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The quantitative effects of fermentation temperature, fermentation time and inoculum volume on the
yield of Pholiota squarrosa extracellular polysaccharide were investigated using response surface method-
ology (RSM). The experimental data obtained were fitted to a second-order polynomial equation using
multiple regression analysis and also analyzed by appropriate statistical methods. RSM analysis showed
good correspondence between experimental and predicted values. It was found that three parameters
represented significant effect. The coefficient of determination (R2) for the model was 98.5%. Probability
value (P < .0001) demonstrated a very high significance for the regression model. By solving the regres-
sion equation and also by analyzing the response surface contour plots, the optimal process parameters
were determined: fermentation temperature 28.57 �C, fermentation time 7.82 d and inoculum volume
12.57 ml. Under the optimal conditions the corresponding response value predicted for extracellular
polysaccharide production was 853.73 lg per milliliter of fermentation liquor, which was confirmed
by validation experiments.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Nowadays, following nutritional investigations, edible mush-
rooms are well known as a very rich food supplement, due to their
favorable protein, carbohydrate and dietary fiber contents (Car-
bonero et al., 2006; Hou, Zhang, Xiong, Li, & Yang, 2008; Kalač,
2009; Ng, 1998; Wang & Li, 2001).

These basidiomycetes have caused an emerging interest in the
biomedical area, mainly due to their contents of bioactive sub-
stances, especially various biologically active polysaccharides.
Among these, edible fungi from the genera Ganoderma, Agaricus
and Lentinus have been widely investigated (Kües & Liu, 2000;
Wasser, 2002), and have also demonstrated some interesting bio-
logical properties, such as anti-inflammatory, immunomodulating
and antitumor activity (Delmanto et al., 2001; Lin & Zhang, 2004;
Yu, Yin, Yang, & Liu, 2009).

Also studied has been another genus of edible mushrooms, that
of Pholiota Kummer, which, a genus of macrofungi, often endowed
with attractive colors, belongs to the family Strophariaceae, order
Agaricales, class Basidiomycetes. More than 30 species are known,
distributed worldwide. These mushrooms are frequently active
parasites and wood destroyers, attacking forest trees as well as
park trees, and their mycelium continues the destruction after
the tree is cut. A few Pholiotas are edible and no species have been
reported as toxic so far.
ll rights reserved.

.

Pholiota Kummer are rich in vitamins, amino acids, trace ele-
ments, lipid and polysaccharides (Tian, 2006) and many of them,
represent significantly pharmacologic activity, such as Pholiota
nameko, Pholiota aurivella, Pholiota adiposa, Pholiota flammans, Pho-
liota lubrica (Xu,1997). Pholiota squarrosa (Pers. ex Fr.) Quel. AS
5.245, a brown edible fungus is extensively distributed in China.
However, little information about its polysaccharides is available
compared with those of other Pholiota types, such as P. adiposa,
P. nameko (Cui & Li, 2004; Dulger, 2004; Huang, Chang, & Xing,
2008; Li, Zhang, & Zhang, 2008; Wang et al., 2006).

Our previous studies have shown that the extracellular polysac-
charide components of P. squarrosa exhibit the strong antitumor
activity (data not shown). However, cultivation of P. squarrosa is
fairly difficult and efficient production of P. squarrosa polysaccha-
rides has been a bottleneck in all their promising applications.
The objective of this present study is to optimize the process for
production of P. squarrosa extracellular polysaccharides, using re-
sponse surface methodology (RSM), employing a three-level and
three-variable Box–Behnken design.

2. Materials and methods

2.1. Microorganism and culture

Pholiota squarrosa (Pers. ex Fr.) Quel. AS 5.245, obtained from
China Center for Type Culture Collection, China, was grown on syn-
thetic potato–dextrose–agar slant for fortnight at 25 �C and subcul-
tured every 3 months.
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Table 2
Box–Behnken design matrix of the three variables in coded units along with the
experimental and predicted values of EPC.

Trial no. A B C EPC (lg per milliliter)

Experimental Predicted

1 �1 �1 0 612.21 623.58
2 1 �1 0 682.41 694.32
3 �1 1 0 720.38 708.47
4 1 1 0 711.03 699.66
5 �1 0 �1 650.69 649.34
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The medium for fungal slant is synthetic potato–dextrose–agar.
The medium for inoculum and shake flask cultivation are synthetic
potato–dextrose without agar.

2.2. Shake flask cultivation

The optimization study experiments were carried out in 250 ml
Erlenmeyer flasks, covered with 12 layers of cotton gauze, contain-
ing 50 ml cultivation medium, they were inoculated with designed
volume of seed inoculum and then the flasks were incubated on a
rotary shaker at 140 rpm and designed temperature for designed
time.

2.3. Estimation of extracellular polysaccharide concentration (EPC)

After cultivation, 10 ml of the fermented filtrate obtained from
the cultivation medium by filtration through Whatman no. 1 filter-
paper was precipitated with 85% alcohol, centrifugated at 3000
r/min for 5 min and the supernatant was removed. The sediment
was dissolved with distilled water to certain volume in which
the extracellular polysaccharide concentration was determined
according to the classical method of Dubois, Gilles, Hamilton, Re-
bers, and Smith (1956) using glucose solution as a standard
reference.

2.4. Experimental design for response surface methodology

The levels of the significant parameters and the interaction
between variables, which influence the extracellular polysaccha-
ride concentration, were analyzed and optimized by Box–Behn-
ken methodology (Box & Behnken, 1960). In this study, the
experimental plan consisted of 17 trials and the independent
variables are studied at three different levels, low (1), medium
(0) and high (+1). The variables and their coded levels used for
the study are shown in Table 1. All the experiments were done
in triplicate and the average of extracellular polysaccharide con-
centration obtained was taken as the dependent variable or re-
sponse (ŶEPC). The second-order polynomial coefficients were
calculated and analysed using the ‘‘Design Expert” software
(Version 6.0.5, Stat-Ease Inc., Minneapolis, USA) statistical pack-
age. The general form of the second degree polynomial Eq. (1) is

ŶEPC ¼ c0 þ
Xn

i¼1

aixi þ
Xn

j�i

aijxixj ð1Þ

where ŶEPC is the predicted response, c0 the intercept term, ai val-
ues are linear coefficient, aij values the cross-product coefficient,
xi and xj the level of the independent variables, subscripts i and j
takes values from 1 to the number of variables. In the present
study, three variables are involved and hence n takes the value
3. Thus, by substituting the value 3 for n, and the coded variables
for natural ones, Eq. (1) becomes the following form:

ŶEPC ¼ c0 þ a1Aþ a2Bþ a3C þ a11A2 þ a22B2 þ a33C2 þþa12AB

þ a13AC þ a23BC ð2Þ
Table 1
Level and code of variables chosen for Box–Behnken design.

Variable Symbols Coded levels

Uncoded Coded �1 0 1

Fermentation temperature (�C) x1 A 25 28 31
Fermentation time (d) x2 B 6 8 10
Inoculum volume (ml) x3 C 5 10 15
The goodness of fit of the model was evaluated by the coefficient of
determination (R2) and the analysis of variance (ANOVA). Quadratic
polynomial equations were attained by holding one of the indepen-
dent variances at a constant value and changing the level of the
other variables.
3. Results and discussion

3.1. RSM model fitting

Response surface optimization is more advantageous than the
traditional single parameter optimization in that it saves time,
space and raw material. All 17 of the designed experiments were
conducted for optimizing the three individual parameters in the
current Box–Behnken design. The results were analyzed by multi-
ple regression analysis. Table 2 shows the experimental conditions
and the results of extracellular polysaccharides yield according to
the factorial design. Maximum yield of polysaccharides (848.1 lg
per milliliter of fermentation liquor) was recorded under the
experimental conditions of fermentation temperature 28 �C, fer-
mentation time 8 d, and inoculum volume 10 ml.

In order to determine whether or not the quadratic model is sig-
nificant, it is necessary to conduct ANOVA analysis. The P-values
were used as a tool to check the significance of each coefficient,
which also indicated the interaction strength of each parameter.
The smaller the P-values are, the bigger the significance of the cor-
responding coefficient (Murthy, Swaminathan, Rakshit, & Kosugi,
2000). Here, the P-value of the model was smaller than .0001,
which indicated that the model was suitable for use in this exper-
iment. The P-value of ‘‘lack of fit” was .1771 (P > .01), which indi-
cated that ‘‘lack of fit” was insignificant relative to the pure error.
The coefficient of determination (R2) and adjust coefficient of
determination (Adj R2) were also shown in Table 3. The values indi-
cated that the accuracy and general availability of the polynomial
model were adequate.

The regression coefficients and the corresponding P-values
were presented in Table 4. From the P-values of each model term,
it could be concluded that three linear coefficients (A,B,C), three
quadratic coefficients (A2,B2,C2) and three cross-product coeffi-
cients (AB,AC,BC) were significant.

Using the designed experimental data (Table 2), the polynomial
model for the EPC was regressed and shown as below (in term of
coded factors):
6 1 0 �1 637.93 636.03
7 �1 0 1 709.31 711.21
8 1 0 1 785.10 786.45
9 0 �1 �1 651.10 641.09

10 0 1 �1 726.23 739.50
11 0 �1 1 813.79 800.53
12 0 1 1 782.33 792.35
13 0 0 0 838.10 836.30
14 0 0 0 833.10 836.30
15 0 0 0 841.10 836.30
16 0 0 0 848.10 836.30
17 0 0 0 821.10 836.30



Table 3
Analysis of variance for the fitted quadratic polynomial model of EPC by P. squarrosa (Pers. ex Fr.) Quel. AS 5.245.

Source Sum of squares df Mean square F-Value Probability (P) > F

Model 102418.8 9 11379.87 52.67 <.0001
Lack of fit 1105.64 3 368.55 3.62 .1228
Pure error 406.8 4 101.7
Correlation total 103931.3 16

R2 = .9854; Adj R2 = .9667.
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Fig. 1. Response surface plots representing the effect of fermentation temperature,
fermentation time and their reciprocal interaction on EPC synthesis. Inoculum
volume is constant at 12.57 ml.
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ŶEPC ¼ 836:30þ 15:49Aþ 22:56Bþ 53:07C � 19:89AB

þ 22:13AC � 26:6BC � 101:20A2 � 53:59B2 � 39:34C2 ð3Þ

Many parameters can influence the P. squarrosa extracellular poly-
saccharides concentration. Eq. (2) shows that the yield of P. squar-
rosa extracellular polysaccharides has a complex relationship with
independent variables that encompass both first and second-order
polynomials and may have more than one maximum point.

Fig. 1 represents the effects of fermentation time, fermentation
temperature and their reciprocal interactions on EPC at a constant
inoculum volume of 12.57 ml. At the designed range of fermenta-
tion temperature from 25 �C to 31 �C, the augmentation of EPC re-
sulted in a linear increase in fermentation time, then reduced. An
increase of fermentation temperature increased the EPC at a con-
stant fermentation time within a fermentation temperature of
28.57 �C. The appropriate maximal EPC was determined at a fer-
mentation temperature of 28.57 �C and a short fermentation time.

Fig. 2 shows the effects of inoculum volume, fermentation tem-
perature and their reciprocal interactions on EPC at a fermentation
time of 7.82 d. At the designed range of fermentation temperature
from 25 �C to 31 �C, the yield of extracellular polysaccharide in-
creased with inoculum volume increasing. At a low temperature,
the yield of extracellular polysaccharide increased with tempera-
ture increasing, then reduced when temperature was above
28 �C. EPC was affected significantly by fermentation temperature.

The effect of inoculum volume and fermentation time on the
synthesis of EPC at a reaction temperature of 28.57 �C is provided
in Fig. 3. An increase in EPC was observed with the increasing of
inoculum volume and fermentation time at first. But the trend
was reversed when the inoculum volume and fermentation time
reached a certain value. It could be seen from Fig. 3 that the opti-
mum inoculum volume and fermentation time for the maximum
EPC was around 13 ml and 8 d, respectively.

3.2. Validation of the model

The optimal values of the selected variables were obtained by
solving the regression equation (Eq. (3)) using Design-Expert 6
software. The optimal conditions for EPC synthesis estimated by
the model equation were as follows: A = 28.57 �C, B = 7.82 d and
C = 12.57 ml. The theoretical EPC predicted under the above condi-
Table 4
Regression coefficients and their significance of the quadratic model of EPC by P.
squarrosa (Pers. ex Fr.) Quel. AS 5.245.

Model term Coefficient estimate df Standard error Probability (P) > F

Intercept 836.3 1 6.57 –
A 15.49 1 5.20 .0205
B 22.56 1 5.20 .0034
C 53.07 1 5.20 <.0001
A2 �101.20 1 7.16 <.0001
B2 �53.59 1 7.16 .0001
C2 �39.34 1 7.16 .0009
AB �19.89 1 7.35 .0304
AC 22.14 1 7.35 .0196
BC �26.65 1 7.35 .0084
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Fig. 2. Response surface plots representing the effect of inoculum volume,
fermentation temperature and their reciprocal interaction on EPC synthesis.
Fermentation time is constant at 7.82 d.
tions was 853.727 lg per milliliter. In order to verify the prediction
of the model, the optimal reaction conditions were applied to three
independent replicates for EPC synthesis. The average EPC was
847.68 ± 1.67 lg per milliliter (N = 3), a figure well within the esti-
mated value of the model equation. This demonstrated the valida-
tion of the RSM model. The good correlation between these results
confirmed that the response model was adequate for reflecting the
expected optimization. The results also suggested that the models
of Eq. (3) are satisfactory and accurate.
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Fig. 3. Response surface plots representing the effect of inoculum volume,
fermentation time and their reciprocal interaction on EPC synthesis. Fermentation
temperature is constant at 28.57 �C.
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4. Conclusions

Optimization of the process parameters for maximal EPC was
carried out. RSM was used to optimize the production of P. squar-
rosa extracellular polysaccharide. The coefficient of determination
(R2) for the model is 98.5%. Probability value (P < .0001) demon-
strates a very high significance for the regression model. EPC of
847.68 lg per milliliter of fermentation liquor was obtained when
optimum conditions of the process parameters for maximal pro-
duction of extracellular polysaccharide using P. squarrosa (Pers.
ex Fr.) Quel. AS 5.245 were fermentation temperature 28.57 �C, fer-
mentation time 7.82 d and inoculum volume 12.57 ml. Validation
experiments verified the availability and the accuracy of the mod-
el. The predicted value was in agreement with the experimental
value. The study proved the response surface method to be useful
for optimization of process parameters for extracellular polysac-
charide production using P. squarrosa (Pers. ex Fr.) Quel. AS 5.245
and statistical analysis is proved to be a useful and powerful tool
in developing optimal production conditions.
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