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Purpose: Improvement in water content and skin barrier function on human skin is believed to be induced by koji amazake, a non-
alcoholic beverage derived from rice fermented by Aspergillus oryzae (A. oryzae). In order to scientifically identify the effects of koji
amazake on human skin, we performed a randomized, double-blind, placebo-controlled, parallel-group comparative trial and quantified
the content of glucosylceramide (GlcCer) which would be responsible for the effects.
Participants and Methods: Healthy adults concerned with their skin dryness were divided into koji amazake (N = 30) or placebo
group (N = 30). During this test, the test beverages were ingested at 118 g/day. Their water content and trans-epidermal water loss
(TEWL) were measured at 0 week (baseline) and 8 weeks. The content of GlcCer in test beverages was quantified by HPLC-ELSD.
Results: In comparison with the placebo group, the water content in the left cheek of individuals in the koji amazake group was
maintained for 8 weeks. In addition, changes in water content from the baseline to 8 weeks differed significantly between the koji
amazake (0.19) and placebo groups (−3.98). Unexpectedly, there was no significant difference in the TEWL between koji amazake and
placebo group. We analyzed GlcCer in both koji amazake and placebo beverages, which were found to contain 1.35 ± 0.11 and 0.30 ±
0.07 mg/118 g, respectively. The amount of GlcCer in koji amazake was approximately equal to the dosage of plant-derived GlcCer
which has the ability to improve water content and TEWL in humans.
Conclusion: Present study has shown that intake of koji amazake contributes to maintain the water content only on the left cheek. The
content of GlcCer derived from koji amazake was adequate for maintenance of the water content compared to previous reports.
Therefore, it was concluded that GlcCer in koji amazake acts as a functional ingredient.
Keywords: Aspergillus oryzae, glucosylceramide, koji amazake, water content

Introduction
Koji is a grain (eg, rice, wheat, and soybeans) fermented by Aspergillus oryzae (A. oryzae) and related molds. It is
essential for the fermentation of various foods and beverages in Japanese cuisine, including sake, koji amazake, miso, and
soy sauce.1 Koji amazake, which is made from rice-koji or rice-koji and steamed rice and water, is popular fermented
beverage in Japan for a long time.2 During the koji amazake manufacturing process, various enzymes produced by
A. oryzae break down starch, proteins, and lipids in rice into glucose, amino acids, and fatty acids, respectively.
Therefore, koji amazake has a sweet taste. It has been widely recognized as a functional food with healthy and cosmetic
effects, since 2016.3 Unfortunately, few scientific research studies on koji amazake have been published, although this
beverage has been familiar to many Japanese people for a long time. To reveal the effects of the intake of koji amazake
on those who drink it, we have identified over 300 compounds in koji amazake through metabolome analysis.4 Human
clinical trials have shown that koji amazake contains compounds that suppress the postprandial increase in glucose and
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insulin levels in blood.5 Furthermore, the safety of drinking koji amazake has also been guaranteed through long-term
and excessive intake tests.6,7

As the skin barrier plays important role in protecting the body from environmental pollutants, functional foods that
enhance this barrier function have been investigated by many researchers.8 In addition, enhancement of the skin water
content contributes to reduce fine lines and wrinkles.9,10 Recently, it was proposed that koji amazake also has beneficial
effects on human skin. Ueda et al have reported that intake of koji amazake improves water content in the left upper arm
and trans-epidermal water loss (TEWL) in the left cheek in women with high TEWL.11 Ueda et al also have guessed
glucosylceramide (GlcCer) and N-acetylglucosamine (GlcNAc) as functional ingredients in koji amazake that improve
water content and TEWL.

GlcCer in particular has been shown to be an important functional ingredient in previous reports.12,13 GlcCer consists
of a sphingoid base with a fatty acid attached to a glucose molecule, and localized on fungi and plant plasma
membranes.14 Improvements in skin water content and TEWL have been verified by the administration of GlcCer
derived from some plants, including rice, corn, and konjac.15–17 Fermented foods contain rich GlcCer; approximately
200 mL of amazake has been proven to contain 1.31–4.15 mg GlcCer.13 Considering that GlcCer works efficiently at
milli-gram quantities, koji amazake has the potential to improve water content and TEWL. However, the main GlcCer in
koji amazake shows a unique structure in filamentous fungi, including a C9-methylated sphingoid base, derived from
A. oryzae, and this structure differs from that of plant GlcCer.18,19 The differences in the sphingoid base between fungi
and plants may result in changes in absorption dynamics. In fact, in vitro studies have shown that mammalian GlcCer is
more easily absorbed into caco-2 cells than plant GlcCer.20,21 Thus, it is not known whether GlcCer in koji amazake
exerts the same effects concerned with water content and TEWL as plant GlcCer. However, the administration of GlcCer
derived from Candida utilis improves skin barrier function in human, as well as plant GlcCer.22 Furthermore, previous
studies have shown that when A. oryzae-derived GlcCer is added to human epidermal keratinocytes, the expression of
genes involved in tight junction formation is enhanced.23

Based on these reports, sphingoid backbones in GlcCer are considered to be slightly different due to the presence of
original organisms, but A. oryzae-derived and rice-derived GlcCer in koji amazake are also expected to improve water
content and TEWL. In this study, we examined the effects of koji amazake intake on human skin by performing
a randomized, double-blind, placebo-controlled, parallel-group comparative trial. Moreover, the GlcCer content of koji
amazake was quantified by HPLC-ELSD, and we discussed the validity of the effect of GlcCer in koji amazake on water
content. To our knowledge, this study is the first to show that GlcCer in koji amazake maintains water content only in left
cheek.

Materials and Methods
Composition of Koji Amazake and Placebo Beverages
Commercially available koji amazake (manufactured by Hakkaisan Brewery Co., Ltd., Minamiuonuma, Japan) and
a placebo beverage, manufactured by mixing only steamed rice and purified enzymes without rice-koji, were used as test
beverages (118 g/bottle). The nutritional components of both beverages are shown in Table 1. Energy, water, protein,
lipid, dietary fiber, ash, and carbohydrate were measured by the Japan Food Research Laboratories (Tokyo, Japan).

Quantification of GlcCer in Koji Amazake
Based on the previous study,18 GlcCer was extracted from both beverages (koji amazake N = 15, placebo N = 3). The
total GlcCer content in the beverage was quantified by HPLC with 2424 ELS detector (Waters Corporation, Milford, MA,
USA). GlcCer was separated from other lipids using Inertsil SIL-100A column (4.6 mm × 150 mm, 5 μm) (GL Science
Inc., Tokyo, Japan) with the following gradient conditions: 0 min 99% A, 1% B; 15 min 75% A, 25% B; 20 min 10% A,
90% B; 21–26 min 100% B; 28–36 min 99% A, 1% B. Buffer Awas chloroform, and buffer B was 95% methanol. Other
parameters were as follows: column temperature, 40 °C; flow rate 1 mL/min; and injection volume 20 μL. The GlcCer
standard (NS370401) was purchased from Nagara Science, Gifu, Japan.
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Participants
At the first screening, 168 participants concerned with skin dryness between the ages of 30 and 59 were screened. Physical and
physiological parameters (eg, blood biochemistry and urea) of participants were measured, including body weight, body mass
index, body fat percentage, blood pressure, pulse measurement, white blood cells, red blood cells, hemoglobin, hematocrit, mean
corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, platelets, blood total proteins,
creatinine, blood uric acid, aspartate of aminotransferase, alanine aminotransferase, γ-glutamyl transpeptidase, total cholesterol,
triglyceride, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, non-high-density lipoprotein cholesterol,
blood glucose, HbA1c, urobilinogen, urine glucose, urine ketone bodies, urine protein, bilirubin, urine occult blood reaction,
urine pH, and urine specific gravity. In addition to these parameters, the water content and TEWL in the left cheek were
measured. Selection criteria were as follows: (1) individuals between the ages of 30 and 59 years; (2) healthy individuals without
chronic diseases (including skin diseases); (3) individuals who indicated their skin dryness through questionnaires; (4)
individuals with water content and TEWL in the left cheek ranging from 25 to below 55 and 15 to below 30 g/hm2, respectively;
and (5) individuals identified as appropriate participants by an investigator who is responsible doctor for this test. Meeting
selection criteria, 85 participants were selected from top of the ranking in descending order of TEWL.

The same parameters were measured in the second screening, and additional blood biochemical parameters were also
included: albumin, urea nitrogen, alkaline phosphatase, lactate dehydrogenase, creatine kinase, C-reactive protein, total bilirubin,
sodium, potassium, and chlorine. In addition, the water content and TEWL on the left cheek, left upper arm and left upper back
were measured. After measurement, all participants meeting criteria (4) were ranked in descending order of TWEL and in
ascending order of water content. On calculating the sum of both TEWL and water content rankings corresponding to each
participant, theywere then ranked again in ascending order of the sum value. Finally, 60 participants were selected from the top of
the ranking for the sum values (Table S1). Based on the previous trials, the difference in water content between test beverage and
placebo group was exploited to set sample size. Given that the difference after 16 weeks (intake period) is 1.9 with standard
deviation 2.4, sample size was 27 according to 0.8 (1-β). Considering dropouts, 30 participants per one group was set for this
study. Above blood biochemistry and urea parameters were measured to confirm safety for successive intake of test beverages
during 16 weeks. However, this test was interrupted before 16 weeks because of influence of the spread of COVID-19 in Japan.
Hence, these parameters were exploited only to confirm no difference between both groups before intake period.

Study Design
For 60 participants, a randomized, double-blind, placebo-controlled, parallel-group comparative trial was conducted between
November 2019 and March 2020 at TES Holdings Co. Ltd (Tokyo, Japan). This test was planned to be performed for 16
weeks but, was interrupted at 8 weeks (February 2020) due to influence of the spread of COVID-19 in Japan. This study was
conducted according to the guidelines of the Declaration of Helsinki and approved by the ethics committee of Ueno-Asagao
Clinic (Tokyo, Japan; approval number U-2019-32), which is the affiliated hospital of TES Holdings Co., LTD. This study
was registered in the University Hospital Medical Information Network (UMIN) Clinical Trials Registry, Japan, under the
code UMIN000038630. All participants were divided into either the koji amazake (N = 30) or a placebo group (N = 30) by

Table 1 Nutritional Components in Test Beverages

Item Koji amazake Placebo

Materials Rice-koji, water Rice, water
Energy (kcal) 129.8 125.1

Moisture (g) 85.7 86.9

Carbohydrate (g) 30.2 29.3
Sugar (g) 29.1 29.2

Protein (g) 1.7 1.7

Fat (g) 0.4 0.2
Sodium (mg) 1.7 1.7

GlcCer (mg) 1.35 ± 0.11 0.30 ± 0.07

Note: Mean ± Standard deviation.
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stratified block randomization based on age, sex, water content, and TEWL. Computer-generated randomization numbers
were used for above allocation. The marks were printed on the cardboard enclosing test beverages by personnel in Hakkaisan
Brewery Co. LTD., and then both beverages were delivered to allocation manager, Kazunori Goto, who is personnel in TES
Holdings Co. LTD. Allocation manager confirmed no difference between test beverages and marked key codes correspond-
ing to each beverage for blinding. Test beverages were delivered to personnel managing test foods. Key codes and
randomization list were not opened until key open to guarantee blinding. A series of randomization processes was carried
out by allocation manager. The investigators, study participants, and all staff participating in test planning and operation were
blinded to allocation. The test beverages were ingested at 118 g/day for 8 weeks (intake period). Water content and TEWL at
0 and 8 weeks of intake were measured as indices of skin hydration and skin barrier function, respectively. All participants
agreed with the purpose of this test, and written informed consent was obtained.

During this test, all participants were required to observe the following rules: (1) avoidance of an irregular lifestyle (eg,
overeating and poor sleep); (2) maintenance of the same diet, exercise, and sleep habits as before the test; (3) protection of certain
anatomical sites from UV by wearing a hat and using sunscreen; (4) prohibition of the use of additional cosmetics or changes in
cosmetic routines (if any such addition or change was made, information about these cosmetics and reasons for their use were
recorded in a diary); (5) maintenance of the same face care routine as before the test and avoiding certain skin treatments; (6)
avoiding the use of drugs, quasi-drugs, and Chinese medicine (if the participants used any drugs, information about the drugs and
the reasons for their use were recorded in a diary); (7) prohibition of the intake of new health foods (if participants ingested health
foods before the test, they could continue ingesting these health foods with no change in dosage and administration—on the other
hand, if participants consumed any additional or new health foods, information regarding these foods and reasons for consuming
them were recorded in a diary); (8) prohibition of blood drawing; (9) prohibition of participation in other human trials; and (10)
avoidance of all activities that might impact test results. To ensure the accuracy of data collection, the following rules of
measurement were specified: (1) prohibition of shaving in certain anatomical sites for one week before measurement; (2)
prohibition of sauna and hot spring use for two days before measurement; (3) prohibition of excessive exercise and intake of
alcohol and foods containing rich spices on the day before measurement; (4) requirement of taking a bath on the day before
measurement, and subsequently not taking a bath until the completion of measurement; (5) avoidance of high sugar and lipid
meals just before measurement; and (6) prohibition of eating for six hours before drawing blood.

Evaluation of Primary Outcomes (Water Content and TEWL)
Water content in the top of the left cheek, central part of the left upper arm, and left upper back were measured five times
by Corneometer CM825® (Courage-Khazaka, Germany). The mean of the three measurements was used in this study,
excluding the maximum and minimum values.

TEWL at the same anatomical positions which were selected in water content measurements was measured by
Tewameter TM300 (Courage-Khazaka, Germany). The measurement per second was continued for over 60s. The
most stable mean obtained 5s during 30s before completion of measurement was used as a single measurement. Both
measurements were performed in specific conditions (room temperature: 21 °C± 1 °C; humidity: 50% ± 5%).

Statistics
The results in the present study were expressed as mean ± standard deviation using Microsoft Office Excel 2010
(Microsoft Corp., USA). Paired and unpaired t-tests were used for intra- and inter-group comparisons, respectively. All
statistical analyses were performed using SAS (SS 9.4) or SPSS (Statistics 26). Tendency and statistical significance were
set at p < 0.1 and p < 0.05, respectively.

Results
Selection of Participants and Their Baseline Characteristics
A total of 168 applicants were enrolled into the test in the course of three days, 18th, 20th and 21st November 2019.
A randomized, double-blind, placebo-controlled, parallel-group comparative trial was performed with 60 participants who
met the test criteria (Figure 1). The 60 participants were then divided into a koji amazake group (N = 30) and a placebo group
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(N = 30). Because one participant dropped out immediately before this test, a total of 59 participants started to ingest test
beverages. Physical and physiological parameters for all participants are shown in Table S2. As 8 participants were excluded
from analysis, a total of 51 participants (koji amazake group [N = 25 (aged 45.2 ± 6.9) (4 males, aged 48.0 ± 4.9, and 21
females, aged 44.7 ± 7.2)] and placebo group [N = 26 (aged 45.2 ± 6.9) (5 males, aged 44.6 ± 8.8, and 21 females, aged 45.3 ±
6.6)]) were included in the final analysis. This test was planned to be performed for 16 weeks. However, this test was
interrupted regrettably at 8 weeks (February 2020) due to influence of the spread of COVID-19 in Japan.

Intake of Koji Amazake and Maintenance of Water Content
To confirm the effects of koji amazake intake on water content on human skin, water content at certain anatomical sites
was measured. There was no significant difference in water content in the left cheek between 0 and 8 weeks in the koji

Assessed for eligibility (n=168)

First screening (n=83)
Not meeting inclusion criteria and 
excluded from top 85 of the ranking

Koji amazake (n=30) Placebo (n=30)

Allocation

8 weeks

0 week

Randomized (n=60)

Enrollment

Second screening (n=25)
Not meeting inclusion criteria and 
excluded from top 60 of the ranking

Dropout (n=1)

Koji amazake (n=30) Placebo (n=29)

Koji amazake (n=30)

Analysis (n=25)
Excluded from analysis (n=5)

Placebo (n=29)

Analysis (n=26)
Excluded from analysis (n=3)

Figure 1 The flowchart of study design.
Notes: 8 participants were excluded from analysis according to the following reasons. Three participants excessively washed their face to clean glitter. In two participants,
abnormal values (not meeting the criteria) for water content or TEWL were confirmed. Aparticipant took medicine to cure spinal disc herniation developed in intake period.
Because instrumental trouble was generated just before one participant measurement, this data was judged to ensure no reproducibility. The participant spontaneously
decided to interrupt participation in this study. The time course of this trial was as follows: enrollment and screening period (November2019 to December2019); intake
period 0 week (December2019); intake period 8 week (February2020).
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amazake group (Table 2). Alternatively, the water content (38.71 ± 7.97) at 8 weeks in the placebo group was
significantly lower in comparison to that at 0 weeks (42.70 ± 8.98). The change (∆ values) in water content from 0 to
8 weeks in the placebo group was significantly decreased when the value at 0 weeks was used for normalization.
Furthermore, there was a significant difference in ∆ values between the koji amazake (0.19 ± 9.05) and placebo groups
(−3.99 ± 5.16). In the placebo group, water content at other sites was slightly increased. However, the results obtained
from the water content at other anatomical sites showed no significant difference in either the intra-group or the inter-
group comparison (Table 2).

Reduction in TEWL Induced by Intake of Koji Amazake and Placebo
Next, we investigated the effect of koji amazake on TEWL, which is one of the representative indices of skin barrier
function. TEWL in the upper back at 8 weeks in the koji amazake group was significantly lower compared to that at 0
weeks (Table 2). Similarity, the change (∆ value) in TEWL from 0 to 8 weeks in the koji amazake group (−1.66 ± 1.86 g/
hm2) was significantly different from the baseline value. In the placebo group, the tendency for decreasing TEWL from
the baseline value was shown in absolute and ∆ values (8.98 ± 1.72 and −0.87 ± 2.27 g/hm2) on the same sites and
periods as koji amazake group. Unexpectedly, there was no significant change in TEWL between the koji amazake and
placebo groups. Other TEWL data (obtained from cheek and upper arm sites) showed no statistical significance.

Table 2 Absolute and ∆ Values for Water Content and TEWL (g/hm2)

Position Parameter Groups N Pre-Intake (Baseline) 8 Weeks

Top of left cheek Water content Koji amazake 25 41.71 ± 8.46 41.90 ± 9.89
Placebo 26 42.70 ± 8.98 38.71 ± 7.97***

Water content (∆value) Koji amazake 25 0.00 ± 0.00 0.19 ± 9.05#

Placebo 26 0.00 ± 0.00 −3.99 ± 5.16***,#

TEWL Koji amazake 25 20.44 ± 4.21 21.93 ± 4.81
Placebo 26 19.85 ± 3.59 20.13 ± 3.69

TEWL (∆value) Koji amazake 25 0.00 ± 0.00 1.49 ± 5.19
Placebo 26 0.00 ± 0.00 0.28 ± 4.13

Left upper back Water content Koji amazake 25 35.07 ± 6.84 34.94 ± 6.25
Placebo 26 33.09 ± 6.42 33.14 ± 4.81

Water content (∆value) Koji amazake 25 0.00 ± 0.00 −0.13 ± 7.46
Placebo 26 0.00 ± 0.00 0.05 ± 6.31

TEWL Koji amazake 25 10.08 ± 2.11 8.42 ± 2.07***
Placebo 26 9.85 ± 2.26 8.98 ± 1.72†

TEWL (∆value) Koji amazake 25 0.00 ± 0.00 −1.66 ± 1.86***
Placebo 26 0.00 ± 0.00 −0.87 ± 2.27†

Central part of left upper arm Water content Koji amazake 25 19.70 ± 5.79 20.06 ± 6.72
Placebo 26 18.54 ± 4.83 19.37 ± 4.30

Water content (∆value) Koji amazake 25 0.00 ± 0.00 0.36 ± 4.03
Placebo 26 0.00 ± 0.00 0.83 ± 3.88

TEWL Koji amazake 25 8.85 ± 2.36 9.23 ± 2.20
Placebo 26 9.21 ± 1.52 9.11 ± 2.56

TEWL (∆value) Koji amazake 25 0.00 ± 0.00 0.38 ± 2.11
Placebo 26 0.00 ± 0.00 −0.09 ± 2.14

Notes: Mean ± Standard deviation. †p < 0.10, ***p < 0.001 (intra-group), #p < 0.05 (inter-group).
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The Content of GlcCer in Both Test Beverages
To determine the effects of koji amazake on water content, the total GlcCer content in both beverages was quantified
using HPLC-ELSD. Consequently, 1.35 ± 0.11 and 0.30 ± 0.07 mg/118 g GlcCer was detected in the koji amazake and
placebo beverages, respectively. The main component of koji amazake is rice-koji, which is steamed rice fermented by
A. oryzae. According to previous reports, GlcCer has been found to be abundant in fermented food with A. oryzae.13,24

This explains why the GlcCer content in koji amazake was higher than that in the placebo beverage.

Adverse Events
Present study showed no adverse events attributed to intake of test beverages.

Discussion
This study showed that koji amazake, the most popular Japanese fermentation food using koji, maintains water content
only in left cheek. Specifically, the water content on the left cheek at 8 weeks in the koji amazake group was maintained
at the same level as that at 0 weeks, but the water content in the placebo group showed a significant decrease in
comparison with the baseline value. This study was conducted in winter, which is the driest and coldest climate in Japan.
Therefore, it was considered that the decrease in water content of the upper arm and upper back covered with clothes was
suppressed, and there was no difference in the water content between koji amazake and the placebo group. However, we
required further studies for relationship between water content and measurement site covered with clothes in winter.

While absolute values and changes in TEWL in the upper back showed no significant inter-group differences, both
values in the koji amazake group were found to have decreased significantly between 0 and 8 weeks. TEWL on other
sites showed no difference in either the intra-group or the inter-group comparison. Ueda et al have shown that intake of
koji amazake improved water content in left upper arm and TEWL in left cheek in humans.11 Ueda et al’s study was
performed from summer to autumn. In addition, koji amazake exploited by Ueda et al has rich rice and low rice-koji. On
the other hand, the material of koji amazake in this study is only rice-koji. Consequently, the difference in test beverages
and season would be responsible for discordance between our study and previous reports. In future work, we need to
detail how the component of koji amazake and season affect water content in humans. A reverse correlation between
water content and TEWL was not observed in this study. Ohta et al have reported that oral administration of GlcCer
improved TWEL, but not water content in mice.25 In addition, human clinical trial for intake of koji amazake has shown
no reverse correlation between water content and TEWL.11 Future works are needed to examine whether such correlation
was observed in humans.

In light of these results, it was concluded that koji amazake maintains water content in left cheek. As the raw material
in the placebo beverage was only steamed rice, which is used to make the rice-koji contained in koji amazake, it was
posited that the differences in the effects between the koji amazake and placebo beverages were attributable to GlcCer
derived from A. oryzae. Previous studies have focused on the improvement of TEWL15–17 and water content17 through
GlcCer intake in human trials. As a result, koji amazake and the placebo beverage contained 1.35 ± 0.11 mg/118
g GlcCer derived from rice-koji and 0.30 ± 0.07 mg/118 g GlcCer derived from rice, respectively. Koji amazake
had some GlcCer originating from A. oryzae and rice, and the main GlcCer was derived from A. oryzae.18 Then, the
difference in GlcCer between koji amazake and placebo is certainly attributable to A. oryzae. Furthermore, considering
that plant-derived GlcCer works to improve TEWL15–17 and water content17 at mg order in human trials, we identified
that koji amazake contained enough GlcCer for improvement.

Some studies have proposed mechanisms for skin barrier function enhanced by GlcCer. The previous in vivo study
has shown that plant-derived GlcCer upregulates some genes involved in tight junction formation and the constitution of
cornified envelopes in mice.26 Other in vitro studies have revealed that some genes involved in skin barrier function are
upregulated in normal human epidermal keratinocyte (NHEK) cells by degradation products originating from animal and
plant GlcCer.27,28 Reportedly, C9-methylated GlcCer in koji amazake originates from A. oryzae and has a unique
structure.18 While the structure of A. oryzae-derived GlcCer differs from that of plant-derived GlcCer, one in vitro
study has reported that the expression of occludin, which is involved in the formation of tight junctions, was enhanced in
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NHEK cells by A. oryzae-derived GlcCer as well as plant-derived GlcCer.23,26 It has been reported that intake of GlcCer
up-regulated aquaporin 3 gene contributes to incorporating water into the cells in mice.29 GlcCer significantly inhibited
dehydration of the stratum corneum and decreased aquaporin 3 mRNA expression. The findings of this research support
our findings.

Conclusion
The present study confirmed that water content in the left cheek skin of participants in the koji amazake group was
maintained for 8 weeks. However, water content in upper arm and back were not significantly different between koji
amazake and placebo group. In conclusion, koji amazake maintains water content in left cheek though reverse correlation
between water content and TEWL was not observed. Furthermore, the GlcCer content in koji amazake was 4.5 times
greater than that in the placebo. To our knowledge, this study is the first to examine the relationship between maintenance
of water content in left cheek and the effect of GlcCer in koji amazake. It is hoped that, in the future, scientific research
on traditional Japanese fermented foods such as koji amazake will advance greatly.
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