-browning activity of kojic acid on apple 

slices was 500 µg/ml. A previous study 

revealed that kojic acid inhibited enzymatic 

browning in apple slices, and its inhibitory 

effects were stronger than those of caffeic, 

ferulic, chlorogenic, coumaric, cinnamic, and 

gallic acids44. 

 

Conclusion 

It concluded that production of kojic acid 

by coculture of A. oryzae ASU44 (OL314732) 

and A. flavus ASU45 (OL314748) was higher 

than that produced by single culture. The 

crystallized kojic acid was effective in fungal 

depigmentation of A.niger ASU311. This study 

clearly appeared that kojic acid produced by 

fungi can used effectively for decoloring of 

black fungi as well as delaying the oxidation of 

the fresh juice. So, we can recommend using of 

kojic acid produced by fungi at exact 

concentration for decoloring of black fungi and 

as anti-browning agent in fresh juice. 
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