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Abstract: Fermentation is a traditional technique used to increase nutrients, flavonoids, vitamins,
minerals, and the flavor of raw materials. In this study, adlay bran was fermented by Lactobacillus
brevis MJM60390 (FAB), and the anti-melanogenic effect was investigated. The results demonstrated
that FAB significantly suppressed melanin accumulation in mouse melanogenic B16F10 cells, and
the activity was higher than non-fermented adlay bran (NFAB). The molecular mechanism study
showed that FAB inhibited melanin synthesis by suppressing the gene expression of melanocortin 1
receptor (Mc1r), melanocyte-inducing transcription factor (Mitf), tyrosinase (Tyr), tyrosinase-related
protein-1 (Trp-1), and tyrosinase-related protein-2 (Trp-2) genes. Western blotting analysis showed
that FAB strongly decreased the expression of Tyr, Trp-1, and Trp-2 compared to NFAB. Furthermore,
phenolic compounds such as gallic acid, p-coumaric acid, ferulic acid, and sinapic acid, which are
known for their anti-melanogenic effects, were significantly increased in FAB compared with NFAB.
These findings suggest that FAB holds great potential as an anti-melanogenic agent and can be used
for the development of whitening cosmetics.

Keywords: Lactobacillus brevis MJM60390; adlay bran; anti-melanogenesis; phenolic compounds;
tyrosinase

1. Introduction

Melanin is a pigment manufactured by melanocytes in the epidermal skin layer. It
also contributes to skin color [1]. Pigmentation protects the skin from ultraviolet (UV)
radiation damage and environmental pollutants [2]. However, an excessive accumulation
or abnormal distribution of melanin can affect health and beauty and cause pigmentation
disorders such as albinism, freckles, seborrhoeic keratoses, sun spots, post-inflammatory
hyperpigmentation, and melasma [3–5].

Melanogenesis, the melanin synthesis process, is initiated by the action of tyrosinase,
which controls the rate of L-tyrosine hydroxylation to L-3,4-dihydroxyphenylalanine (L-
DOPA) and oxidizes L-DOPA to o-quinone [6]. DOPAquinone continues to transform
to DOPAchrome. Then, DOPAchrome is converted to 5,6-dihydroxyindole-2-carboxylic
acid (DHICA) by tyrosinase-related protein-2 (Trp-2) or DOPAchrome tautomerase, and
finally, tyrosinase-related protein-1 (Trp-1) catalyze DHICA to form eumelanin [7–9]. UV
rays, α-melanocyte-stimulating hormone (α-MSH), isobutylmethylxanthine (IBMX), and
forskolin are factors that impact melanogenesis [10,11]. In α-MSH stimulating process,
α-MSH firstly attaches to the melanocortin 1 receptor (Mc1r) on melanocytes and initiates
signaling downstream of the Mc1r. Downstream signaling of Mc1r involves the activation
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of cyclic adenosine monophosphate (cAMP) and element-binding protein (CREB). A previ-
ous study reported that microphthalmia-associated transcription factor (Mitf) expression
was increased by the participation of cAMP and the activation of Mitf transcription factor
upregulated tyrosinase, Trp-1, and Trp-2 expression, resulting in increased melanocyte
pigmentation [6]. Further, the increased generation of reactive oxygen species (ROS) by ex-
cessive UVB irradiation exposure stimulated melanocytes to synthesize more melanin [12].

Adlay (Coix, Job’s tears) has been traditionally used for skin whitening in Korea, and
it has been reported to treat inflammation [13], allergies [14], microbes [15], and cancer [16].
Adlay seeds include four parts: the hull, testa, bran, and endosperm. The bran contains
abundant phenolic acids and flavonoids (e.g., gallic acid, p-coumaric acid, ferulic acid,
nobiletin, naringenin, tangeretin, rutin, and quercetin) [17,18], which exert numerous
bioactive effects such as anti-hyperlipidemic [19], anti-cancer [20], anti-inflammatory, and
antioxidant activities [21,22]. Adlay is widely planted in East Asia, including South Korea,
and adlay bran is a byproduct of the adlay milling process. It was reported that adlay
bran contained higher contents of phytochemical compositions than hulled and polished
fractions [23]. Despite containing abundant active ingredients, adlay bran is almost used as
livestock feed or compost. Thus, developing cosmetics using adlay bran is a good way to
increase the value of waste material.

Fermentation has been used as a traditional method to preserve, improve nutrition
and taste, and prolong the time that raw materials may be used [24,25]. Lactic acid bacteria
(LAB) are major microorganisms used in the dairy, wine, fermented vegetable products,
meat, and food industries [26,27]. Lactobacillus is also very important in the fermentation
process to increase the bioactivity of phenolic acids and antioxidant activities [28,29].
In previous studies, rice bran fermented with Lactobacillus rhamnosus was reported to
reduce melanogenesis through downregulation of Mitf [30] and reduced cytotoxicity after
fermentation [31]. Adlay extracted by the supercritical fluid CO2 was reported to reduce
melanin production [32]. However, there is no research on the anti-melanogenic effects of
adlay bran and LAB-fermented adlay bran extracted with ethanol. Therefore, this study
investigated the anti-melanogenic activity of LAB-fermented adlay bran in B16F10 cells
and analyzed the phenolic compounds in adlay bran extracts.

2. Materials and Methods
2.1. Cell Culture

The B16F10 mouse melanocyte cell line was purchased from the American Type
Culture Collection (Rockville, MD, USA). For the experiments, B16F10 cells (passages
from 5 to 10) were used. The growth medium was Dulbecco’s modified Eagle’s medium
(DMEM; Hyclone; GE Healthcare Lifesciences, Logan, UT, USA) supplemented with 10%
fetal bovine serum (FBS) and penicillin (10,000 U/mL), and streptomycin (100 µg/mL). The
cells were cultivated in an incubator at 37 ◦C with 5% CO2.

2.2. Preparation of Adlay Bran Extracts

Adlay (Coix lachrymal-jobi) bran was obtained from a local mill of Yeoncheon, the main
place for the production of adlay in Korea. The adlay bran powder was mixed with water
in a ratio of 20:80 (w:w) to make bran sludge and sterilized at 121 ◦C for 20 min.

Lactobacillus brevis MJM60390 was isolated from fermented vegetables in our previous
study [33]. For seed culture, MJM60390 was inoculated to 50 mL of De Man, Rogosa, and
Sharpe (MRS) broth and incubated anaerobically at 37 ◦C for 16 h. Then, the sterilized
adlay bran sludge was inoculated with 0.1% (v/v) of the seed culture of L. brevis MJM60390
and incubated statically at 37 ◦C for 48 h (FAB). As a control, adlay bran sludge without
inoculation of L. brevis MJM60390 (NFAB) was incubated under the same conditions.

Next, the adlay bran (fermented or non-fermented) was extracted with 70% ethanol
(1:3, v/v) for 24 h at room temperature. The solid part was discarded after centrifugation
(6000 rpm for 20 min), and the supernatant was filtered with Whatman filter paper No. 1,
evaporated, and freeze-dried at −80 ◦C for 24 h. The freeze-dried extract powder from
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fermented (FAB) and non-fermented (NFAB) adlay bran was preserved at −20 ◦C until
further experiments.

2.3. Cell Viability Assay

To determine the cytotoxicity of adlay bran extracts, the (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay was conducted. B16F10 cells were cultured
in 96-well plates at a density of 5 × 104 cells/well in a fresh, complete culture medium.
Different concentrations (0.01–1000 µg/mL) of NFAB and FAB were treated in the cells and
incubated for 72 h. Then, the cells were treated with 5 mg/mL of MTT (Sigma Chemical
Co., St. Louis, MO, USA) (100 µg/well) for an additional 4 h. Finally, the supernatant was
removed, and 200 µL of dimethylsulfoxide (DMSO) was added to dissolve the formazan
crystals, the metabolite of MTT. The formazan concentration was detected by a microplate
reader at 570 nm (TECAN Spectrofluor Plus, Maennedorf, Switzerland). The cell viability
was determined relative to the non-treated group.

2.4. Determination of Melanin Content

B16F10 cells were seeded in 6-well plates at 5 × 104 cells/mL for 24 h. After 24 h, the
cells were treated with or without 100 nM α-MSH and adlay bran extracts and incubated
for 72 h. Arbutin (Sigma Chemical Co., St. Louis, MO, USA) was used as the positive
control. At the end of the treatment, the cultured medium and cell pellet were collected to
determine the extracellular and intracellular melanin content. For intracellular melanin,
after washing three times with phosphate-buffered saline (PBS), the cells were harvested
with 1 N NaOH containing 10% DMSO and then heated at 60 ◦C for 2 h to dissolve melanin.
The melanin content was measured at 405 nm using a microplate reader. The total melanin
content was normalized to the concentration of total protein. The protein content was
measured using a BCA kit (Thermo Scientific, Rockford, IL, USA).

2.5. Intracellular Tyrosinase Activity Assay

B16F10 cells (1 × 105 cells/well) were plated in 6-well plates and incubated for 24 h.
Then, the cells were treated with or without 100 nM α-MSH and arbutin or adlay bran
extract at various concentrations (0.01–100 µg/mL) for another 72 h. At the end of the
treatments, the cells were washed three times with PBS and lysed with radioimmunopre-
cipitation assay (RIPA) buffer on ice for 30 min. After that, the lysed cells were centrifuged
(14,000 rpm, 10 min), and 20 µL of the supernatant was dropped into a 96-well plate and
treated with 200 µL of 0.1% L-DOPA, and incubated at 37 ◦C for 30 min. A microplate
reader was used to measure tyrosinase activity at a wavelength of 475 nm, and tyrosinase
activity was normalized to the total protein concentration.

2.6. RNA Isolation and RT-qPCR

Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis was
used to analyze the mRNA gene levels in B16F10 cells. First, total RNA was extracted
from B16F10 cells using a Takara kit (TaKaRa MiniBEST Universal RNA Extraction Kit,
Takara Bio Inc., Kusatsu, Shiga, Japan). cDNA was synthesized from 1 µg of total RNA
using another Takara kit (PrimeScript™ RT Reagent Kit with gDNA Eraser, Takara Bio
Inc.) according to the manufacturer’s guidelines. RT-qPCR was carried out with cDNA,
TB Green Premix Ex Taq (Takara Bio Inc.), and primers for melanocortin 1 receptor (Mc1r),
melanocyte-inducing transcription factor (Mitf), tyrosinase (Tyr), Trp-1, and Trp-2. In
all assays, Mc1r, Mitf, Tyr, Trp-1, and Trp-2 cDNA, were amplified using the following
program: 94 ◦C for 10 min; 45 repetitions of 94 ◦C for 15 s, 60 ◦C for 1 min; and finally, 95 ◦C
for 10 s, 65 ◦C for 60 s, and 97 ◦C for 1 s. The RT-qPCR primers are shown in Table 1.



Appl. Microbiol. 2022, 2 505

Table 1. Sequences of primers (mouse) used in RT-qPCR.

Name Primer Sequence (5′ to 3′)

Tyr Forward AAGAATGCTGCCCACCATGG
Reverse CACGGTCATCCACCCCTTTG

Trp-1 Forward CAGTGCAGCGTCTTCCTGAG
Reverse TTCCCGTGGGAGCACTGTAA

Trp-2 Forward CGTGCTGAACAAGGAATGC
Reverse CGAAGGATATAAGGGCCACTC

Mitf
Forward ATCCCATCCACCGGTCTCTG
Reverse CCGTCCGTGAGATCCAGAGT

Mc1r
Forward TCATCGTCCTCTGCCCTCAG
Reverse GCAGCACCTCCTTGAGTGTC

Gapdh Forward GGTTGTCTCCTGCGACTTCA
Reverse TGGTCCAGGGTTTCTTACTCC

2.7. Western Blot Analysis

Mouse melanogenic B16F10 cells were cultured with 100 nM α-MSH in the presence
or absence of adlay bran extracts or arbutin for 48 h. The cells were washed with cold PBS
and lysed by RIPA buffer containing a 1% protease inhibitor cocktail for 30 min on ice. The
lysates were centrifuged (14,000 rpm, 10 min), the supernatant was collected, and a Pierce™
BCA Protein Assay Kit was used to measure the protein concentrations. Samples containing
the same amount of protein (30 µg) underwent 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and were transferred to polyvinylidene fluoride (PVDF)
membranes. The membranes were blocked with 3% bovine serum albumin (BSA) in Tris-
buffered saline (TBS) at 4 ◦C for 1 h and then incubated with primary antibodies specific to
Tyr (1:100, Santa Cruz, CA, USA), Trp-1 (1:1000, Abcam, Fremont, CA, USA), Trp-2 (1:2000,
Abcam), and β-actin (1:1000, Abcam) at 4 ◦C for 16 h. The membranes were washed
twice with Tris-buffered saline containing 0.1% (v/v) Tween-20 (TBS-T), once with TBS
every 10 min, and incubated with horseradish peroxidase-conjugated secondary antibodies
(1:10,000) for 1 h at room temperature. Then, the membranes were washed twice with TBS-T
and once with TBS. The immunoreactive bands were enhanced using a chemiluminescence
reagent, and membrane images were captured. Finally, the ImageJ program (NIH, Bethesda,
MD, USA) was used to quantitate the protein expression. All experiments were performed
in triplicate.

2.8. Analysis of Some Major Free Phenolic Compounds in Adlay Bran Extracts

To compare the change of free phenolic compounds of adlay ethanol extracts after
fermentation, NFAB and FAB were dissolved at the same concentration (50 mg/mL) and
applied to high-performance liquid chromatography (HPLC). Gallic acid, p-coumaric acid,
ferulic acid, and sinapic acid (St. Louis, MO, USA) were dissolved in methanol at the
concentration of 5, 10, 20, 50, 100 µg/mL to make the standard curves. High-performance
liquid chromatography (HPLC) analysis was performed to determine some of the phenolic
components in adlay bran extracts using a C18 column. The samples were separated using
a mobile phase of 0.1% formic acid (solvent A) and 100% acetonitrile (solvents B) at a flow
rate of 1 mL/min and detection at 280 nm. The gradient system was 5% B in 0–5 min; 5–10%
B in 5–10 min; 10–20% B in 15–20 min; 20–30% B in 20–45 min; 30–50% B in 45–50 min;
50–5% B in 50–55 min; and 5% B in 55–65 min. Polytetrafluoroethylene (PTFE) membranes
(0.2 µm) were used to filter the samples before injection onto the HPLC instrument. The
comparison of the HPLC retention time and the UV spectra of standard compounds was
used to identify gallic acid, p-coumaric acid, ferulic acid, and sinapic acid in the extracts.
The concentration of the phenolic compounds in the samples was calculated based on the
curves of the standard compounds.
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3. Results
3.1. Effect of Adlay Bran Extracts on Melanocyte Proliferation

Before the study of the anti-melanogenic effects of adlay bran extracts, the concentra-
tion of NFAB and FAB that was safe and non-toxic to skin cells was determined. B16F10
cells were treated with different doses of adlay bran extracts, and the viability of the
cells was accessed by MTT assay. Neither NFAB nor FAB were cytotoxic up to a dose
of 100 µg/mL (Figure 1).
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Figure 1. Effect of adlay bran extracts on the viability of melanocytes. Viability of the murine
melanoma cells following adlay bran extracts treatment. B16F10 cells were treated with 0.01
to 100 µg/mL of NFAB (A) or FAB (B), and the cell viability was measured after 72 h treatment.
Results are presented as the mean ± standard deviation of triplicate independent experiments.
** p < 0.01, *** p < 0.001 compared with non-treatment group.

3.2. Effect of Adlay Bran Extracts on Melanin Content

The inhibitory effect of adlay bran extracts on melanogenesis was investigated by
treating B16F10 cells with the samples and α-MSH for 72 h. At the end of treatment,
intracellular and extracellular melanin content was determined. The images of the cell
pellet and cultured media of B16F10 cells (Figure 2) demonstrated that NFAB and FAB
strongly suppressed α-MSH-induced melanin accumulation in B16F10 cells. Figure 2A,B
show that NFAB and FAB significantly inhibited intracellular melanin and extracellular
melanin content in a dose-dependent manner compared to the α-MSH group. When
compared at the same concentration, FAB showed higher suppressing activity than NFAB
at the concentration of 12.5 to 50 µg/mL for extracellular melanin and at 12.5 and 50 µg/mL
for intracellular melanin (Figure 2C,D).

3.3. Effect of Adlay Bran Extracts on Tyrosinase Activity

The influence of NFAB and FAB on cellular tyrosinase, the main enzyme involved in
melanin synthesis, was examined in α-MSH-stimulated B16F10 cells. Under α-MSH-treated
conditions, tyrosinase activity was strongly upregulated to 160.44% compared to the non-
treated group. However, cellular tyrosinase activity was significantly inhibited by NFAB
and FAB in a dose-dependent manner. Cellular tyrosinase was significantly decreased
by 65.94% and 78.68% by NFAB and FAB at a concentration of 100 µg/mL stronger than
NFAB (Figure 3A). Moreover, FAB reduced tyrosinase activity stronger than NFAB at all
concentrations higher than 12.5 µg/mL, especially at 50 µg/mL (17.34%) (Figure 3B).
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Figure 2. Effects of adlay bran extract on melanin content in B16F10 cells. B16F10 cells were treated
with or without α-MSH (100 nM) and adlay bran extracts (12.5–100 µg/mL) or Arbutin (200 µg/mL)
for 72 h. After treatment, the intracellular melanin content (A) and extracellular melanin content
(B) were measured at 405 nm. Melanin content at the same concentrations between NFAB and FAB
was compared: intracellular melanin (C) and extracellular melanin (D). Results are presented as the
mean ± standard deviation of triplicate independent experiments. ### p < 0.001 compared with the
non-treatment group; * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001 compared with the α-MSH
group (A,B) or NFAB group at same concentration (C,D).
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with or without α-MSH (100 nM) and adlay bran extracts (12.5–100 µg/mL) or Arbutin (200 µg/mL)
for 72 h. After treatment, the tyrosinase activity (A) was measured at 475 nm. Tyrosinase activity
at the same concentrations between NFAB and FAB was compared (B). Results are presented as the
mean ± standard deviation of triplicate independent experiments. ### p < 0.0001 compared with the
non-treatment group; * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001 compared with the α-MSH
group (A) or NFAB group at same concentration (B).

3.4. Effect of Adlay Bran Extracts on the Gene Expression of Mc1r, Mitf, Tyr, Trp-1, and Trp-2 in
B16F10 Cells

Real-time qPCR was used to assess the effect of NFAB and FAB on the expression of
the melanogenesis-related genes, such as Mc1r, Mitf, Tyr, Trp-1, and Trp-2. As the above
results showed that FAB significantly decreased both intra- and extracellular melanin at
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the concentration of 12.5 and 50 µg/mL when compared to NFAB (Figure 2C,D), gene
expression was only examined at the concentrations of 12.5 and 50 µg/mL for NFAB
and FAB.

The results in Figure 4 showed that α-MSH upregulated the expression of Mc1r,
Mitf, and Mitf downstream genes such as Tyr, Trp-1, and Trp-2. Both NFAB and FAB
downregulated Mitf, Tyr, Trp-1, and Trp-2, and the effect of FAB was stronger than that of
arbutin, the positive control. Further, FAB also inhibited the level of melanogenesis-related
genes more strongly than NFAB, with significant effects at 50 µg/mL. In addition, only
FAB significantly inhibited the Mc1r gene level, while it was not affected by NFAB.
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Figure 4. Effects of adlay bran extracts on mRNA expression of Mc1r, Mitf, Tyr, Trp-1, Trp-2 in B16F10
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α-MSH group or NFAB group at the same concentration.
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3.5. Effect of Adlay Bran Extracts on Melanogenic Enzyme Protein Expression in B16F10 Cells

Tyr is a major protein that participates in melanogenesis. Trp-1, which converts
DOPAchrome to 5,6-dihydroxyindole-2-carboxylic acid, and Trp-2, which oxidizes 5,6-
dihydroxyindole-2-carboxylic acid are also very important enzymes associated with the
melanogenesis. The regulatory effect of NFAB and FAB on melanin-related proteins Tyr,
Trp-1, and Trp-2 was evaluated by western blot (Figure 5).
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When B16F10 cells were stimulated by α-MSH, there was a significant increase in
Tyr, Trp-1, and Trp-2 protein expression. However, NFAB and FAB strongly inhibited
α-MSH-stimulated Tyr, Trp-1, and Trp-2 expression in B16F10 cells. When compared to the



Appl. Microbiol. 2022, 2 510

NFAB group, the FAB treatment also significantly decreased the protein levels of Tyr, Trp-1,
and Trp-2. Tyr was decreased by about 3-folds at 50 µg/mL.

3.6. Changes in Phenolic Compounds in Adlay Bran Extracts after Fermentation

The concentration of some phenolic compounds in adlay ethanol extracts of the
non-fermented adlay bran extract was compared to that of the extract fermented with
Lactobacillus brevis MJM60390 for 48 h. Four active free phenolic compounds were identified,
gallic acid, p-coumaric acid, ferulic acid, and sinapic acid (Figure 6). The concentration of all
of these four components in FAB significantly increased by 1.71, 1.77, 1.86, and 1.79-folds,
respectively, compared to NFAB (Table 2), indicating that fermentation enhanced the
bioactive compounds of NFAB.
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Table 2. Free phenolic compounds of adlay bran extracts.

Free Phenolic Compounds (mg/100 g Extract)
Samples

Linearity and Linear Range for Standard
NFAB FAB

Gallic acid 29.81 ± 1.77 51.11 ± 0.97 ****
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4. Discussion

Skin color is impacted by intrinsic factors (genetics, skin types, and stress) and extrin-
sic factors (sunlight exposure and environmental pollution) [3,34–36]. Human skin color
stems from the outermost layer of the skin, where melanin is produced by melanocytes.
Pigmentation of the skin produced by exposure to UV radiation can protect the skin
against harmful UV damage. However, the overproduction of melanin leads to aesthetic
problems, such as melasma, pigmentation of ephelides, freckles, and age spots [3,37].
Melanin is synthesized in melanosomes by melanocytes. In melanogenesis, the tyrosi-
nase enzyme is responsible for the transformation of L-tyrosine to L-3,4-L-DOPA and
L-DOPA to DOPAquinone. DOPAquinone is an intermediate that is common to the eume-
lanin (brown/black pigment) and pheomelanin (red/yellow pigment) synthetic pathways.
During the process of eumelanin synthesis, DOPAquinone transforms to DOPAchrome
and is converted to 5,6-dihydroxyindole-2-carboxylic acid (DHICA) by tyrosinase-related
protein-2 or DOPAchrome tautomerase, and finally, Trp-1 catalyzed DHICA to form eu-
melanin [6,38]. Therefore, compounds that inhibit the effects of tyrosinase, Trp-1, and
Trp-2 are important for the regulation of skin pigmentation. Further, overexposure to UVB
irradiation leads to the increased generation of ROS, which can stimulate melanocytes to
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produce more melanin [12]. Antioxidants can be ROS scavengers. Therefore, compounds
with high antioxidant activity also have the potential to become anti-melanogenic agents.

Traditional pharmacological substances, such as L-ascorbic acid, kojic acid, arbutin,
corticosteroids, and hydroquinone, have been used as anti-melanogenic agents, lightening
skin tone through the limited activity of tyrosinase or decreasing the number of melanocytes
present [39,40]. However, almost all of these agents have drawbacks, which include
cytotoxicity, instability, heat sensitivity, contact dermatitis, irritation, high toxicity, and
carcinogenic potential [41–43]. Therefore, studies by research institutions and cosmetic
companies have been conducted to develop safer alternative skin-lightening agents, such
as natural compounds or plant extracts with high antioxidant activity, lower price, and
more stability and effectiveness.

In this research, we reported that adlay bran extract inhibited melanogenesis and that
it has potential applications as a whitening ingredient for functional cosmetics. In this study,
melanin content and tyrosinase, which were significantly increased by α-MSH stimulation,
were significantly inhibited by NFAB and FAB (Figures 2 and 3). Tyrosinase activity in
FAB treatment was remarkably reduced compared with NFAB treatment at concentrations
higher than 12.5 µg/mL (Figure 3). However, at the highest concentration (100 µg/mL),
melanin concentration was not significantly different between FAB and NFAB, perhaps
because at this dose, the melanin content in the adlay-treated group was already lower
than that in the non-treated group and had reached a minimal melanin concentration in
B16F10 cells, which could not be decreased further (Figure 2).

Moreover, NFAB did not show a difference in the level of Mc1r and Mitf genes, whereas
FAB inhibited Mc1r and Mitf. FAB also showed a greater downregulating effect on the
expression of Tyr, Trp-1, and Trp-2 genes than NFAB (Figure 4). The protein expression
of Tyr, Trp-1, and Trp-2 was also more strongly inhibited by FAB, especially Tyr protein
expression at 50 µg/mL FAB (Figure 5). Altogether, these observations suggested that the
anti-melanogenic effect of NFAB and FAB resulted from the inhibition of the gene levels
of tyrosinase, Trp-1, and Trp-2. Further, fermentation also enhanced the anti-melanogenic
effect of FAB by downregulating the protein expression of Tyr, Trp-1, and Trp-2.

There are three types of phenolic acid that exist in plants: free, soluble conjugated, and
insoluble bound types. Free-form phenolic can be easily extracted, while the conjugated and
bound forms of phenolic compounds need to be alkaline hydrolyzed before extraction [44].
In this study, 70% ethanol was used for extraction because a simple extraction process
is very important for industrial applications. Thus, only free phenolic compounds can
be extracted. HPLC analysis showed that free phenolic compounds such as gallic acid,
p-coumaric acid, ferulic acid, and sinapic acid significantly increased after fermentation
(Table 2). Fermentation is a biochemical process that can increase the nutritional component
of plant materials by converting conjugated forms of phenolic compounds to free forms
of phenolic compounds by the enzymes produced by the microorganisms. For example,
aglycones increased in whole soybean flour fermented with fungus Aspergillus oryzae
CCT 4359 [45], free phenolic acids were enhanced in LAB-fermented whole grain barley
and oat groat [28], and the levels of aglycones, flavanols, and gallic acid increased in
cheonggukjang (Korean traditional fermented soybean) which was fermented by Bacillus
pumilus HY1 [46]. The increase of free form of phenolic compounds in this study may be
due to the enzymatic hydrolyzation of conjugated or bound form of phenolic acids to free
form by L. brevis MJM60390 during fermentation.

In our study, free phenolic compounds such as gallic acid, p-coumaric acid, ferulic acid,
and sinapic acid significantly increased after fermenting with Lactobacillus brevis MJM60390
(Table 2). Those phenolic compounds have been reported for their ability to inhibit melanin
synthesis [47–51]. Therefore, the enhancement of the phenolic compounds such as gallic
acid, p-coumaric acid, ferulic acid, and sinapic acid by fermentation may be one of the
reasons contributing to the greater anti-melanogenesis effect of LAB-fermented adlay bran.
On the other hand, we cannot exclude the possibility that some other compounds may
contribute to the increased activity since bacteria can produce many secondary metabolites
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during fermentation. And many of these secondary were reported to have biological
functions. Further exploration should be done in future work to figure out the active
compounds by purifications. In addition, the effect of the interactions between these
known and unknown compounds on the anti-melanogenesis activity cannot be ignored.

5. Conclusions

In conclusion, our results demonstrated that the anti-melanogenesis effect of adlay
bran was improved by the fermented process. FAB suppressed both intracellular and
extracellular melanin synthesis in B16F10 melanocyte cells. FAB downregulated mRNA
expression of Mc1r, Mitf, Tyr, Trp-1, and Trp-2 genes. The protein levels of tyrosinase,
tyrosinase-related protein-1, and tyrosinase-related protein-2 were strongly inhibited by
FAB. The increased phenolic component such as gallic acid, p-coumaric acid, ferulic acid,
and sinapic acid after fermentation may contribute to the enhanced whitening effects of
FAB. Based on these results, this study suggested FAB has a greater anti-melanogenesis
effect than NFAB and has potential for use in whitening cosmetics.
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