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Abstract: This study evaluated the efficacy of tricholoma matsutake mushroom freeze-dried powder in skin whitening, 
brightening, anti photoaging, anti-inflammatory, anti glycation, and anti-aging through a randomized, double-blind, place-
bo-controlled clinical trial. Sixty healthy female participants aged between 20 and 45 were enrolled in the study and orally 
administered 150mg of tricholoma matsutake mushroom-derived freeze-dried powder daily for eight weeks. Key skin pa-
rameters such as melanin index (MI), skin brightness (L* value), and individual typological angle (ITA°) were measured to 
assess the whitening effect, while antioxidant activity was evaluated by analyzing reactive oxygen species (ROS) reduction 
and DPPH free radical scavenging rates. Additionally, skin elasticity, wrinkle depth, and hydration levels were measured to 
evaluate anti-aging and anti-photoaging effects. Results showed a significant reduction in MI and a notable increase in both 
L* values and ITA° in the treatment group, indicating enhanced skin whitening. The pine mushroom extract also demonstrat-
ed potent antioxidant activity, with a 25% reduction in ROS levels and a 96% DPPH free radical scavenging rate. Anti-aging 
benefits were confirmed by an 18% increase in skin elasticity, a 22% decrease in wrinkle depth, and a 15% improvement in 
skin hydration. Furthermore, the extract provided protection against UV-induced photoaging, reducing erythema and skin 
texture degradation. 
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1. Introduction
Pine mushrooms (Matsutake, Tricholoma matsutake), also known as Songrong, are a rare and highly valuable 

fungus mainly distributed in Japan, North Korea, China, Myanmar, and Nordic countries. Yunnan Province in China is 
particularly famous for its production. Classified as a protected species under the second-level protection status in China, 
pine mushrooms have long been recognized not only for their unique flavor and aromatic qualities but also for their extensive 
pharmacological and cosmetic benefits. The bioactive components of pine mushrooms, including polysaccharides, sterols, 
saponins, triterpenes, and essential fatty acids, make them particularly valuable in the field of health and skincare [1].

Among these bioactive components, pine mushroom polysaccharides have garnered considerable attention due to their 
significant antioxidant and skin-whitening properties. These polysaccharides, found primarily in the fruiting bodies and 
mycelia, exhibit complex molecular structures that are highly effective in reducing oxidative stress and inhibiting melanin 
production. Additionally, pine mushrooms contain proteins, including glycoproteins, and essential amino acids, with a 
notable 17% crude protein and 7.4% amino acid content in fresh mushrooms, further enhancing their therapeutic potential 
[2].

Beyond their biochemical composition, the volatile compounds in pine mushrooms contribute to their distinctive 
fragrance and flavor, with key compounds such as 1-octen-3-ol, methyl cinnamate, and 3-octanone being extensively studied. 
The presence of these compounds also plays a role in the mushroom's potential for cosmetic and anti-aging applications [3].

Recent studies have explored the efficacy of pine mushroom-derived extracts and freeze-dried powders in various 
dermatological applications, particularly  in skin whitening, brightening, anti photoaging, anti-inflammatory, anti glycation, 
and anti-aging effects.These studies highlight the mushroom's ability to inhibit melanin production, reduce oxidative stress, 
and counteract photoaging, making it a promising ingredient in skincare formulations. The current clinical trials aim to 
further validate these findings and assess the potential of freeze-dried pine mushroom powder in improving skin tone, 
reducing pigmentation, and preventing skin aging through its potent bioactive components [4].
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2. Methodology
2.1 Study Participants

The study enrolled 60 healthy female volunteers between the ages of 20 and 45, with skin types ranging from normal to 
combination. These participants were randomly assigned to either the treatment group, receiving the pine mushroom-derived 
freeze-dried powder, or the placebo group. All subjects were required to discontinue the use of any skin-lightening or anti-
aging products two weeks prior to the start of the study and throughout the trial period to eliminate any external interference 
with the test results.

2.2 Formulation and Dosage
The treatment group received a nutritional supplement containing 150mg of the pine mushroom-derived freeze-dried 

powder, while the placebo group received a supplement containing the same basic ingredients but without active ingredients. 
Dietary supplements should be taken orally once a day after breakfast for eight consecutive weeks. The dosage and application 
plan of all participants are standardized to ensure consistency in treatment.

2.3 Skin Whitening and Brightness Evaluation
To assess the skin whitening effect, melanin index (MI), skin brightness (L* value), and individual typological angle 

(ITA°) were measured using a spectrophotometer at baseline, week 4, and week 8 of the study. The MI quantifies the amount 
of melanin in the skin, with lower values indicating reduced pigmentation. The L* value measures the lightness of the skin, 
with higher values reflecting a whiter complexion. The ITA° is an indicator of overall skin brightness, with higher angles 
representing brighter, less yellow skin tones.

2.4 Anti-Oxidation Assessment
The antioxidant efficacy of the pine mushroom-derived freeze-dried powder was evaluated through its ability to reduce 

oxidative stress markers. Skin biopsies were taken from a subset of participants before and after treatment to analyze levels 
of reactive oxygen species (ROS) and other oxidative markers. In addition, a DPPH (2,2-diphenyl-1-picrylhydrazyl) assay 
was conducted to measure the free radical scavenging activity of the skin.

2.5 Anti-Aging and Anti-Photoaging Evaluation
The anti-aging and anti-photoaging effects of the treatment were evaluated by examining skin elasticity, wrinkle depth, 

and hydration levels using a Cutometer and Visioscan. These measurements were taken at the same intervals as the skin 
whitening assessments (baseline, week 4, and week 8). Participants were also exposed to controlled UV radiation to simulate 
photoaging conditions, and the impact of the treatment on UV-induced skin damage was measured by evaluating erythema 
and skin texture changes.

3. Results and Discussion 
The results from this study demonstrate the efficacy of the pine mushroom-derived freeze-dried powder  in skin 

whitening, brightening, anti photoaging, anti-inflammatory, anti glycation, and anti-aging. Over the course of eight weeks, 
significant improvements were observed in key skin parameters when compared to the placebo group. The following sections 
present the detailed findings of the study, accompanied by a discussion of their implications [5].

3.1 Skin Whitening Effect
The melanin index (MI), skin brightness (L* value), and individual typological angle (ITA°) were analyzed to assess 

the skin whitening efficacy of the pine mushroom-derived freeze-dried powder.
Melanin Index (MI): The MI values significantly decreased in the treatment group after 8 weeks, indicating a reduction 

in skin pigmentation. At week 4, the treatment group exhibited a 15% reduction in MI, while by week 8, the reduction 
reached 28% (p < 0.05). In contrast, the placebo group showed minimal change over the same period. This demonstrates that 
the active components in the pine mushroom extract effectively inhibit melanin synthesis, confirming its whitening potential.

Skin Brightness (L Value):* The L* value, which measures the lightness of the skin, increased significantly in the 
treatment group compared to the placebo group. At week 8, the L* value in the treatment group increased by 12% (p < 
0.05), indicating a visibly lighter skin tone. These findings suggest that pine mushroom extract contributes to enhanced skin 
brightness by modulating pigmentation processes [6].

ITA° (Skin Brightness Index): A significant improvement in the ITA° was also observed in the treatment group. By 
week 8, the ITA° increased by 14%, reflecting a reduction in skin yellowing and an overall brighter complexion (p < 0.05). 
This outcome aligns with the skin whitening effect and suggests that the extract effectively combats uneven skin tone and 
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hyperpigmentation.
The data from these parameters conclusively indicate that pine mushroom-derived freeze-dried powder is a potent skin 

whitening agent, capable of reducing pigmentation and enhancing skin brightness over time.

3.2 Antioxidant Effect
The antioxidant activity of the pine mushroom extract was evaluated through the reduction of reactive oxygen species 

(ROS) and free radical scavenging assays.
ROS Reduction: Skin biopsies revealed a significant decrease in ROS levels in the treatment group compared to the 

placebo group. After 8 weeks, ROS levels were reduced by 25% in the treatment group (p < 0.05), highlighting the extract’s 
strong antioxidant capacity. This reduction in oxidative stress is critical in preventing skin aging and maintaining skin health 
[7].

DPPH Free Radical Scavenging: The DPPH assay showed that the pine mushroom-derived freeze-dried powder had 
a free radical scavenging rate of 96% at a concentration of 25%, confirming its high antioxidant potential. This result 
is consistent with the observed decrease in ROS levels and suggests that the extract effectively neutralizes free radicals, 
protecting the skin from oxidative damage.

These findings suggest that pine mushroom extract not only protects the skin from oxidative stress but also plays a key 
role in delaying the onset of visible aging caused by environmental factors [8].

3.3 Anti-Aging and Anti-Photoaging Effect
The anti-aging and anti-photoaging properties of the pine mushroom-derived freeze-dried powder were assessed 

through skin elasticity, wrinkle depth, and hydration levels.
Skin Elasticity: The treatment group showed a significant improvement in skin elasticity compared to the placebo group. 

After 8 weeks, skin elasticity in the treatment group increased by 18% (p < 0.05). This indicates that the active compounds in 
the extract support the skin's structural integrity, preventing the loss of elasticity that typically accompanies aging.

Wrinkle Depth: A reduction in wrinkle depth was observed in the treatment group over the study period. By week 
8, wrinkle depth had decreased by 22% in the treatment group (p < 0.05), while no significant changes were noted in the 
placebo group. This suggests that pine mushroom extract promotes collagen synthesis and reduces the appearance of fine 
lines and wrinkles.

Skin Hydration: Skin hydration levels improved significantly in the treatment group. By week 8, hydration levels 
had increased by 15% compared to baseline (p < 0.05). Maintaining hydration is essential in preventing skin dryness and 
improving the skin barrier function, both of which are crucial in anti-aging treatments [9-10].

Additionally, under controlled UV exposure to simulate photoaging, the treatment group exhibited reduced erythema 
and skin texture degradation compared to the placebo group. This indicates that pine mushroom-derived freeze-dried powder 
not only helps to reduce existing signs of aging but also protects the skin from UV-induced damage (Figure 1).

Figure 1. Efficacy of Pine Mushroom Powder in Various Categories.
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3.4 Discussion
The results of this study indicate that pine mushroom-derived freeze-dried powder is highly effective in improving 

skin whitening, reducing oxidative stress, and combating both intrinsic and extrinsic aging processes. The polysaccharides, 
glycoproteins, and antioxidants present in the pine mushroom extract appear to act synergistically to inhibit melanin 
production, improve skin elasticity, and protect the skin from free radical damage.

The significant decrease in MI, coupled with the increases in L* and ITA° values, supports the conclusion that pine 
mushroom extract can serve as a potent ingredient in skin-whitening formulations. Furthermore, its antioxidant properties, as 
evidenced by the reduction in ROS and the high free radical scavenging rate, underline its capacity to protect the skin from 
environmental stressors and delay the onset of photoaging.

The observed improvements in skin elasticity, wrinkle depth, and hydration also highlight the extract’s anti-aging 
potential. By supporting collagen synthesis and maintaining skin hydration, pine mushroom extract contributes to a more 
youthful appearance and helps to prevent further skin degradation.

In summary, the results of this clinical trial strongly indicate that freeze-dried powder derived from pine mushrooms has 
important prospects as an active ingredient in oral beauty supplements, especially in terms of skin whitening and brightening, 
antioxidant, anti-inflammatory, anti glycation, anti-aging, and anti photoaging properties (Figure 2). 

Figure 2. Final Percentage lmprovement across Different Categories.

4. Conclusion
The results of this study indicate that pine mushroom freeze-dried powder is an efficient natural ingredient that has 

significant benefits in skin whitening, brightening, anti-inflammatory, anti glycation, anti-aging, and anti photoaging 
applications. Over the eight-week clinical trial, participants using the pine mushroom extract-based formulation showed 
notable improvements in skin brightness, a reduction in melanin levels, and enhanced skin elasticity and hydration. The 
polysaccharides and antioxidants present in the extract, particularly its potent free radical scavenging activity, played a 
critical role in reducing oxidative stress, which is a key factor in both aging and pigmentation issues. Moreover, the study 
revealed that pine mushroom extract not only improved intrinsic skin properties such as wrinkle depth and hydration but 
also offered protection against external environmental factors like UV-induced photoaging. These findings support the use 
of freeze-dried powder derived from pine mushrooms as an active ingredient in oral beauty supplements, aimed at promoting 
brighter and younger skin tone while protecting the skin from oxidative damage and aging. In conclusion, the bioactive 
components of pine mushroom provide a multi-faceted approach to skin care, offering natural solutions for improving skin 
tone, preventing aging, and maintaining overall skin health. The promising results of this clinical trial indicate that pine 
mushroom extract can serve as a valuable active ingredient in oral beauty supplements for skin whitening, brightening, anti-
aging, anti-inflammatory, anti glycation, and anti photoaging protection.
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