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Abstract

Ergothioneine, a diet-derived antioxidant, has gained increasing interest for its potential anti-aging benefits, yet human evidence remains lim-
ited. This study investigated the effects of dietary ergothioneine on skin condition in 31 healthy adults through quantitative instrumental measure-
ments, image-based facial analysis, and self-reported questionnaires. Instrumental assessments demonstrated significant improvements in overall
skincare efficacy, characterized by enhanced skin brightness, elasticity, and firmness, alongside reduced wrinkle appearance and skin glycation.
Representative facial photographs, together with Al-assisted image analysis and three-dimensional reconstruction, identified temporal changes
in skin brightness and progressive inward contour contraction. These findings suggest a potential nutritional approach for improving overall skin

appearance and supporting anti-aging outcomes.
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Introduction

Ergothioneine is a naturally occurring sulfur-containing
derivative of histidine that is known as a potent antioxidant and
cytoprotective molecule [1]. Unlike other antioxidants that are
susceptible to self-oxidation, ergothioneine is stable at physiologic
pH due toits thione form [2]. Ergothioneine cannot be endogenously
synthesized by mammals and can be acquired solely from diet
such as mushrooms. Its absorption by cells is facilitated by the
highly specific transporter SLC22A4, which ensures its delivery
to tissues encountering oxidative stress [3]. Ergothioneine exerts
its biological effects mainly by neutralizing a broad spectrum of
radical oxygen species, thereby preventing the oxidative attack on
vital cellular macromolecules such as lipids, proteins, and nucleic
acids. In addition, ergothioneine can modulate cellular signaling
pathways such as nuclear factor erythroid 2-related factor 2 (Nrf2),
which in turn activates endogenous antioxidant mechanisms
and attenuates the release of pro-inflammatory mediators [4].
Ergothioneine is found to decline with age, which is associated with

increased susceptibility to age-related disorders such as frailty and
neurodegeneration [5-7]. Ergothioneine was also employed as a
biomarker of lower risk fo cardiometabolic disease and mortality.7
The average plasma ergothioneine concentration in individuals
over 75 years of age decreases by 37% relative to those below 65
[8]. Moreover, individuals with mild cognitive impairment exhibit
35% lower blood ergothioneine levels compared with healthy
people.8 Research has demonstrated that ergothioneine can be
effectively absorbed and retained through oral intake, resulting in
a marked increase in blood levels and decrease of biomarkers of
oxidative damage [9]. Therefore, there is increasing interest in oral
supplementation of ergothioneine to achieve anti-aging benefits
[10]. European Food Safety Authority (EFSA) has recognized that
ergothioneine is safe as novel food under proposed use levels
across all groups of population including infants, pregnant and
breastfeeding women [11,12]. A double-blinded clinical trial
has shown that ergothioneine supplementation can improve
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sleep quality by supporting sleep initiation [13]. These findings
underscore the potential for using ergothioneine as a dietary
supplement to enhance antioxidant capacity and promote healthy
aging.

Skin aging is part of the aging progress driven by an interplay of
intrinsic and extrinsic factors, which results in a decline in barrier
function, loss of structural components, and compromised immune
response [14]. Oral supplementation has emerged as a promising
strategy to complement traditional topical skincare by addressing
skin aging from within. A range of bioactive compounds including
peptides, polysaccharides, vitamins and botanical extracts have
demonstrated potential benefits for skin hydration, elasticity,
wrinkle reduction, and photoprotection [15]. In this study, the
skincare efficacy of orallyadministered ergothioneine was evaluated
through quantitative instrumental measurements, image-based
facial analysis, and structured questionnaires. Improvements in
overall skin appearance were observed after 8 weeks, characterized
by enhanced skin brightness, elasticity, and firmness, together with
areduction in wrinkle area, and improvements in sleep quality and
memory performance. These findings suggest ergothioneine is a
promising oral supplement for improving overall skin appearance
and supporting anti-aging outcomes.

Materials and Methods
Study Design

This study was designed as a single-center, open-label,
before-after controlled, single-group intervention study. A total
of 31 participants were included in the study. Ergothioneine
(ReBiohub®EGT, purity=99.5%) was obtained as a white crystalline
powder from Shenzhen Readline Biotech. Co., Ltd. (China) and
formulated into tablets. Participants were instructed to take one
tablet daily, providing 30 mg of ergothioneine, administered with
breakfast or immediately after meals. Compliance was monitored
using methods such as capsule counts and self-reported logs.

The total duration of the study was 56 days. At the screening
and baseline visit (Day 0), participants provided demographic
information, signed informed consent, underwent eligibility
assessments, and completed a medical history questionnaire.
Following enrollment, participants underwent standardized facial
cleansing, a 30-minute acclimatization in a controlled environment,
baseline image capture, instrumental assessments, and an online
questionnaire. Study products and usage diaries were provided
thereafter. At follow-up visits (Day 28 and D56), the same
procedures were repeated. At the final visit (D56), study products
and usage diaries were collected.

Inclusion and Exclusion Criteria

participants were recruited according to the following criteria.
Inclusion criteria: (1) Healthy people, aged 25 to 45 years; (2) Dry
and sagging facial skin, dull complexion; (3) The subject has fine
lines or wrinkles at the corners of the eyes, which meet the SKIN
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AGEING ATLAS classification of 1 to 5; (4) Can cooperate well with
the experimenters and maintain a regular life during the study; (5)
Be able to read and understand all the contents of the informed
consent form and voluntarily sign the informed consent form; (6)
During the trial, participants agreed not to use any cosmetics, drugs
or health products that may affect the results. Exclusion criteria:
(1) People with a history of allergies to cosmetics; (2) People
receiving hormone therapy; (3) Pregnant or breastfeeding women;
(4) People who have received cosmetic or medical treatment on the
tested area; (5) Anyone deemed unsuitable as a subject for this trial
by peers, other trial leaders, or visual evaluators.

Precautions and Controls

To minimize the introduction of confounding variables,
participants were required to comply with the following
precautions: (1) Do not use any skincare products (including those
distributed) or makeup on your face on the day of the test. Bring
all distributed products and usage records with you to the test; (2)
Avoid activities that expose you to excessive ultraviolet rays, such as
sea bathing, mountain climbing, sunbathing, and outdoor activities;
(3) Don’t start using new supplements; (4) Avoid using sunscreen
products and skin care products. The same products need to be
used continuously during the trial (excluding external preparations
and pharmaceuticals for improving wrinkles).

Evaluation Methods

Facial images were captured using the VisiaCR/CR5/7 system
(Canfield, Germany), which employs multi-light imaging technology
and dedicated image analysis software to enable multi-dimensional,
quantitative skin assessment. Standard light settings SD1/Standard
1 and SD2/Standard 2 were applied consistently across all
measurements. Digital images were processed and analyzed using
Image ProPlus 7 (Media Cybernetics, USA) to extract quantitative
parameters including skin color ITA®, skin brightness (L*), wrinkle
area (%) around eye corner, and skin glossiness. Skin mechanical
properties were assessed using the cutometer MPA580 (Courage &
Khazaka, Germany), which applies negative pressure to deform the
skin and measures elasticity. The tested parameters include skin
elasticity (R2), skin firmness (F4), and skin glycation level.

Image Processing and Analysis

Colorimetric analysis was restricted to skin regions using
a multi-stage segmentation pipeline. Facial areas were first
delineated with a pre-trained deep learning model, followed by
chrominance-based filtering in the YCrCb space to exclude non-skin
features (e.g., hair, lips, irises). Morphological operations were then
applied to refine the binary skin mask. Subsequent analyses were
performed in the CIE Lab* color space. The individual typology
angle (ITA®) was computed per pixel as:

ITA" = arctan{L ;Sojx@

T
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The high-ITA® area is defined as the proportion of pixels
exceeding 41°. For spatial visualization, pixels above the threshold
were overlaid on the original image to generate a high-ITA® region
overlay.

3D Face Reconstruction

The 3D face reconstruction was generated from 2D photographs
using hierarchical representation network (HRN) technology. All
the reconstructed face models consisted of 52334 vertices. To
eliminate pose discrepancies, all models were precisely aligned
to the baseline model (Day 0) using the iterative closest point
(ICP) algorithm. A confidence threshold was set at 0.011309 mm
according to the statistical 3o principle. Any morphological change
exceeding this threshold is considered a true effect transcending
system noise.

Questionnaire Assessment

Improvements in sleep and memory before and after

ergothioneine intake were assessed using standardized
questionnaires. Questionnaires were administered at baseline and

on Day 28 and Day 56.

(1) Self-rating scale of sleep (SRSS): The SRSS consists of 10
items scored on a 5-point scale (1-5), with total scores ranging
from 10 to 50. Changes in total scores reflect variations in sleep
status over time.

Table 1: Human skin reaction classification standards.
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(2) Everyday Memory Questionnaire-13 items (EMQ-13): The
EMQ-13 is a self-report instrument designed to assess the
frequency of everyday memory failures. The scale contains
13 items covering two principal factors: retrieval, referring to
difficulties in recalling recent events or retrieving words, and
attention tracking, referring to failures in maintaining attention
during conversation or reading.

Each item is rated on a 5-point Likert scale reflecting the
frequency of occurrence over the past month:

a) 0=once or less in the last month,

b) 1=more than once a month but less than once a week,
c) 2 =aboutonce a week,

d) 3 =more than once a week but less than once a day,

e) 4 =onceor more in a day.

Total scores therefore range from 0 to 52, with higher scores
indicating more frequent subjective memory complaints and
greater perceived memory difficulties.

Safety Evaluation

Adverse events were monitored throughout the study period.
The skin adverse reaction classification standard is used to judge,
from the “Cosmetic Safety Technical Specifications”: (Table 1)

Skin Reactions Grading
No response 0
Faint erythema 1
Erythema, infiltration, papules 2
Erythema, edema, papules, blisters 3
Erythema, edema, bullae 4

A follow-up investigation was conducted on the adverse
reactions of participants during the trial, and no participants

Table 2: Adverse reaction follow-up survey results.

experienced adverse reactions in this efficacy trial (Table 2).

Options Number %

Have ever had irritation or adverse reaction 0 0
No irritation or adverse reactions 31 100
Total 31 100

Statistical Analysis

Descriptive statistics were performed for all measurement

variables using statistical software. Continuous data were

summarized as mean, Standard Deviation (SD), Standard Error (SE),

median, minimum, and maximum values. For significance testing
of continuous variables, the Shapiro-Wilk test was first applied to
assess the normality of the distribution of change scores. If the data
were normally distributed, paired-sample t-tests were conducted;
otherwise, Wilcoxon signed-rank tests were applied. A significance
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level of p<0.05 was used for all analyses. For categorical data,
descriptive statistics were presented as cumulative percentages
of positive (beneficial) items. The distribution of beneficial versus
non-beneficial responses was evaluated using a binomial test
with an expected probability of 0.5 and a significance threshold of
p>0.05.

Results and Discussion

Skin Glossiness and Whiteness

31 healthy Chinese individuals aged between 29-45 were
enrolled in this study. Participants were instructed to take one
tablet containing 30 mg ergothioneine per day after meals. Facial
images were captured before and at Day 28 and Day 56 of the
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study. Quantitative analysis was performed on the selected facial
regions. The skin glossiness parameter significantly improved
from 0.55%+0.06% to 0.73%=*0.08% at Day 28 and 1.01%+0.09%
at Day 56, representing an increase rate of 32.7% and 83.6%,
respectively (Figure 1a). Images were transformed from the RGB
color space to the device-independent CIE Lab* space, where the L*
channel represents lightness (0-100) and the b* channel encodes
the yellow blue axis. The individual typology angle (ITA°) reflects
the degree of skin pigmentation and tanning with higher ITA®
values corresponding to lighter skin. Likewise, the ITA® values of
participants’ face skin increased by 0.81% after 28 days and by
2.43% after 56 days (Figure 1b). While the L* barely changed in 28
days, it significantly increased by 0.71% after 56 days (Figure 1c)
(Figure 1).
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Figure 1: Skincare efficacy of oral supplement of ergothioneine (30 mg per tablet, q.d.). a. Skin glossiness; b. ITA®; c. L* value; d. Wrinkle
area (%); e. Skin elasticity (R2); f. Skin firmness (F4). N =31, m £ sd., *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.001, ns., not significant.
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Visual perception of skin brightness is an outcome of the
interactions between light and skin structure [16] Chromophores
such as melanin and Advanced Glycation End Products (AGEs)
result in skin pigmentation. 17 Compared with the baseline value
of 1.53+0.06, the average AGEs level decreased to 1.40+0.05 at
Day 28 and to 1.38+0.05, with reduction rates of 8.5% and 9.8%,
respectively. These results indicate that oral intake of ergothioneine
significantly reduced the accumulation of AGEs in the skin (Figure
S1). These results suggest that oral intake of ergothioneine can
significantly improve the skin glossiness and skin whiteness
(Figure S1).

Skin Firmness and Elasticity

Periorbital skin often exhibits early signs of aging due to

static and dynamic wrinkle patterns, which are exacerbated
by exposure to UV radiation and reactive oxygen species [17].
Antioxidants are often used in topical skincare products to
mitigate the progression of aging symptoms [18]. In this study, oral
ergothioneine supplementation resulted in a significant reduction
in periorbital wrinkle area. The average wrinkle area decreased
from 4.16%+0.34% at baseline Day 0, to 3.40%+%0.31% at Day
28, and further 2.59%=0.25% at Day 56, respectively. Progressive
improvement and anti-wrinkle effects were observed compared
with baseline, reaching an 18.27% change rate at Day 28 and
37.74% at Day 56 relative to baseline (Figure 1d). Furthermore,
the effects of ergothioneine on enhancing skin firmness and
skin elasticity were quantitatively evaluated. The skin elasticity
R2 value and skin firmness F4 value both exhibited significant
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improvements following consecutive dietary supplementation. value, exhibited a significant reduction of 8.27% at Day 28 relative
The R2 value increased by 9.26% (p<0.001) after 28 days and to baseline (p<0.001), followed by a further decrease of 11.76%
18.52% (p<0.001) after 56 days of supplementation compared at Day 56 (p<0.001) indicating a more compliant and flexible skin
with baseline. (Figure 1e). Likewise, Skin firmness parameter F4  (Figure 1f).
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Figure S1: Reduction of skin glycation by oral intake of ergothioneine.
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Skin Appearance Visualization

( )

Figure 2: Improvement of skin brightness by oral intake of ergothioneine. a. Representative photographs of participants after oral administra-
tion of ergothioneine in 56 days. b. Processed images where high ITA® (> 41°) area are highlighted.

- J

The improvement of skin appearance was further visualized such as facial contour. Facial photographs were obtained before
by Artificial Intelligence (Al)-assisted imaging processing and and after 28 and 56 days of ergothioneine administration. Visual
reconstruction, which can reveal overall changes in skin features inspectionoftherepresentative facialimagestakenatDay 56 showed
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improvements in multiple skin characteristics, including reduced
hyperpigmentation and erythema, a brighter skin tone, and visibly
reduced forehead wrinkles, thus presenting an overall reduction in
apparent facial age after 56 days of ergothioneine administration
(Figure 2a). Consistently, Al processed image with highlighted high
ITA® (241°) areas showed that increased brightness and a lighter
skin tone in the central facial region, including the forehead, cheeks,
and nasal region. Notably, high ITA® regions expanded from 11.59%
to 14.85% after 56 days of ergothioneine intake (Figure 2b) (Figure
2).

Representative facial photographs acquired before and after
28 and 56 days of ergothioneine intake indicates progressive
improvements in facial contour over time (Figure 3). We used
Hierarchical Representation Network (HRN) technology to
enhance the visualization by reconstructing three-dimensional face
geometry and outlining the face contour. Compared with Day 0,
facial images at Day 28 and Day 56 showed a slimmed cheek contour
and inward contraction of jawline (Figures 3b-3d). 19The contours
were orthogonally projected onto a two-dimensional plane and
the numerical values on the axes represented the coordinates of
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the projected jawline contours. The projected overlapping jawline
contours showed that the Day 56 profile was predominantly
enclosed within the baseline, while the Day 28 contour located
between the baseline and Day 56, indicating a consistent inward
contraction relative to the baseline and supporting a time-
dependent refinement of the jawline contour (Figures 3c and 3d).
Alterations injawline and overall facial contour are closely related to
skin tightening effect, which can further be quantitatively reflected
by the direction and magnitude of skin surface displacement.
20Compared with the baseline, both face contours at Day 28 and
Day 56 showed a significant skin tightening effect in lower facial
regions, particularly along the jawline, cheek and perinasal areas
(Figure 3e). Inward contraction was more evident at Day 56 than
at Day 28, consistent with progressive facial contour refinement
following oral ergothioneine intake. Limited outward expansion
at Day 56 is likely attributed to compensatory surface adjustment
rather than volumetric expansion, given that volumetric changes are
unlikely a primary effect of oral ergothioneine intake. The results of
face image analysis are consistent with quantitative measurements
of skin elasticity and firmness (Figures 1e and 1f) (Figure 3).
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Figure 3: Improvement of face contour by oral intake of ergothioneine. a. Representative photographs of participants after oral administration
of ergothioneine in 56 days. b. 3D reconstruction of face by Hierarchical Representation Network (HRN) technology. c. Overlap of jawline con-
tours at Day 0, Day 28 and Day 56. The jawline contours were generated from photographs by HRN technology. d. Jawline contours orthog-
onally projected onto a 2D plane. e. Geometric deviation of face contour. Day 0 image was used as baseline. The distance between contours
at Day 28, Day 56 and Day 0 was visualized by a color scale. Cold colors (blue) represent inward contraction (tightening), while warm colors
(red) indicate outward expansion.
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The efficacy of oral administration of ergothioneine is beyond
skin beauty, but induces whole-body benefits. Previous studies
have identified ergothioneine as a biomarker for frailty, cognition
and mobility.5,6 Ergothioneine supplementation has shown
benefits in improving memory and sleep quality.13,18 Here, the
sleep quality and memory performance of the participants after
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taking ergothioneine were evaluated by Self-Rating Scale of Sleep
(SRSS) and the 13-item Everyday Memory Questionnaire (EMQ-
13) (Figure 4). Both sleep quality and memory were significantly
improved following oral ergothioneine supplementation after 28
and 56 days (Figure 4).
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Figure 4: Improvement of sleep quality by oral intake of ergothioneine by standardized questionnaires. a. Self-Rating Scale of Sleep (SRSS).
b. Everyday memory questionnaire-13 items (EMQ-13).
N\ J

Table S1: Results of the self-assessment questionnaire of participants at Day 28.

No. Evaluation Indicators Agreement Rate p-value
1 Skin yellowness is reduced 96.77% <0.001
2 Skin feels smoother and more radiant 100.00% <0.001
3 Skin feels rosy and complexion becomes better 100.00% <0.001
4 Wrinkles around the eyes seem to be reduced 90.32% <0.001
5 Feel that facial fine lines are faded 93.55% <0.001
6 Improved sagging face 90.32% <0.001
7 Skin feels more elastic 93.55% <0.001
8 Skin feels firmer 96.77% <0.001
9 Feel the skin becomes smoother 96.77% <0.001
10 Improved sleep quality 90.32% <0.001
11 After taking the product, I feel easy to fall asleep and insomnia is improved 93.55% <0.001
12 Feeling memory improved 90.32% <0.001

Table S2: Results of the self-assessment questionnaire of participants at Day 56.

No. Evaluation indicators Agreement Rate p-value
1 Skin yellowness is reduced 100.00% <0.001
2 Skin feels smoother and more radiant 100.00% <0.001
3 Skin feels rosy and complexion becomes better 100.00% <0.001
4 Wrinkles around the eyes seem to be reduced 93.55% <0.001
5 Feel that facial fine lines are faded 96.77% <0.001
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6 Improved sagging face 100.00% <0.001
7 Skin feels more elastic 96.77% <0.001
8 Skin feels firmer 100.00% <0.001
9 Feel the skin becomes smoother 100.00% <0.001
10 Improved sleep quality 96.77% <0.001
11 After taking the product, I feel easy to fall asleep and insomnia is improved 96.77% <0.001
12 Feeling memory improved 96.77% <0.001

After oral intake, ergothioneine is absorbed in the small
intestine and retained by the human body with significant elevations
in plasma and whole blood concentrations.9 Ergothioneine can
also be metabolized by human gut bacteria to promote anaerobic
energy metabolism of specific bacteria [19,20] Its potential in
mitigating oxidative stress and maintaining healthy aging is widely
acknowledged, but is less validated by clinical trials. Several studies
have shown that oral intake of ergothioneine can improve sleep
quality,13,18 yet its effects on improving skin appearance are rarely
reported. This study demonstrates that daily supplementation of
ergothioneine generates notable effects on addressing skin aging
hallmarks including pigmentation, wrinkling, sagging and atrophy,
in addition to improving sleep quality and memory performance.
Anti-oxidants such as glutathione have also shown benefits in
brightening skin color in sun-exposed areas and reducing the
size of facial dark spots after oral supplementation. Given the low
bioavailability and stability of glutathione, its daily doses are much
higher (typically 500 mg) and onset of action is longer (12 weeks)
[21,22]. In comparison, ergothioneine as an oral supplement
is more advantageous in terms of better bioavailability, higher
stability, and more comprehensive benefits in skincare and beyond.

Conclusions

This study provides evidence that oral ergothioneine
supplementation can improve skin brightness, elasticity, firmness,
wrinkle appearance and facial contour refinement, supporting
its potential benefits for skincare. Quantitative instrumental
assessments revealed significant enhancements in skin glossiness,
ITA® values, and skin elasticity, accompanied by reductions in
wrinkle area, skin firmness and skin glycation levels. Image-based
facial analysis revealed time-dependent inward contour changes,
particularly in the lower facial regions, reflecting a skin tightening
effect. Self-reported questionnaires results indicate significant
improvements in sleep quality and memory performance. The
supplementation was well tolerated, with no adverse effects
reported. These results are consistent with the established
biological properties of ergothioneine as a naturally occurring,
diet-derived antioxidant and cytoprotective molecule that mitigates
oxidative stress and modulates inflammation-related signaling
pathways. Overall, these results support the potential of oral intake
of ergothioneine as a safe and effective strategy for supporting skin
health and healthy aging.
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