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Introduction

Over the last decade, rising demands of skin care products because of the climatic conditions that
encourages the growth of the market for cosmetics. Free radicals play a major responsible for skin aging and
related degenerative processes, particularly, cancer and cardiovascular diseases!. Moreover, UV exposure
caused damage to the skin attributable to the UV-induced the melanin synthesis pathway that generating
many highly reactive intermediate substances, such as hydrogen peroxide and hydroxyl radicals. To protect
cells against oxidative damage, free radicals are neutralized by cellular defence systems but, these systems
are not sufficient to completely prevent?. Therefore, antioxidants and tyrosinase inhibitors are very attractive
as beneficial substances that can serve as protecting agents for skin aging and skin disorder based on their
antioxidative properties and anti-tyrosinase activity>. Changing lifestyle preference towards natural, herbal
and organic beauty products raises the growth of the cosmetics market. Various natural sources of active
compound patrticularly, plant, microorganism and animal, have been reported. Edible mushrooms have been
widely consumed by humans for centuries. Recently, Mushrooms are not only food or functional food but also
become attractive as a cosmetic ingredient due to its physiologically beneficial*. They are ubiquitous in
bioactive compounds that contain a variety of secondary metabolites including phenolic compounds,
polyketides, terpenes and steroids®. Phenolic compounds have been reported to have multiple biological
effects, especially antioxidant activitys. Therefore, the objectives of this study were to determine the total
phenolic content of extracts from three edible mushroom species, including Agaricus blazei Murill, Cordyceps
militaris and Ganoderma lucidum and to evaluate the antioxidant activity and tyrosinase inhibition activity.
Furthermore, the effect of extractants i.e. water and 95% ethanol on the phenolic content and their activities
were also investigated.

Methods
Preparation and extraction of mushrooms

Agaricus blazei Murill, Cordyceps militaris and Ganoderma lucidum were collected from Doi Pui
Mushroom Research Center, Chiang Mai province, northeast Thailand. After dried at 50 °C by hot air oven for
48 h., the dehydrated mushrooms were cut into small pieces and then pulverized to powder using a grinder.
The powder was then extracted with different solvents; 95% ethanol and water. For ethanol extraction, the
powder was macerated with 95% ethanol (1:10) for 7 day each at room temperature. The supernatants were
filtered using a Whatman No. 1 filter paper, combined, and then concentrated using a rotary evaporator (50
°C) under reduced pressure. For water extraction, the powder was boiled at 120 °C for 30 min. The
supernatants were filtered using a Whatman No. 113 filter paper 2 time, then lyophilized using a vacuum
freeze dryer.
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Determination of total phenolic content

The total phenolic content of mushroom extracts was determined using Folin—Ciocalteu method

described by Singleton and Rossi” with slight modifications. Briefly, the extract (1 mL) was diluted with distilled
water (46 mL) in a volumetric flask. Folin-Ciocalteu reagent (1 mL) was added and mixed thoroughly for 5 min;
Na2C03 (2% (v/v), 3 mL) subsequently added to the mixture. After incubation at room temperature for 90 min,

the absorbance of each mixture was measured at 765 nm. The total phenolic content was measured by
plotting the calibration curve of a gallic acid standard, expressed as milligrams of gallic acid equivalents per
gram of dried mushroom.

Determination of antioxidant activities

The DPPH radical-scavenging activity of mushroom extract was evaluated according to the
methodology described by Kaewnarin et al.® with some modifications. Briefly, 3 mL of each mushroom extract
with different concentrations were mixed with 1 mL of DPPH (0.1 mM) solution in methanol. Trolox was used
as the positive controls. A mixture containing 3 mL of DPPH radical solution and 1 mL of 80% methanol was
used as the negative control (blank). The mixture was shaken vigorously and left to incubate for 30 min in the
dark at room temperature. After incubation, the absorbance of each mixture was measured spectrometrically
at 517 nm. The ability to scavenge the DPPH radical scavenging was calculated using the following equation
(1):

% DPPH radical Scavenging = [(Ablank— Asample)/ Ablank] x 100 (1)

where Aniank and Asample are the absorbance of the negative control reaction and the absorbance of the test
extract. All samples were analyzed in triplicate. The activity of inhibition concentration at 50 percent (IC50)
was also determined using an exponential regression of the plotted points for each extract, revealing the
concentration required to reduce the initial concentration of DPPH radicals by 50 %.

Determination of tyrosinase inhibitory activity

Mushroom tyrosinase inhibitory assay was performed using the DOPA-chrome method with some
modifications. Briefly, the extracts were dissolved in distilled water at a concentration of 10 mg/mL. 100 pL of
2.5 mML-DOPA and 30 pL of 0.1 M phosphate buffer (pH6.8) were added to each well and subsequently
incubated at room temperature for 10 minutes. After incubation, 50 pL of mushroom tyrosinase (200 U/mL)
and 20 pL of the test sample solution were added. The final concentration of each extract in reaction tubes
was 1 mg/mL. Blank solutions with and without enzyme were also prepared with no test sample solution
added. The positive controls of 0.5 mg/mL kojic acid solutions was also prepared, with and without enzyme.
Each test was prepared in 3 replications. After incubation at room temperature for 60 minutes, the absorbance
of each well was measured at 490 nm using the microplate reader for monitoring the formation of the DOPA-
chrome. Percentage of inhibition of tyrosinase activity was calculated as follows:

% Tyrosinase inhibition = 100 x [(A-B)-(C-D))/ (A-B) (2)
Where; A = absorbance of blank solution with enzyme
B = absorbance of blank solution without enzyme
C = absorbance of sample solution with enzyme

D = absorbance of sample solution without enzyme

Statistical analysis

All experiments were performed independently in triplicate, and the data were presented as the mean
+ S.D. (standard deviation). The experimental data were subjected to one-way analysis of variance (ANOVA)
to compare the antioxidant activity and phenolic acid content in each sample. Differences were considered to
be statistically significant if the p value was less than 0.05.
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Results

Extractable phenolic

Phenolic compound has been considered the major contributors to antioxidant actions in mushrooms?®.
The effect between type of mushrooms and extractant on phenolic content were observed. The results are
shown in Figure 1A, the type of mushrooms affected the extraction phenolic content which varied from 0.39-
3.28 mg GAE/g. The highest of phenolic yield found in Ganoderma lucidum that extracted by 95% ethanol and
water were 3.28 + 0.18 and 1.89 + 0.28 mg GAE/qg, respectively. In Cordyceps militaris, this value was 0.39 +
0.08 and 1.88 + 0.10 mg GAE/g in water and ethanolic extracts, respectively. On the other hand, the phenolic
content of water extract of Agaricus blazei Murill was 1.45 + 0.43 mg GAE/g, and this value decreased to 1.08
+ 0.21 mg GAE/g in 95% ethanol extract.
Antioxidant activities

The DPPH- free radical scavenging ability is a widely used method to determine the antioxidant
activities of extracts due to a short period of time. The DPPH free radical scavenging ability of the extracts
was expressed as IC50, as shown in Table 1. There was statistically significant difference between type of
mushroom and extraction method (P< 0.05). The IC50 values of all extracts ranged from 7.34 — 0.46 pyg/ml. A
lower IC50 meant better radical scavenging activity. The results indicated that the highest DPPH radical-
scavenging activity was achieved with the 95% ethanol extract of Ganoderma lucidum (0.46+£0.01 pg/mL).
However, compared to the positive control, had lower activity than ascorbic acid (0.21+0.01mg/mL). Water
extracts from all tested mushrooms showed lower DPPH radical scavenging activities than 95% ethanol.

Table 1 DPPH radical scavenging activity from various mushroom with different extraction method.

DPPH radical scavenging activity (IC50, pg-mL-1)
Type of mushrooms
Water 95 % (v/v) Ethanol
Cordyceps militaris 7.34+0.59 3.81+0.07
Agaricus blazei Murill 4.20+0.14 2.39+0.05
Ganoderma lucidum 2.42+0.10 0.46%0.01
Ascorbic acid 0.21+0.01

Tyrosinase inhibitory activity

The tyrosinase inhibitory activity was carried out by the DOPA-chrome method. The enzyme activity
was investigated on the basis of color formation of DOPA-chrome by UV-Vis spectrophotometer. All the
percentage inhibition values of the mushroom extracts and a standard Kojic acid were presented in Figure 1B
The results showed that all mushroom extract presented slightly inhibition of tyrosinase activity (2.82-9.79% )
comparable with kojic acid (98.35 + 2.5%). The highest tyrosinase inhibitory activity was found in the ethanolic
extract of Ganoderma lucidum extract (9.79+1.68 % ), followed by the water extract (7.86%x2.67% ). When
considering each type of solvent, the water extracts from Cordyceps militaris and Agaricus blazei Murill
exhibited relatively higher tyrosinase inhibition levels than ethanolic extracts. The results were similar to those
reported by Yoon et al 1° who indicated that the methanolic extract of Lentinus lepideus mushroom presented
stronger tyrosinase inhibitory activity than its hot water extract.

47 15 1
=
E mWater z [ & Water
e =
o =
g B195 % (v/v) Bthanol S B95 % (viv) Ethanol
S5 > 10 -
=
S s
252 2z |
£ £ 3
@ 1
3 2 51
] c |
[ .
ol N
0 F o
Cordyceps Agaricus blazei Ganoderma Cordyceps Agaricus blazei Ganoderma
militaris Murill lucidum militaris Murill lucidum
Type of mushrooms Type of mushrooms
(A) (B)

Figure 1 Total phenolic content (A) and tyrosinase inhibitory activity (B) from various mushroom
with different extraction solvents.
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Discussion

From the results, the phenolic compound of Ganoderma lucidum and Cordyceps militaris mushrooms
are well extracted by using 95% ethanol. In contrast, the phenolic compound of Agaricus blazei Murill well
extracted by using water. It is probably due to the polarity of phenolic compounds contained in these
mushrooms® Moreover, a significant correlation between extractable phenolic content and DPPH free radical
scavenging activity and tyrosinase inhibitory activity of all mushroom samples were observed. Strong DPPH
radical-scavenging and tyrosinase inhibitory activity were exhibited in the mushroom extracts which contained
high total phenolic and flavonoid contents. This result was supported by the finding of previous studies by
Kaewnarin et al®, which revealed that the extracts with higher contents of phenolic showed higher DPPH free
radical scavenging activity and also higher tyrosinase inhibitory activity. This effect is most likely due to a high
content of phenolic lead to enhance the ability to donate electrons to scavenge free radicals®. Furthermore,
the number of hydroxyl groups of the phenolic compounds could influence the tyrosinase inhibitory activity by
the result of the forming a hydrogen bond to the active site of enzyme that reducing the enzyme activity®. It
shall be noted that, the presence of compounds with antioxidant activity may have synergistic effects involved
in tyrosinase inhibition. However, the chemical constituents of these extracts could be further studied.

Conclusion

In this work, three popular edible mushroom species were selected to investigate their amounts of
phenolic compounds, antioxidant and anti-tyrosinase inhibitory activities. The results showed that the
ethanolic extract of Ganoderma lucidum contained high amounts of phenolic compounds and also exhibited
great antioxidant and anti-tyrosinase inhibitory activities. These findings suggest that, these extracts could be
further studied and developed as a natural antioxidants ingredient for the cosmetic and dietary supplement
industries.
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