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Abstract: Ganoderma formosanum is a medicinal mushroom endemic to Taiwan. The extraction of
G. formosanum mycelium using ethyl acetate showed a significant reduction of melanin activity
due to the inhibition of tyrosinase. To optimize the production of G. formosanum mycelium with
anti-melanogenic activity, different variables (carbon sources and concentrations, initial pH value,
and temperature) were investigated. According to the results, the optimal conditions included
the utilization of 50 g/L lactose as the carbon source at pH 7 and 25 °C for 9 days. Afterward,
the G. formosanum ethanolic extracts-optimized (GFE-O) was used to study the anti-melanogenic
activity in vitro and in vivo. In B16-F10 melanoma cells treated with GFE-O (0.1 mg/mL), the
intracellular melanin content was reduced to 76% compared to the control group. By applying
GFE-O (0.05 mg/mL) in vivo on zebrafish embryo, hypopigmentation was observed, and the melanin
content was reduced to 62% compared to the control with no toxicological effects. The results showed
that the optimal inoculation conditions can provide the basis for future large-scale production of
G. formosanum mycelium to maximize the extraction of anti-melanogenic ingredients.

Keywords: Ganoderma formosanum; mycelium; skin-lightening activity; tyrosinase inhibition;

medium optimization

1. Introduction

Melanin is a natural pigment formed to protect skin from UV-induced DNA damage;
however, excessive melanin may cause dermatological issues such as age spots, freckles,
and hyperpigmentation [1,2]. There are five types of melanin, namely eumelanin, neurome-
lanin, pheomelanin, promelanin, and allomelanin. Except for allomelanin, the other four
types of melanin are synthesized from tyrosine by which tyrosinase is the rate-limiting
enzyme of this process [3]. Tyrosinase (E.C. 1.14.18.1) is a multifunctional oxidase enzyme
with copper as the cofactor and is found in most living organisms. People seek skin care
agents for skin lightening, especially in Asia. Therefore, tyrosinase inhibitors are developed
to reduce the melanin content, which can be of commercial value in cosmetics and other
skin lightening applications [4-8]. There are many phytochemicals reported with tyrosi-
nase inhibition activity, especially flavonoids such as anthocyanidins, aurones, chalcones,
flavones, flavanols, isoflavones, and flavanones, which have been investigated for their

Fermentation 2023, 9, 372. https:/ /doi.org/10.3390/fermentation9040372

https://www.mdpi.com/journal /fermentation


https://doi.org/10.3390/fermentation9040372
https://doi.org/10.3390/fermentation9040372
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/fermentation
https://www.mdpi.com
https://orcid.org/0000-0003-2940-9742
https://orcid.org/0000-0001-5931-271X
https://orcid.org/0000-0002-0738-8509
https://orcid.org/0000-0002-0533-9762
https://orcid.org/0000-0003-0387-7804
https://doi.org/10.3390/fermentation9040372
https://www.mdpi.com/journal/fermentation
https://www.mdpi.com/article/10.3390/fermentation9040372?type=check_update&version=1

Fermentation 2023, 9, 372

20f11

ability to inhibit tyrosinase and reduce melanin formation [9]. Kojic acid, isolated from
Apergillus flavus, A. oryzae, A. tamarii, and A. parasiticus, has potent tyrosinase inhibitory
activity and is generally used as a standard treatment in tyrosinase inhibitors studies and
as a skin whitening ingredient in skin conditionings [10]. The possible mechanisms of the
above mentioned tyrosinase inhibitors are their capacity to reduce back o-dopaquinone
to dopa, o-dopaquinone scavengers, alternative enzyme substrates such as some phenolic
compounds, and nonspecific and specific enzyme inactivators [9].

Ganoderma species are popular medicinal mushrooms in Asia, and Ganoderma for-
mosanum (GF) is a medicinal mushroom endemic to Taiwan. Extracts prepared from the
fruiting bodies, mycelium, and cultured broth of GF have been reported to possess numer-
ous biological activities including antiviral, antitumor, neuroprotection, immunomodu-
lation, skin lightening, and reduction of chemotherapy side effects [4,11,12]. In previous
studies, Ganoderma formosanum exopolysaccharides (GF-EPS) could inhibit tumor growth in
tumor-bearing mouse through the activation of natural killer cells [12]. Further investiga-
tion indicated that GF-EPS stimulates the Th1 immune responses and ameliorates airway
hyperresponsiveness [13]. Furthermore, GF-EPS activates the innate immune response of
the macrophage, which protects mice from Listeria monocytogenes infection [14]. In another
study, small molecules from GF mycelium were reported to have high potentials in skin
lightening applications. Using the ethanolic extracts of GF (50-200 ppm), the inhibitory
effects of tyrosinase could be observed in B6-F10 melanoma cells and melanin in zebrafish
model [2]. Moreover, other mushrooms, such as Ganoderma weberianum, Trametes versicolor
and Antrodia cinnamomea also demonstrated similar characteristics [7,8,15]. Nonetheless, a
systematic study to produce an industrial scale size of GF mycelium with anti-melanogenic
activity still requires further investigation.

The objective of this study is to optimize the liquid fermentation culture medium
composition for improving the anti-melanogenic activity of GF mycelium extracts by using
the one-step-at-a-time method. The type of carbon source (fructose, glucose, lactose and
sucrose) along with their concentrations (20, 35, 50, 65, 80 g/L), initial pH (3.5, 4.5, 5.5,
6.5,7,and 7.5), and temperature (20, 25, 30, 35, and 40 °C) are evaluated. Afterward, the
obtained GF mycelium extract is further examined using B16-F10 cells and a zebrafish
model to study the anti-melanogenic activity.

2. Materials and Methods
2.1. Preparation and Extraction of Ganoderma formosanum

Ganoderma formosanum (ATCC 76537; GF) was purchased from American Type culture
Collection, ATCC (Manassas, VA, USA) and was cultured on a potato dextrose agar (PDA;
Acumedia, Baltimore, MD, USA) plate. The mycelium (8 mm) was cut and cultured again
on a PDA plate at 25 °C for another 10 days. Later, the mycelium was cut into pieces; the
pieces were then used as seed inoculum for the culture optimization experiments.

The pieces of mycelium were freeze-dried and weighted. To break the cell wall of the
myecelia, they were autoclaved at 121 °C for 20 min. Then, ethanol (25-fold the mycelium
weight) was used in the extraction process of mycelia by stirring at room temperature for
1 h before being centrifuged at 7500 g, at 10 °C for 10 min. The supernatant was collected
while the pellet was extracted again with ethanol using the same procedure. Once both
supernatants were combined, they were filtered and concentrated under low pressure.
Afterwards, the concentrated Ganoderma formosanum extract (GFE) was freeze-dried and
stored for future experiments.

2.2. Optimization of Culture Condition

In order to obtain mycelial extracts with the best tyrosinase inhibition activity, culture
condition optimization tests were conducted based on a basal medium (6.6% glucose, 0.75%
yeast extract, 0.088% K,HPO,-3H,0, 0.05% MgSQO4-7H,0, 0.005% Vit. Bl). The carbon
source, initial pH, and culture temperature were examined according to our previous
report [16]. For the carbon source optimization, four types of carbohydrates (fructose,
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glucose, lactose, and sucrose) at different concentrations (2-8%) were tested (20, 35, 50,
65, 80 g/L). The initial pH of the medium was adjusted to 3.5, 4.5, 5.5, 6.5, 7, and 7.5
for mycelium growth [17]. In order to test the optimal temperature, the mycelium was
cultivated in five different temperatures (20, 25, 30, 35, and 40 °C) [16,18]. The yield of
mycelium was recorded.

2.3. Cell Culture

Murine melanoma cell line B16-F10 (BCRC 60031) was purchased from Bioresource
Collection and Research Center, Hsin-Chu, Taiwan. B16-F10 cells were cultured and
maintained in Dulbecco’s modified Eagle’s medium (DMEM), supplemented with 10% fetal
bovine serum (FBS, Hyclone, Logan, UT, USA), 50 pg/mL of streptomycin, and 50 U/mL
of penicillin were used for cells culture, and then incubated at 37 °C with 5% CO,.

2.4. Cell Viability

Cell viability was measured by the WST-1 reagent. In short, B16-F10 cells (1 x 10%)
were seeded in 96-well plate (Corning Inc, Corning, New York, US) and cultured overnight.
GFE (10-200 ppm) was added and incubated for 48 h. Afterward, the CCK-8 reagent
(Cyrusbioscience, New Taipei City, Taiwan) was used to determine cell viability according
to a previous study [2]. After 24 h of incubation, the new medium containing various
concentrations (10, 25, 50, 100, 200 ppm of GFE-O) of G. formosanum mycelium extract
fractions were tested for the following 48 h of cultivation. Finally, the tested sample medium
was decanted and refilled with WST-1 reagent for 30 min. Thermo Multiskan GO (Thermo
Scientific, Waltham, MA, USA) was used for cell viability calculation. Untreated cells
measured for their absorbance at 450 nm were noted as 100% viability.

2.5. Determination of Melanin

To determine the melanin content in cells, melanin was extracted according to previous
reports [19,20] with modification. Briefly, the cultured B16-F10 cells were washed with
PBS three times. The cells were lysed by adding 1IN NaOH and treated at 60 °C for
1 h before being centrifuged. The supernatants were collected and measured using the
absorbance at 405 nm and calculated against a known standard curve of commercial
melanin (Sigma, St. Louis, MO, USA). The concentration of melanin was determined using
a melanin solution (0-100 pg/mL) to plot the standard curve.

2.6. Tyrosinase Inhibition Assay

Tyrosinase inhibition assay was performed according to a previous study [21] using
L-DOPA as a substrate of tyrosinase. Briefly, mushroom tyrosinase (50 U/mL) and GFE
were mixed well before adding L-DOPA. Then the mixture was incubated for 20 min at
room temperature. Kojic acid was used as a positive control. The absorbance at 475 nm
was used to determine tyrosinase activity. The percent inhibition of tyrosinase activity was
calculated as follows: % inhibition = [1 — (C — D)/(A — B)] x 100, while A and B represent
the absorbance of vehicle control with and without tyrosinase, respectively. Alternatively,
the letters C and D represent the absorbance of the experimental group with and without
tyrosinase, respectively.

2.7. Maintenance of Zebrafish

Zebrafish were obtained from the TechComm Zebrafish Core, National Taiwan Uni-
versity (Taipei, Taiwan) and cultured at 28 °C on a 14/10 h light/dark cycle. Embryos
from natural spawning, which was cultured in Danieau’s medium, was supplemented with
50 pg/mL of penicillin and 50 pg/mL of streptomycin at 28 °C [2]. All zebrafish main-
tenance followed the guidelines for the use of laboratory animals and was approved by
the Institutional Animal Care and Use Committee at National Taiwan University (IACUC
number: NTU105-EL-00082).
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2.8. In Vivo Safety Evaluation

Before the investigation of melanogenic inhibitory activity in vivo, the GFE was tested
on the safety of zebrafish by measuring the survival rate and heart rate. Synchronized and
dechorionated zebrafish embryos (7-55 h post fertilization, hpf) were treated with tested
extracts at various concentrations in 96-well plates (3 embryos/well) containing 0.2 mL of
Danieau’s buffer. The heart rate of zebrafish at 55 hpf was measured by video recording
and counting with camera (DFK 23U274, The Image Source, Taipei, Taiwan) under a
stereomicroscope (Olympus-SZ61, Olympus Optical Co., Tokyo, Japan). Meanwhile, the
survival rate of zebrafish was recorded. The obtained results were represented as average
heart rate per minute and compared with vehicle control.

2.9. Anti-Melanogenic Assay In Vivo: Phenotype-Based Evaluation

The phenotype-based evaluation of zebrafish was performed according to a previous
study [21]. Briefly, the embryo was placed into a 96-well (3 embryos/well) with 0.2 mL
Danieau’s medium. From 7 to 55 hpf, the medium was replaced daily with a new medium
containing the GFE (in 1% DMSO) or vehicle control (1% DMSO). Kojic acid was used as
positive treatment in this assay. The pigmentation of zebrafish was observed under the
stereomicroscope when replacing the medium. After 48 h of treatment, the zebrafish were
anesthetized using tricaine methanesulfonate solution (Sigma, St. Louis, MO, USA) and
then mounted on 2% methyl cellulose on top of a depression slide. The images under
stereomicroscope (Olympus-SZ61, Olympus Optical Co., Tokyo, Japan) were taken via a
camera (DFK 23U274, The Image Source, Taipei, Taiwan).

2.10. Anti-Melanogenic Assay In Vivo: Melanin Content Measurement

To evaluate the anti-melanogenic effects of GFE in vivo, zebrafish embryos were
treated with GFE from 7 to 55 h after fertilization (hpf) to measure the melanin content
and evaluate the phenotype. The anti-melanogenic effects of GFE were tested according to
a previous report [21]. Briefly, after 7 hpf incubation, the zebrafish culture medium was
replaced with a new medium containing the GFE (in 1% DMSO) or vehicle (1% DMSO)
(at least about 35 synchronized zebrafish embryos/treatment group). After the treatment,
Tissue PE LB™ lysis buffer (G-BIOSCIENCES, Maryland Heights, MO, USA) supplemented
with protease inhibitor was used for homogenization. The amount of protein was quantified
by Bradford assay using bovine serum albumin as a standard. The melanin content was
determined as previously described and normalized with protein content.

2.11. Statistics

All the data were obtained from at least three independent experiments and expressed
as means *+ SD. Statistical analysis was performed by ANOVA with Duncan’s multi-
ple range test. Means with different letters indicate that they are significantly different
(p <0.05).

3. Results
3.1. Optimization of Submerged Fermentation Conditions

To obtain GFE with the best anti-melanogenic activity, culture condition optimization
assays were conducted. Four factors were considered, including the initial pH of culture
medium, carbon source, carbohydrate concentration, and culture temperature. All the
designed conditions were tested under a nine-day culture according to our previous
study [16].

The initial pH was reported to be the factor affecting the growth of GF, including the
biomass of mycelia and metabolites production. We first investigated the initial pH for
GEFE with the best tyrosinase inhibition activity. The results showed that when the pH was
increased from 3.5 to 5.5, the tyrosinase inhibition activity of GFE also increased from 46%
to 62% (Figure 1A). The tyrosinase inhibitory activity was comparable when the starting pH
was at 5.5 and 6.5. When the starting pH was adjusted to 7, the GFE showed the maximum
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tyrosinase inhibition activity of 65% (p < 0.05). However, when the initial pH was increased
to 7.5, the tyrosinase inhibition from GFE was the lowest. When the pH range was between
3.5 and 5.5, the biomass of GF-EPS increased. On the other hand, when the pH range was
between pH 5.5 and 7, the biomass slightly decreased (Figure 1B). Based on the obtained
results, the initial pH 7 was adopted for future experiments.
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Figure 1. Ganoderma formosanum submerged fermentation using culture medium at different initial pH.
(A) Tyrosinase inhibition activity of G. formosanum extracts (GFE; 1 mg/mL) obtained from medium
with different initial pH. Kojic acid (0.25 mg/mL) was used as a positive control. (B) Biomass of
GEF-EPS obtained from medium with different initial pH. Means with different letters indicate that
they are significantly different (p < 0.05).

Four carbon sources, glucose, fructose, lactose, and sucrose, at 5 concentrations (20, 35,
50, 65, and 80 g/L) were tested to determine the GFE with the best tyrosinase inhibition
activity (Figure 2). As the glucose and fructose concentration increased, the mycelium
biomass also increased. However, the maximum biomass occurred when the glucose and
fructose concentrations were 65 g/L, and higher concentration (80 g/L) of the sugars led
to a decline of biomass. On the other hand, a gradual increase in lactose and sucrose
concentrations (20-80g/L) resulted in the growth of biomass.

Further studies to analyze tyrosinase showed that GFE obtained from 50 g/L of
lactose showed the most superior inhibitory activity compared to other carbon sources
(28.3-48.3%), while that from sucrose displayed the least. Meanwhile, the ones obtained
from either 35 g/L of glucose or fructose possessed relatively high tyrosinase inhibition
activity (26.9% and 14.1%, respectively). Therefore, lactose (50 g/L) was selected as the
condition for future investigations.

Using various temperatures to study the tyrosinase inhibition activity of GFE, the
results indicated that 20 °C and 25 °C showed similar tyrosinase inhibition activity to kojic
acid (0.25 mg/mL) (Figure 3A). In addition, an increase of mycelium biomass could be
observed as the temperature rose from 20 °C to 30 °C, but no biomass growth was observed
at 35 °C and beyond (Figure 3B). According to the yield and tyrosinase inhibition activity,
25 °C was selected as the optimized culture temperature. Consequently, the optimized
condition for GFE-optimized (GFE-O) is comprised of lactose 50 g/L, with the initial pH 7
at 25 °C for 9 days (Table 1).

Table 1. Mycelia yield and tyrosinase inhibition rate after using the optimized culture conditions.

Group * Biomass (g/100 mL) Tyrosinase Inhibition (%)
Control (basal medium) 1.02 £ 0.02 15.6 £ 1.81
Optimal medium 1.15+0.05 53.4 £3.82

* Data was expressed as mean + standard deviation (1 = 3).
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Figure 2. Culture medium supplied with different carbon sources for Ganoderma formosanum sub-
merged fermentation. (A) Tyrosinase inhibition activity of G. formosanum extracts (GFE; 1 mg/mL)
obtained from medium containing glucose, fructose, lactose, and sucrose (20-80 g/L). Kojic acid
(0.25 mg/mL) was used as the positive control. (B) Biomass of GF-EPS obtained from different carbon
sources. Means with different letters indicate that they are significantly different (p < 0.05).
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Figure 3. Investigation of tyrosinase inhibition activity from Ganoderma formosanum at different
temperatures. (A) Tyrosinase inhibition activity of G. formosanum extracts (GFE; 1 mg/mL) at different
culture temperatures. Kojic acid (0.25 mg/mL) was used as a positive control. (B) Biomass of GF-EPS
from different carbon sources. Means with different letters indicate that they are significantly different
(p <0.05).

3.2. Study of Anti-Melanogenic Activity In Vitro

The GFE-O was further tested for anti-melanogenic effects in vitro. In the study, B16-
F10 cells were treated with GFE-O (10-200 ppm) for 48 h. According to the results, there
was no significant cell death in GFE-O treated cells (Figure 4A). Then, a comparative study
between GFE-O and kojic acid was conducted on B16-F10 cells to analyze the melanin
content; the results are expressed as the relative melanin content of a single cell. Based
on the finding, the melanin content of GFE-treated (100 ppm) cells is 76.25 4 9.82%,
while the melanin activity of kojic acid-treated (50 ppm) cells is about 50%, compared
to vehicle control (Figure 4B). The results show that GFE obtained from the optimized
culture condition possesses inhibitory effects on melanin production in B16-F10 cells with
no significant cytotoxicity.
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Figure 4. Ganoderma formosanum cultured under optimized fermentation conditions. (A) Cell viability
of B6-F10 cells treated with G. formosanum extracts obtained from optimal fermentation conditions
(GFE-O; 10200 ppm). (B) Relative melanin content of B6-F10 cells treated with kojic acid (50 ppm)
and GFE-O (100 ppm). Means with different letters indicate that they are significantly different
(p < 0.05).

3.3. Study of Anti-Melanogenic Activity In Vivo

The in vivo safety assessment of GFE-O in zebrafish was evaluated by the embryo
mortality, heart rate, and morphology at 55 hpf. The results showed that the survival rate
and heart rate of zebrafish from GFE-O (50 ppm) were similar to that of the control group
(Figure 5A,B). Furthermore, the morphologic observation results indicated that the size
and tail shape (curved trunk or tail bending) were not observed after GFE-O treatment
(Figure 5C). The melanin content was further analyzed to evaluate the anti-melanogenic
activity of GFE-O in zebrafish. The results illustrated that both GFE-O (50 ppm) and kojic
acid (40 ppm) treatment for 48 h significantly reduced the melanin content to 62.0% and
40.23%, respectively (p < 0.01) (Figure 5).
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Figure 5. Anti-melanogenic effects of optimal cultured Ganoderma formosanum on zebrafish. Zebrafish
were treated with vehicle as control, kojic acid (40 mM), and GFE-O (50 ppm) for 48 h. Survival
rate (A) and heart rate (B) of zebrafish embryos were analyzed as % of control. (C) Representative
images of zebrafish embryos treated with GFE-O (50 ppm) and kojic acid (40 mM) at 55h post
fertilization (hpf) (48 h treatment). Depigmenting efficacy of GFE and kojic acid on zebrafish were
photographed under stereomicroscope at the same magnification. (1) Zebrafish embryo without
treatment as a control, (2) 40 mM kojic acid as a positive control, (3) 50 ppm GFE. (D) The melanin
content was analyzed and expressed as % of the vehicle as control. Means with different letters
indicate that they are significantly different (p < 0.05). the data were obtained from at least three
independent experiments and expressed as means & SD. Means with different letters indicate that
they are significantly different (p < 0.05).
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4. Discussion

Skin-lightening products can reduce the pigment named melanin in skin. Most people
who use the products use them to treat skin problems such as blemish, age spots, acne
scars, or tanning. Although numerous skin lightening agents have been discovered, the
discovery of comparative natural and safe skin lightening agents are necessary due to
the concerns about adverse effects of current skin lightening products. For example, the
extract from A. cinnamomea mycelia exhibited anti-melanogenesis activity. Fifty percent
of ethanol extracted fraction reduced 30% intracellular melanin of B16-F10 cells through
the suppression of both tyrosinase activity and its protein expression. G. formosanum is
a precious and rare endemic mushroom of Taiwan and only grows on the endemic ever-
green Liquidamber formosana [4]. G. formosanum mycelium extracts have been proven to
possess numerous bioactive components such as polysaccharides, triterpenes, meroter-
penoids, steroids, alkaloids, nucleosides, and nucleobases, which are beneficial to human
health [2,4,11].

In this study, the one-step-at-a-time method was adopted for optimizing the growth
of G. formosanum while producing metabolites with skin-lightening effect simultaneously.
The optimal cultivation condition of G. formosanum was the utilization of 50 g/L lactose as
the carbon source at pH 7 and 25 °C for 9 days. The yield and composition of mycelium
produced by mushrooms are affected by the carbon sources provided. In our previous
study, the mycelial biomass yield was higher when fructose was used instead of lactose,
sucrose, or glucose as the carbon source [16]. The final mycelium production from optimal
medium is 17.5 g/L, which is 1.13 times higher than that from basic medium. In this study,
the yield of mycelium biomass increased proportionally to the carbon sources concentration
(20 to 80 g/L). The final mycelium production from optimal medium reached 11.5 g/L.
However, the increase of tyrosinase inhibition activity did not positively correspond with
the increase of biomass as hypothesized. One possible reason may be due to the high
concentration of carbon source. A study reported that the growth of mycelium and pro-
duction of metabolites was suppressed when the concentration of carbon sources was
greater than 35 g/L. This phenomenon was caused by the decrease of dissolved oxygen
and rise of osmotic pressure [22], which could explain the inconsistent trend of biomass
and tyrosinase activity observed in this study. Another possible reason is that the produced
anti-melanogenesis compounds are secondary metabolites that are produced only at the
late stationary phase under stress [23]. When monosaccharides such as glucose and fructose
were utilized as carbon source, the tyrosinase activity from the extract was much lower
than kojic acid. However, when sucrose was used as the carbon source, the tyrosinase
inhibition activity of GFE could only be observed when G. formosanum mycelium grew at
35 g/L. The tyrosinase inhibition activity of GFE was the highest when lactose was used,
compared to other carbohydrates in this study. This finding suggests that G. formosanum
can also utilize galactose, a composition of lactose, for growth as well as production of
metabolites that possess tyrosinase inhibition activity.

As previous studies suggested, B16-F10 melanoma cells were adopted as a platform
for the discovery of melanogenic inhibitors [8]. Our results showed that GFE can inhibit
melanin synthesis by suppressing the level of tyrosinase activity in B16-F10 melanoma
cells and the tyrosinase inhibitory effect of GFE is slightly less than that of kojic acid
in the cell model (Figures 3 and 4B). Meanwhile, kojic acid is a fungal metabolite that
is one of the most broadly used ingredients in skin-whitening cosmetic industry [24].
However, the limited application of kojic acid lies in its instability in an aerobic environment
and light. Moreover, the use of kojic acid is prohibited in skin care in Japan due to its
potential carcinogenic activity [25]. Finding substitutes is therefore becoming important.
Nevertheless, the results indicate that GFE is effective in improving hypopigmentation and
has potential as a skin-whitening ingredient with less cytotoxicity. Our results suggest that
GFE is comparable to other medicinal mushrooms, Ophiocordyceps sinensis [26], Cordyceps
militaris [27], and some Ganoderma species [28], plant extracts such as Achillea biebersteinii
extract [29] and even pure compounds [30]. For example, Strzepek-Gomotka et al. reported
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that Achillea biebersteinii extract exhibited excellent anti-tyrosinae activity, and, meanwhile,
fraxetin-8-O-glucoside, quercetin-O-glucopyranose, schaftoside /isoschaftoside, gmelinin
B, 1,3-dicaffeoylquinic acid (1,3-DCQA), and ferulic acid were found in the fractions with
the highest skin lightening potential by using HPLC-ESI-Q-TOF-MS/MS analysis [29].

The obstacles of traditional in vivo animal tests, such as mouse models, is that it
is laborious, uneconomic, and compound-consuming. Hence, zebrafish have gradually
become a popular animal model for biochemical studies due to their physiological and
genetic similarity to mammals as well as small size, which contributes to easy handling
and maintenance. Furthermore, using zebrafish as a study model can easily achieve a large
number of sample size and high efficiency since the testing samples can penetrate through
the skin and gills [31]. Moreover, direct image analysis is a useful tool to examine the
physiological phenotyping of zebrafish [31]. The embryo of zebrafish can be used to screen
biological active components by observing the heart rate and survival rate of a fertilized egg.
Heart rate is an important factor in determining the toxicity of testing materials because
the heart is the first organ to develop in zebrafish [32]. In this study, in which zebrafish
embryos were treated with GFE-O samples, the survival rate (Figure 5A) and heart rate
(Figure 5B) are comparable between vehicle control, kojic acid (40 mM; 5600 ppm), and
GFE-O (50 ppm) groups. The results suggest that there is no significant toxicity from GFE-O.
Since the zebrafish are almost transparent in the early stage of post fertilization, the melanin
pigments can be observed on the surface of zebrafish without any complicated experimental
procedures [33,34]. According to this study, the surface pigmentation study is conducted
after 48 h of treatment (55 hpf). The finding indicates that GFE-O can suppress one-third of
melanin content compared to vehicle control (Figure 5C,D). Above all, the in vivo zebrafish
system can provide strong evidence for GFE’s effectiveness in hypopigmentation.

5. Conclusions

This study focuses on the medium optimization process to identify the optimal culture
condition for G. formosanum mycelium ethanolic extracts (GFE-O) with tyrosinase inhibition
activity. According to the result, lactose (50 g/L) was chosen as the carbon source. Moreover,
the initial pH and temperature of the culture medium were adjusted to 7 and 25 °C,
respectively. The samples were inoculated for 9 days. In B16-F10 melanoma cells treated
with GFE-O (0.1 mg/mL), the intracellular melanin content was reduced to 76% compared
to the control group. By applying GFE-O (0.05 mg/mL) in vivo on zebrafish embryo,
hypopigmentation was observed, and the melanin content was reduced to 62% compared
to the control with no toxicological effects. The results are comparable to the one from the
commercial compound—kojic acid. Future studies may examine the scale-up submerged
fermentation system of G. formosanum mycelium for commercial purposes. It should also be
noted that additional research is vital to identify the active ingredients within the extracts
on human skin care.
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