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Abstract 

The food and beauty sectors are developing strategies to establish a link between nutrient 

consumption and skin health, as nutraceuticals offer a promising treatment option for 

some skin disorders such as hyperpigmentation and premature ageing. As a result, the 

consumption of food ingredients and supplements claiming to lower the risk of developing 

such skin problems is increasing. In this study, anti-tyrosinase potential of Aspergillus 

oryzae-fermented rice by-product water extracts namely fermented broken rice (FBR), 

brewers’ rice (FBrR), and rice bran (FRB) was assessed through in vitro study using 

highly pigmented human melanoma MNT-1 cells. The fermented extracts were evaluated 

for cytotoxicity, anti-tyrosinase activity using intracellular tyrosinase assay as well 

as melanin content analysis. Their effect on the gene expression of three melanogenic 

enzymes: tyrosinase (TYR), tyrosinase-related protein-1 (TRP-1) and tyrosinase-related 

protein 2 (TRP-2) was also assessed by qPCR analysis. As a result, all extracts at tested 

concentrations of 50 and 100 µg/mL have a low cytotoxicity effect. Together with the 

positive control kojic acid, the FBR at both concentrations and the FRB at 50 µg/mL 

significantly decreased intracellular tyrosinase activity. However, their melanin content 

was not significantly reduced. The qPCR analysis indicated that FBR at 50 and 100 µg/

mL significantly reduced TYR gene expression by up to 71% and 61%, respectively. On 

the other hand, FBR (100 µg/mL) increased TRP-1 gene expression, whilst FRB (100 µg/

mL) elevated both TRP-1 and TRP-2 gene expression. The positive control kojic acid 

significantly reduced TYR, TRP-1 and TRP-2 gene expression. However, FBrR 

demonstrated no significant effect in any of the analyses. Based on these findings, FBR 

and FRB at 50 µg/mL possess anti-tyrosinase potential. However, further investigation is 

needed to dissect deeper mechanisms underlying their potential as functional 

bioingredients for nutraceutical or cosmeceutical applications. 

1. Introduction 

The skin is the largest organ in the body which 

participates in sensitivity and protects against 

microorganisms, chemicals, and ultraviolet (UV) 

radiation. As a result, the skin may undergo changes 

such as inflammation, immune dysfunction, and 

photoaging, which can have a significant impact on 

human health and appearance. The food and cosmetic 

industries are developing new strategies to establish a 

link between nutrient consumption and skin health. As a 

result, the use of food ingredients and supplements that 

claim to reduce the risk of skin disorders is increasing 

(Boelsma et al., 2001). Among the most commonly used 

ingredients are bioactive peptides and oligosaccharides, 

plant polyphenols, carotenoids, vitamins, and 

polyunsaturated fatty acids. The majority of bioactive 

food compounds responsible for health benefits are 

derived primarily from plants, with only a few derived 

from animal sources (Kussmann et al., 2007). 

Nutraceuticals are the promising strategy for 

preventing, delaying, or minimising premature skin 

ageing, as well as treating certain skin disorders. The 

term "nutraceutical" was coined Stephen DeFelice, from 

the combination of "nutrition" and "pharmaceutical." 
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According to DeFelice, nutraceutical is "a food or a 

component of it that provides medical or health benefits, 

including disease prevention and/or treatment" (Brower, 

1998; Kalra, 2003). Nutraceuticals also can be used to 

enhance human health, slow the ageing process as well 

as support the structure or function of the human body. 

Nowadays, nutraceuticals have sparked a strong interest 

due to their nutritional potential, safety, and therapeutic 

effects. Recent market research proposed that the global 

nutraceutical market size was valued at USD 454.55 

billion in 2021 and is expected to expand at a compound 

annual growth rate (CAGR) of 9.0% from 2021 to 2030 

(Grand View Research, 2022). The rising demand for 

dietary supplements and functional foods is expected to 

be a major driving force in the market during the forecast 

period. In Malaysia, people are concerned about health 

and dietary habits, which is a positive factor for the 

growth of the nutraceuticals market in Malaysia. 

Malaysia's nutraceutical market is projected to reach 

USD 1382.3 million by 2027 from 794.4 million in 2020 

(Research CMFE, 2021). 

Nutraceuticals have been studied over the years to 

delay and combat these internal and external factors, 

which are mostly found in foods and by-products 

consumed naturally. A recent trend has been observed in 

the use of the solid-state fermentation (SSF) process for 

the bioconversion of agro-industrial by-products into 

value-added products. The reuse of these by-products is 

of particular interest due to their availability and low 

cost, besides being an environment-friendly alternative 

for their disposal. Furthermore, their appealing 

composition, combined with the growing interest in 

finding natural ingredients as an alternative to synthetic 

substances, has determined them an economically 

attractive source for the production of high-value 

products in a variety of industrial fields, including food, 

nutraceuticals, pharmaceutics and cosmetics.  

The same scenario happen in the rice processing 

industry as Malaysia is one of the world’s rice-producing 

and consuming countries where the production volume 

of rice in 2020 was approximately 1.51 million metric 

tonnes (Hirschmann, 2022). In 2015, it was reported the 

milling of 400, 906 tonnes of paddy produced about 

60.7% graded rice only with the remainder becoming by-

products (Ministry of Agriculture, 2017). Ironically, the 

utilization of these by-products is very limited despite 

they are a good source of secondary metabolites. The 

presence of carbon sources, nutrients and moisture in 

these wastes opens up great possibilities for their reuse in 

bioprocessing for the production of value-added 

products. These by-products have been recognized as an 

excellent source of nutrients and bioactive compounds, 

such as gamma-oryzanol, ferulic acid, tocopherols and 

tocotrienols, which offer beneficial health properties and 

antioxidant activity. 

Therefore, this study was carried out to characterize 

and valorize the rice by-products namely broken rice, 

brewers’ rice and rice bran for their potential application 

in the nutraceutical industry. Our previous study, SSF of 

rice by-products such as broken rice, brewers’ rice and 

rice bran with GRAS status Aspergillus oryzae resulted 

in the development of bioactive extracts of fermented 

rice-by-products: broken rice (FBR), brewers’ rice 

(FBrR) and rice bran (FRB) with greater antioxidant and 

anti-tyrosinase activity than their unfermented 

counterparts. The SSF procedure successfully elevated 

the total phenolic content in these substrates. The anti-

tyrosinase activity was evaluated using mushroom 

tyrosinase as a model and demonstrated higher 

tyrosinase inhibition showing their potential as 

functional bioingredients for nutraceutical and 

cosmeceutical purposes (Abd. Razak et al., 2019; Abd. 

Ghani et al., 2021). However, it has been reported that 

the regulation of mushroom tyrosinase differs 

significantly from that of mammalian tyrosinase in 

several aspects (Pomerantz, 1963; Hearing et al., 1980). 

Some compounds that inhibit mushroom tyrosinase do 

not have comparable effects on mammalian tyrosinase 

(Galindo et al., 1987; Jacobsohn and Jacobsohn, 1992; 

Funayama et al., 1995; Goenka and Simon, 2020). 

Hence, our study aimed to investigate the anti-

melanogenic potential of FBR, FBrR and, FRB through 

in vitro study by evaluating their effect on intracellular 

tyrosinase activity, and melanin content as well as the 

possible underlying mechanism using highly pigmented 

human melanoma, MNT-1 cell line. 

 

2. Materials and methods  

2.1 Chemicals and reagents 

Dulbecco's Modified Eagle Medium (DMEM) was 

purchased from GIBCO (Grand Island, NY). Fetal 

bovine serum (FBS), AIM-V medium, non-essential 

amino acids (NEAA), sodium pyruvate, trypLETM, and 

phosphate buffer saline (PBS) were all purchased from 

Thermo Fischer Scientific (Yokohama, Japan). MTT 

reagent was purchased from Nacalai Tesque (Kyoto, 

Japan). Kojic acid, sodium hydroxide (NaOH), dimethyl 

sulfoxide (DMSO), Triton X-100, Tris-HCl, sodium 

phosphate buffer, protease inhibitor cocktail, 

bicinchoninic acid (BCA), bovine serum albumin (BSA), 

and L-3,4-dihydroxyphenylalanine (L-DOPA) were all 

purchased from Sigma-Aldrich (MO, USA).  

2.2 Preparation of fermented extracts 

The fermented extracts were prepared by the 

Malaysian Agricultural Research and Development 
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Institute (MARDI). Briefly, thirty grams of rice by-

products (Oryza sativa L. indica) (broken rice, Brewers’ 

rice, and rice bran) were added to Erlenmeyer flasks and 

autoclaved for 15 mins at 121oC. Approximately 35 mL 

of sterilized distilled water was mixed into each flask to 

adjust the substrate moisture content to 50%. Fungal 

spores of Aspergillus oryzae were added at an initial 

concentration of 5×106 spores/g of substrates and 

incubated at 32oC. Samples were harvested and oven-

dried at 50oC for 24 hrs. All experiments were performed 

in triplicate. All samples were subjected to hot water 

extraction by mixing 1 g of sample with 5 mL distilled 

water and boiling for 15 mins in a water bath. The 

samples were then centrifuged for 15 mins at 10,000 

rpm, and the supernatants were collected and filtered 

using Whatman no. 1 filter paper. The filtrates were then 

freeze-dried and kept at -20oC for further analysis. 

2.3 Cell culture procedure 

Highly pigmented human melanoma, MNT-1 cells 

were a kind gift from Prof. Michael Marks, University of 

Pennsylvania through Dr Cheah Shiau Chuen (UCSI 

University, Malaysia). Cells were maintained and 

passaged in Dulbeccos’s modified Eagle’s medium 

(DMEM) (GIBCO, Grand Island, NY) containing 20% 

fetal bovine serum, 10% AIM-V medium, 1% non-

essential amino acids, and 1% sodium pyruvate 

(ThermoFisher Scientific, Massachusettes, USA). The 

cell line was grown and maintained at 37◦C in 5% carbon 

dioxide and regularly passaged at a density of 80%. 

2.4 Cell viability analysis via MTT assay 

Cell viability was determined using tetrazolium dye 

colourimetric test (MTT). Briefly, the MNT-1 cells were 

cultured in a 96-well plate at a density of 1×105 cells/

well for 24 hrs. The cells were then replenished with 200 

mL of fresh media containing different concentrations of 

FBR, FBrR, and FRB extracts ranging from 1 mg to 500 

mg and incubated for 48 hrs. A total of 20 µL MTT 

reagent was added to each well and the plate was 

incubated at 37oC for 4 hrs to allow the MTT to 

metabolize. After the incubation, the media was 

removed, and the formazan produced was dissolved in 

100% dimethyl sulfoxide (DMSO). The absorbance was 

determined at 570 nm using a microplate reader 

(BioTek®, USA). The percentage of cell viability was 

calculated against non-treated controls based on the 

equation below which A represents the absorbance of the 

treated sample and B represents the non-treated control. 

 

2.5 Intracellular tyrosinase activity 

The MNT-1 cells were plated in 6-well plates at a 

density of 105 cells/mL and left to attach overnight. The 

next day, the culture medium was replaced with fresh 

media containing 50 and 100 µg/mL of fermented 

extracts and kojic acid (100 µg/mL) as a positive control. 

After 48 hrs, the cells were washed twice with cold 

phosphate buffer saline (PBS) and lysed with 0.1 M 

sodium phosphate buffer (pH 6.8) containing 1% Triton 

X-100 and protease inhibitor cocktail. The lysate was 

centrifuged at 12,000 rpm for 20 mins at 4oC. The 

supernatant was recovered, and the amount of protein 

was determined using bicinchoninic acid (BCA) assay 

with BSA as a standard (McFeeters, 1980). An amount 

of 50 µL of lysate with the same amount of protein was 

placed in a 96-well plate, followed by 125 µL of 0.1 M 

sodium phosphate buffer (pH 6.8) and 25 µL of freshly 

prepared 10 mM L-DOPA in 0.1 M sodium phosphate 

buffer (pH 6.8). The plate was incubated at 37oC for 30 

mins and the tyrosinase activity was determined at 475 

nm using a microplate plate reader (BioTek®, USA). 

The tyrosinase activity (%) was calculated using the 

following equation where A represents the absorbance of 

the treated sample and B represents the non-treated 

control.  

2.6 Analysis of melanin content 

The MNT-1 cells were seeded into a 12-well plate 

and left to attach overnight. The culture medium was 

then replaced with new media containing 50 and 100 µg/

mL of fermented extracts and cultured for 48 hrs. The 

cells were harvested, and the pellets obtained were 

dissolved in 400 µL of 1 M sodium hydroxide at 80oC 

for 1 hr and centrifuged at 10,000 rpm for 10 mins. The 

supernatants (200 µL) were transferred to a 96-well plate 

and the measurement of melanin level was determined at 

405 nm. Kojic acid was used as the positive control. The 

melanin content (%) was calculated using the following 

equation which A represents the absorbance of the 

treated sample and B represents the non-treated control.  

2.7 Gene expression analysis using qPCR 

The qPCR analysis was carried out in 96-well plates 

with Bio-Rad CFX96 Real-Time PCR System and Bio-

Rad CFX96 Manager Software (Bio-Rad, USA) using 

SYBR Green-based PCR assay. The preparation of the 

reaction mix was according to THUNDERBIRD SYBR 

qPCR Mix kit manufacturer (TOYOBO, Japan) and was 

subjected to the following conditions: 95°C for 2 mins, 

followed by 40 cycles of 95°C for 10 s, 55°C for 30 s, 

and 72°C for 30 s in 96-well optical reaction plates (Bio-

Rad, USA). The melting curves were analyzed at 65–5°C 
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after 40 cycles. Each qPCR analysis was performed in 

triplicate and the mean was used for qPCR analysis. The 

gene expression levels were normalized to 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

expression. Primer sets used for qPCR are listed in Table 

1. 

2.8 Statistical analysis 

All data are expressed as means ± SEM (n = 3). The 

statistical significance of the data was determined by a 

one-way ANOVA, and then by Duncan's multiple 

comparison test. The P values of < 0.05 are considered 

statistically significant. The SPSS Version 26 was used 

to assess the statistical analyses (IBM Corporation, 

Chicago, USA). 

 

3. Results 

3.1 Effect of FBR, FBrR and FRB extracts on cell 

viability of MNT-1 cells  

After 48 hours of exposure to various doses ranging 

from 1 to 500 µg/mL, the effect of FBR, FBrR, FRB 

extracts, and kojic acid on MNT-1 cell viability was 

determined using the MTT colourimetric assay. The well

-known tyrosinase inhibitor, kojic acid was used as a 

positive control. As illustrated in Figure 1, the FBR, 

FBrR, and FRB had a low cytotoxicity effect on MNT-1 

cells. Kojic acid had no cytotoxic effect on human 

melanoma cells. Based on this outcome, concentrations 

of 50 and 100 µg/mL were chosen to be employed as 

treatments in the melanogenesis study. For comparison, 

kojic acid at 100 µg/mL was used as the positive control. 

3.2 Tyrosinase inhibitory effect by FBR, FBrR and FRB 

extracts in human melanoma, MNT-1 

Tyrosinase is the rate-limiting enzyme in the 

formation of melanin. As a result, the effect of FBR, 

FBrR, and FRB on the intracellular tyrosinase activity of 

the human melanoma cell line MNT-1 was evaluated. As 

illustrated in Figure 2, FBR at both concentrations as 

well as FRB at 50 µg/mL inhibited tyrosinase activity 

significantly. Additionally, FBrR and FRB at 100 µg/mL 

had a minimal effect on tyrosinase activity. The positive 

control kojic acid exhibited the most inhibitory action, 

with a 27% inhibition. 

3.3 Effect of FBR, FBrR and FRB extracts on melanin 

formation in MNT-1 cells 

The modification of melanin content in MNT-1 cells 

treated with the fermented extracts was determined. As 

illustrated in Figure 3, cells treated at a concentration of 

50 µg/mL had no effect on the melanin content of MNT-

1 cells. On the other hand, all 100 µg/mL-treated cells 

displayed an insignificant decrease in melanin 

concentration. Their effects are parallel with the positive 

control, kojic acid. 

Primer Sequence 

Tyrosinase (TYR) 
forward: 5’-AGATTCAGACGCAGACTCTTTTCA-3’ 

reverse: 5’-GACACAGCAAGCTCACAAGC-3’ 

Tyrosinase-related 

protein 1 (TRP-1) 

forward: 5’- TCT CTG GGC TGT ATC TTC TTC C-3’ 

reverse: 5’- GTC TGG GCA ACA CAT ACC ACT-3’ 

Tyrosinase-related 

protein 2 (TRP-2) 

forward: 5’-CTT GGG CTG CAA AAT CCT GC-3’ 

reverse: 5’ – CAG CAC TCC TTG TTC ACT AGG -3’ 

GAPDH 
forward: 5’- GCA AAT TCC ATG GCA CCG T-3’ 

reverse: 5’- TCG CCC CAC TTG ATT TTG G-3’ 

Table 1. Primer sets used for qPCR analysis. 

Figure 1. The effect of FBR, FBrR, FRB extracts, and kojic 

acid (as a positive control) on the viability of highly pigment-

ed human melanoma cells, MNT-1. Cells were treated with 

different concentrations of the studied extracts (1-500 µg/mL). 

The values were expressed as mean of percentage ± SEM (n = 

3). The values of each extract followed by the same letter are 

not significantly different from each other (p>0.05). 

Figure 2. Intracellular tyrosinase activity in human melanoma 

cells, MNT-1 upon treatment with 50 and 100 µg/ml FBR, 

FBrR and FRB extracts. Kojic acid (100 µg/mL) was used as a 

positive control. The values were expressed as mean of per-

centage ± SEM (n = 3). The values followed by the same letter 

are not significantly different from each other (p>0.05). 
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3.4 Effect of FBR, FBrR and FRB extracts on gene 

expression of melanogenic enzymes TYR, TRP-1 and 

TRP-2 in human melanoma, MNT-1 

Tyrosinase (TYR), tyrosinase-related protein-1 (TRP

-1) and dopachrome tautomerase (TRP-2) are key factors 

in melanin synthesis (Kobayashi et al., 1994). The qPCR 

analysis was used to determine whether FBR, FBrR, and 

FRB extracts have an effect on the gene expression of 

these melanogenic enzymes. As illustrated in Figure 4, 

FBR significantly lowered TYR gene expression at both 

concentrations tested. Additionally, the FBrR and FRB 

extract reduced TYR gene expression in a non-

significant manner. All treatments lowered TRP-1 and 

TRP-2 insignificantly, except for FBR and FRB at 100 

µg/mL, which raised TRP-1 and TRP-2. Meanwhile, the 

positive control kojic acid significantly decreased the 

expression of TYR, TRP-1 and TRP-2. 

4. Discussion 

Melanin, a pigmented biopolymer generated in the 

melanosome of melanocytes, plays a critical role in both 

UV light protection and phenotypic appearance. 

However, an abnormal build-up of melanin pigments 

would lead to aesthetic problems as well as serious 

diseases related to hyperpigmentation. Mammalian 

melanin was formed in two chemically different types: 

black to brown eumelanin and yellow to reddish-brown 

pheomelanin. Tyrosinase, tyrosinase-related protein-1 

(TRP-1), and tyrosinase-related protein-2 (TRP-2) are 

melanogenic enzymes that regulate melanin formation. 

Tyrosinase, a copper-containing enzyme, catalyses the 

initial rate-limiting processes in melanin synthesis: 

tyrosine hydroxylation and 3,5-dihydroxyphenylalanine 

(L-DOPA) oxidation to o-dopaquinone (Masum et al., 

2019). Although three enzymes (TYR, TRP-1, and TRP-

2) are involved in the melanogenesis process, only TYR 

is exclusively necessary as rate limiting catalyst for 

melanogenesis. As a result, tyrosinase inhibitors have 

long been sought as a technique for treating pigmentation 

disorders. 

The FBR, FBrR, and FRB were produced via SSF 

with A. oryzae to address the demand for innovative and 

safe natural bioingredients for treating pigmentation 

disorders. Thus, their influence on intracellular 

tyrosinase activity, melanin content and expression of 

melanogenic-related genes TYR, TRP-1, and TRP-2 

were investigated. The MTT assay was used to assess the 

effects of FBR, FBrR, and FRB on MNT-1 cell viability. 

The MTT assay detects the conversion of yellow 3-(4,5-

dimethythiazol2-yl)-2,5-diphenyl tetrazolium bromide 

(MTT) by mitochondrial succinate dehydrogenase to a 

dark purple formazan product found only in 

metabolically active cells (van Meerloo et al., 2011). The 

50 and 100 µg/mL concentrations were chosen for 

further investigation as they showed no cytotoxicity 

effect on MNT-1 cells with kojic acid at 100 µg/mL as a 

positive control. 

According to our findings, the tyrosinase activity 

was significantly inhibited by FBR at both 

concentrations, FRB at 50 µg/mL as well as the positive 

control, kojic acid (Figure 2). However, the melanin 

content was not significantly affected by these 

treatments. Similar findings have also been noted in the 

hydrolysable tannins which cellular tyrosinase activity 

was significantly inhibited without having any 

significant effect on melanin production level (Cho et al., 

2002). This finding also contradicts earlier studies on 

kojic acid, which has previously been associated with 

strong anti-melanogenic effects via tyrosinase inhibition 

(Lajis et al., 2012; Saeedi et al., 2019). As mentioned by 

Affenzeller et al. (2019), melanin which consists of 

eumelanin and pheomelanin is a complex polymer 

structure and high thermostability complicates their 

direct chemical identification. Since the studied extracts 

might have a different effect on one of the subtypes of 

Figure 3. Melanin content of highly pigmented human mela-

noma cells, MNT-1 upon treatment with 50 and 100 µg/mL 

FBR, FBrR, and FRB extracts. Kojic acid (100 µg/mL) was 

used as a positive control. The values were expressed as mean 

of percentage ± SEM (n = 3). The values followed by the same 

letter are not significantly different from each other (p>0.05). 

Figure 4. Effect of FBR, FBrR and FRB extracts on gene ex-

pression of TYR, TRP-1 and TRP-2 in human melanoma cells, 

MNT-1 upon treatment with 50 and 100 µg/mL of FBR, FBrR 

and FRB extracts. Kojic acid (100 µg/mL) was used as a posi-

tive control. The gene expression level was evaluated using 

qPCR analysis and GAPDH was used as an internal control. 

The values were expressed as means ± SEM (n = 3). The val-

ues of each gene followed by the same letter are not signifi-

cantly different from each other (p>0.05). 
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melanins, another accurate measurement such as HPLC-

UV-MS need to be considered (Affenzeller et al., 2019). 

Therefore, further investigation into their actual effect on 

melanin content is warranted. 

The effect of studied extracts on tyrosinase (TYR), 

tyrosinase-related protein-1 (TRP-1), and dopachrome 

tautomerase (TRP-2) gene expression was also 

investigated using qPCR analysis, as these genes are 

crucial for mammalian melanin formation (Chang, 2009; 

Huang et al., 2011). As seen in Figure 4, both FBR doses 

and the positive control kojic acid significantly reduced 

TYR gene expression. This result is consistent with the 

tyrosinase activity observed in this study. However, FBR 

had no influence on TRP-1 and TRP-2 expression, with 

the exception of FBR at 100 µg/mL, which significantly 

elevated TRP-1 expression. On the other hand, kojic acid 

significantly decreased the TRP-1 and TRP-2 expression. 

Based on this result, we could suggest that the tyrosinase 

inhibitory activity by FBR was through the 

downregulation of TYR gene expression. Although the 

FBR (100 µg/mL) increases TRP-1 expression while 

decreasing TYR expression, the TYR downregulation 

may be more essential than the TRP-1 upregulation, as 

tyrosinase is the rate-limiting enzyme in melanin 

production, as mentioned by Balcos et al. (2014). 

According to Masum et al. (2019), despite the fact that 

TYR, TRP-1, and TRP-2 are all involved in the 

melanogenesis pathway, TYR is crucial since it catalyses 

the initial step of melanogenesis, the oxidation of 

tyrosine to dopaquinone via the intermediate 3,4-

dihydroxyphenylalanine (L-DOPA). This oxidation 

phase is the rate-limiting step in the synthesis of melanin, 

as the remainder of the reaction sequence can occur 

spontaneously at a physiological pH value (Halaban et 

al., 2002).  

The FRB at 50 µg/mL demonstrated significant 

tyrosinase inhibitory activity. This result is consistent 

with Chung et al. (2009) where co-fermentation of rice 

bran with Lactobacillus rhamnosus and Saccharomyces 

cerevisiae decreased the intracellular tyrosinase activity 

in B16F1 melanoma cells. Although significantly 

inhibiting tyrosinase enzyme activity, FRB at 50 µg/mL 

displayed no significant changes in TYR gene 

expression. This result is in accordance with a study by 

Sugimoto et al. (2004) where α-arbutin (4-

hydroxyphenyl a-glucopyranoside) demonstrates a strong 

inhibitory effect on human tyrosinase activity without 

affecting mRNA expression of the enzyme in cultured 

human melanoma cells and a three-dimensional human 

skin model. The inhibitory effect may be due to the 

direct inhibition of melanosomal tyrosinase activity, 

rather than the suppression of cell growth or tyrosinase 

gene expression (Sugimoto et al., 2004). The expression 

of TRP-1 and TRP-2 was also not affected by the 50 µg/

mL. However, at 100 µg/mL, FRB significantly 

increases TRP-1 and TRP-2 expression although no 

effect on melanin content or cellular tyrosinase activity 

was found. According to Ando et al. (2007), the TRP-1 

and TRP-2, play a role in modifying the type of melanin 

synthesized whereby the second enzyme in the pathway, 

TRP-2 enables the conversion of dopaquinone to 

dopachrome, and then to 5,6-dihydroxyindole (DHI) or 

indole 5,6-quinone 2-carboxylic acid (DHICA). TRP-1 

then catalyzes the oxidation of DHICA to produce 

eumelanin. Given that TRP-1 and TRP-2 are involved in 

eumelanogenesis or the formation of black melanin, we 

may postulate that FRB at a concentration of 100 µg/mL 

demonstrated contradictory results by stimulating 

eumelanogenesis through the upregulation of both TRP-1 

and TRP-2 expression without affecting TYR 

expression. 

We also discovered that FBrR had no significant 

influence on melanin content or tyrosinase activity in this 

investigation, despite the fact that it was previously 

reported to exhibit considerable tyrosinase inhibitory 

activity when examined using a mushroom tyrosinase 

model (Abd. Razak et al., 2019). The TYR, TRP-1 and 

TRP-2 gene expressions were also not significantly 

affected by the FBrR treatment. It has been noted that 

inhibiting mushroom tyrosinase activity in a cell-free 

system does not always result in a decrease in cellular 

tyrosinase activity or melanin production, and vice versa 

(Song et al., 2009). This discrepancy could be explained 

by the pharmacological features of the extracts, such as 

cell permeability and non-specific protein-ligand 

interactions that are cell type dependent. This disparity 

could also be explained by the structural differences 

between target proteins employed for enzyme and 

cellular activities. Moreover, the two proteins, 

mushroom tyrosinase and human tyrosinase share only 

approximately 30% sequence similarity (Choi and Jee, 

2015).  

The biological activities shown by any extract have 

frequently been ascribed to its compound content. 

According to Katina et al. (2007), the structural 

breakdown of cell walls induced by fermentation might 

lead to the liberation and/or synthesis of various 

bioactive compounds. According to Abd. Razak et al. 

(2018), ascorbic and gallic acids, as well as ferulic and p-

coumaric acids, are among the bioactive components 

discovered in FBR and FRB extracts that have been 

reported to have anti-tyrosinase action (Shimada et al., 

2009; Lim et al., 1999; Su et al., 2013; Maruyama et al., 

2018). Besides, the kojic acid compound was also 

detected in all FBR and FRB as a result of the A. oryzae-

fermentation which may contribute to the anti-tyrosinase 
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activity found in this study (Abd. Razak et al., 2018). 

Similar findings were reported in rice koji fermentation 

with a selected A. oryzae strain supplemented 

with Astragalus radix which demonstrated anti-

tyrosinase activity with calycosin and kojic acid 

identified as major tyrosinase inhibitors (Kim et al., 

2012). However, it is critical to note that the biological 

activities of these extracts cannot be directly linked to 

the type or quantity of a particular bioactive component 

contained in the extract (Ryan et al., 2011). Different 

extracts contained a range of bioactive substances in 

varying concentrations. As a result, each extract exhibits 

unique biological properties, which are influenced by the 

intricate interactions – synergistic, additive, or 

antagonistic – between the bioactive components. This 

may explain the opposite effect seen in FRB at 100 µg/

mL. 

 

5. Conclusion 

As a result of these observations, we found that FBR 

is the most promising extract for anti-tyrosinase activity, 

as it significantly inhibited tyrosinase activity and 

decreased TYR gene expression. FRB, on the other hand, 

decreased tyrosinase activity only at a concentration of 

50 µg/mL by direct suppression of melanosomal 

tyrosinase activity but may promote eumelanogenesis at 

a concentration of 100 µg/mL via overexpression of TRP

-1 and TRP-2 without affecting TYR gene expression. 

On the other hand, FBrR extracts lacked significant 

inhibitory activity against tyrosinase on both enzymatic 

and gene expression levels. Additionally, their effect on 

melanin content warrants further investigation using 

another high accuracy method. In conclusion, FBR and 

FRB at 50 µg/mL exhibit anti-tyrosinase activity, but 

further investigation is needed to elucidate the 

underlying processes of these examined extracts in order 

to establish their full potential as functional 

bioingredients for nutraceutical or cosmeceutical 

applications. 
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