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Abstract: Nutritional foods are concentrated sources of molecules with a nutritional or physiological
effect which contain nutrients. There is a category, “nutricosmetics”, defined as ingestible natural
health products that enhance the function and appearance of human skin, nails, and hair. A new
variety of Flammulina velutipes (F. velutipes), Oki-Shirayuki 919, was explored to ascertain whether
its components have functions of nutricosmetics. We focused on physiological effects for enhancing
the human skin condition, such as moisturizing or barrier functions in F. velutipes. A randomized,
double-blind, placebo-controlled clinical study was performed between January and March 2022.
Among healthy men and women (n = 30) aged 20 to 59 years, the test group (n = 15) took a test
product which included F. velutipes dry powder, and the placebo group (1 = 15) took a placebo (a
similar product in which the F. velutipes dry powder was replaced with plum fruit paste). Since the
amount of increase in skin hydration over four weeks in the test group was significantly larger than
that in the placebo group, a significant difference between the two groups was observed (p = 0.033).
F. velutipe was suggested to have some physiological functions such as improving skin moisture.

Keywords: ceramide synthesis; Flammulina velutipes; glycolipid; glucosylceramide; nutricosmetics;
skin hydration

1. Introduction

Asian countries have a long tradition of the medicinal use of mushrooms [1]. The
‘Mush-room’ is not a taxonomic category, and has been defined as ‘a macrofungus with
a distinctive fruiting body” [2]. The number of mushroom species on Earth is estimated
to be 140,000, suggesting that only 10% are known. Even among the known species, the
proportion of well-investigated mushrooms is very low. Mushrooms need antibacterial
and antifungal compounds to survive in their natural environment. Therefore, many
mushrooms have antimicrobial compounds with strong activities, and they could be of
benefit to humans [1]. Mushrooms have great nutritional value since they are quite rich in
protein, with an important content of essential amino acids and fiber, and are low in fat, but
have a nutritionally significant content of vitamins (B1, B2, B12, C, D, and E) and promote
health for the synergistic effects of all the bioactive compounds present [3,4].

e Ingredients of mushrooms and health promotional effects:

Natural cell wall polysaccharides found in yeast and fungi (including mushrooms)
possess many health promotional effects on human health, such as anti-tumor, anti-diabetes,
anti-infection, lowering blood cholesterol, and immune-modulating properties. In addition,
polysaccharides have other skin health and anti-aging effects such as anti-oxidant activity,
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anti-wrinkle activity, anti-ultraviolet light, wound healing, and moisturizing effect [5]. Gly-
colipids in which various sugars are bound to ceramides are thought to provide the barrier
property of the epidermis [5]. Glycolipids are mainly distributed in animals and fungi, and
in small quantities in plants. Although the structure of the lipid part of Glycolipids in fungi
and plants is different from that of humans, it has a moisturizing effect on the skin and can
be labeled as functional for food [6].

e  Mushrooms for ingredients of nutritional food, cosmetics, and nutricosmetics:

Nutritional (food) supplements are concentrated sources of molecules with a nutri-
tional or physiological effect [7]. On the other hand, there is a category, “nutricosmetics”,
which is characterized by oral supplementation of nutrients, known as “oral cosmetics”,
and defined as ingestible natural health products that enhance the function and appearance
of human skin, nails, and hair [8,9]. Mushrooms have been an important part of our
diet for years and are now finding uses as ingredients in nutritional food, cosmetics, and
nutricosmetics [10]. The classification of nutritional (food) supplements and nutricosmetics
depends on each national safety agency, but it is becoming difficult to distinguish between
the two [6,8]. Since mushrooms have natural cell wall polysaccharides, glycolipids, an-
timicrobial compounds, and bioactive compounds, they may be important as medical,
nutritional food, cosmetic, and nutricosmetic sources [10,11]. They have been extensively
studied and the presence of a wide range of bioactive metabolites in mushrooms, e.g.,
phenolic compounds, terpenoids, polysaccharides, lectins, steroids, glycoproteins, and
several lipid components, has been found [10].

e  Effect of mushrooms for skin moisture and barrier:

The stratum corneum (SC) is the outermost layer of the epidermis and plays an
important role in maintaining skin moisture and protecting the skin from the external
environment. Ceramide and natural moisturizing factor (NMF) are the major SC compo-
nents that maintain skin moisture [12]. The structure of the SC is generally described by
the “brick and mortar” model, in which corneocytes and intercellular lipids represent the
bricks and mortar, respectively [13,14]. The intercellular lipids present in the SC play an
important role in the regulation of water content. The major skin lipids are ceramides,
cholesterol, and free fatty acids (FAs) [15]. The most important lipids that form this perme-
ability barrier are ceramides [16]. Previous studies reported that the oral intake of plant
ceramides improved skin moisturizing and the level of transepidermal water loss in healthy
human subjects [17,18]. In addition, fungal glucosylceramides were also reported to have
reduced skin barrier damage in mice [19]. Glycolipids, a kind of plant ceramide that have
a moisturizing effect on the skin, are mainly distributed in animals and fungi. It would
therefore be expected that fungi ceramides could be labeled as a functional food.

e Flammulina velutipes

Among the various species of mushrooms, Flammulina velutipes (F. velutipes) is one of
the most popular edible fungi [20-23] and is not only delicious in taste, but also rich in
nutrients (carbohydrate, dietary fiber, protein, vitamins, etc.) [24]. One of the main bioactive
components in F. velutipes is polysaccharide, and this has functions similar to those of
other mushrooms. In recent years, polysaccharides, one of the important components of
fungus, have become a research hotspot with excellent prospects for application in food
and medicine [24,25]. Many studies have shown that polysaccharides have a variety of
bioactivities, such as anti-oxidation, immune regulation, anti-inflammation, liver protection,
anti-tumor, anti-hyperlipidemia, memory improvement, decrepitude resistance, and so
on [26-30]. F. velutipes has been used as a delicious edible food, as a health-promoting food
supplement (nutraceutical), and as a drug in the Asian region [20]. However, as current
research on the relationship between the structures and bioactivities of F. velutipe is limited,
no general consensus has been established, and clinical studies are insufficient for its use as
an authorized drug, a functional food, or as a nutricosmetic worldwide. In recent years,
due to advances in cultivation and breeding technology, new varieties have been bred even
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within F. velutipes, and are expected to have components with further functions beneficial
to human health. F. velutipes was reported to have a moisturizing function on the skin in
a previous study [31], and to extend these investigations, we conducted a randomized,
double-blind, placebo-controlled clinical study focusing on F. velutipes’s effect on skin as a
nutricosmetic using a new variety of F. velutipes, namely Oki-Shirayuki 919, and examined
its effective functionality in humans.

2. Materials and Methods
2.1. Study Design

This randomized, double-blind, placebo-controlled clinical study was performed
between 28 January 2022 and 16 March 2022 in the Laboratory of Systematic Forest and
Forest Products, Science Faculty of Agriculture, Kyushu University, Japan. The study
included two groups with a 1:1 allocation ratio of the test food or the placebo food. Block
randomization of participants was performed to reduce bias.

2.2. Test Food and Intervention

We expected F. velutipes to have components of nutricosmetics, and focused on func-
tions to improve skin moisture or the skin barrier. In a previous study [31], F. velutipes,
which is rich in Glucosylceramide (GlcCer), was reported to have a moisturizing function
on the skin. In similar previous studies that verified the effect of GlcCer to improve skin
quality, 1.2-1.8 mg of glucosylceramide was consumed [17,18]. It was estimated from a
previous report that in order to ingest 1.6 mg of GlcCer, 3 g of F. velutipes dry powder was
required [31].

F. velutipes dry powder has a unique flavor, and the test food was required to be a
food that could be consumed for a long period of time, and to be of a taste and flavor not
different from those of the placebo. We blended F. velutipes dry powder into a laver paste
which was boiled in soy sauce, a food familiar to Japanese people, and prepared a test food
for the intervention. F. velutipes dry powder was obtained from agricultural producers’ co-
operative corporation Hakutakekan (Fukuoka, Japan). The laver pastes, which were boiled
in soy sauce and plum nuts (150 g), included 15 g of F. velutipes dry powder. A placebo
(150 g) was also made with a similar seaweed, replacing the F. velutipes powder with plum
fruit paste. The test product also contained plum fruit paste, and it was confirmed that
there was no discernible difference in taste or aroma between the two foods, and there was
minimal difference between their nutritional values (Table 1). Participants were instructed
to consume the 150 g sample over 5 days, and participants in the study group consumed
3 g of F. velutipes by eating 30 g of laver paste per day. The sample consumption design was
estimated from a previous report [31], where taking 3 g of F. velutipes dry powder per day
enabled the consumption of 1.6 mg of GlcCer per day which was necessary to improve skin
quality. The safety of F. velutipes (Oki-shirayuki 919) has been guaranteed via safety of raw
materials and cultivating methods, and sales performance over four years with no adverse
events or health hazards. Two staff members (neither were the investigator) confirmed
that both meals (the test and the placebo) were indistinguishable in appearance. After the
preparation of samples, they were kept safely in the laboratory where temperature and
humidity were controlled until the study started.

Table 1. Comparison of the analysis values of nutrient composition of sample food per day.

Test Food (Per 30 g) Placebo (Per 30 g)
Calories (kcal) 103 97
Carbohydrates (g) 20.0 20.2
Proteins (g) 4.7 35
Fat (g) 0.5 0.2

Sodium chloride equivalent (g) 3.5 4.8
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2.3. Clinical Study and Ethics

The study was performed in accordance with the guidelines of the Declaration of
Helsinki, approved by the ethics committee of Kindai University Faculty of Humanity-
Oriented Science and Engineering (approval no. 2021002) and was registered in the UMIN-
CTR with ID: 000046734.

2.4. Participants and Setting

We referred to a previous investigation that had detected a significant difference in
skin moisturization after the oral intake of GlcCer supplement [32,33]. The sample size was
calculated with effect size (d) of 1.76, significance level (o) of 0.05, and statistical power
(1-B) of 0.95, leading to a required total of 16 subjects in two groups (8 subjects in each
group). In addition, the number of participants was set at 30 (15 subjects in each group) to
allow for dropouts and noncompliance with the protocol during the study period. Healthy
men and women volunteers aged 20-59 years (n = 30) were invited via the network of the
laboratory and were checked for eligibility with inclusion and exclusion criteria (Table 2)
by a staff member (not the investigator). The volunteers signed an informed consent form
stating the purpose, method, compensation, confidentiality, and right of withdrawal from
the study. In collaboration with two clinics, we could consult with medical doctors in the
case of an adverse event.

Table 2. Inclusion and exclusion criteria.

Inclusion criteria

° Persons who are generally judged as healthy

° Persons who give voluntary written consent to participate in the present trial

Exclusion criteria

e  Persons who take any dietary supplements, quasi drugs, or medicines which cause the same
or similar effects as the supplements evaluated in this study

e  Persons who have changed their habits in respect to supplements or cosmetics use within
the past 4 weeks

e  Persons who work night shifts or day and night shifts

e  Persons who have been treated for their condition or prevention in a clinic under their
informed consent

° Persons with the following medical histories: allergic Rhinitis disease, skin disease or atopic
dermatitis, serious diseases of sugar metabolism, lipid metabolism, hepatic function, renal
function, heart, circulatory, respiratory, endocrine, or immune system, or mental illness of
the nervous system

e  Persons with a medical history of alcoholism or drug addiction
e  Persons who may develop an allergic reaction to food

e  Persons who are pregnant, breast-feeding, or hope to become pregnant during the
study period

e  Persons who are participating in or will participate in any other clinical trial (on the use of
foods/medicine/quasi medicine/medical devices)

e  Persons who will not be judged to be suitable to participate by the investigator

2.5. Randomization and Blinding

The randomization was centralized and performed based on a computer-generated
list of random numbers by a staff member independent of the investigators. Allocation was
performed using the randomization list, and was adjusted by factors including sex, age, and
base stratum corneum hydration at base line. Subjects were equally, but randomly, assigned
to either the active group or the placebo group (1 = 15 per group). An allocation table with
the coded test foods was provided to the person in charge of shipping, who sent the test
foods to each subject according to the table. The sponsors, principal investigator, entire
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contract research organization staff, medical doctor, institutional review board members,
and others who were related to this study were not aware of the group assignments. The
allocation table was locked until the key opening day.

2.6. Study Schedule

All participants took 3 g (dried weight) of F. velutipes by eating 30 g of laver paste per
day. To minimize any confounds in the study, all participants were required to refrain from
the intake of any similar dietary supplements, quasi drugs, or medicines. They were also
prohibited from using any skincare treatments, such as face masks or packs and massages,
or from changing their daily skincare cosmetics from the start to finish of the study. Each
participant visited the research laboratory twice for assessment: prior to the intake of study
formulation at baseline (0 W) and after 4 weeks (4 W) of study formulation intake, for
efficacy measurements. The participants were requested to apply daily skin care products
in the mornings of the visit days and remove the products at each visit. Measurements
were taken on the left cheek (an inner position 5 cm from the lower end of the right earlobe).
The skin region of interest was cleansed using a cleansing sheet (Bifesta Cleansing Sheet,
Mandom Corporation, Osaka, Japan), wiped with cotton containing a cleansing liquid
(Bifesta Face-wash, Mandom Corporation), rinsed with warm water, wiped, and dried for
20 min under stable temperature (20 = 2 °C) and humidity conditions (50 £ 10%).

2.7. Measurement of Skin Areas and Self-Assessment Scales

Measurement of hydration (arbitrary unit: a.u.) and transepidermal water loss (TEWL)
(g/h/ mz) were taken using a Corneometer® CM 825 and TEWAMETER® TM 300, re-
spectively (both instruments from Courage and Khazaka, Cologne, Germany) [34]. Each
measurement took 1-3 min to complete, and a series of five values or an average value in
the measurement time were obtained. Of the five obtained values, the three middle values
were utilized to calculate the median value. Intervention effects were clinically evaluated
by recording the subjective assessment of the general skin condition, moisture, brightening,
skin elasticity, number of wrinkles, and even skin complexion. The self-evaluation of the
skin condition was carried out using the visual analog scale (VAS). Three independent
researchers compared clinical changes before the series of intervention procedures and after
4 weeks of application. The VAS ranged from 0% to 100%. The lines were vertical. The labels
“does not mind at all” and “having greatest worries” were printed at the two end points of
the line, respectively. Additionally, mushrooms have many bioactive properties with high
contents of carbohydrate, proteins, and fibers, which are considered important nutrients
for human health and benefits including improved laxation. Since the consumption of
fiber may benefit the gut microbiota, which may also be expected to improve physical
and psychological health [35], we employed the Bristol Stool Form Scale [36] and Profile
of Mood States 2nd Edition (POMS 2) [37] to infer whether other evaluations would be
associated with changes in skin condition or not. The Bristol Stool Form Scale (BSFS), a
frequently used measure, categorizes stools into one of seven stool types ranging from
type 1 (hard lumps) to type 7 (watery diarrhea). The POMS 2, which includes six negative
and one positive mood subscales (anger—hostility, confusion-bewilderment, depression—
dejection (DD), fatigue—inertia, vigor—activity, friendliness, and total mood disturbance
(TMD) (overall negative mood state)) was used.

2.8. Outcome

The schedules of enrolment, intervention, and assessment are presented in Table 3. The
primary outcome was a response to the oral intake of the food containing F. velutipes rich in
glucosylceramide with respect to skin hydration and TEWL based on the skin measurement
device. The secondary outcomes were self-evaluation of skin condition using VAS, Bristol
Stool Form Scale, and POMS 2.
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Table 3. The schedules of enrolment, intervention, and assessment.

Enrolment Allocation Base Line 4 Weeks after

ow) @aw)

ENROLMENT

Eligibility screen

Informed consent

Other procedures

Allocation )
INTERVENTIONS

Test group

Placebo group
Assessment

Hydration at the cheek

TEWL at the cheek

Skin condition VAS

Bristol Stool Form Scale

POMS 2 °

TEWL: transepidermal water loss, VAS: visual analog scale, POMS 2: Profile of Mood States 2nd Edition.
e: runtime, €4 intervention time.

A
v

2.9. Statistical Analysis

SPSS (version 25.0, Chicago, IL, USA) was used to analyze the data. To compare
the quantitative demographic variables of age and weight between the two groups, an
independent samples t-test and a Mann—-Whitney U test were used. Changes in variables at
the end of the study compared to those at the beginning of the study were measured using
the Wilcoxon signed rank test. To compare changes in parameters between the two groups,
the Mann-Whitney U test was used. Statistical significance was considered at p < 0.05. In
light of the assumed limitations for p values, the effect size r was also presented in the
result tables as being representative of the effect size. In this study, multiple adjustments
were necessary because plural primary outcomes were set. We adopted a closed testing
procedure to avoid multiplexity, the analysis was determined in advance to be performed
in the order of (1) hydration at the cheek, (2) TEWL at the cheek, (3) skin condition VAS,
(4) Bristol Stool Form Scale, and (5) POMS 2, and when the result showed no significant
difference in the change in value between the groups, the analysis would end. In addition,
since only one male participant was included in each group, we only analyzed female
subjects excluding men, adopting the same closed testing procedure.

3. Results
3.1. Participant Flow and Characteristics

Of the 38 participants recruited, 30 participants who met the eligibility criteria and
gave their agreement were enrolled in this study. Thirty participants were allocated to
the test group or the placebo group. From January 2022 to March 2022, 30 healthy adults
completed the study (Figure 1). The background characteristics for each group are shown
in Table 4. There were no significant differences between the two groups in terms of sex,
age, body mass index, or other evaluation values at baseline.
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Assessed for eligibility (n = 38)
Excluded (n=28)
—
+ Declined due to private reason (n = 6)
+ Excluded due to ineligibly (n=2)
Randomized (n = 30)
v
<Placebo group> [ Allocation ] <Test group>
Allocated to intervention (n = 15) Allocated to intervention (n =15)
[ Follow-Up J
Given to follow-up (n =15) Given to follow-up (n =15)
[ Analysis J
Analysed (n=15) Analysed (n=15)
Figure 1. CONSORT flow diagram.
Table 4. Background characteristics.
Item Group Value p Value
Placebo 14 (1) .
Number, female (male) Tost 14 (1) Not applicable
Age (years) Placebo 41.8£9.2 0.851 2
gy Test 412+ 109 :
. Placebo 53.5 (45.1-61.8) b
Hydration at the cheek (a.u.) Test 58.2 (44.0-63.1) 0.888
Placebo 17.9 (15.2-19.8)
2 b
TEWL at the cheek (g/h/m?) Tost 20,5 (16.6-26.0) 0.966
. . Placebo 56.4 (36.9-65.3) b
Skin condition VAS total Test 41.2 (32.6-56.7) 0.305
. Placebo 3.0 (3.04.0) b
Bristol Stool Form Scale Test 3.8 (3.0-5.0) 0.436
Placebo 5.0 (0.0-25.0)
b
POMS 2_TMD Test 10.0 (3.0-20.0) 0.486

Each value is expressed as mean =+ standard deviation, median (0.25-0.75). p values were determined
using ® independent t-test, ® Mann-Whitney U test. TEWL: transepidermal water loss; a.u.: arbitrary unit;
VAS: visual analog scale; POMS 2_TMD: Profile of Mood States 2nd Edition—overall negative mood state.

3.2. Effects of F. velutipes on Skin Hydration and TEWL in Total 30 Participants

We evaluated hydration and TEWL in the left cheek skin section. First, in the changes
within each group during the 4 weeks, although there was no difference in hydration in
the placebo group (p = 0.650), there was a significant increase in the test group (p = 0.001)
(Figure 2a). Since the amount of increase over 4 weeks in the test group was significantly
larger than that in the placebo group, a significant difference between the two groups
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was observed (p = 0.033, r = 0.39). Second, significant differences in TEWL were observed
between each group after 4 weeks: in the placebo group, p = 0.020; in the test group,
p = 0.003 (Figure 2b). No significant difference in changes in TEWL over 4 weeks between
the two groups was observed (p = 0.161, r = 0.26) (Table 5). Since we adopted the closed
testing procedure to avoid multiplexity, when the result of TEWL showed no significant
difference in variables between the groups, the analysis ended.

(A.U.) Skin hydration @mmy  TEWL .
90 it 70 /— .
| [ ]
80 60
70
60 50 -
50 40
40 30 ¢
30 . 20 —
20 10
10
0 0
Placebo Test Placebo Test
B Pre-intervention W Post-intervention B Pre-intervention M Post-intervention
(a) (b)

Figure 2. Change in cheek skin parameters in total 30 participants. Figure (a): Changes in Skin
hydration, (b): Changes in TEWL (transepidermal water loss), a.u.: arbitrary unit. Dots beyond
the bounds of the whiskers denote outliers. Cross marks and horizontal lines indicate means and
medians for each group. Asterisks indicate significant difference in intragroup after the intervention.
*p <0.05,*: p<0.01.

Table 5. Comparisons of items between the placebo group and the test group in total 30 participants.

Post- Pre- vs.

Pre-Intervention . A Pre- and Post- Placebo vs. Test
Intervention Post-
Item Group 4
Median Median + Median H . 5
(0.25-0.75) (0.25-0.75) p Value (0.25-0.75) p Value Effect Size r
. Placebo 53.5 (45.1-61.8) 56.3 (50.7-62.3) 0.650 1.9 (~6.1-6.9)
Hydration at the cheek (a.u.) Test 582 (44.0-63.1)  64.2 (56.1-69.0) 0.001 49 (15-15.4) 0.033 0-39
Placebo 17.9 (15.2-19.8) 21.4(19.7-28.3) 0.020 47(0.3-8.5)
2
TEWL * at the cheek (g/h/m®) Test 205 (166-260)  30.1 (22.0-35.0) 0.003 9.5 (1.5-14.0) 0.161 0.26

TEWL: transepidermal; * TEWL: transepidermal water loss; a.u.: arbitrary unit. ¥ p value, Wilcoxon signed-rank
test for within groups. ' p value, Mann-Whitney U test for between groups. § Effect size r for Mann-Whitney U
test for between groups.

3.3. Effects of F. velutipes on Skin Hydration and TEWL in Total 28 Female Participants

We evaluated hydration and TEWL in the left cheek skin section in a total of 28 female
participants. First, in the changes within each group during the 4 weeks, although there
was no difference in hydration in the placebo group (p = 0.975), there was a significant
increase in the test group (p = 0.002). Since the amount of increase over 4 weeks in the
test group was significantly larger than that in the placebo group, a significant difference
between the two groups was observed (p = 0.007, r = 0.50). Second, significant differences
in TEWL were observed in each group after 4 weeks: in the placebo group, p = 0.0300; in the
test group, p = 0.005. No significant difference in changes in TEWL over 4 weeks between
the two groups was observed (p = 0.104, r = 0.31) (Table 6). The result of TEWL showed no
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significant difference in variables between the groups, and the analysis ended according to
the closed testing procedure to avoid multiplexity.

Table 6. Comparisons of items between the placebo group and the test group in total 28 female participants.

Pre-Intervention I POSt'. Pre- vs. Post- A Pre- and Post- Placebo vs. Test
ntervention
Item Group 4 p
. Median Effect Size
+ +
Mean + SD, Median (0.25-0.75) p Value (0.25-0.75) p Value 8
Placebo 421+94

Age (years) Test 26+99 0.907
Hydration at the ~ Placebo 54.7 (48.1-63.6) 56.3 (50.0-62.4) 0.975 —2.0(—6.3-62) 0.007 050
cheek (a.u.) Test 58.4 (50.7-63.1) 64.7 (56.4-69.7) 0.002 5.1 (3.1-16.0) . :
TEWL * at the Placebo 17.8 (15.1-19.8) 21.2 (19.6-24.8) 0.030 39(0.2-7.2) 0104 031
cheek (g/h/m?) Test 19.7 (16.4-26.1) 29.8 (22.0-32.9) 0.005 9.2 (1.0-14.1) ’ ’

SD: standard deviation. * TEWL: transepidermal water loss; a.u.: arbitrary unit. ¥ p value, Wilcoxon signed-rank
test for within groups. ' p value, independent t-test (for age item) and Mann-Whitney U test for between groups.
§ Effect size r for Mann-Whitney U test for between groups.

4. Discussion

In the present study, the effects of intake of F. velutipes Oki-Shirayuki 919, which
contained more glucosylceramide than existing varieties, on healthy adults’ skin hydration
and TEWL, the self-evaluation of skin condition, stool form, and profile of mood states
were evaluated. The intake of E. velutipes Oki-Shirayuki 919 over 4 weeks increased skin
hydration in the test group. GlcCer, a representative sphingolipid in the cell membranes
of plants and fungi, has been reported to have certain benefits, such as the prevention of
intestinal impairment and improved skin moisturizing, when consumed [20]. The effects
of plant- or fungus-originating sphingolipid bases on colon cancer were reported to have
been to the same degree as mammalian compounds via in vitro investigation [38].

Regarding the effect of GlcCer on improving skin function, the mechanism was in-
vestigated using special atopic dermatitis-like and damaged skin murine models, and
the recovery of the skin barrier function and the change in spingolipid metabolism in the
epidermis were reported [39]. The results showed that dietary GlcCer and a spingolipid
accelerated the recovery and significantly upregulated the expression of ceramide syn-
thases in the epidermis of the atopic dermatitis-like skin model. In the case of cultured
cells, the expression of ceramide synthases in normal human foreskin keratinocytes was
significantly upregulated by treatment with spingoid bases. These reports provide the
mechanisms of the skin-barrier-improving effect, and findings confirm that the effects of
dietary sphingolipids might be due to the activation of ceramide synthesis in the skin,
rather than the direct reutilization of dietary sphingolipids. Similarly, another previous
study reported that dietary plant and yeast glucosylceramides had been shown to sup-
press atopic dermatitis-like symptoms in model mice via the regulation of helper T-cell
Th1/Th2 balance [17]. To summarize, GlcCer and a spingolipid were suggested to have
indirect functions such as the activation of ceramide synthesis in the skin or regulation of
helper T-cell Th1/Th2 balance. One potential confound to this explanation is Ergothioneine
which is present in F. velutipes. Ergothioneine is a thiol / thione molecule synthesized only
by some fungi and bacteria and has powerful antioxidant and cytoprotective properties.
Previous reports indicate that F. velutipes contains 34.64 mg of Ergothioneine per kg dry
weight [40]. In this study, we did not analyze for ergothioneine in Oki-shirayuki 919. There
is a possibility that Ergothioneine in F. velutipes provided a different beneficial mechanism
from GlycCer for the skin.

At the same time, a warning about the flammutoxins in F. velutipes should be men-
tioned. Lin et al. reported that flammutoxin caused lysis of mammalian erythrocytes,
swelling of Ehrlich ascites tumor cells, and electrocardiographical changes in parenterally
administrated animals [41]. Tung et al. reported that heating extract at 60 °C for 5 min
could effectively exclude flammutoxin [42]. Since F. velutipes is usually consumed after
heating, the toxicity of flammutoxin is not well known. However, we should acknowledge
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again these important warnings of the possible side effects of flammutoxin for nutraceutical
and nutricosmetic consumption.

In the present study, skin hydration in the test group significantly increased, but
TEWL did not improve over 4 weeks, and several reasons could be suggested for this
result. The first reason is that since the intervention and observation period was 4 weeks,
increased moisture content of the stratum corneum was observed, while the subsequent
recovery of the skin barrier function could not be observed due to it requiring more time.
Secondly, since the trial was conducted in late winter and early spring, it was strongly
affected by the environment due to seasonal fluctuations, which may have delayed the
recovery of the barrier function. Regarding the seasonal variations in skin temperature
on human skin, it was reported that skin temperature showed seasonal fluctuation, rising
in summer and falling in winter, following the fluctuation of outdoor temperature when
outdoor temperature was higher than 15 °C [43], and significant correlations were observed
between skin temperature and TEWL [44]. The mean outdoor temperature during the five
days of intervention significantly changed pre-intervention: 6.7 + 1.1 °C (mean =+ SD),
and post-intervention: 16.3 £ 1.7 °C [45]. Lastly, participants in this study were all healthy
adults without atopic dermatitis or skin damage, and although they may have experienced
dryness of their skin in winter, there were no major skin problems. Although the hydration
of the skin improved due to the intake of F. velutipes Oki-Shirayuki 919 which contained
more glucosylceramide, it was difficult to increase the barrier function more as shown in
the models of animals and cells. However, even in the skin of healthy adults, the skin
hydration and subjective evaluation of individuals were significantly improved via the
intake of F. velutipes Oki-Shirayuki 919. In the case of temporary instability of the barrier
function, it can be greatly expected that the barrier function can be restored via indirect
function such as the activation of ceramide synthesis in the skin or regulation of helper
T-cell Th1/Th2 balance after a certain period of time.

We expected to improve physical and psychological health via the intake of F. velutipes
Oki-Shirayuki 919, but no obvious effect was shown. In a previous study, the in vivo effects
of dietary complex sphingolipids were investigated using model mice for colon cancer. The
results suggest that dietary complex sphingolipids play a beneficial role in the prevention
of inflammatory bowel disease and the effects were specific to cancer cells [46]. Since
the results in the present study might also have relied on the characteristics of healthy
participants, the effect of the intake of F. velutipes for clinical dermatological-level patients
was unknown.

To the best of our knowledge, this is the first study to clinically evaluate the effect
of oral intake of F. velutipes Oki-Shirayuki 919, which contained more glucosylceramide
than existing varieties, on healthy adults’ skin condition and associated symptoms. This
study provides some new clinical evidence along with indicating some limitations and
future challenges. First, we intended to evaluate the effect of the gut microbiota from fiber
in F. velutipes to improve physical and psychological health, but we could not analyze
them in the closed testing procedure to avoid multiplexity. A clinical trial to investigate F.
velutipes for improving physical or psychological health as a primary outcome would be
required. Second, we evaluated skin hydration and TEWL of people who orally consumed
the product, and only skin hydration showed a significant difference compared to the
placebo. The sample number was low and the intake period was short. The result of skin
hydration in only female participants was even more significant, but there was only one
male participant in each group, and so other trials with more male participants would be
needed for detailed male results. Third, further clinical trials to be able to check the change
in efficacy according to the increase in the concentration of the active ingredient, or to
confirm the effect with scaled-up sample sizes and intervention periods, are needed. Finally,
we designed this study with reference to a previous report that showed a moisturizing
function on the skin [32]. We could not provide the analysis data for glucosylceramide in F.
velutipes in the present report. The mechanism of action of the results of this clinical trial
was based on the presumption of glucosylceramide from F. velutipes as the main component
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involved. Further experiments, the component analysis of F. velutipes, or the bioassay
experiment and the clinical trial of changes in ceramides in the skin are needed to confirm
the results of the present study.

5. Conclusions

Since the amount of increase in skin hydration over four weeks in the test group was
significantly larger than that in the placebo group, a significant difference between the two
groups was observed. In addition, the result of skin hydration in only female participants
was even more significant. GlcCer in F. velutipe was suggested to have an indirect function
such as the activation of ceramide synthesis in the skin.
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