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Extraction of Polysaccharides from Catathelasma ventricosum
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Abstract: Microwave-assisted extraction was 1nvestigated for extraction of polysaccharides from Catathelasma
ventricosum using Response Surface Methodology (RSM). The effects of operating conditions (extraction time,
microwave power and ratio of water to raw material) on the extraction yield of polysaccharides were studied.
A Box-Behnken Design was used for experimental design and analysis of the results to obtain the optimal
processing parameters. Among the three extraction parameters, the microwave power was the most significant
factor to affect the yield of polysaccharides from Catathelasma ventricosum. In addition, microwave power and
extraction time had significant interaction effects. A mathematical model with high determination coefficient was
gamed and could be employed to optimize polysaccharides extraction and the optimal conditions were
extraction time 5 min, microwave power 420 W, ratio of water to raw material 25:1. Under these conditions, the
experimental yield of polysaccharide was 7.8320.19% which was close to the predicted value.
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INTRODUCTION

Hot water extraction is the most conventional
extraction method for polysaccharides. It should be noted
that traditional hot water extraction of polysaccharides is
time and solvent consuming and has low efficiency
(Ye and Tiang, 2011, Liu et al., 2009; Sun et of., 2010).
Moreover, thermal extraction over a long time can cause
the degradation of polysaccharides. Recently, alternative
extraction techniques such as ultrasonic, microwave
assisted extraction and enzyme-assisted extraction with
shorter time or enhanced yields had been also
reported (Chen et al., 2010; Zhang et al., 2011, Pan et al.,
2010). Many reports have been published on the
extraction of polysaccharides from plants using
microwave-assisted extraction (Bagherian et af., 2011;
Wang et al., 2009, 2010). Microwave-assisted extraction
was different other heating methods that solutions are
heated so efficiently that reaction timescales are
dramatically reduced. Microwave-assisted Extraction
(MAE) utilizes the energy of microwaves to cause
molecular movement and rotation of liquids with a
permanent dipole, leading to rapid heating of the solvent
and the sample. It has advantages over conventional
extraction techniques such as improved efficiency,
reduced extraction time, low solvent consumption

(Buldini et al., 2002). Wang et al. (2010) reported that
MAE had great potential and efficiency, the extracting
time was much shorter and the yield and of
polysaccharides  increased greatly.  Catathelasma
ventricoswm i3 a wild and edible fungus distributed in
Heilongjiang, Sichuan, Xizhang and Yunnan provinces of
China which is a Tricholomataceae fungus belonging to
the Basidiomycetes.

Numerous reports have revealed that polysaccharides
isolated from mushrooms have broad spectrum of
pharmacological properties such as antioxidant, anti-
inflammatory, anticancer and immunostimulatory activity
(Bin, 2010; Diniz et al., 2003; Sun et al., 2008).

And m the other study, researchers had found
antioxidant activity i vitro and to have effect on
differentiation of preadipocyte. However, no information
has yet been found on the application of MAE for the
extraction of Catathelasma ventricosum. The objective of
this study was to optimize extraction condition of the
polysaccharides from the fruiting body of Catathelasma
ventricosum using MAE.

MATERIALS AND METHODS

The fruiting bodies of Catathelasma ventricosum
were purchased from Chuxiong, Yunnan province, China.
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Phenol was form Beiling Solarbio S&T Co., Ltd (Beijing,
China), sulphuric acid, ethanol and glucose were from the
Cheng Du Kelong Chemical Factory (Chengdu, China). All
other chemicals were of analytical grade.

Extraction of crude polysaccharides from Catathelasma
ventricosum: Microwave-assisted extraction was carried
out using an ordinary household oven (Galanz, WD700G,
China) with adjustable power settings ranging from
100-700 W. The fruiting bodies of Catathelasma
ventricosum was soaked in 4 volumes of 95% ethanol
twice for 24 h to remove some colored materials,
oligosaccharides and some small molecule materials. After
removing supernatant, precipitation was dried at 60°C.
The pretreated powder (10.0 g) was added a certain
volume of distilled water and soaked for 30 min then
transferred into the chamber of the microwave oven. The
pretreated Catathelasma ventricosum powder was
extracted for 3 times in a designed extraction time,
microwave power and ratio of water to raw material and
then mixed the three extract liquids together. The
supernatant was concentrated in a rotary evaporator
under reduced pressure at 60°C. The resulting solution
was precipitated by the addition of 80% (v/v) ethanol and
the precipitate was collected by sucking filtration and
washed with 100% cold ethanol, acetone and finally dried
at 55°C to obtain crude polysaccharide of Catathelasma
ventricosum (MCP). The total sugar content of
polysaccharide was measured by the phenol-sulfuric acid
method (Dubois et al, 1956), glucose was used as
standard and the results were then expressed as glucose
equivalents.

Experimental design of RSM: RSM was used to estimate
the mfluence of three mdependent vamables and the
optimal extraction condition of crude polysaccharides
from Catathelasma ventricosum. Three independent
variables (X, extraction time, X,, microwave power; X,
ratio of water to raw material) at three different levels were
employed. Box-Behnken Design (BBD) was used in this
optimization study. The range of independent variables
and their levels were shown in Table 1. Extraction yield (y)
was taken as the response for the combination of the
independent variables shown m Table 2. Experimental
runs were randomized to mimmize the effects of
unexpected variability in the observed response.
Experiment data were fitted to a second-order polynomial
model and regression coefficients obtained which was as:

3 3 2 3

y=A+ 2 AX +SAX +Y AKX, (1)
1=1 1=1 1=1 j=1+1

Where:

v = Represent the response function

A, = Anintercept
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Table 1: Indepedent variables and their levels used in the response surface

design
Levels
Factors -1 0 1
X, extraction time/min 3 4 5
¥, microwave power’w 420 560 T00
X; ratio of water to raw material 15 20 25

Table 2: Box-Behnken experimental design and results for extraction vield

X/extraction  X,/microwave Xyratio of water
Run time (min) power (W) to raw material Yield o)
1 0/4 /560 0/20 7.01
2 1/5 17700 0/20 5.64
3 -1/3 1/700 0/20 6.67
4 -1/3 -1/420 0/20 3.42
5 0/4 11700 1/25 747
3] 1/5 /560 1/25 6.87
7 1/5 -1/420 0/20 721
8 0/4 1/700 -1/15 7.29
9 0/4 /560 0/20 6.71
10 0/4 -1/420 1/25 7.24
11 0/4 /560 0/20 7.24
12 -1/3 /560 -1/15 6.65
13 0/4 /560 0/20 727
14 -1/3 /560 1/25 6.51
15 1/5 /560 -1/15 578
16 0/4 -1/420 -1/15 5.74
17 0/4 /560 0/20 6.50
A, A and A; = The coefficients of the linear, quadratic
and interactive terms, respectively
X and X = Represent levels of the mdependent

variables

The model evaluated the effect of each independent
variable to a response. Three additional confirmation
experiments were conducted to verify the validity of the
statistical experimental strategies.

Statistical analysis: The Design Expert Software (Version
8.0.6, Stat-Ease. Inc., Minneapolis, MN) was used to
analyze the experimental data. The significance of each
coefficient was determined using the F-test and p-value.
The p<0.05 was considered to be statistically sigmficant.

RESULTS AND DISCUSSION

Modelfitting: The experimental data for extraction yield of
the crude polysaccharides under different treatment
conditions are shown in Table 2.

The statistical analysis indicated that the proposed
regression model for yield was adequate, possessing to
significant lack of fit and with satisfactory values of the R’
for all the responses. The R’ values were 0.88 for yield.
The model can fit well with the actual data when
approaches one.
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Analysis of response surface: Predicted response y for
the vield of polysaccharides could be expressed by the
following second-order polynomial equation in terms of
coded values (Table 3).

y=695+028 X, + 043X, +033X,-1.21 X, X, +
0.31 X, X, -0.33 X,X, -0.85 X,2-0.37 3,2 + 0.35 X,

2
Where:
v = The yield of MCP
¥, X, and X; = The coded values for extraction time,

microwave power and ratio of water to
raw material, respectively

The analysis of variance for these modes was given
m Table 4. In Table 4, the hinear coefficients (3{,), the
quadratic term coefficient (3, X, 3,X,, XX, X X9
and the imteraction coefficient (X, X,) were found
significant (p<0.05). The other coefficients (X, X, X,X,,
X3 3, X5 were not significant (p=>0.03). The full model

Table 3: Analysis of variance for the fitted quadratic polynomial model of
extraction of polysaccharides

Sum of Degrees of  Mean
Parameters squares freedom square F-value  p-value
Model 13.68 9 1.52 5.75 0.0155
Residual 1.85 7 0.26
Lack of fit 1.40 3 047 4.19 0.0999
Pure error 045 4 011
Cor total 15.53 16

Table 4: Regression coefficients estimate and their significance test for the
Quadratic Polynomial Model

45

filled, Eq. 2 was made 3-dimensional and contour plots to

predict the relationships between the independent
variables and the dependent variables.
Optimization of the process: The graphical

representations of the regression (Eq. 2) called the
response surfaces and the contour plots were obtained
using Design-Expert 8.0. 6. As shown in Fig. 1-3,
3-dimensional response surface plots and 2-dimensional
contour plots were useful to see interaction effects of the
factors on the responses. They provide a method to
visualize the responses
experimental levels of each variable and the type of

relationship between and
interactions between two test variables.

Figure 1 shows the effects of extraction time and
microwave power on the extraction yield of MCP at
extraction time of zero level. It can be seen that the
extraction time and microwave power had significant
interaction effects on the yield of MCP. Polysaccharides
yvield was increased significantly when the microwave
power was increased in the range from 420-700 W in
relatively short extraction time. On the contrary, the yield
of polysaccharides was decreased in the range from
420-700 W in longer extraction time. Tt indicated that the
greater yield could be obtained when the moderate
microwave power and extraction time were selected.

Figure 2 shows the effects of extraction time and ratio
of water to raw material on the extraction yield of MCP at
microwave power of zero level. The extraction yield of
polysaccharides mcreased slightly with increasing of ratio
of water to raw material from 15:1-25:1. And the yield of

Sum of Degrees of  Mean
Paramneters _ squares freedom  square F-value  p-value MCP increased with increasing of extraction time from
X 0.63 1 0.63 240 0.1652 3 min to a threshold level, beyond tlus level,
X 1.49 1 1.49 5.65 0.0492 1 harid ield sliehtlv d d
Xs 0.86 1 0.86 325 oli42  Polysaccharides yleld sightly decreased.
XX, 5.81 1 5.81 21.98 0.0022 Figure 3 shows the effects of microwave power and
§1§3 8-2? i 8-2? }‘6‘: 8-;1?2 ratio of water to raw material on the extraction yield of
2Xs . . : ) . . .
XX, 301 1 101 1140 0.0118 MCP at exh"act.lon t.1me of zero level. The.exﬁ"actlon. yield
XX, 0.56 1 0.56 213 0.1880 of polysaccharides increased gradually with increasing of
X 0.53 1 0.53 1.99 0.2012 ratio of water to raw material from 15:1-25:1. The yield of
Polysaccharide yield (%)
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Fig. 1: Response surface plot and contour of microwave power and extraction time and their mutual interactions on the

vield of polysaccharides
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Fig. 2: Response surface plot and contour of ratio of water to raw matierial and extraction time and their mutual

mteractions on the yield of polysaccharides
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Fig. 3: Response surface plot and contour of ratio of water to raw material and microwave power and their mutual

mteractions on the yield of polysaccharides

Table 5: Fit statistics for y

Parameters Master model Predictive model
Mean 6.5400 6.5400
R? 0.8808 0.8808
Adj. R? 0.7276 0.7276
RMSE 0.5100 0.5100
CV (%) 7.8600 7.8600

polysaccharides rapidly increased with increasing of
microwave power from 420-700 W. According to Fig. 1-3,
optimal extraction condition of MCP were extraction time
5 min, microwave power 420 W, ratio of water to raw
material 25:1, respectively.

Among the three extraction parameters studied, the
microwave power was the major factor affecting the
extraction yield of MCP, followed by extraction time and
ratio of water to raw material according to the regression
coefficients significance of the quadratic polynomial
model (Table 5) and gradient of slope i the 3-D
response surface plot (Fig. 1-3).

The result was similar with previous investigation
(Wang et al, 2010). Dwing the MAE procedure,
microwave energy 1s used to heat solvents in contact with
samples and to partition analytes from sample matrix into
the solvent. Microwave heating occurs in a targeted and
selective manner with practically no heat being lost to the
environment as the heating occurs m a closed system.
This particular heating mechamsm can sigmificantly
reduce the extraction time when compared to conventional
heating (Mandal et al., 2007).

Table 6: Predicted and experimental values of the responses at optimum and
modified conditions

Extraction  Microwave Ratio of water
Conditions time (min)  power (W) to raw material  Vield (%9)
Optimum 5 420 25 811
Experimental 5 420 25 7.83+0.19

Validation of the models: In order to validate the
adequacy of the model equations (Eq. 2), a verification
experiment was carried out using the recommended
optimum conditions. The maximum predicted yield and
experimental vyield of Catathelasma ventricosum
polysaccharides were shown in Table 6. Under the
conditions, the experimental yield of polysaccharide was
7.83+0.19% (n = 3) which was close to the predicted value.
The good cormrelation between these results confirmed
that the model was adequate for reflecting the expected
optimization.

CONCLUSION

In this study, RSM was successfully used to
determine the microwave-assisted extraction conditions
for MCP. The optimal extraction conditions for the
polysaccharides were as follows: extraction time 5 min,
microwave power 420 W, ratio of water to raw material
25:1. Under these conditions, the experimental yield of
polysaccharides was 7.83+0.19% which was close with the
predicted yield value (Table 6).
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