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Abstract: In this study, we analyzed the microbial community of traditional fermented foods in Jeju
Island to identify the distribution of useful microorganisms and confirm their anti-inflammatory
and anti-melanogenic effects to determine their potential use as cosmetic ingredients. Firstly, we
examined the microbial communities of Omphalius rusticus Jeotgal (OR), Spratelloides gracilis Jeotgal
(SG), Chromis notata Jeotgal (CN), Turbo cornutus Jeotgal (TC), Trichiurus lepturus intestine Jeotgal
(TL), Branchiostegus japonicus Sweet Rice Punch (BJ), Salted Anchovy Sauce (SA), Jeju Soy Sauce
(JSS), and Jeju Soybean Paste (JSP). We found that Latilactobacillus sakei (87.2%), Tetragenococcus
halophilus (37.7%), T. halophilus (96.8%), Bacillus subtilis (23.4%), T. halophilus (71.3%), L. sakei (53.7%),
Lentibacillus sp. (42.9%), Enterococcus durans (14.6%), and E. durans (32.8%) were the dominant
species. Secondly, to study the nine Jeju fermented foods” anti-inflammatory and anti-melanogenic
effects, we employed RAW 264.7 and B16F10 cells, classic cell models for inflammation and
melanogenesis studies. Ethyl acetate extracts of the nine Jeju fermented foods all inhibited nitric
oxide (NO) and melanin production in a concentration-dependent manner. Thirdly, to test the
applicability of the nine Jeju fermented foods to human skin, we used the MTT assay to assess their
cytotoxic effects on human keratinocytes (HaCaT cells). Finally, the topical applicability of the nine
Jeju fermented foods was tested through primary skin irritation, and it was found that they did not
cause any adverse effects. Therefore, extracts from the nine Jeju fermented foods have potential
applications as ingredients in anti-inflammatory and anti-melanogenic products and can be used in
the cosmetic industry.

Keywords: B16F10 melanoma; Jeju traditional fermented foods; macrophage; melanin; nitric oxide;
skin irritation

1. Introduction

Jeju Island became the first UNESCO World Heritage Site in Korea in 2007, with about 10% of
its total area being volcanic islands and lava tubes. In the past, volcanic islands had little fertile
agricultural land and inconvenient transportation to land, forcing islanders to rely on food produced
by the island itself. Securing food was a major problem, especially when storms or famines cut
inhabitants off from land for a long time. In addition, the lack of refrigeration facilities made storing
food in the hot and humid summer months difficult, and leftover food was often kept fermented or
dried [1,2]. Due to this local environment, Jeju Island's fermented foods are also unique compared to
those of other regions: grain wine, fermented from field-grown grains with barley nuruk; Jeotgal,
salted fish and shellfish; and Doenjang (soybean paste) and Ganjang (soy sauce), fermented soybeans.
Jeotgal was used as a side dish rather than a seasoning, and unusual fish and shellfish such as
Omphalius rusticus, Spratelloides gracilis, Chromis notata, Turbo cornutus, and Trichiurus lepturus
intestines were used. Also, while the mainland is known for its soybean-fermented paste,
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Cheonggukjang (rich soybean paste) or Gochujang (chili pepper paste), Jeju Island relies on blue
soybean-fermented Doenjang, which is unique in that it is seasoned unripe without heat treatment.
Jeju's unique fermented foods clearly entail scarce microbial resources [3-7].

All over the world, traditional fermented foods representing countries and regions have been
handed down by the wisdom of their ancestors for hundreds of years. Typical traditional fermented
foods include Germany's 'sauerkraut’, which is made by fermenting vegetables like Korean kimchi,
Indonesian témpé made by fermenting beans like Korean soy sauce and soybean paste, and Sweden's
'surstromming’, fermented herring from the Baltic Sea which is famous as the world's strongest-
smelling food. Additionally, narezushi, a fermented food that is the beginning of today's Japanese
sushi, is a natural mixture of salted fish meat and rice, and Thailand has a traditional fermented food
called Prik nam pla, which is fish fermented with salt. Microorganisms adapt to their surroundings
to form communities through interactions with other microorganisms, leading microbial
communities to have a wide range of expression characteristics, so it is very important to understand
microbial communities rather than individual organisms [8-11]. For this reason, microbial
community analysis has also been reported in various fermented foods from around the world [12-
16].

In recent years, there has been an explosion of new strategies for disease diagnosis,
environmental diagnostics, biomarker discovery, drug discovery, and drug development based on
high-throughput next-generation sequencing (NGS) technologies with high throughput and the
ability tothat can generate thousands or millions of sequences simultaneously. As such, these NGS
technologies enable the accurate identification of microbial taxa, including those not cultured in the
laboratory or containing small numbers of organisms. Advances in NGS technology have enabled
researchers to study a wide range of the microbial world, ultimately creating new industries based
on a stronger understanding of the microbial world. In fact, many studies have applied NGS
technology to investigate the microbial communities of fermented foods such as cheese, kimchi, and
sausage, which has had a major impact on applied microbiology by continuously improving quality
and cost on an industrial scale [17,18].

In an ongoing screening program to discover new cosmeceuticals and nutraceuticals based on
traditional fermented foods from Jeju Island, we reported the novel finding that Shindari, a
traditional fermented grain beverage called Jeju yogurt or low-alcohol wine enjoyed by the
indigenous people who lived on the island, is a treasure trove of beneficial microorganisms and has
anti-inflammatory properties, breaking new ground in the study of ancestral fermented foods [19].

Therefore, this study focused on further analyzing the microbial communities of nine traditional
Jeju fermented foods using NGS technology. In addition, extracts of traditional Jeju fermented foods
were prepared to determine their anti-inflammatory and anti-melanin effects using RAW 264.7
macrophages and B16F10 melanoma cells. Finally, skin safety was evaluated using human
keratinocytes (HaCaT cells) and a human skin irritation test.

2. Materials and Methods

2.1. Chemicals and Reagents

Lipopolysaccharide (LPS) from Escherichia coli, modified Griess reagent, protease inhibitor
cocktail used to prevent proteolysis after cell disruption, a-melanocyte-stimulating hormone (a-
MSH), sodium hydroxide (NaOH), and L-DOPA were purchased from Sigma-Aldrich (St. Louis, MO,
USA). 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and dimethyl sulfoxide
(DMSO) were purchased from Biosesang (Seongnam, Gyeonggi-do, Korea), Dulbecco's Modified
Eagle's Medium (DMEM) and penicillin/streptomycin were purchased from Thermo Fisher Scientific
(Waltham, MA, USA), and fetal bovine serum (FBS) was purchased from Merck Millipore
(Burlington, MA, USA). All reagents were of the highest-quality analytical grade.
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2.2. Analysis of Microbial Communities

Microbial communities were analyzed by paired-end metagenome amplicon sequencing using
the Illumina system through Macrogen, Inc. (Seoul, Korea). Libraries were prepared using the
Herculase II Fusion DNA Polymerase Nextera XT Index V2 Kit (Illumina, Inc., San Diego, CA U.S.A.).
Samples were prepared according to an NGS library preparation workflow and sequenced using the
INlumina platform.

2.3. Preparation of Ethyl Acetate (EtOAc) Fraction

Five species of Jeotgal (Omphalius rusticus Jeotgal (OR), Spratelloides gracilis Jeotgal (SG), Chromis
notata Jeotgal (CN), Turbo cornutus Jeotgal (TC), and Trichiurus lepturus intestines Jeotgal (TL)),
Branchiostegus japonicus Sweet Rice Punch (B]), Jeju Soy Sauce (JSS), and Jeju Soybean Paste (JSP) were
purchased from the Jeju Dongmun Traditional Market. Salted Anchovy Sauce (SA) was purchased
from the National Federation of Fisheries Cooperatives on Chuja Island. An 800 mL volume of
absolute ethanol was added to 200g of the nine types of traditional Jeju fermented foods, including
OR, JS SG, CN, BJ, TC, SA, TL, and JSS, and extracted at room temperature for 24 h. An 80% ethanol
extract was prepared through concentration under reduced pressure and lyophilization. The EtOAc
extract was then prepared by adding the same amount of water and EtOAc.

2.4. Cell Cultures

RAW 264.7 mouse macrophages and B16F10 mouse melanoma cells were purchased from the
Korean Cell Line Bank (Seoul, Korea) and (Manassas, VA, USA), respectively. RAW 264.7 and B16F10
cells were cultured in DMEM supplemented with 1% penicillin/streptomycin and 10% FBS in a
humidified incubator (NB-203XL, N-BIOTEK, Inc., Bucheon, South Korea) at 37°C in 5% CO.. RAW
264.7 and B16F10 cells were subcultured every 2 and 3 days, respectively, and experiments were
performed when the cell density reached 90%.

2.5. Measurement of Cell Viability

To determine cell viability using the MTT assay, RAW 264.7 and B16F10 cells were seeded in 24-
well plates at 1.5 x 10° cells/well and 1.0 x 10* cells/well, respectively, and incubated for another 24 h.
Next, RAW 264.7 and B16F10 cells were treated with different sample concentrations (0.78 to 800 uM)
for 24 or 72 h, and MTT reagent (0.2 mg/mL) was incubated with the medium for 4 h. Finally, the
medium was removed, DMSO was added to each well to dissolve the purple formazan crystals, and
the absorbance was measured at 570 nm using a spectrophotometric microplate reader (Epoch,
Biotech Instruments, Vermont IL, USA).

2.6. Measurement of Nitric Oxide Production

The inhibition of NO production was measured through nitrite in the cell culture medium using
a modified Griess reagent. RAW 264.7 cells were seeded in 24-well plates at 1.5 x 10° cells/well for 24
h and further treated with LPS (1 pg/mL) and various sample concentrations (12.5, 25.0, 50.0, 100 and
200 pM) for 24 h. Then, 100 uL of the supernatant and 100 uL of Griess reagent were mixed in a 96-
well plate and the absorbance was measured at 540 nm using a microplate reader (Epoch, Biotech
Instruments, Vermont IL, USA). L-NIL (40 uM), an inducible nitric oxide synthase inhibitor, was used
as a positive control.

2.7. Measuring Melanin Contents

B16F10 cells were seeded at 7.0 x 104 cells/dish in 60 mm cell culture dishes and cultured for 24
h, followed by treatment with a-MSH (100 nM) and various sample concentrations (0.20 to 200 uM)
for 72 h. After incubation, cells were washed with 1 x PBS buffer and lysed using lysis buffer (RIPA
buffer, 1% protease inhibitor cocktail) for 10 min at 4°C. Cells were then scraped with a cell scraper,
and the lysate was vortexed three times at 5 min intervals. Finally, after centrifugation at 15,000 rpm
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for 20 min at -8°C, the supernatant was removed to obtain a cell pellet, which was dissolved in 1N
NaOH with 10% DMSO for 10 min at 80°C. This cell lysate was transferred back to a 96-well plate,
and the melanin content was measured at 405 nm using a microplate reader (Epoch, Biotech
Instruments, Vermont IL, USA).

2.8. Measuring Intracellular Tyrosinase Activity

To determine intracellular tyrosinase activity, B16F10 cell culture, sample preparation, and cell
lysis with lysis buffer were performed under the same conditions used for melanin content
determination. Lysates were centrifuged at 15,000 rpm for 20 min at -8°C to obtain supernatants, and
protein levels were quantified using the BCA protein assay kit. Then, 20 pL of the adjusted protein
sample and 80 uL of L-DOPA (final 8 mM) were added to 96-well plates to measure tyrosinase
activity. Correction for L-DOPA autoxidation in the control was also performed. Tyrosinase activity
was determined by absorbance at 490 nm using a microplate reader (Epoch, Biotech Instruments,
Vermont IL, USA) after incubation at 37°C for 1 h.

2.9. Human Skin Irritation Test

The skin patch test involved 33 volunteers aged 20 to 50 years, with a mean age of 47.1 years and
a range of 24 to 59 years, who had no history of irritant and/or allergic contact dermatitis. Samples
were prepared with squalane and applied at different concentrations (50-100 uM). The primary skin
irritation response was assessed according to PCPC guidelines, and the skin reaction results for each
test substance were calculated according to the formula below. This study was approved by the
Institutional Review Board (IRB) of the Korea Dermatology Research Institute, in accordance with
the ethical principles of medical research in the Declaration of Helsinki, and written informed consent
was obtained from each volunteer (IRB number: KDRI-IRB-230425).

2.10. Statistical Analyses

All experiment results were expressed as the mean * standard deviation (SD) of at least three
independent experiments. Statistical analyses were performed using Student’s t-tests or one-way
ANOVA using IBM SPSS (v. 20, SPSS Inc., Armonk NY, USA). p-values < 0.05 (*) or 0.01 (**) were
marked as statistically significant.

3. Results and Discussion

3.1. Microbial Community Analysis

Jeju Island's barren basalt soil makes it impossible to grow rice, so nuruk, a traditional Korean
fermentation starter, uses barley instead of wheat or rice to make traditional fermented foods such as
Ganjang (soy sauce) and Doenjang (soy paste). Jeju Island, the southernmost island on the Korean
Peninsula, also has a unique geographical environment that makes Jeotgal, a fermented food made
by pickling fish and shellfish with salt, unique compared to its mainland counterparts. In this study,
we analyzed the microbial communities of nine traditional Jeju fermented foods: Omphalius rusticus
Jeotgal (OR), Spratelloides gracilis Jeotgal (SG), Chromis notata Jeotgal (CN), Turbo cornutus Jeotgal (TC),
Trichiurus lepturus intestine Jeotgal (TL), Branchiostegus japonicus Sweet Rice Punch (BJ), Salted
Anchovy Sauce (SA), Jeju Soy Sauce (JSS), and Jeju Soybean Paste (JSP). As shown in the
Supplementary Materials, we found that the Latilactobacillus sakei group (87.2%) was the dominant
species in OA, followed by the Leuconostoc mesenteroids group (4.9%), and the Weissella minor group
(4.3%). Similar to OA, the dominant species of B] was the L. sakei group (53.7%), followed by the
Tetragenococcus halophilus group (29.6%). T. osmophilus and T. solitarius, which belong to the
Tetragenococcus phylum, also constituted the microbial community, albeit in a small proportion.
Interestingly, CN and TL had extremely large microbial communities with the T. halophilus group.
The T. halophilus group comprised 96.8% and 71.3% of the microbiome in CN and TL, respectively.
Meanwhile, the microbiome of TC was a haven for the Bacillus phylum. As shown in the
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supplementary data, TC was dominated by the B. subtilis group (23.4%), followed by the B. sonorensis
group (19.3%), B. amyloliquefaciens group (5.6%), B. licheniformis group (5. 12%), B. pumilus group
(1.8%), B. altitudinis group (1.6%), B. clausii group (0.4%), B. coagulans (0.3%), B. mojavensis group
(0.2%), and other Bacillus species. SA, a famous Salted Anchovy Sauce in Korea, is a traditional
fermented food from Chuja Island, an annexed island of Jeju Island. The SA microbiome was
dominated by the Lentibacillus genus (42.9%) and Tetragenococcus muriaticus (10.8%), rather than T.
halophilus. Jeju blue beans are indigenous seed beans that grow only in the Seogwipo area, and unlike
the yellow meju beans used in fermented foods on the mainland of the Korean Peninsula, they have
a blue color. Inevitably, Jeju's traditional soy sauce, JSS, and soybean paste, JSP, have the distinction
of being made with blue beans. Surprisingly, according to the results of the microbial community
analysis of JSS and JSP, the Enterococcus durans group, which was not encountered in the seven
fermented foods analyzed earlier, was the dominant species at 14.6% and 32.8%. Enterococci can be
found in fermented food products such as cheeses, sausages, olives, and vegetables. Although E.
durans is a Gram-positive coccus implicated as the cause of enteritis in some studies, it has been
reported as a potentially safe strain with desirable probiotic and antimicrobial properties. It can also
adhere to Caco-2 cells and has cholesterol-lowering effects, DPPH-scavenging activities, and
antimicrobial activities against several Gram-positive pathogenic bacteria [20-23]. Finally, the
dominant species in the SG microbiome were found to be the T. halophilus group (37.7%) and
Halomonas garicola (32.2%).

3.2. Nitric oxide (NO) Inhibitory Effect of Jeju Fermented Foods

LPS is a major component of the outer membrane of Gram-negative bacteria and a potent
initiator of inflammation. LPS activates monocytes and macrophages to produce pro-inflammatory
mediators, such as NO and cytokines. Therefore, in this study, LPS-stimulated RAW 264.7
macrophages were used as an in vitro inflammation experimental model [24]. NO is a reactive free
radical that plays an important role in inflammatory response regulation and is released in high
amounts during inflammation. Overproduction of NO can cause numerous inflammatory diseases,
such as cardiovascular disease, hypotension, vasodilation, and apoptosis induction, as well as joint,
visceral, and lung-related inflammation [25-27]. Therefore, NO levels can be a useful indicator for
monitoring chronic inflammation and evaluating the effectiveness of anti-inflammatory treatments
[24-27]. To determine whether different concentrations of nine Jeju fermented food extracts had
cytotoxic effects on LPS-stimulated RAW 264.7 macrophages, the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay was used. For further anti-inflammatory analysis, we
selected Jeju fermented food extract concentrations with a cell survival rate of over 90%, and as shown
in Figure 1, we confirmed that the cell survival rate was over 90% up to 100 pg/mL for OR and SG;
200 pg/mL for JSP, CN, BJ, TC, and TL; and 800 pg/mL for SA, the highest concentration. The anti-
inflammatory effects of the nine kinds of Jeju fermented food extracts were evaluated by assessing
the inhibition of NO production in LPS-induced RAW 264.7 macrophages using the Griess reagent.
The results showed that the treatments with nine kinds of Jeju fermented food extracts suppressed
NO production in LPS-stimulated RAW 264.7 macrophages in a concentration-dependent manner
(Figure 2). These results indicate that OR, JSP SG, CN, BJ, TC, SA, TL, and ]SS extracts inhibit LPS-
induced inflammatory responses in macrophages, supporting the use of these extracts as therapeutic
anti-inflammatory agents.
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Figure 1. Viability of Jeju fermented food extracts in RAW 264.7 cells. The cells (1.5 x 10° cells/well)
were seeded for 24 h, and then in the presence of LPS, they were treated with varying concentrations
of Jeju fermented food extracts for 24 h. The survival rate of RAW 264.7 cells treated with Jeju
fermented food extracts was measured by the MTT assay and is represented as a percentage compared
to the non-treated group. The results are expressed as the mean + SD of data obtained from three
independent experiments. ### P < 0.001 compared with the control group; *** P <0.001 and **P < 0.01
compared with the LPS-treated group.
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Figure 2. Inhibition of nitric oxide (NO) production by Jeju fermented food extracts in RAW 264.7
cells. The cells (1.5 x 105 cells/well) were seeded for 24 h, and then in the presence of LPS, they were
treated with varying concentrations of Jeju fermented food extracts for 24 h. The supernatant of the
culture medium was analyzed for NO using Griess reagent. The results are expressed as the mean +
SD of data obtained from three independent experiments. ### P < 0.001 compared with the control
group; *** P <0.001 and **P < 0.01 compared with the LPS-treated group.
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3.3. Melanin and Tyrosinase Inhibitory Effects of Jeju Fermented Foods

Melanin is the primary pigment in human skin and is crucial in protecting the skin from
ultraviolet radiation. Changes in melanin production can lead to hyperpigmentation along with
cosmetic and health-related consequences. Therefore, melanin inhibitors are considered valuable
tools in medical and cosmetic treatments [28]. Tyrosinase is a rate-limiting enzyme in melanin
synthesis and has been widely studied as a regulator of melanin production. It is a multifunctional
copper-containing enzyme responsible for melanin synthesis and browning in both plants and
animals. This enzyme catalyzes two melanin formation reactions: the hydroxylation of tyrosine to o-
dopaquinone by monophenolase and the oxidation of L-DOPA to o-dopaquinone by diphenolase.
These reactive o-quinones then undergo non-enzymatic polymerization to form melanin [29-31].
Therefore, melanin production is thought to be primarily controlled by the expression and activation
of tyrosinase. Consequently, a major strategy is targeting tyrosinase, given the increasing interest in
the use of natural products as tyrosinase inhibitors [28-31]. Established murine B16 melanoma cells
(B16F10 cells) have easily quantifiable differentiation characteristics, including melanin production.
Melanin production in B16F10 melanoma cells can be induced using UV and a-MSH, and the
proliferation of these cells is also significant [32-34].

Thus, we monitored the survival and melanin production levels of these cells when treated with
nine Jeju fermented food extracts at low cytotoxic concentrations. To determine whether Jeju
fermented food extracts exhibited cytotoxic effects on B16F10 melanoma cells, we first treated the
cells with various concentrations of the extracts for 72 hours and investigated their survival using
MTT analysis. As shown in Figure 3, we confirmed that the cell survival rate was over 90% up to 50
pg/mL for OR, JSP, and SG; 100 pug/mL for CN, BJ, TC, and TL; and 200 pg/mL for SA, the highest
concentration. Meanwhile, JSS showed the lowest survival rate. To evaluate the effect of the nine Jeju
fermented food extracts on melanin production, cells were treated with each extract for 72 h at a
concentration that had a cell survival rate above 90%. a-MSH was used as a positive control. The
results suggested that melanin levels decreased in a dose-dependent manner when treated with OR,
JSP, SG, CN, BJ, TC, and TL extracts, excluding SA and ]SS, possibly for use in the treatment of
hyperpigmentation disorders. The effect of the nine Jeju fermented food extracts on tyrosinase
activity in B16F10 cells is depicted in Figure 4. Cellular tyrosinase activity was significantly reduced
compared to untreated controls when treated with OR, JSP, SG, CN, BJ, TC, and TL, excluding SA
and JSS, consistent with the melanogenesis inhibitory effect.
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Figure 3. Viability of Jeju fermented food extracts in B16F10 melanoma cells. The cells were treated
with Jeju fermented food extracts for 72 h. The cytotoxicity of Jeju fermented food extracts was
evaluated using the MTT assay. Cell viability is expressed as percentages relative to untreated cells.
The results are presented as the mean + SD from three repeated experiments. * p < 0.05, ** p <0.01, ***
p <0.001 vs. unstimulated control group.
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Figure 4. The effect of Jeju fermented food extracts on melanin contents in BI6F10 melanoma cells.
The cells were treated with Jeju fermented food extracts for 72 h. a-MSH was used as the negative
control and arbutin (200 pM) was used as the positive control. The results are presented as the mean
+ SD from three repeated experiments. # p < 0.001 vs. unstimulated control group. * p < 0.05, * p <
0.01, *** p <0.001 vs. a-MSH alone.
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Figure 5. The effect of Jeju fermented food extracts on tyrosinase activity in B16F10 melanoma cells.
The cells were treated with Jeju fermented food extracts for 72 h. a-MSH was used as the negative
control and arbutin (200 pM) was used as the positive control. The results are presented as the mean
+ SD from three repeated experiments. # p < 0.001 vs. unstimulated control group. * p < 0.05, ** p <
0.01, *** p <0.001 vs. a-MSH alone.

3.4. Skin Safety of Jeju Fermented Foods

Finally, using human keratinocytes (HaCaT cells) and human skin application on subjects, we
confirmed the safety of Jeju fermented food extracts, which have been proven to have anti-
inflammatory and whitening effects. To analyze the effect of Jeju fermented foods on the viability of
HaCaT human keratinocytes, we assessed cytotoxicity using the MTT assay. As shown in Figure 6,
OR, JSP, SG, and TL showed no cytotoxicity (= 90% cell survival) up to 12.5 ug/mL, and CN, BJ, and
TC showed no cytotoxicity up to 25 pug/mL; the best cell viability was identified with SA and the
lowest viability with JSS treatments.

We conducted a skin irritation test to determine the safety of OR, SG, JSP, B], TC, CN, SA, TL,
and JSS on human skin. Specifically, patches containing OR, SG, JSP, B], TC, CN, SA, TL, and JSS
dissolved in squalene solvent at 50 pg/mL to 200 pg/mL concentrations were applied to the backs of
33 volunteers and left in contact for 24 h, and then the areas were observed 24, 30, and 48 h after the
patches were removed. As a result, the test materials BJ, JSP, SA, TC, TL, OR, SG, CN, and JSS were
determined to be non-irritating ingredients, with a skin irritation index of 0 (Table 1).
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Figure 6. Viability of Jeju fermented food extracts in human keratinocytes (HaCaT cells). The cells
were treated with Jeju fermented food extracts for 72 h. The cytotoxicity of Jeju fermented food
extracts was evaluated using the MTT assay. Cell viability is expressed as percentages relative to
untreated cells. The results are presented as the mean + SD from three repeated experiments. * p <
0.05, ** p <0.01, ** p < 0.001 vs. unstimulated control group.

4. Conclusions

Traditional fermented foods and beverages are crucial in diverse human diets and have
demonstrated potential positive impacts on human health in numerous experimental studies.
Research worldwide has revealed strong associations between the microorganisms present in certain
fermented foods, such as Kombucha, and various health benefits including weight maintenance,
improvement of cardiovascular disease and diabetes, regulation of glucose and lipid levels,
enhancement of the immune system, anticancer effects, and, most significantly, reductions in
mortality [35]. Therefore, the aim of this study was to analyze the microbial communities of
traditional fermented foods on Jeju Island, where the soil is predominantly volcanic ash, and to
explore their association with human skin health.

Specifically, to investigate the relationship between the nine Jeju fermented foods and skin
health, including anti-inflammatory and anti-melanogenic effects, we utilized RAW 264.7 and B16F10
cells, classic cell models in inflammation and melanogenesis studies. Most extracts from the nine Jeju
fermented foods inhibited NO production and melanogenesis in a concentration-dependent manner.
Finally, the human safety of Jeju fermented foods was confirmed through human patch tests and
cytotoxicity assays on human keratinocytes (HaCaT cells). Based on the findings of these studies, the
nine Jeju fermented food extracts have potential applications as ingredients in anti-inflammatory and
anti-melanogenic products, thereby contributing to human health, including in the cosmetics

industry.
Table 1. Results of human skin primary irritation test (1 = 33).
X Reaction Grade
No Test Samples 30 min 24h 48 h 30min___24h 8h  Mean
1 BJ (100 pg/mL) 0 0 0 0 0 0 0
2 BJ (200 pg/mL) 0 0 0 0 0 0 0
3 JSP (100 ug/mL) 0 0 0 0 0 0 0
4 JSP (200 pg/mL) 0 0 0 0 0 0 0
5 SA (100 pg/mL) 0 0 0 0 0 0 0
6 SA (200 pg/mL) 0 0 0 0 0 0 0
7 TC (50 pg/mL) 0 0 0 0 0 0 0
8 TC (100 pg/mL) 0 0 0 0 0 0 0
9 TL (50 ug/mL) 0 0 0 0 0 0 0
10 TL (100 pg/mL) 0 0 0 0 0 0 0
11 OR (50 pg/mL) 0 0 0 0 0 0 0
12 OR (100 pg/mL) 0 0 0 0 0 0 0
13 SG (50 pg/mL) 0 0 0 0 0 0 0
14 SG (100 pg/mL) 0 0 0 0 0 0 0
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15 CN (50 pg/mL) 0 0 0 0 0 0 0
16  CN (100 ug/mL) 0 0 0 0 0 0 0
17 JSS (50 pg/mL) 0 0 0 0 0 0 0
18 JSS (100 pg/mL) 0 0 0 0 0 0 0

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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