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Abstract
Background Moju is a traditional rice beverage local to Jeonju with an alcohol content of 1–2%. Moju is made by boiling 
makgeolli with several kinds of medicinal herbs, such as ginger, jujube and cinnamon. The raw materials used in Moju are 
well known for their physiological and functional effects. Although Moju is made with functional raw materials, the opera-
tional role of Moju has not yet been reported.
Objectives The aim of this study was to identify the anti-melanogenic effects of Moju in B16F10 melanoma cells and explore 
the potential mechanisms.
Results In this study, we investigated the antioxidant activity and anti-melanogenic effect of Moju. Moju showed no toxicity 
to HEK293T or B16F10 cells. The antioxidant activity of Moju was confirmed by its ability to increase radical scavenging 
activity. Moju decreased tyrosinase activity in a concentration-dependent manner. At the cellular level, Moju reduced mela-
nin synthesis and the expression of proteins involved in melanin synthesis at concentrations of 100, 250, and 500 μg/mL in 
B16F10 cells. In addition, Moju inhibited the phosphorylation of extracellular signal-regulated kinase (ERK).
Conclusions These results provide evidence that Moju has antioxidant activity and anti-melanogenic effect that occur through 
regulation of the ERK pathway. Although further research is needed to elucidate the specific mechanism and functional 
components, the ability of Moju to inhibit melanin synthesis by altering tyrosinase activation suggest that it can be used as 
a functional whitening ingredient.
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Introduction

Skin pigmentation is a major physiological defense mecha-
nism of skin cells against various detrimental effects, such 
as ultraviolet (UV)-induced nuclear DNA damage (Solano 
2020). Such pigmentation is due to the specialized pigment 
melanin.

Melanogenesis (the synthesis of melanin) occurs in mel-
anocytes, which are specialized pigment-producing cells that 
produce melanin as pigment granules (Hida et al. 2020). 
Melanin is derived from tyrosine through a synthetic process 
regulated by the enzyme tyrosinase (Park et al. 2020). The 

final product produces a variety of brown and black pig-
ments that give animal skin and fur their unique color. Thus, 
melanin is composed of a mosaic of eumelanins (brown‒
black pigments) and pheomelanins (yellow‒red pigments) 
(Kawakami and Fisher 2011). Exploration of the melanin 
synthesis pathway offers an opportunity to understand the 
regulation of melanogenesis and how it dictates the degree of 
pigmentation to ultimately find a cure for hypopigmentation 
disorders (Ali et al. 2017). Melanin synthesis is regulated by 
enzymes including tyrosinase, tyrosinase-related protein-1 
(TRP-1) and TRP-2 (Uto et al. 2022). These enzymes are 
regulated by Microphthalmia-associated transcription factor 
(MITF), a critical factor that regulates skin pigmentation 
and melanocyte differentiation, proliferation, and survival 
critical transcriptional regulator of melanin synthesis (Pil-
laiyar et al. 2017). Members of the MAP kinase family, 
including ERK, JNK, and p38 MAPK (Sim et al. 2022), play 
important roles in melanogenesis (Huang et al. 2013). ERK 
stimulates MITF transcription via the transcription factor, 
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BRN2 (Wellbrock et al. 2008), and activation of the p38 and 
ERK MAPK pathways activates MITF, which subsequently 
induces expression and activation of tyrosinase in zebrafish 
embryos and B16F10 cells (Shin and Lee 2013). On the 
other hand, phosphorylated ERK has also been shown to 
induce the phosphorylation and subsequent degradation of 
MITF phosphorylation, thereby reducing melanin synthesis 
(Jang et al. 2009).

Although skin pigmentation plays an essential role in 
physiological UV protection, abnormal pigmentation can 
lead to several dermatological disorders, such as age spots, 
melasma, freckles, skin cancer and actinic keratosis (Del 
Bino et al. 2018; Lee et al. 2018). Therefore, identifying 
natural compounds that can modulate or inhibit melano-
genesis will be useful for pharmaceutical and biomedical 
purposes. In this study, we showed that Moju has antioxidant 
activity and an effective whitening effect. Several inhibitors 
of melanogenesis have been discovered in recent years, such 
as hydroquinone, kojic acid, arbutin, magnesium ascorbyl 
phosphate, licorice extract, aloesin, azelaic acid, soybean 
extract and niacinamide (Chang 2012; Mahajan et al. 2022).

Moju is made by boiling makgeolli with several kinds of 
traditional medicinal ingredients, such as ginger, jujube and 
cinnamon. The raw materials used in Moju are well known 
for their physiological and functional properties. Ginger 
has great biological and pharmacological potential in the 
prevention and treatment of several diseases, such as colds, 
nausea and arthritis (Anh et al. 2020; Mashhadi et al. 2013). 
Jujube has been widely used as food and herbal medicine 
due to its antioxidative effects, hematopoietic functions, and 
anticancer activities (Alsayari and Wahab 2021; Chen and 
Tsim 2020; Lu et al. 2021; Tahergorabi et al. 2015). It has 
also been reported that cinnamon has antioxidant, antidia-
betic, anticancer, lipid-lowering, and cardiovascular disease-
reducing effects (Hamidpour et al. 2015; Shang et al. 2021). 
Although Moju is made with these functional raw materials, 
the functional role of Moju has not yet been reported.

In this study, we identified that Moju has antioxidant 
activity and effective whitening function by inhibiting the 
melanin synthesis pathway.

Materials and methods

Sample preparation

Moju was purchased from Jeonju Jujo (Jeonju, Korea). Moju 
was composed of purified water, rice (Jeonju, Korea), sugar, 
jujube (Jeonju, Korea), ginger concentrate (ginger 93.5%, 
Korea), cinnamon, rice grains, modified nuruk, refined 
enzyme, and yeast in ethanol (less than 1%). The nutrients 
were reported to be 10.7 g of carbohydrates, 10.7 g of sug-
ars, and 1.2 g of protein. After Moju was centrifuged at 

3000 rpm for 10 min at 4 °C, the supernatant was freeze 
dried.

Cell culture

Murine melanoma B16F10 and human embryonic kidney 
293 T (HEK293T) cells were obtained from the American 
Type Culture Collection (ATCC, Manassas, VA, USA) and 
cultured as previously described (Kim et al. 2022). In brief, 
the cells were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM) (Invitrogen, Carlsbad, CA, USA) with 
10% heat-inactivated fetal bovine serum (FBS) (Invitro-
gen, Carlsbad, CA, USA) and penicillin/streptomycin (100 
U/mL) (Invitrogen, Carlsbad, CA, USA) at 37 °C under a 
humidified atmosphere containing 5%  CO2.

Cell viability assay

Cells were treated with Moju for 24 h, and cell viability was 
then estimated using MTS ([3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazo-
lium, inner salt) (Promega, Madison, USA). Ten microlit-
ers of MTS solution was added to each well, and the cells 
were incubated for an additional 4 h. The optical density at 
490 nm was measured by a microplate spectrophotometer 
(Multiskan Go, Thermo Scientific, Waltham, MA, USA). 
The control cells were considered to be 100% viable.

DPPH radical scavenging activity

DPPH radical scavenging activity was measured using the 
Blois method with modifications. Different concentrations 
of sample were added to 0.2 mM DPPH solution. There-
after, the solution was mixed and incubated for 30 min at 
room temperature in the dark. The absorbance was measured 
at 517 nm using a microplate spectrophotometer (Multis-
kan Sky; Thermo Fisher Scientific, Waltham, MA, USA). 
The DPPH radical scavenging activity was calculated 
using the following formula: DPPH scavenging activity 
(%) = [(Abscontrol −  Abssample)/(Abscontrol)] × 100.

ABTS radical scavenging activity

A standard Trolox equivalent antioxidant capacity (TEAC) 
assay was performed to further assess radical scavenging 
activity. Briefly, the ABTS solution was prepared by mixing 
7.4 mM aqueous ABTS with potassium persulfate (2.6 mM) 
in the dark at room temperature for 24 h. To evaluate the 
antioxidant activity, this solution was diluted with ethanol 
to reach an absorbance of 0.70 ± 0.02 at 734 nm. Differ-
ent concentrations of sample were mixed with the ABTS 
solution, and the absorbance was measured at 734 nm using 
a microplate spectrophotometer (Multiskan Sky; Thermo 
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Fisher Scientific, Waltham, MA, USA). The ABTS scav-
enging activity was calculated using the following formula: 
ABTS scavenging activity (%) = [(Abscontrol −  Abssample)/
(Abscontrol)] × 100. Each experiment was carried out in trip-
licate, and the results are expressed as the mean % ABTS 
scavenging activity ± SD.

Measurement of total phenolic content (TPC) 
and total flavonoid content (TFC)

TPC in Moju was determined using Folin–Ciocalteu’s rea-
gent. Briefly, 100 μL of sample was reacted with 50 μL of 
Folin–Ciocalteu’s reagent and 500 μL of DW for 5 min at 
room temperature. After mixing with 600 μL of 2%  Na2CO3, 
the mixture was allowed to incubate for 30 min at 37 °C. 
Next, the absorbance at 765 nm was measured and recorded 
using a microplate spectrophotometer (Multiskan Sky; 
Thermo Fisher Scientific, Waltham, MA, USA). The results 
are expressed as milligrams of tannic acid eq. per gram (mg 
TAE/g). TFC was estimated using the aluminum colorimet-
ric assay. Briefly, 100 μL of sample was mixed with 100 μL 
of 10%  AlCl3. The solution was allowed to stand for 5 min 
at room temperature. Next, the absorbance at 415 nm was 
measured using a microplate spectrophotometer (Multiskan 
Sky; Thermo Fisher Scientific, Waltham, MA, USA). The 
TFC of the sample is expressed as milligrams of quercetin 
eq. per gram (mg QE/g).

Tyrosinase activity assay

Tyrosinase from mushrooms (25,000 units) was used for the 
tyrosinase activity bioassay in this study. The reaction mix-
ture consisted of 80 µL of 67 mM sodium phosphate buffer 
(pH 6.8), 40 µL of sample solution, 40 µL of mushroom 
tyrosinase (125 units), and 40 µL of 10 mM 3,4-dihydroxy-
l-phenylalanine (l-DOPA). Tyrosinase activity was deter-
mined by measuring the optical density at 492 nm with a 
microplate reader after incubation for 10 min at 37 °C. The 
inhibitory activity is expressed as percent inhibition at the 
end point of the reaction according to the equation.

Measurement of melanin content

B16F10 melanoma cells were seeded in a 6-well plate 
at a density of 5 ×  105 cells/well and incubated for 24 h 
at 37 °C. After washing the cells 2 times with PBS, the 
medium was replaced with fresh DMEM (phenol red-free) 
containing 10% FBS and various concentrations of extracts 
(100–500 μg/mL), which was followed by treatment with 
forskolin (10 μM). The cells were incubated for 3 days, and 
kojic acid (500 μM) was administered to cells as a posi-
tive control. Following treatment, 200 μL aliquots of the 
supernatants were placed in 96-well plates, and the optical 

density (OD) was measured at 475 nm using a microplate 
spectrophotometer (Multiskan Sky; Thermo Fisher Scien-
tific, Waltham, MA, USA). The amount of extracellular 
melanin was determined using the melanin (Sigma, MO, 
USA) standard curve.

Western blot analysis

Whole-cell lysates of the cultured cells were obtained and 
separated using sodium dodecyl sulfate‒polyacrylamide gel 
electrophoresis (SDS‒PAGE), and Western blot analysis 
was performed as described previously (Kim et al. 2022). 
The primary and secondary antibodies used for the Western 
blot analyses were purchased from Cell Signaling Technol-
ogy Inc. (Beverly, MA, USA).

Statistical analysis

The data are expressed as the means ± SDs, and all statisti-
cal analyses were performed with Sigmaplot v14.0 software 
(Systat Software Inc., San Jose, CA, USA). Statistical analy-
sis was applied to identify differences, followed by one-way 
analysis of variance (ANOVA) and Tukey’s honestly signifi-
cant difference (HSD) post hoc tests. A value of p < 0.05 was 
considered significant.

Results

The toxicity of Moju to human and mouse cell lines

First, we determined the toxicity of Moju to human 
HEK293T and mouse B16F10 cells by MTS assay. As 
shown in Fig. 1, there was no cytotoxicity at the adminis-
tered concentration of Moju.

The effect of Moju on antioxidant activities

We examined the effect of Moju on antioxidant activity by 
performing ABTS and DPPH radical scavenging assays. 
Antioxidant activity is defined as the ability of a given com-
pound or mixture to reduce pro-oxidants or reactive species, 
including free radicals (Munteanu and Apetrei 2021). Many 
methods are available for antioxidant activity estimation. 
Among them, the ABTS and DPPH assays are widely used 
for the assessment of the antioxidant capacities of natural 
products. Both of these methods involve spectrophotomet-
ric techniques and are based on the quenching of stable 
colored radicals; moreover, both assays can determine the 
radical scavenging abilities of antioxidants even when the 
antioxidant is present in complex biological mixtures, such 
as plant or food extracts (Bibi Sadeer et al. 2020). There-
fore, in this study, we used these two methods and found 
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that Moju increased the ABTS and DPPH radical scaveng-
ing activities (Fig. 2). In addition, we examined the effect 
of Moju on the concentrations of antioxidant molecules 
by determining the TPC and TFC. The TPC in Moju was 
found to be 126.56 ± 0.88 mg TAE/100 g, and the TFC was 
7.87 ± 0.38 mg QE/100 g (Table 1).

The effect of Moju on melanin synthesis 
and tyrosinase activity

We examined the effect of Moju on melanin synthesis 
activity and found that it inhibited melanin synthesis in 
B16F10 cells at concentrations of 100, 250, and 500 μg/mL 
(Fig. 3A). Melanin synthesis is regulated by enzymes, such 

as tyrosinase, TRP-1 and TRP-2, with tyrosinase being an 
enzyme that acts early in the melanin biosynthesis pathway. 
Therefore, we determined whether Moju inhibits tyrosinase 
activity, and our results showed that the activity of this 
enzyme was inhibited by treatment with Moju in a dose-
dependent manner (Fig. 3B).

Effect of Moju on the expression of melanin 
synthesis signaling pathway proteins

We examined the effect of Moju on the expression of mela-
nin synthesis-related proteins. The expression of mela-
nin synthesis enzymes, including TRP-1 and TRP-2, was 
induced by forskolin but suppressed by treatment with Moju 
at concentrations of 100, 250, and 500 μg/mL. In addition, 
the expression of MITF, which is a transcription factor that 
regulates TRP-1, TRP-2 and tyrosinase levels, was dramati-
cally decreased after treatment with Moju (Fig. 4). From 
these results, we suggest that Moju inhibits melanogenesis 
by regulating melanin synthesis signaling proteins.

Fig. 1  Viability of HEK293T 
and B16F10 cells after treat-
ment with Moju. A Viability 
of HEK293T cells treated with 
Moju. B Viability of B16F10 
cells treated with Moju. Cells 
were treated with various doses 
of Moju for 24 h, and their via-
bility was determined by MTS 
assay. Values are presented as 
the means ± SDs of three inde-
pendent experiments

Fig. 2  Antioxidant effects of Moju. A ABTS and B DPPH radical 
scavenging activities were detected as described in the “Materials 
and methods” section. Trolox and ascorbic acid (AA) were assayed 
at a final concentration of 0.5  mg/mL. The results are expressed as 

the percent of inhibition compared to Trolox and AA. Values are the 
means ± SDs of three independent experiments. ABTS: 2,2′-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid); DPPH: 2,2-diphenyl-
1-picrylhydrazyl

Table 1  TPC and TFC in Moju

TPC and TFC

TPC 126.56 ± 0.88 mg TAE/100 g
TFC 7.87 ± 0.38 mg QE/100 g
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Involvement of the MAPK pathway 
in Moju‑mediated melanogenesis inhibition

It has been reported that MAPKs are major intracellular 
signaling molecules that are critical for pigmentation and 
are known to induce melanin synthesis. To further inves-
tigate the effects of Moju on anti-melanogenic pathways, 
we examined the MAPK-related pathway. Our results in 
B16F10 cells showed that the phosphorylation of ERK 
was significantly decreased by Moju, whereas phospho-
rylation of p38 and JNK was not affected (Fig. 5). From 
these results, we conclude that Moju effectively works 
against melanogenesis by downregulating ERK phospho-
rylation and thereby inhibiting MITF-regulated melano-
genic proteins.

Discussion

In this study, we evaluated the antioxidant and anti-mela-
nogenic effects of Moju. The antioxidant activity of Moju 
was confirmed using nonenzymatic DPPH and ABTS radi-
cals. Natural products and their corresponding products 
have shown significant potential as therapeutic agents for 
oxidative stress-induced pathogenesis, and polyphenolic 
and flavonoid compounds are known to exert beneficial 
properties (Pandey and Rizvi 2009; Pietta 2000). Moju is 
made from several functional materials; however, its oper-
ational activity has not yet been reported. Therefore, in 

Fig. 3  Inhibitory effect of Moju on melanin content and tyrosinase 
activity. A Melanin content in B16F10 cells. Cells were exposed to 
10 μM forskolin (F) in the presence of various doses of Moju (100, 
250, and 500 μg/mL) or 500 μM kojic acid (KA). Relative melanin 
contents were measured 3 days after treatment with Moju. B The rela-
tive activity of mushroom tyrosinase to oxidize 3,4-dihydroxypheny-

lalanine (l-DOPA) was measured after treatment with various doses 
of Moju (10, 100, and 250 mg/mL). Ascorbic acid (AA) was used as 
a positive control. The results are expressed as percentages of tyrosi-
nase inhibition. Values are the means ± SDs of three independent 
experiments. ***p < 0.001 versus the NC group

Fig. 4  Effect of Moju on the expression of TRP-1, TRP-2 and MITF. 
Cells were treated with 10 μM forskolin (F) in the presence of vari-
ous doses of Moju (100, 250, and 500 μg/mL) or 500 μM kojic acid 
(KA) at 37 °C for 3 days. Then, cell lysates were prepared and used 
for Western blotting to determine the protein expression of TRP-1, 
TRP-2 and MITF. Equal amounts of total protein were resolved by 
SDS‒PAGE. β-Actin was employed as an internal reference

Fig. 5  Effect of Moju on the MAPK signaling pathway. Cells were 
treated with 10  μM forskolin (F) in the presence of various doses 
of Moju (100, 250, and 500  μg/mL) or 500  μM kojic acid (KA) at 
37 °C for 3 days. Then, cell lysates were prepared and used for West-
ern blotting to determine the expression of the proteins in the MAPK 
signaling pathway. Equal amounts of total protein were resolved by 
SDS‒PAGE. β-Actin was employed as an internal reference
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this study, we investigated the activity of Moju, especially 
its anti-melanogenic effect. First, to identify the cytotoxic-
ity of Moju in human and mouse cell lines, we used the 
human HEK293T and mouse B16F10 cells. We showed 
that Moju is not cytotoxic at concentrations up to 1 mg/mL 
in these two cell lines. We then investigated whether Moju 
has whitening activity in the B16F10 cell line. For screen-
ing of anti-melanogenic effects, B16F10 murine melanoma 
cells were widely used, probably because they are rela-
tively easy to culture in vitro and share most of the mela-
nogenic mechanisms of normal human melanocytes (Fang 
et al. 2022). Therefore, we studied the anti-melanogenic 
effect of Moju and found that Moju inhibited melanin syn-
thesis in the B16F10 cell line. Indeed, melanin synthesis 
is regulated by enzymes, such as tyrosinase, TRP-1 and 
TRP-2. Tyrosinase acts early in the melanin biosynthesis 
pathway and hinders activity that interferes with melanin 
synthesis. We demonstrated that Moju inhibits tyrosinase 
activity and downregulates the expression of TRP-1 and 
TRP-2 in B16F10 cells. These melanin synthase enzymes 
(tyrosinase, TRP-1 and TRP-2) are regulated by MITF, an 
important transcriptional regulator of melanin synthesis. 
In this study, we showed that Moju suppressed the expres-
sion of MITF at concentrations of 100, 250, and 500 μg/
mL, suggesting that Moju inhibits melanin synthesis by 
downregulating MITF, which thereby inhibits tyrosinase, 
TRP-1 and TRP-2.

MITF expression can be regulated by mitogen-activated 
protein kinases (MAPKs), including ERK, p38 and JNK 
(Huang et al. 2013; Shin and Lee 2013). Indeed, studies 
have shown that MAPKs are major intracellular signaling 
molecules that are critical for pigmentation and are known to 
induce melanin synthesis (Koike and Yamasaki 2020). After 
ligand-mediated MC1R activation in melanocytes, ERK 
phosphorylation can increase the transcriptional activity of 
MITF (Herraiz et al. 2011). Other reports have also shown 
that p38 phosphorylation increases MITF expression lev-
els, whereas phosphorylation of JNK downregulates melanin 
synthesis (Saha et al. 2006; Ye et al. 2011). Our results in 
B16F10 cells showed that the phosphorylation of ERK was 
significantly decreased by Moju, whereas phosphorylation of 
p38 and JNK was not affected, indicating that the reduction 
in the anti-pigmentation effect of the Moju extract is medi-
ated by inhibition of ERK phosphorylation. Consistent with 
our results, stimulation of melanogenesis by UV irradiation 
is associated with phosphorylation/activation of ERK but 
not JNK or p38 in human melanocytes (Lee et al. 2018). To 
better understand the mechanism of this anti-pigmentation 
effect, further in-depth validation studies on the role of the 
ERK pathway in melanogenesis are required in the future.

The raw materials of Moju are known to have pharmaceu-
tical and nutraceutical activities. Ginger, the dried rhizome 
of the plant Zingiber officinale Roscoe (Zingiberaceae), has 

been utilized as a folk remedy for thousands of years and 
is a commonly used spice worldwide (Angelopoulou et al. 
2022). Some regulatory authorities classify ginger as a safe 
herbal supplement, and it has been used in both complemen-
tary and alternative medicine formulations for cold, fever, 
and headache management, as an appetite stimulant, and as 
an antiviral, antibacterial, choleretic, antidiarrheal, expecto-
rant and antiemetic compound (Anh et al. 2020; Mashhadi 
et al. 2013). More than 200 compounds have been identi-
fied in ginger (Mao et al. 2019), and 6-shogaol has been 
reported to protect human melanocytes against oxidative 
stress through activation of the Nrf2-antioxidant response 
element signaling pathway (Yang et al. 2020). Jujube has 
shown great potential as a food and traditional medicine in 
many countries (Lu et al. 2021). Several studies have dem-
onstrated that jujube has a wide range of pharmacological 
activities in the cardiovascular and nervous systems as well 
as antioxidant, anti-inflammatory and anticancer properties 
(Alsayari and Wahab 2021; Chen and Tsim 2020; Lu et al. 
2021). In addition, clinical studies have reported that jujube 
is effective and safe for treating human skin hyperpigmenta-
tion (Aafi et al. 2022). Moreover, cinnamon (Lauraceae) has 
been traditionally used as a food flavoring and remedy for 
various ailments (Hamidpour et al. 2015), and its extracts 
have antioxidant, anti-inflammatory, astringent, digestive, 
antiseptic, thermostimulant, carminative, blood purifying, 
antifungal, antiviral, antibacterial, and immunomodula-
tory properties (Hamidpour et al. 2015; Shang et al. 2021). 
A wide range of phytochemical compounds are found in 
cinnamon (Kumar et al. 2019), and interestingly, cinnamic 
acid from cinnamon has skin whitening effects that occur by 
inhibiting the activity and expression of tyrosinase within 
melanocytes (Kong et al. 2008).

We predicted that there are several active components of 
Moju, including ginger, jujube and cinnamon, but further 
studies are needed to identify the functional components. 
However, this study suggests that Moju effectively inhibits 
melanin synthesis through its effects on tyrosinase activity, 
and thus Moju can be used as a functional whitening raw 
material. In future studies, we will identify the functional 
ingredients of Moju for investigation in a clinical study to 
approve the individually recognized raw materials.
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