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SUMMARY

Ganoderma lucidum (Leyss ex. Fr.) P. Karst, a rich source of several bioactive compounds, has been utilized for
its medicinal and nutraceutical purposes since earliest history. Among its bioactive constituents, the total phenolic
content and antioxidant activities have been widely reported to be responsible for some its bioactive properties.
Recent trends in bioactive compounds’ recovery have been focused on finding the best techniques that maximally
extract valuable compounds from natural matrices. This study is aimed at optimizing the extraction of total
phenolic content (TPC) and antioxidant activities (DPPH) from G. lucidum using microwave assisted extraction
(MAE) techniques. Response surface methodology (RSM) was applied using a circumscribed central composite
design with three independent variables (microwave power, time extraction and ethanol concentration). The yield
of TPC and DPPH were maximized and the optimal conditions were determined. The conditions that maximize
the responses (total phenolic content and antioxidant activities) were: microwave power 200 W, extraction time
22 min and ethanol concentration 71% ethanol. The experimental values of TPC and DPPH radical scavenging
activities were 30.05+0.5 mg GAE/g and 94.82+0.95%, respectively.

Keywords: Antioxidant activities, Ganoderma Ilucidum, microwave-assisted, phenolic, response surface
methodology.

INTRODUCTION

Ganoderma lucidum (Leyss ex. Fr.) Karst. is a basidiomycete fungus belonging to the Polyporaceae family, which
is known as a medicinal mushroom and as a Chinese traditional folk remedy for centuries. In the regions of China,
Vietnam and other Asian countries, G. lucidum is used to treat many diseases, including chronic hepatitis, nephritis,
hypertension, arthritis, bronchitis, hypercholesterolemia, asthma and gastric cancer [1], [2]. G. lucidum’s beneficial
properties are related to a broad variety of bioactive compounds present in the fruiting body, mycelium and spores.
Polysaccharides, triterpens, phenols, steroids, amino acids, nucleosides and nucleotides can be found amongst
such compounds. The first two have been most studied, more than 100 compounds have been identified as having
biological activity; -1-3 and -1-6 D-glucans are the polysaccharides having the greatest biological activity and A
and B ganoderic acids in the triterpens [3].

It has been reported that polyphenols are the principal antioxidant components in methanol extracts of G. lucidum
(16.5 t0 27.9 mg/g) [4] and of G. tsugae (24.0 to 35.6 mg/g) [5], such values being similar to those reported for other
macromycetes such as Antrodia camphorata (38.0 = 0.7 mg/q) [6], Ramaria botrytis (20.32 + 0.7 mg/g), Hypholoma
fasciculare (17.67 £ 0.27 mg/g) and significantly higher than those found in other species, such as Agaricus bisporus
(4.49 £ 0.16 mg/g), Lactarius deliciosus (3.40 £ 0.18 mg/g) and Cantharellus cibarius (1.75 £ 0.50 mg/g) [7].

Many reports on the beneficial effects of microwave assisted extraction (MAE) with respect to medicinal plants have
been published, with significant improvements over conventional extraction methods offering much lowered
extraction time and enhanced efficiency [8]. Compared with the traditional methods, MAE has many advantages,
such as shorter exiraction time, lesser solvent consumption, higher extraction rate and better products with lower
cost. Direct interaction of microwaves with the free water molecules presents in the glands and vascular systems,
causes a tremendous increase in internal pressure inside the plant cell due to evaporation of the internal moisture
content which result in the subsequent rupture of the plant tissue and the release of the active compounds into the
organic solvent [8]. Therefore, MAE is an interesting alternative to conventional extraction methods, especially in
the case of botanical extractions. Using RSM to optimized Microwave - assisted extraction process with A Box-
Behnken Design consisting fifteen experimental points with three replicates at the central point. The independent
variables were the microwave power, extraction time and ethanol concentration while dependent variables were
yields of TPC and DPPH radical scavenging activity of G. lucidum (Leyss ex. Fr.) P. Karst at Nghe An, Vietnam.
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MATERIAL AND METHODS
Material

Ganoderma lucidum (Leyss ex. Fr.) Karst. mushroom was collected at the Quy Hop district of Nghe An province,
Vietnam in September 2020 and identified by Institute of Ecology and Biological Resources, Vietnam Academy of
Science and Technology. The material is dried, grounded and stored at 4°C for further experiments.

Methods
Total Phenolic Content (TPC)

The TPC of the G. lucidum extract was measured according to the method reported by Singleton et al. [9] with a
little modification. This method is based on measuring color change caused by reagent by phenolates in the
presence of sodium carbonate. 1 mL of sample was mixed with 5§ mL of Folin-Ciocalteu’s solution. After 3 min, 4
mL of 7.5% sodium carbonate solution was added to a mixture and adjusted to 10 mL with deionized water. The
mixture was kept at room temperature in a dark environment for 60 min. The color change was determined by
scanning the wavelength at 765 nm. The TPC of the G. lucidum extract was determined as mg gallic acid equivalent
using the standard curve prepared at different concentrations of gallic acid and reported as mg GAE/g dry weight
(DW).

DPPH radical scavenging assay

The antioxidant activity of the G. lucidum extract was determined using the DPPH radical scavenging assay. The
DPPH radical scavenging assay [10] measures the capacity of a compound or a sample to scavenge the stable
1,1-diphenyl-2-picrylhydrazyl radical. DPPH of each extract was measured as follows: 0.5 mL of 0.5 mM DPPH
liquid was put into a test tube in which 1 mL ethanol, 10 pL sample and 990 pL of 100 mM sodium acetate buffer
(pH 5.5) were agitated, which remained in a darkroom for & minutes in order to induce responses. After that, a UV
spectrometer was used to measure the concentration of the remaining radical in 517 nm.

All determinations were determined by replicate experiments with triplicate analysis. The radical scavenging activity
was calculated according to the Eq. 1) below:

Radical scavenging activity (%) = [1 — (AbSsample/AbScontrol blank)] X 100 (1
with Abssampie being the absorbance of sample extract and Abscentrol biank being the absorbance of blank control.
Box-Behnken Design (BBK) of Response surface methodology

Microwave - assisted extraction optimized the experimental design using RSM. A Box-Behnken Design consisting
fifteen experimental points with three replicates at the central point. The independent variables were the microwave
power (X+), extraction time (Xz) and ethanol concentration (Xs) while dependent variables were yields of TPC (Y+)
and DPPH radical scavenging activity (Y2). Experiments were performed in replicate and the average values were
used as the response. Statistical analysis on the means of triplicate experiments was carried out using the ANOVA
procedure of the design expert software, version 7.0.

The effects of the extraction parameters were evaluated using the program Design-Expert®, version 7.0.0. The
response variable was fitted to be a second-order polynomial model as follows (2):

Y =By +Xfoq By X + Xy By XE + X X BipXiX; (2)

where Y is the predicted response; Bo is the intercept coefficient; (i is the linear coefficient; Bi is the squared
coefficient; By is the interaction coefficient; X; and X are the coded independent variables; term of XiX;and X are
the interaction and quadratic terms, respectively.

RESULTS AND DISCUSSION
Fitting the models

Based on single factor research, choose the optimal area as microwave power 100-300W, extraction time 10 — 30
min and ethanol concentration 50-80% (table 1).

Three variables were selected to find the optimized condition for antioxidants extraction using Box - Behnken
design. This design consisted of 15 experimental points with three replicates at the central point. The independent
variables studied were microwave power (W), extraction time (min) and ethanol concentration (% v/v), and while
response variables were total phenolic content and DPPH radical scavenging activity. The range and the levels of
the experiments variables used in the coded and uncoded form in this study are given in table 1.
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Table 1. Coded level of independent variables used in the RSM design

Independent variables Units S;rﬁgils f:OdEd vanat:}le levels v
Microwave power w X4 100 200 300
Extraction time min Xz 10 20 30
Ethancl concentration % X3 50 65 80

Table 2. Experimental design and response values

RUN X X; Xs TPC DPPH
) (min) (%) Y (mgGAE/g) Y3 (%)

1 200 20 65 31.14 95.97
2 100 10 65 23.81 35.89
3 100 20 30 26.52 91.82
4 200 30 50 28.72 95.21
5 200 20 65 31.04 96.12
6 200 10 80 26.15 93.98
7 200 30 80 29.92 95.14
] 100 30 65 23.18 92.25
9 100 20 50 24.61 90.32
10 300 30 65 29.16 93.85
11 300 10 65 26.74 91.89
12 300 20 50 27.24 92.85
13 200 10 50 25.02 91.76
14 300 20 80 27.83 93.35
15 200 20 65 31.19 96.16

The final empirical regression model of their relationship between responses and the two tested variables for total
phenolic content and DPPH could be expressed by the following quadratic polynomial equation [Egs. (3-4)]:

Y1=31.12 + 0.98X1 + 1.78X2 + 0.60Xs — 0.49X1Xz - 0.33X1X3 + 0.018XoX3 — 2.53X+% — 1.62X2? —2.05X:2  (3)
Y2=96.08 + 1.08X; + 1.02Xz + 0.52X5 — 0.35X1Xz - 0.25X1 X5 — 0.57XaXs — 3.18X42 — 1.21X? — 0.85X4? 4)

Where Y1 is total phenolic content, Yz is the DPPH radical scavenging activity, X1 is the microwave power, Xz is the
time extraction. and Xs is the ethanol concentration.

Table 3. Analysis of variance (ANOVA) for the model

Y,=TPC Y, — DPPH

Source

F- value p- value F- value p-value
Model 607.43 <0.0001¢ 304.81 <0.0001¢
Linear
Xi 526.21 <0.0001¢ 383.13 <0.0001¢
X2 1736.43 <0.0001° 503.74 <0.0001°¢
X3 199.21 <0.0001¢ 87.98 0.0002¢
Quadratic
X2 1610.28 <0.0001¢ 1497.72 <0.0001¢
X;? 665.38 <0.0001¢ 222.00 <0.0001¢
X32 1056.58 <0.0001¢ 108.49 0.0001¢
Interaction
XiXz 64.94 0.0005¢ 20.03 0.0085°
XiXa 29.76 0.0028° 10.22 0.0241°
XaX3 0.084 0.7840" 53.58 0.0007¢
Lack of Fit 3.52 0.2293" 3.40 0.2356M°
R? 0.9991 0.9982
C.V.% 0.43 0.17

% p <0.05; " p <0.01; % p < 0.001; NS: non-significant;
R? = Coeficient of multiple determination; C.V.% = Coeficient of variance.

Table 3 show the results of the quadratic polynomial model, one way analysis of variance was used. Good fits were
achieved and the coefficients of multiple determinations (R2) for the quadratic regression model were 0.9991 and
0.9982 for the yields of total phenolics content and antioxidant activity respectively. The R? of these values were
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higher than 0.7, indicating that the model was suitable for use in the experiment [11]. In addition, the coefficients of
the variance (C.V. %) were calculated to be 0.43 %, and 0.17 % for total phenolics and antioxidant activity
respectively, indicating a good reliability for the experiment values [12].

No statistical significance in the lack of fit of any of the two models was found (p > 0.05), meaning that the lack of
fit was not significant compared to the pure error. Therefore, the models can be used not only to adequately fit the
experimental data but also to predict the response of tested dependent variables.

Response surface analysis

Three factors that microwave power, ethanol concentration and time extraction effects the extraction condition of
the maximum total phenolics content and DPPH radical scavenging activity. This section discusses how these
conditions work on natural antioxidants extraction. Three dimensional model graphs were plotted as shown in the
respective figures. The response surface plots of the model were done by varying two variables, within experimental
range under investigation and holding the other variables at its central level. Two dimensional response surfaces
were constructed as depicted in figure 1 and figure 2.

Response surface analysis of total phenolic content

The response surface plots and contour plots shown in figure 1a-c demonstrated the effect and interaction of
independent variables on the yields of total phenolics. At figure 1 and table 3, microwave power, extraction time
and ethanol concentration showed negative quadratic effects (p < 0.001) while extraction time exhibited positive
linear effects on the yields of total phenolics (p < 0.001).

In figure 1a, the yields of total phenolics increased with the increase of microwave power in the range of 100 to 220
W, and then when microwave power increased from 220 to 300 W, the TPC decreased. The yields of total phenolics
increased with the rise of extraction time in the range of 10 to 30 min when microwave power were in the range of
200 to 300 W. The TPC also increased with the increase of ethanol concentration from 50%v/v to 70%v/v, and
thereafter decreased (Fig.1b). This indicated that low to medium concentrations of ethanol were favorable for
extracting phenolic compounds from such plants. This was due to the addition of ethanol in water which improved
the breakage degree of cell membranes of plant raw material [13] and improved the solubility of phenolic substances
[14]. However, a decline in the TPC when a high level of ethanol was used was probably due to the increased
diffusion resistance by the coagulation of proteins in the plant leaves [15].

°c

.~ ™ -~ e 1]

C Etarclcomentaion U8 T~ W% 4 Nicrowave power C: Etanol concentrabion 9 S — 58 B Tme exraction
®

Figure 1. The response surface plot of TPC
Response surface analysis of antioxidant activity (DPPH)

Figure 2a-c shows three-dimension surface plots of the relationship between independent and dependent variables
for antioxidant activity from the G. lucidum extract. Extraction temperature, time and ethanol concentration showed
negative quadratic effects on the yields of antioxidant activity from the G. lucidum extract (table 3) (p < 0.05). The
DPPH increased when microwave power increase from 100 to 230 W and thereafter decreased. The DPPH
increased with the increase of extraction time and ethanol concentration in the range research. The addition of
medium levels of ethanol into extraction solvent led to an increase in the antioxidant activity of the extract due to
improved solubility of antioxidant compounds. The presence of suitable water in the extraction solvent also
enhanced swelling of plant material, followed by increased extraction yield. Rises in extraction temperature and
time improved the antioxidant activity of the extracts. On the contrary, declined antioxidant activity was observed
at higher temperatures and time extraction. This might be attributed to the thermo sensitive phenolic compounds
degrading with a rise of extraction temperature and longer extraction time, in particular chlorogenic acid. These
results supported the important role of phenolic compounds and chlorogenic acid (main phenolic compound) in the
antioxidant activity of G. lucidum.
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Figure 2. The response surface plot of DPPH.

Optimization and model verification

The optimal values of the independent variables were obtained by solving second - order regression equations
using a numerical optimization method. Experimental data suggested the existence of optimization of yield of TPC
and DPPH radical scavenging activity with microwave power 200 W, extraction time 22 min and ethanol
concentration 71% v/v.

Table 4. Optimum conditions, predicted and experimental values of responses on extraction of G. lucidum extract®

Independent variables . Optimum value .
X X X3 Dependent variables % Difference
Response i i CcVv
w) (min) (%) (Resp ) Experimental Predicted (cv)
Y1 (mgGAE/g) 30.0510.5 31.3851 4.24
200 22 71
Y, (%) 94.82+0.95 96.3436 1.58

aXi, microwave power (W); X2, extraction time (min); Xs, ethanol concentration (% v/v); Y1, total phenolic content
(mg GAE/g); Y2, DPPH radical scavenging activity (%). "Mean + standard deviation (SD) of three determinations
(n=3).

CONCLUSION

In this study, RSM is a successful tool to describe the microwave-assisted extraction process yield of the total
phenolic content and DPPH radical scavenging activity from Ganoderma lucidum (Leyss ex. Fr.) Karst. Mushroom
at Nghe An, Vietnam for the following the optimal parameters: microwave power 200 W, extraction time 22 min and
ethanol concentration 71% v/v. Under the optimum conditions, the experimental values of total phenolic content
and antioxidant activity were 30.05+0.5 mg GAE/g and 94.82+0.95 %. With these optimum conditions, the
experimental values of total phenolic content and antioxidant activity were agreed with those predicted, thus
indicating suitability of the model employed.

REFERENCES

[1] S.T.Chang and J. A. Buswell, "Ganoderma lucidum (Curt.: Fr.) P. karst.(Aphyllophoromycetideae)- a mushrooming medicinal
mushroom," International Journal of Medicinal Mushrooms, Vol. 1, No. 2, pp. 139-146, 1999.

[2] Y. Jianzhe and M. Xiaolan, "Icons of medicinal fungi from China," 1987.

[3] R. R. M. Paterson, "Ganoderma-a therapeutic fungal biofactory," Phytochemistry, Vol. 67, No. 18, pp. 1985-2001, 2006.

[4] R. Saltarelli et al., "Biochemical characterisation and antioxidant activity of mycelium of Ganoderma lucidum from Central
Italy," Food Chemistry, Vol. 116, No. 1, pp. 143-151, 2009.

[5] J. L. Mau, S. Y. Tsai, Y. H. Tseng, and S. J. Huang, "Antioxidant properties of hot water extracts from Ganoderma tsugae
Murrill," LWT-Food science Technology, Vol. 38, No. 6, pp. 589-597, 2005.

[6] T.Y.Songand G. C. Yen, "Antioxidant properties of Antrodia camphorata in submerged culture," Journal of Agricultural Food
Chemistry, vol. 50, no. 11, pp. 3322-3327, 2002.

[7]1 L. Barros, M. Duefias, |. C. Ferreira, P. Baptista, and C. Santos-Buelga, "Phenolic acids determination by HPLC-DAD-ESI/MS
in sixteen different Portuguese wild mushrooms species," Food Chemical Toxicology, Vol. 47, No. 6, pp. 1076-1079, 2009.

[8] R. M. Smith, "Before the injection-modern methods of sample preparation for separation techniques," Journal of
chromatography A, Vol. 1000, No. 1-2, pp. 3-27, 2003.

[9] V. L. Singleton, R. Orthofer, and R. M. Lamuela-Raventés, "Analysis of total phenols and other oxidation substrates and
antioxidants by means of folin-ciocalteu reagent," in Methods in enzymology, Vol. 299: Elsevier, 1999, pp. 152-178.

[10]K. K. Oh, S. W. Kim, Y. S. Jeong, and S. |. Hong, "Optimization of operation conditions for the hydrolysis of cellulose by
response surface methodology," Journal-Korean Institute of Chemical Engineers, Vol. 34, pp. 418-423, 1996.

[11]H. S. Yim et al., "Optimization of extraction time and temperature on antioxidant activity of Schizophyllum commune aqueous
extract using response surface methodology," Journal of Food Science Technology, Vol. 50, No. 2, pp. 275-283, 2013.

485



CONG NGHE SINH HQC Y DUQC

[12]H. W. Zhang and X. L. Bai, "Optimization of extraction conditions for phytic acid from rice bran using response surface
methodology and its antioxidant effects," Journal of food science technology, VVol. 51, No. 2, pp. 371-376, 2014.

[13]B. Yang, X. Liu, and Y. Gao, "Extraction optimization of bioactive compounds (crocin, geniposide and total phenolic
compounds) from Gardenia (Gardenia jasminoides Ellis) fruits with response surface methodology," Innovative Food Science
Emerging Technologies, Vol. 10, No. 4, pp. 610-615, 2009.

[14]Y. Gong, Z. Hou, Y. Gao, Y. Xue, X. Liu, and G. Liu, "Optimization of extraction parameters of bioactive components from
defatted marigold (Tagetes erecta L.) residue using response surface methodology,"” Food Bioproducts Processing, Vol. 90,
No. 1, pp. 9-16, 2012.

[15]T. Vatai, M. Skerget, and Z. Knez, "Extraction of phenolic compounds from elder berry and different grape marc varieties using
organic solvents and/or supercritical carbon dioxide," Journal of Food Engineering, Vol. 90, No. 2, pp. 246-254, 2009.

TOI U HOA CI—!IET )_(UAT,TONZG H}\M LUQNG PHENOLIC VA CAC CHAT
CHONG OXY HOA TU QUA THE NAM Ganoderma lucidum (Leyss ex. Fr.)
Karst. THU HAI TAI NGHE AN, VIET NAM

Nguyén Tan Thanh', L& Thi My Chau’, Dao Thi Thanh Xuan', Tran Phwong Chi', Nguyén Thi Huyén,
Pinh Thi Kim Hao', Lé Thi Mai Trang?, Binh Thi Phwong An®, Nguyén Dirc Dién*"”

'Vién Céng nghé Hoa, Sinh, M6i trirong, Dai hoc Vinh
2K61, Céng nghé Thue phadm, Vién Cong nghé Hoa, Sinh, Méi truong, ai hoc Vinh
JK60, Céng nghé Sinh hoc, Vién Céng nghé Hoa, Sinh, M6i trirong, Bai hoc Vinh

TOM TAT

Ganoderma licidum (Leyss ex. Fr.) P. Karst, 1a m6t ngudn giau cac hop chét hoat tinh sinh hoc, da doc sir dung
cho cac muc dich y hoc va dinh dudng tir 1au doi. Trong sb cac thanh phin hoat tinh sinh hoc cta n6, tong ham
Irong phenolic va cac chit chéng oxy hoa di dwoc xac dinh 1a thanh phan co hoat tinh sinh hoc chinh. Xu hwéng
trong nhitng ndm gan day la chiét xuit cac hop chét ¢6 hoat tinh sinh hoc va tip trung véo viée tim ra cac ky thuat
tét nhit nhim chiét xuit tdi da cac hop chit c6 gia tri tir tw nhién. Nghién ciru ndy nhim muc dich tdi wu héa viéc
chiét xut tong ham lrgng phenolic (TPC) va hoat tinh chéng oxy héa (DPPH) tir G. lucidum bang k¥ thuat chiét
xuit c6 hd trg vi séng (MAE). Str dung phuong phap bé mit dap tmg (RSM) véi thiét ké thi nghiém theo Box -
Bnhken v&i ba bién sé doc 1ap (cong sudt vi séng, thoi gian chiét xudt va ndng d6 ethanol). Ham lugng TPC va
DPPH thu dugc ti da vdi cac diéu kién téi wu di duoe xéc dinh. Cac didu kién téi wu dé cac ham muc tiéu dat gia
tri 16n nhit (TPC va DPPH) la: cbng sudt vi séng 200 W, thoi gian chiét 22 phut va néng do etanol 71%. Gia tri
thuc nghiém tai cac théng sb t6i wu thu duge ham lugng TPC va DPPH la 30,05+0,5 mg GAE/g va 94,82+0,95%.

Tir khéa: Ganoderma lucidum, phenolic, chdng oxy héa, chiét vi song, dap img bé mit.
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