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Abstract: Soybean extract is known to play an important role in preventing and treating diseases associated with aging,
cancer, obesity, and cardiovascular disease. A recent has revealed that soybean extract has a potent effect on hair growth
in in vitro, in vivo, and clinical studies. Recently, it has been reported that their fermented extracts exhibit numerous
and high efficacy, as compared to general extracts. However, the underlying mechanisms that induce hair growth after
using fermented soybean extract are not well understood. The present study aimed to determine the effects of fermented
Jeju soybean (FJS) extract on hair growth, with a focus on the underlying mechanisms similar to those of minoxidil.
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We conducted in vitro and ex vivo investigations and clinical studies. FJS extract enhanced dermal papilla cell proliferation,

VEGF levels, and potassium channel opening. Moreover, it promoted human hair follicle elongation. These effects were

comprehensively demonstrated in the clinical results, in which FJS extract-containing shampoo improved hair density after

24 weeks of utilization. Collectively, the results of this study demonstrate that FJS extract promotes hair growth and

inhibits hair loss through a mechanism similar to that of minoxidil in hair follicles.
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1. Introduction

Hair loss is a common disease, defined as an abnormal
loss of hair on the head or body. Hair loss is not a disability,
but it is considered a serious social and psychological
problem because it affects appearance[1]. As the cause of hair
loss is found to be not only genetic but also complex factors,
such as mental stress, irregular lifestyle, and excessive use of
chemical hair products, research on various treatments and
prevention is being conducted.

Finasteride and minoxidil (MNX) are approved by the
United States Food & Drug Administration (FDA) for hair
loss treatment|2]. However, these drugs have therapeutic limits
because of their unpredictable response rate and adverse
effects; therefore, more effective and safer treatment options
are needed for hair loss patients. Finasteride can cause birth
defects when women of childbearing potential are exposed to
it[3], and MNX can cause side effects such as pruritus,
dermatitis, and irritation[4]. Therefore, recently, research on
natural products with hair growth potential and materials
containing active ingredients is increasing,

Jeju soybeans are native resources found only in the
southern part of Jeju Island. They are taller than ordinary
beans; hence, they are wvulnerable to wind and difficult to
grow because of the long cultivation period. Recently, we
found that Jeju soybean contains more isoflavones than
ordinary soybeans, and when fermenting Jeju green soybeans,
various complex bacteria, fungi, and enzymes generated from
them act more effectively than while fermenting ordinary
soybeans. This extract of fermentation is known to be more
effective than other extracts. In addition, Jeju green beans
contain high amounts of poly y-glutamic acid (v-PGA) and
7,8,4 trihydroxyisoflavone, major metabolites of daidzin and
daidzein, which are representative isoflavones (data not shown).
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Fermentation is one of the new drug development methods.
It is a process of decomposing natural products through
catalytic decomposition by microorganisms at constant relative
humidity and temperature after specific treatments. This
process is carried out under stringent temperature and
humidity conditions using various methods, depending on the
type of natural product. Glycosides that are not absorbed
through fermentation can be bioconverted to non-glycosides,
which increases the absorption and bioavailability of
pharmaceutical ingredients in the body[S]. In this study, we
investigated the effect of fermented Jeju soybean (FJS) extract
on hair growth as well as the underlying mechanisms.

2. Experimental

2.1. Preparation of FJS Extract

First, in 10 g of Jeju soybean, Bacillus subtilis was inoculated
with 1.0 x 10° colony forming unit (CFUymL (the strain
obtained by culturing in ATCC Medium 3 was suspended in
phosphate-buffered saline (PBS) and then fermented at a
temperature of approximately 37 °C for 72 h to obtain the
fermented product of Jeju green beans. Purified water was
added to the fermented product to prepare a reactant such that
the weight ratio of the fermented product to purified water
was 1 : 1. Subsequently, the reaction product was obtained by
incubating at a temperature of approximately 90 °C for 3 h.
Then, it was filtered through a 0.3 um filter, and the filtrate
obtained was dried to obtain filtered dry matter 1 (dry matter
1). Next, 10 g of Jeju green soybean and 95% ethanol
aqueous solution (ethanol : purified water volume ratio = 95 :
5) were prepared so that the weight ratio of the reactants was
1 : 1, and then left at a temperature of approximately 22 °C
for approximately 72 h. The reaction product was filtered with
a 0.3 um filter, and the resulting filtrate was dried to obtain



dry matter 2 (dry matter 2). The fermented Jeju green
soybean was derived by mixing dry matter 1 and dry matter 2
1 ratio by weight. An extract of fermented Jeju
soybean extract was prepared. Fermented of soybean, and
black soybean extract used in the experiment were collected
from Yeongwolsan Mountain (Korea) and fermentation was
carried out in the same condition as FJS extract.

mnal:

2.2. Huma Hair Follicles (HFs) and Cell Culture

Non-balding scalp specimens were obtained from patients
undergoing hair transplantation surgery. The Medical Ethical
Committee of the Dankook Medical College (Department of
Dermatology, Korea) approved all the described studies, and
informed written consent was obtained from all patients (IRB:
DKUH 2013-08-012-001). HFs were isolated and cultured
using a previously described method with minor modifications
[6,7]. Briefly, HFs were cultured in William’s E medium
(Sigma-aldrich, USA) supplemented with 2 mM L-glutamine
(Sigma-aldrich, USA), 10 xg/ mL insulin (Sigme-aldrich, USA),
10 ng/mL hydrocortisone (Sigme-aldrich, USA), 0.1% fungizone
(Gibco, USA), and 1% antibiotic-antimycotic (Gibco, USA).

Human dermal papilla cells (hDPCs) were isolated from
HFs and NIH-3T3 cells were purchased from the Korean Cell
Line Bank (Korea). hDPCs and NIH-3T3 cells were cultured
in Dulbecco’s modified Fagle’s medium (DMEM; Hyclone
Laboratories, USA) supplemented with 10% fetal bovine
serum (FBS, Gibco, USA) and 1% antibiotic-antimycotic and
incubated at 37 °C and 5% CO..

2.3. Human Dermal Papilla Cells Proliferation

Human dermal papilla cells (hDPCs) were plated in 96
well plates at a density of 2,000 cells/well. After cell
attachment, FJS extract and another soybean ferment extract
concentration of 20 parts per million (ppm) were added to
FBS-free medium. As a positive control, 5% FBS was used.
After 72 h, cell proliferation was assessed using a
commercially available kit (Cell Counting Kit-8 [CCK-§],
Dojindo Molecular Technologies, Japan).

2.4, Potassium Channel Assay
The potassium channel assay is a method used to identify
the effect of potassium channel opening according to the
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viability of NIH-3T3 cells co-treated with potassium channel
blockers (tolbutamide [TBT]; Sigma-aldrich, USA). This
experiment was performed according to a previously described
method[8]. Briefly, NIH-3T3 cells were plated at a density of
8,000 cells/well in 96 well plates and incubated for 24 h at
37 °C and 5% CO.,. After each well was washed with PBS,
TBT (2.5 mM) was dissolved in DMEM (without phenol red)
with 10% FBS and penicillin (100 U/mL). After 10 min of
pre-treatment with 2.5 mM TBT medium, each well was
treated with 20 ppm FJS extractr for 48 h. MNX treatment
served as the positive control. The efficacy of potassium
channel opening was determined using CCK-8 assay.

2.5. VEGF Expression Analysis

VEGF secretion was quantified using a VEGF enzyme-
linked immunosorbent assay (ELISA) kit (R&D Systems,
USA) according to the manufacturer’s protocol. For the
measurement of secreted VEGF content from hDPCs treated
with FIS extract and MNX, hDPCs passage 3 were plated
overnight at a density of 1.5 x 10° cells per 35 mm of the
culture dish. The cells were washed three times with PBS and
incubated in serum-free medium for 24 h. Then, 20 ppm FIS
extract and 50 uM of MNX in serumfree medium were
added, and the concentration of VEGF in the medium were
measured after 24 h. Briefly, 100 xL of culture medium was
loaded per well using titer plates coated with VEGF capture
antibody and incubated for 2 h. Each well was then washed
three times with washing buffer and incubated with 100 uL
of VEGF detection antibody for 2 h. Then, each well was
washed three times and incubated with 100 wuL of
streptavidin-HRP in the dark. Fach well was then washed
again, and then 100 uL of substrate solution was added and
the sample was incubated for 20 min in the dark. Optical
density was measured using an ELISA reader at 450 nm.
Serial dilutions of recombinant human VEGF were used to
establish a standard curve.

2.6. Quantitative Real—time Polymerase Chain
Reaction (gRT—PCR)
To analyze VEGF gene expression, 1.5 x 10° hDPCs were
cultured in 6 well plates for 24 h, followed by exchange with
FBS-free media containing FJS extract at a concentration of
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20 ppm. After an additional 48 h of incubation, the cells and
supermnatant were isolated for qRT-PCR. To analyze VEGF
gene expression, messenger RNA (mRNA) isolation was
performed using a commercially available kit (RNeasy Mini
Kit, Qiagen, United Kingdom) and then complementary was
performed DNA synthesis using the PrimeScript™ 1st strand
cDNA Synthesis Kit (Takara, Japan). Gene amplification and
quantification were performed using a thermocycler (7500 Fast
Real-Time PCR Instrument System, Applied Biosystems,
USA) and TagMan™ Universal Master Mix II (Applied
Biosystems, USA).

2.7. HF Organ Culture and Assessment of Hair Elongation

Anagen HFs were obtained from human scalp skin
specimens. Six HFs per well in 24 well plates were cultured
in William’s E medium at 37 °C in a humidified atmosphere
with 5% CO; in 500 uL of basal medium supplemented with
10 ug/mL insulin, 10 ng/mlL hydrocortisone, 2 mM
L-glutamine, 0.1% Fungizone, 10 ug/mL streptomycin, and
100 U/mL penicillin according to the method described by
Philpott[9]. Each experimental group contained at least 30 anagen
HFs derived from three different human donors/volunteers. MNX
and vehicle served as the positive and negative controls,
respectively. Both FJS extract and MNX were added at
concentrations of 20 ppm and 50 uM, respectively. The
incubation medium was renewed every two days. HF
elongation was measured directly after 6 d of culture using a
stereo microscope (Olympus, Japan)[10].

2.8. Clinical Study
2.8.1, Participants

Forty-four Korean men and women aged 28 to 54 years
(mean + SD, 46.614 + 6.288 years) were recruited as subjects
for the clinical study. Subjects diagnosed with androgenetic
alopecia were selected according to basic and specific (BASP)
and Ludwig’s classification. In detail, the Basic type is men
and women with androgenic alopecia diagnosed with Ml or
higher, Cl1 or higher, or Ul or higher, and the specific type is
men and women with androgenic alopecia diagnosed with V1
or higher or F1 or higher. In the case of women subjects,
those diagnosed with 1 or more by Ludwig classification are
included.
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Those who had undergone procedures, such as hair
transplantation, or those who were treated with oral hair
growth agents within the previous 6 months were excluded.
This clinical study was performed according to the ethical
principles of the Helsinki Declaration and the Korea Food and
Drug Administration (KFDA) guidelines (IRB approval
number KC-IRB-014). All participants provided informed
written consent to participate. The topical solution, in which
5% of PG extract dissolved in 15% ethanol solution, was
supplied to the test group and 15% ethanol vehicle was
offered to control group. All test materials were applied to the
scalp once a day for 24 weeks.

2.8.2. Protocol

This clinical study was conducted in a double-blind manner.
Hair density was assessed at baseline and at 8, 16, and 24
weeks of treatment. To measure hair density, the center of the
measurement area was labeled with a dye to evaluate the
same location. Then, the hair around the labeled spot was cut
to be shorter than 2 mm. Hair density was determined by
analyzing the total number of hairs in a 1 cm’® area of the
photographed image using a phototrichogram instrument
(Folliscope 2.8, LeadM, Korea)[11]. To observe the overall
changes in hair density, global photographs of the vertex and
hairline areas were captured.

2.9. Statistical Analyses

SPSS version 23.0 (IBM Corporation, USA) was used for
the statistical analyses. Data were compared using the
student’s #test. They are expressed as mean + standard
deviation (SD); differences with p < 0.05 were considered
statistically significant.

For the analysis of clinical study, Repeated-measure
ANOVA and Friedman test were used to analyze the results
of the present study. Normality test was performed with the
shapiro-wilk normality test, and as a result, parameter statistics
were performed.

3. Results and Discussion

3.1. Cell Proliferation Effect of FJS Extract on hDPCs
To investigate the potential role of FJS extract on the



proliferation of hDPCs, we performed and compared the
results of the CCK-8 assay 3 d after treatment with FIS
extract and another type of soybean extract, such as fermented
of soybean and black soybean. The results showed that FJS
extract enhanced the proliferation of hDPCs compared to that
of untreated negative controls and other soybean extracts.
Compared to that in the untreated negative controls, cell
proliferation in the FIS extract-treated (20 ppm) group
increased by 41% (Figure 1).

3.2. The Function of FJS Extract as a Potassium
Channel Activator
To evaluate the effect of the FJS extract on potassium

Cell poliferation (% of control)

Control FBS 5%
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channel activation, we performed a potassium channel assay
with NIH-3T3 fibroblasts, according to a previously described
method[12]. MNX is a well-known potassium channel opener
that restores NIH-3T3 fibroblast proliferation, which is
inhibited by TBT[13]. TBT decreased cell viability by
approximately 60%. By contrast, cell viability in the FJS
extract-treated group was approximately 89%, which was the
same as that of the MNX-treated group (Figure 2). We
demonstrated that FJS extract induced potassium channel
opening against the action of TBT, which, in tum, improved
cell survival. These results suggest that FIS extract exerts a
vasodilation effect on hair HFs, with a mechanism of action
similar to that of MNX[14-16].

##
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20
0

20 ppm 20 ppm 20 ppm

Fermented Soybean extract Fermented Black Soybean - Fermented Jeju Soybean

extract (FIS) extract

Figure 1. The effect of fermented jeju soybean (FJS) extract on human dermal papilla cells (hDPCs) proliferation. FJS extract
enhanced the cell proliferation. (p < 0.05, ™ p < 0.01 vs. control, *p < 0.01 vs. compared group)
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FIS extract 20 ppm

Figure 2. FJS extract as a potassium channel opener against TBT. FJS restored cell growth inhibition by TBT to levels similar to

those by minoxidil. (*p < 0.05, ***p < 0.001 vs. compared group)
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Figure 3. Regulation of VEGF expression in hDPCs. mRNA
levels (A) and secretion (B) of VEGF increased after treatment
with FJS extract. Minoxidil was used as a positive control.
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3.3. Modulation of VEGF Expression by FJS Extract
in hDPCs

VEGF is a typical growth factor that enhances hair growth,
and the effect of MNX on VEGF expression has already been
investigated[17]. To firther investigate the relevance of the
hair growth effects of FJS extract, we examined changes in
the expression of VEGF using real-time PCR and VEGF
ELISA kits.

The mRNA level of VEGF was enhanced by a factor of
292 in the positive control group (50 4M MNX) and by a
factor of 2.26 in the FJS extract-treated group (Figure 3A).
Moreover, MNX and FJS extracts significantly stimulated the
expression of secreted VEGF in hDPCs (Figure 3B). These
results suggest that FIS extract could promote hair growth via
VEGF stimulation, similar to the action of MNX.

3.4, Hair Shaft Elongation was Promoted by FJS
Extract in Human HF Organ Culture

To examine the effect of FIS extract at the organ level, we
performed an ex vivo culture of whole human scalp HFs.
During a 5-d culture with 20 ppm FIS extract, HFs grew to
an average length of 1.88 mm, which was significantly greater
than that in the control group, which grew to an average of
only 1.64 mm (Figure 4). These results suggested that FJS
extract was as efficacious as MNX in promoting HF growth.

3.5. Effect of FJS Extract on Hair Loss in the
Clinical Study
The results of the phototrichogram showed that the hair
density of the test group (5% FIS extract) increased during
treatment. However, both the control and test groups did not
exhibit statistically significant changes in hair density during
the 24 week trial (Table 1). However, comparison of hair
density changes between the control and test groups revealed
significant differences after 24 weeks of product use (Figure
5A). During the 24 week test period, hair density increased
by 1.148% in the test group but decreased by 0.518% in the
control group. Efficacy results were visually confirmed using
clinical photographs from global vertex and hairline images
(Figure 5B). These results suggest that FIS extract alleviates
hair loss progression and induces hair growth in patients
experiencing hair loss.



Table 1. Hair Density at Baseline, 8, 16, and 24 Weeks
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Density (n/cm?)

Group
Before 8 weeks 16 weeks 24 weeks
Control 128.667 + 20.385 128.143 + 21.418 128.143 + 20.735 128.000 + 20.669
change rate (%) - 0407 - 0.407 - 0.518
Test 121.174 + 20.495 122.435 + 22.177 121.957 + 20.735 122.565 + 20.989
change rate (%) + 1.041 + 0.646 + 1.148
p-value (vs Group) - 0.051 0.156 0.043"

* Significantly different at p < 0.05 compared between the test and control groups
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Baseline 8 weeks 16 weeks 24 weeks

Delta value of total hair counts
(A, n/cm?)

(Mean = SD, "p < 0.05 control vs. test groups)
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Site Vertex Hairline Vertex Hairline
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16
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24
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r
.
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Figure 5. Clinical study of FJS extract. The graph showed hair density change rate from base line (A). Test group used FJS extract

containing scalp tonic increased the change rate from base line, whereas the control group had negative change rate at the three

measurement periods. The results of the analysis of the vertex and hairline photographs (B) demonstrate the change in hair density

during the 24-week clinical period

4. Conclusion

Soybeans contain not only a large amount of protein but
also various physiologically active substances, such as
isoflavones, dietary fiber, saponins, phytic acid, and trypsin
inhibitors. Therefore, it has been known to aid in the
prevention and treatment of diseases associated with aging[18],
cancer[19], obesity[20], and cardiovascular disease[21]. In
particular, soybeans contain a large amount of arginine and

cysteine, which are essential ingredients for hair growth and
isoflavones, which are phytoestrogens, unsaturated fatty acids,
vitamin E, and anthocyanins. It is known to enhance the shine
and elasticity of hair[22-24].

Traditionally, fermentation technology has been used to
enhance the taste and storability of food, which refers to a
series of processes in which useful microorganisms, namely,
probiotics, use carbohydrates to produce alcohol, organic acids,
and carbon dioxide[25]. As such, various physiologically

J. Soc. Cosmet. Sci. Korea, Vol. 47, No. 3, 2021
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active substances such as isoflavone aglycone (daidzein and
genistein), free amino acids, peptides, inositol, and phenol
compounds produced through the fermentation and maturation
of soybeans are produced, thereby significantly increasing
antioxidant content[26] and demonstrating anti-obesity[27],
anti-cancer[28], and hair growth effects[29]. However, there
are still few reports on the effects of fermented soybean
extracts on hair growth. To elucidate the mechanism of action
of fermented Jeju soybean extract by Bacillus, we performed
efficacy experiments involving cellular assays, tissue culture,
and a clinical study.

FJS extract affected hair growth, as reflected by the
increase in hDPCs proliferation. In addition, FJS extract
increased potassium channel activity and VEGF expression in
hDPCs, suggesting that this extract promotes hair growth
through a mechanism similar to that of MNX. FIS extract
also induced HF elongation in ex vivo culture. Furthermore,
5% FJS extract improved hair density in clinical trials. These
results suggest that FIS extract improves hair growth partly by
regulating hDPC activity.

In conclusion, the results of the present study suggest that
FJS extract maintains the health of HFs and induces growth
by increasing the growth factor levels in HF cells by
enhancing nutrient supply.

References

1. D. Williamson, M. Gonzalez, and A. Y. Finlay, The
effect of hair loss on quality of life, J Fur. Acad
Dermatol. Venereol., 15(2), 137 (2001).

2. V. H. Price, Treatment of hair loss, N. Engl. J Med,
341(13), 964 (1999).

3. K D. Kaufiman and R. P Dawber, Finasteride, a type 2
Salpha-reductase inhibitor, in the treatment of men with
androgenetic alopecia, Expert Opin. Investig. Drugs, 8(4),
403 (1999).

4. P. Suchonwanit, S. Thammarucha, and K. Leerunyakul,
Minoxidil and its use in hair disorders: A review, Drug
Des. Dev. Ther., 13, 2777 (2019).

5. G. H. Nam, K J. Jo, Y. S. Park, H. W. Kawk, J. G.
Yoo, J. D. Jang, S. M. Kang, S. Y. Kim, and Y. M.

o) &5} 4E8k 3] %), A47A Al 3 &, 2021

- 74

PR BT -

10.

11.

12.

13.

14.

]

=

N

SuhA - 5 1Y

o

o o

Kim, Bacillus/Trapa japonica fiuit extract ferment filtrate
enhances human hair follicle dermal papilla cell
proliferation via the Akt/ERK/GSK-3(3 signaling pathway,
BMC Complement Altern. Med., 19, 1 (2019).

. M. Magerl, S. Kauser, R. Paus, and D. J. Tobin, Simple

and rapid method to isolate and culture follicular papillae
from human scalp hair follicles, Exp. Dermatol., 11(4),
381 (2002).

. M. P. Philpott, D. A. Sanders, and T. Kealey, Effects of

insulin and insulin-like growth factors on cultured human
hair follicles: IGF-I at physiologic concentrations is an
important regulator of hair follicle growth in vitro, J.
Invest. Dermatol., 102(6), 857 (1994).

. J. H Han, O. S. Kwon, J. H. Chung, K. H. Cho, H. C.

Fun, and K. H. Kim, Effect of minoxidil on proliferation
and apoptosis in dermal papilla cells of human hair
follicle, J. Dermatol. Sci., 342), 91 (2004).

. M. P. Philpott, M. R. Green, and T. Kealey, Human hair

growth in vitro, J. Cell Sci., 97(3), 463 (1990).

S. Commo and B. A. Bermard, Immunohistochemical
analysis of tissue remodelling during the anagen-catagen
transition of the human hair follicle, Br. J Dermatol.,
137(1), 31 (1997).

D. Canfield, Photographic documentation of hair growth
in androgenetic alopecia, Dermatol. Clin, 144), 713
(1996).

D. A. Sanders, 1. Fiddes, D. M. Thompson, M. P.
Philpott, G. E. Westgate, and T. Kealey, In the absence
of streptomycin, minoxidil potentiates the mitogenic
effects of fetal calf serum, insulin-like growth factor 1,
and platelet-derived growth factor on NIH 3T3 fibroblasts
in a K channel-dependent fashion, J. Invest. Dermatol.,
107(2), 229 (1996).

R. Ashfield, F. M. Gribble, S. J. Ashcroft, and F. M.
Ashcroft, Identification of the high-affinity tolbutamide
site on the SURI subunit of the K (ATP) channel,
Diabetes, 48(6), 1341 (1999).

K D. Meisheri, L. A. Cipkus, and C. J. Taylor,
Mechanism of action of minoxidil sulfate-induced
vasodilation: a role for increased K™ permeability, J
Pharmacol. Exp. Ther., 245(3), 751 (1988).



16.

17.

18.

19.

20.

21.

22.

G. C. Davies, M. J. Thomton, T. J. Jenner, Y. J. Chen,
J. B. Hansen, R. D. Carr, and V. A. Randall, Novel and
established potassium channel openers stimulate hair
growth in vitro: implications for their modes of action in
hair follicles, J. Invest. Dermatol., 124(4), 686 (2005).

T. Wang, The effects of the potassium channel opener
minoxidil on renal electrolytes transport in the loop of
Henle, J. Pharmacol. Exp. Ther., 3042), 833 (2003).

A. G. Messenger and J. Rundegren, Minoxidil: mechanisms
of action on hair growth, Br. J Dermatol., 150(2), 186
(2004).

L. S. Lee, E. J. Choi, C. H. Kim, Y. B. Kim, J. S. Kum,
and J. D. Park, Quality characteristics and antioxidant
properties of black and yellow soybeans, Korean J. Food
Sci. Technol., 46(6), 757 (2014).

B. R Cassileth and A. J. Vickers, Soy: an anticancer
agent in wide use despite some troubling data, Cancer
Invest., 21(5), 817 (2003).

M. T. Velasquez and S. J. Bhathena, Role of dietary soy
protein in obesity, Int. J. Med. Sci., 42), 72 (2007).

L. S. Choi, Y. J. Bae, S. Jang, D. H. Lee, M. E. Yun, H.
S. Lee, M. H. Kim, S. H. Lee, and C. J. Sung, Effect of
soy isoflavone supplementation and exercise on serum
lipids in postmenopausal women, Korean J. Nutr., 38,
411 (2005).

S. S. Lim, S. Y. Lim, Y. H Yean, J. S. Min, B. H.
Kim, M. K. Ka, and D. U. Cho, Change and analysis of
vocal cords vibration and voice energy by intaking black

23.

24.

25.

26.

27.

28.

29.

e §X 8ol VA= 9

263

bean tea, Proceedings of summer meeting of the Korean
Institute of comnumications and information sciences, Jeju,
Korea, 980 (2011).

C. S. Lee and H H. Kim, A study on the soybean
effects for scalp hair treatment, J Beau Tricho, 1, 77
(2005).

H. Y. Jeon, S. H. Kim, C. W. Kim, H. J. Shin, D. B.
Seo, and S. J. Lee, Hair growth promoting effect of black
soybean extract in vitro and in vivo, Korean J. Food Sci.
Technol., 43(6), 747 (2011).

K Y. Park, Increased health functionality of fermented
foods. Food Ind Nutr., 17(1), 1 (2012).

N. E. Song, Y. R Song, J. H. Kim, Y. E. Kim, A. R
Han, D. Y. Jeong, and S. H. Baik, Development of
sugar-soaked black soybean snack and its quality change
on functional components, J Korean Soc. Food Sci.
Nutr., 40(6), 853 (2011).

S. H. Kwon, I. S. Ahn, S. O. Kim, C. S. Kong, H. Y.
Chung, M. S. Do, and Y. Y. Park, Anti-obesity and
hypolipidemic effects of black soybean anthocyanins, J.
Med. Food, 10(3), 552 (2007).

E. S. Park, J. Y. Lee, and K. Y. Park, Anticancer effects
of black soybean doenjang in HT-29 human colon cancer
cells, J Korean Soc. Food Sci. Nutr., 44(9), 1270 (2015).
H. Y. Jeon, S. H. Kim, C. W. Kim, H. J. Shin, D. B.
Seo, and S. J. Lee. Hair growth promoting effect of black
soybean extract in vitro and in vivo, Korean J. Food Sci.
Technol., 43(6), 747 (2011).

J. Soc. Cosmet. Sci. Korea, Vol. 47, No. 3, 2021



