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Homogenate extraction of crude polysaccharides from Lentinus edodes
and evaluation of the antioxidant activity
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Abstract

Crude polysaccharides of Lentinus edodes were extracted using homogenate method. Factors affecting the yield of crude
polysaccharides were investigated and optimized by response surface methodology. The homogenate extraction method was
compared with traditional heating extraction method. The antioxidant activity of crude polysaccharides from Lentinus edodes
was evaluated. Results showed that, the optimal conditions of homogenate extraction were as follows: solvent pH, 10; liquid-solid
ratio, 30: 1 (mL: g), extraction time, 66 s; number of extraction, 1. Under these conditions, the yield of crude polysaccharides
was (13.2 £ 0.9)%, which was 29.82% higher than that of traditional heating extraction. Crude polysaccharides of Lentinus
edodes had good DPPH scavenging activity. Compared with the traditional heating extraction, the homogenate extraction had
notable advantages including good extraction yield, short extraction time and low extraction temperature. It is an efficient way

to extract crude polysaccharides from Lentinus edodes.

Keywords: crude polysaccharides; Lentinus edodes; homogenate extraction; response surface methodology.

Practical Application: The homogenate extraction method can be applied to extracting crude polysaccharides from Lentinus

edodes.

1 Introduction

Edible mushrooms are rich in dietary fiber, minerals,
vitamins and low in fat (Manzi et al., 2001), and have long been
used in folk medicines and health foods. Lentinus edodes, also
named Xianggu in Chinese and Shiitake in Japanese, is one of
the most widely edible mushrooms on the global market due to
its taste and nutritional values (Hatvani & Mécs, 2001). Crude
polysaccharides are the most active constituents in Lentinus
edodes. Modern medical research finds that, Lentinus edodes
polysaccharides are a kind of host defense potentiator, which
can increase the number of lymphocytes in body (Ahmed et al.,
2011), inhibit the allogeneic, syngeneic and primary tumors
(Zakany et al., 1980), and prevent carcinogenesis induced by
chemical factors or virus (Suga et al., 1984). At the same time,
Lentinus edodes polysaccharides can enhance the resistance of
host to different bacteria, parasitic diseases and virus including
HIV (Lapis et al., 1989), and reduce the toxicity reaction
of radiotherapy and chemotherapy (Wang & Gong, 2001).
Mushrooms contain various compounds such as polyphenols
and crude polysaccharides, which are recognized as excellent
antioxidants (Palacios et al., 2011; Thetsrimuang et al., 2011;
Heetal.,, 2012). Studying the antioxidant capacity of mushrooms
has begun to take the spotlight in recent researches (Zheng et al.,
2005; Sun et al., 2008; Liu et al., 2010; Qiao et al., 2010).

Extraction of crude Lentinus edodes polysaccharides is
conventionally performed by traditional heating method using
water, which is laborious and time-consuming, and requires large

amounts of solvent. Homogenate extraction is an alternative to
conventional extraction methods, through which the chemical
compositions are extracted from materials in solvent by
high-speed mechanical shearing, mixing, cutting and smashing
without heating and pressure. This method has been proved to
be effective to extract gardenia yellow pigment from Gardenia
Jasminoides Ellis fruit (Zhu et al., 2014), camptothecine and
hydroxylcamptothecin from Camptotheca acuminata leaves
(Shietal., 2009), and isoflavones from soybean meal (Zhu et al.,
2011). However, application of homogenate extraction to
extracting crude polysaccharides from Lentinus edodes has
never been reported. In this study, the homogenate extraction
method was applied to extraction of crude polysaccharides from
Lentinus edodes. Effects of various extraction parameters such
as solvent pH, liquid-solid ratio, extraction time and number of
extraction were investigated. The homogenate extraction method
was compared with traditional heating extraction method, and
the antioxidant activity of crude Lentinus edodes polysaccharides
was investigated.

2 Materials and methods
2.1 Materials

Lentinus edodes was derived from Lishui City, Zhejiang
Province, China. They were dried at 60 °C for 6 h (final moisture
content, 5%), pulverized into to a certain particle size (average
diameter, 2 mm) by a disintegrator, and kept in dry place
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until used. Homogenate extractor (JHBE-50A) was provided
by Golden Star Technology, Inc., Ltd. (Zhengzhou, China)
(Figure 1). Glucose standard was purchased from Shanghai
Yuanye Bio-Technology Co., Ltd. (Shanghai, China). Other
analytical-grade reagents were purchased from Jiangsu Feiya
Chemical Industry Co., Ltd. (Nantong, China).

2.2 Process of homogenate extraction

Lentinus edodes (20.0 g) and alkaline water (pH was
adjusted with NaOH) were put into the homogenate extractor
(motor voltage, 200 V) for extraction with suitable solvent pH,

Figure 1. Homogenate extractor (JHBE-50A).
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liquid-solid ratio, extraction time and number of extraction at
room temperature (20-25 °C). After extraction, the mixture was
centrifuged at 4500 rpm for 10 min. The supernatant was collected
and concentrated by rotary evaporator. Concentrated solution
was precipitated by adding fourfold volume of anhydrous ethanol
and then incubated at 5 °C for 10 h. After centrifugation and
vacuum drying, the mixture was preliminarily purified according
to the reported method (You et al., 2014). Finally, the crude
polysaccharides were obtained. Each experimental group was
repeated for three times. The yield of crude polysaccharides was
expressed as Yield (%) = (m / M)*100%, where m was weight of
crude polysaccharides analyzed by phenol-sulfuric acid method
(g), and M was weight of Lentinus edodes (g).

2.3 Process of traditional heating extraction

Under optimized conditions, Lentinus edodes (20.0 g) and
water were put into a reflux apparatus for extraction at 80 °C for
2 h. Extracting solution was collected together and centrifuged
(4500 rpm, 10 min). Latter steps were the same as homogenate
extraction. The whole extraction process was carried out thrice.

2.4 Identification of crude polysaccharides

Crude polysaccharides were identified using modified
phenol-sulfuric acid method (Dubois et al., 1956). The crude
polysaccharides solution was mixed with phenol and concentrated
sulfuric acid to reach color, and the light absorption was recorded
at 490 nm using UV spectrophotometer.

2.5 Determination of antioxidant activity

The antioxidant activity of crude Lentinus edodes polysaccharides
obtained under optimal conditions was determined by
2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging assay,
according to the method reported by Mau et al. (2002) with
some modifications. 2.0 mL of crude polysaccharides solution
with various concentrations (100-5000 mg/L) was mixed with
equal volume of alcoholic solution of DPPH (2.0x10* mol/L).
The reaction mixture was shaken vigorously and incubated
for 30 min at room temperature in a dark place, and then
the absorbance was measured at 517 nm using a UV-Vis
spectrophotometer. The scavenging activity (SA) of crude
polysaccharides on DPPH was calculated according to equation:
SA% = [1—(Ai—A/.) / A,] x 100%, where A was absorbance of the
reaction mixture, A. was absorbance of the reaction mixture
without DPPH, A , was absorbance of reaction mixture without
crude polysaccharides. The test process was carried out thrice,
and the results were presented as mean+SD.

2.6 Experiment design

Response surface methodology (RSM) is an empirical
modeling technique used to estimate relationships between a
set of experimental control factors and observed results. In this
study, Box-Benhnken design (BBD) was applied to optimize
extraction conditions by using software Design-Expert (Trial
Version 8.0.6, Stat-Ease Inc., Minneapolis, MN, USA). According
to preliminary experiment results, solvent pH, liquid-solid ratio
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and extraction time were chosen as key parameters and were
designated as Z, Z, and X, respectively. After conversion, the
variables for BBD were obtained as follows: X, = (Z, — 10)/1;
X, =(Z,-30)/10; X, = (Z, - 60)/20. Ranges of variables and
their levels were shown in Table 1.

2.7 Statistical analysis

Data were presented as mean+SD. Optimization of extraction
parameters was performed by response surface methodology
using Design-Expert 8.0 software (Stat-Ease, Inc., MN, USA).

Table 1. Independent variables and their levels for BBD.

Level

Variable
-1 0 1

Solvent pH (X)) 9 10 11
Liquid-solid ratio (mL: g) (X,) 20:1 30:1 40:1
Extraction time (s) (X)) 40 60 80

Yield (%)
¥
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Comparisons between two groups were performed by t test,
using SPSS17.0 software (SPSS Inc., Chicago, IL, USA). P < 0.05
was considered as statistically significant.

3 Results and discussion
3.1 Preliminary experiments

There were many factors affecting the yield of crude
polysaccharides in homogenate extraction, among which solvent
pH, liquid-solid ratio (mL: g), extraction time (s) and number
of extraction were relatively important. Effects of these factors
on yield of crude polysaccharides were firstly investigated by
single factor experiments. Results were shown in Figure 2.
Solvent pH of 10, liquid-solid ratio of 30: 1 (mL: g), extraction
time of 60 s, and number of extraction of 3 were the optimal
value of each factor. However, the increase extent of crude
polysaccharides yield with increase of number of extraction was
not obvious. Therefore, the effect of number of extraction on
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Figure 2. Effects of different operating factors on yield of crude polysaccharides in preliminary experiments. (A) solvent pH, “P < 0.05 compared
with pH 7 group, ®P < 0.05 compared with pH 8 group, °P < 0.05 compared with pH 9 group; (B) liquid-solid ratio, *P < 0.05 compared with
10: 1 group, °P < 0.05 compared with 50: 1 group; (C) extraction time, *P < 0.05 compared with 20 s group, *P < 0.05 compared with 40 s group;

(D) number of extraction.
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crude polysaccharides yield was not investigated in following
optimization experiments. Considering extraction efficiency,
number of extraction of 1 (once extraction) was enough for
obtaining good yield of crude polysaccharides. In addition, in
homogenate extraction, the extraction time was very short, and
the effect of extraction temperature on the yield was not obvious.
Therefore, we had not investigated the extraction temperature
in homogenate extraction.

3.2 Optimization of homogenate extraction parameters by
response surface methodology

According to the BBD, a total of 17 experimental runs were
employed and experiments were performed in a randomized
order. All experiments were repeated for three times. Results
were shown in Table 2.

Optimization of homogenate extraction conditions was
conducted by employing BBD. Data were analyzed using Design
Expert 8.0.6 software for statistical analysis of variance (ANOVA),
regression coefficients and regression equation. Polynomial
equations, describing yield of crude polysaccharides (Y) as a
simultaneous function of solvent pH (X)), liquid-solid ratio (X)),
extraction time (X,) were shown in equation: Y=13.05-2.19X -
(1).(7)2?(22-1.43X3-0.33X1X2-2.08X1X3-1.78XZX3-3.49X12-4.47X22-

75X 7.

To evaluate the optimal extraction conditions of homogenate
extraction for crude polysaccharides yield and relationship
between response and significant variables, analysis of variance
(ANOVA) for model was performed. As shown in Table 3,
experimental data fitted well to quadratic models. ANOVA for
response surface quadratic regression model showed that the
model was highly significant (P = 0.0002) with a high F-value
of 25.34. The order of factors affecting crude polysaccharides
yield was as follows: solvent pH (X,) > extraction time (X,)
> liquid-solid ratio (X,). X,, X,, X >, X;? and X X, had highly

Table 2. BBD and experimental results.

significant effects on extraction yield (P <0.01), and X * and X X,
had significant effects on crude polysaccharides yield (P < 0.05).

Regression analysis of data showed that the coefficient
of determination (R?) value for crude polysaccharides was
0.9702, suggesting that the model was significant. The adjusted
determination coefficient (Adj R?=0.9319) was also satisfied to
confirm the significance of model. At same time, the lack-of-fit
statistics, which was used to test adequacy of model, indicated
that the P value for crude polysaccharides yield (0.4474) was
not significant. No abnormality was obtained from diagnoses
of residual. Thus, it could be concluded that this model was
statistically sound.

To depict the interactive effects of operational variables
on responses, one variable was kept constant and other two
variables varied in defined ranges. Response surfaces plots about
crude polysaccharides yield were shown in Figure 3. Shapes of
response surfaces and contour plots indicated the nature and
extent of interaction between different variables. Solvent pH
was the most significant factor affecting crude polysaccharides
yield, representing a steep curved face, followed by extraction
time. Liquid-solid ratio had little effect on extraction yield, of
which the curved face was stepless. By solving inverse matrix,
the conditions for maximum response value were obtained as
follows: X ,=-0.23,X,=0.06,X,=-0.31. The optimal parameters
were calculated as solvent pH of 9.77, liquid-solid ratio of 30.6:
1 (mL: g) and extraction time of 66.2 s. Under the optimal
conditions, the predicted yield of crude polysaccharides was 13.5%.

3.3 Results of verification experiments

Adequacy of model equation for predicting optimal response
values was tested using selected optimal extraction conditions.
Accounting for the feasibility of experiments, the optimal
extraction conditions were adjusted as follows: solvent pH,
10; liquid-solid ratio, 30: 1 (mL: g); extraction time, 66 s; once

Run Level Variable Yield of crude polysaccharides
X, X, X, Solvent pH Liquid-solid ratio (mL: g)  Extraction time (s) (%)
1 -1 -1 0 9 20 60 7.5+£0.5
2 1 -1 0 11 20 60 35+0.7
3 -1 1 0 9 40 60 74+13
4 1 1 0 11 40 60 20x0.7
5 -1 0 -1 9 30 40 8.7+1.1
6 1 0 -1 11 30 40 8.8+0.3
7 -1 0 1 9 30 80 11.0+£ 0.8
8 1 0 1 11 30 80 2.8+0.6
9 0 -1 -1 10 20 40 6.7+£1.0
10 0 1 -1 10 40 40 109+ 0.8
11 0 -1 1 10 20 80 6.4+1.2
12 0 1 1 10 40 80 34+£07
13 0 0 0 10 30 60 125+04
14 0 0 0 10 30 60 12.3+0.9
15 0 0 0 10 30 60 144+ 0.5
16 0 0 0 10 30 60 139+ 1.1
17 0 0 0 10 30 60 12.1+£0.8
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Figure 3. Response surface plots showing effects on yield of crude polysaccharides (A), solvent pH (X,) and liquid-solid ratio (X,); (B), solvent
pH (X,) and extraction time (X,); (C) liquid-solid ratio (X,) and extraction time (X,).

Table 3. Analysis of variance of experimental results of BBD.

Sum of Mean F

Source Squares Square Value Prob > F*
Model 248.16 9 27.57 25.34 0.0002
X, 38.46 1 38.46 35.34 0.0006
X, 0.024 1 0.024 0.022 0.8857
X, 16.36 1 16.36 15.03 0.0061
XX, 045 1 0.45 0.41 0.5412
XX, 17.31 1 17.31 15.90 0.0053
XX, 12.67 1 12.67 11.64 0.0113
sz 51.23 1 51.23 47.07 0.0002
X22 84.05 1 84.05 77.23 <0.0001
X32 12.87 1 12.87 11.82 0.0109
Residual 7.62 7 1.09
Lack of Fit 3.44 3 1.15 1.10 0.4474
Pure Error 4.18 4 1.05
Cor Total 255.78 16 R?=0.9702

*P < 0.05 meant significant, and P < 0.01 meant highly significant.

extraction. The verification experiment was conducted and the
yield of crude polysaccharides was (13.2 + 0.9)%, which was
not significant different from predicted value of 13.5%. Good
correlation between them indicated that, this response model
was adequate to reflect the expected optimization.
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3.4 Comparison of homogenate extraction with traditional
heating extraction

Homogenate extraction and traditional heating extraction
under optimal conditions were compared for extraction of crude
polysaccharides from Lentinus edodes. Results were shown in
Table 4. The yield of crude polysaccharides using homogenate
extraction was 29.4% higher than that in traditional heating
extraction. Compared with traditional heating extraction method,
the extraction time and number of extraction of homogenate
extraction were significantly shortened. What’s more, the
homogenate extraction was performed at room temperature,
which could save more energy.

3.5 Antioxidant activity of crude polysaccharides from
Lentinus edodes

It is well accepted that scavenging of DPPH by antioxidants
is attributable to their hydrogen donating activity (Chen & Ho,
1995). This test system can be used for primary characterization
of antioxidant activity of compounds (Krings & Berger, 2001).
The previous studies (Thetsrimuang et al., 2011; He et al., 2012)
have reported that, the polysaccharides in mushrooms have
antioxidant activity. As shown in Figure 4, crude Lentinus edodes
polysaccharides had good DPPH scavenging activity, which
was increased with the increasing concentration. The DPPH
scavenging activity of crude polysaccharides by homogenate
extraction was stronger than that by heating extraction at the
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Table 4. Comparison between homogenate extraction and heating extraction.

Method Extraction Extraction time Solvent pH Liquid-solid ratio Numbe.r of Yield of c.rude P
temperature (mL: g) extraction polysaccharides (%)
A Room 66 s 10 30:1 1 13.2+£0.9
temperature 0.02
B 80 °C 2h 9 30:1 2 10.2+£0.2
A, homogenate extraction; B, heating extraction.
Acknowledgements
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Figure 4. DPPH scavenging activity of Lentinus edodes crude
polysaccharides by two extraction methods. *P < 0.05 compared with
heating extraction.

same concentration. This may be due to the loss of antioxidant
components caused by high temperature in heating extraction.

In this study, we only investigated the antioxidant activity
of extract obtained under the optimal conditions for each
extraction method. In the future, the activity of extract under
each extraction condition should be studied. There are many
methods for determining the antioxidant activities of extracts,
including ABTS, DPPH, FRAP, and ORAC assays (Dudonné etal.,
2009). DPPH radical-scavenging assay is the common used
method. In this study, due to condition limitation, we only
used this representing method. This is also a limitation of the
present study. In addition, due to complex compositions, the
specific antioxidant components in crude polysaccharides of
Lentinus edodes need to be confirmed by further experiments.

4 Conclusions

In the present study, homogenate extraction is used to
extract crude polysaccharides from Lentinus edodes. The optimal
extraction parameters are as follows: solvent pH, 10; liquid-solid
ratio, 30: 1 (mL: g); extraction time, 66 s; number of extraction,
1. Under these conditions, the yield of crude polysaccharides is
(13.2 £ 0.9)%. Compared with heating extraction method, the
yield in homogenate extraction is higher, with shorter extraction
time and lower temperature. The homogenate extraction
method is an efficient way to extract crude polysaccharides
from Lentinus edodes.
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