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Study on Optimization of Extraction Conditions of Platycodon
grandiflorum A. DC Polysaccharide Using Response Surface

Methodology
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Abstract：Platycodon grandiflorum A. DC. (PADC) root was taken as experiment material to extract polysaccharide. On the

base of single factor tests (extraction time, extraction temperature, liquid-solid ratio, solvent pH value and NaCl concentration),

the study concluded the main factors affecting the extraction of PADC polysaccharide, which are liquid-solid ratio, extraction time

and extraction temperature. Then through central-composite test design, the extraction conditions were concluded as liquid-solid

ratio 34.43, extraction time 89.83 min and extraction temperature 52.47 ℃. By means of validation experiments, the adequacy

of this model was confirmed.
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响应曲面法优化桔梗多糖提取条件研究
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摘   要：以桔梗根为实验材料，基于单因素(提取时间、提取温度、物料比、pH值和NaCl浓度)试验结果，确定桔梗

多糖提取主要因素，分别为物料比、提取时间和提取温度。通过中心组合试验设计，得到最佳提取条件为物料比34.
43，提取时间89.83min，提取温度52.47℃，桔梗多糖提取率为39.87%。通过验证实验，此模型确认有效。
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Platycodon grandiflorum A. DC (PADC) is a valued
horticultural plant widely planted for its balloon-shaped
flower. In Korea, Japan and China, the balloon flower is
largely cultivated for the supply of edible roots [1]. The
root of the plant containing polysaccharide and saponin
was used as an expectorant medicine, a sedative and an
analgesic in oriental medicine [2-4]. In 100 g fresh PADC,
protein content is 3.5 g, fat is 1.2 g, carbohydrate is 18.2 g,

calcium is 260 mg, vitamin C is 10 mg, dietary fiber is 3.2 g [5].
Polysaccharide content in dry PADC is 50% or so. Polysac-
charides play a substantial role in food industry, especially
as health ingredient in health food [6].

When many factors and interactions affect desired
response, response surface methodology (RSM) is an effec-
tive tool for optimizing the process [7]. Response surface
experiments attempt to identify the response that can be
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thought of as a surface over the explanatory variables
experimental space. It usually uses an experimental design
such as central-composite experimental design to fit an empirical,
full second-order polynomial model. A central-composite ex-
perimental design, coupled with a full second-order polyno-
mial model, is a very powerful combination that usually pro-
vides an adequate representation of most continuous response
surfaces over a relatively broad factor domain [8].

The purpose of the present work was to optimize and
to study the effects of extraction time, NaCl concentration,
extraction temperature, liquid: solid ratio and solvent pH on
the extraction yield of polysaccharide from PADC roots.

1 Materials and Methods

1.1 Extraction of polysaccharide
The pulverized platycodon roots was resolved by the

established concentration and volume of NaCl solution, and
then homogenized at the established time. After the solution
was centrifuged at 5000 r/min for 15 min, the supernatant
was collected. Then the supernatant was precipitated with
three volumes of 95% ethanol for 24 h at 40 ℃. The precipi-
tates was collected by centrifugation and washed with
acetone. It was dissolved with distilled water. The concen-
tration of polysaccharide was determined in triplicate.
1.2 Methods

Anthrone-sulfuric acid methods [3] were used to deter-
mine polysaccharide concentration. Sulfuric acid, anthrone,
NaCl, HCl, NaOH and glucose, which all were analytical grade,
were obtained from Shanghai Reagent Factory.
1.3 Experiment content

1.3.1 Single factor experiments
Effects of extraction time, NaCl concentration, extrac-

tion temperature, liquid: solid ratio and solvent pH on the
production of polysaccharide from PADC roots were studied.

1.3.2 Response surface design on optimum extraction
conditions

A central-composite experimental design with three
variables was used to study the response pattern and to
determine the optimum combination of variables. The effects
of the independent variables were at three variation levels in
the extraction process. Three replicates at the centre of the
design were used to allow for estimation of a pure error sum
of squares. Experiments were randomized in order to maxi-
mize the effects of unexplained variability in the observed
responses due to extraneous factors.

1.4 Statistical analysis
The average yield of the triplicate values obtained was

taken as the dependent variable or response, Yi. The model
proposed for the response was given below:

Yi=β0+β1a+β2b+β3c+β11a2+β22b2+β33c2+β12ab+
β13ac+β23bc

Where Yi was predicted response, β0 was offset term,
β1, β2 and β3 was linear effect terms, β11, β22 and β33

were squared effects and β12, β13 and β23 were interac-
tion effects.

The proportion of variance explained by the polyno-
mial models obtained was given by the multiple coefficient
of determination, R2. The significance of each coefficient
was determined using the students t-test and p value. The
behavior of the surface was investigated for the response
function (Yi) = g polysaccharide from extract/100 g PADC,
using the regression equation. Further, in order to deduce
workable optimum conditions, a graphical technique was
used [9-10] by fixing one variable at a predetermined optimum
condition. The optimum condition was verified by conduct-
ing experiments under these conditions. Responses were
monitored and results compared with model predictions.

The fitted polynomial equation was expressed as sur-
face plots in order to visualize the relationship between the
response and experimental levels of each factor and to de-
duce the optimum conditions. The data were expressed as
mean±S.E, and were analyzed statistically with SAS 8.0
and Matlab 6.1. The level of significance was at a p value
less than 0.05.

2 Results and Analysis

2.1 Single factor test results
Fig.1 shows that yield rates of polysaccharide increase

while extraction temperature rises. The higher the extraction
temperature is, the more yield rate of polysaccharide is. It
can be seen from Fig. 2 that yield rate goes up with extraction
time, and yield rate is nearly full after 90 min of extraction
time. NaCl concentration has a certain effects on yield rate of
polysaccharide for polysaccharide is polar compound. In
Fig. 3, the yield rate of polysaccharide is highest when NaCl
concentration is 2%. With liquid: solid ratio increasing, yield
rate of polysaccharide gradually goes up in Fig. 4. However,
the range of its increase is very small. Fig. 5 shows that the
optimum solution pH is 7.0.
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the absolute value becomes larger [11]. So Fig.1～Fig.5 show that
the sequence of effects of experimental factors on yield rate of
polysaccharide is as follow: liquid: solid ratio, extraction time,
extraction temperature, NaCl concentration and solvent pH. The
main effect factors (liquid-solid ratio, extraction time and extrac-
tion temperature) on yield rate of polysaccharide were deter-
mined and act as experimental factors of RSM.
2.2 Fitting of models

The application of RSM yields the following re-
gression equation, which is an empirical relationship
between polysaccharide yield and the test variable, as
given in the following equation:

Y0=36.142+6.2855a+3.3943b+1.1038c－4.4366a2－

0.1256b2－0.1871c2+1.6323ab+0.3398ac+1.0498bc
Variance analysis of regression equation was deter-

mined using the student F test and p value in Table 1. Since
F=14.33＞F0.99 (9,5)=10.16, the linear correlation between
each factor and corresponding value is significant, that is,
this experiment method is reliable. And each of the observed
values, Y0, is compared with the predicted value, Yi calculated
from the model, as depicted in Fig.6. Fig.6 shows that Y0

accords with Yi.

Variables df Sum of square Standard error Computed F value p value
Model 3 417.97366 139.32455 14.33 0.0004
Error 11 106.97106 9.72464

Corr. total 14 524.94472

Table 1   Variance analysis of regression equation

Fig.6   Comparison between predicted and observed polysaccha-
ride yield
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The significance of each coefficient was determined
using the student t test and p value in Table 2. It could be
seen that the variable with the largest effect was the linear
term of liquid: solid ratio, (a), followed by the linear term of
extraction time, (b), and the quadratic of liquid: solid ratio,
(a2). Furthermore, these three terms are all significant.

Moreover, the multiple coefficients of correlation r =
0.9822 indicates a close agreement between experimental and
predicted values of the yield rate of polysaccharide. The

Fig.2   Effects of extraction time on yield rate of polysaccharide
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Fig.3   Effects of NaCl concentration of yield rate of polysaccharide
NaCl concentration (%)
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Fig.4   Effects of liquid:solid ratio on yield rate of polysaccharide
Liquid-solid ratio (V/W)
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Fig.5   Effects of solution pH value on yield rate of polysaccharide
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Fig.1   Effects of extraction temperature on yield rate of
polysaccharide
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The corresponding variables will be more significant if
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Variables Regression coefficient Standard error Computed t value p value
36.14200 1.11090 32.53 ＜0.0001

a 6.28550 0.68029 9.24 0.0002
b 3.39425 0.68029 4.99 0.0041
c 1.10375 0.68029 1.62 0.1656
a2 －4.43663 1.00136 －4.43 0.0068
b2 －0.12563 1.00136 －0.13 0.9051
c2 －0.18712 1.00136 －0.19 0.8591
ab 1.63225 0.96207 1.70 0.1505
ac 0.33975 0.96207 0.35 0.7384
bc 1.04975 0.96207 1.09 0.3250

Table 2   Significance of regression coefficient for yield rate of
polysaccharide

total determination coefficient, R2 = 96.47% implies that the
sample variations of 96.47% for polysaccharide are attribut-
able to the independent variables, namely liquid: solid ratio,
extraction time and extraction temperature.
2.3 Optimization of the process

The 3D surface plots were drawn to illustrate the main
and interactive effects of the independent variables on the
dependent one. These graphs were drawn by imposing a
constant value (i.e., the central points of the interval taken
into consideration to one independent variable).

The effects of liquid: solid ratio, extraction time and
extraction temperature on response i.e. yield are shown (Table
2) by the coefficients of second order polynomials. The re-
sponse surfaces based on these coefficients are shown in
Fig. 7～9 with one variable kept at optimum level and vary-
ing the other two within the experimental range. In general,
exploration of the response surfaces indicated a complex
interaction between the variables.

the effect of liquid: solid ratio and extraction temperature; they
both exerted a quadratic effect on yield rate of polysaccharide.
Fig. 9 depicted the influence of extraction time and extraction
temperature; it can be seen as a quadratic effect for both
extraction time and extraction temperature. Therefore, in-
creases of extraction time and extraction temperature both
resulted in a higher yield rate of polysaccharide. Furthermore,
we can see from Fig. 7～9 that the curve of liquid: solid ratio
is steeper than that of extraction time, while the curve of
extraction temperature is milder than that of extraction time.
This further support the significance sequence of effects on
yield rate of polysaccharide is liquid: solid ratio (the first),
followed by extraction time and extraction temperature.

The optimum condition gained by using Matlab 6.1
software was that the liquid:solid ratio was 34.43, extraction time
was 89.83 min and extraction temperature was 52.47 ℃.
2.4 Verification of results

The suitability of the model equation for predicting the
optimum response values was tested using the recommended
optimum conditions. This set of conditions was determined to
be optimum by a RSM optimization approach, which was also
used to experimentally validate and predict the value of the

Fig.7   3D graphic surface optimization of yield rate of polysaccha-
ride versus liquid-solid ratio and extraction time
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Fig.7 showed that the effect of extraction time and of the
liquid: solid ratio on yield rate of polysaccharide. A qua-
dratic effect of liquid: solid ratio and a linear effect of extrac-
tion time on the response were observed. Fig. 8 showed that

Fig.8   3D graphic surface optimization of yield rate of polysaccha-
ride versus liquid-solid ratio and extraction temperature
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Fig.9   3D graphic surface optimization of yield rate of polysaccha-
ride versus extraction time and extraction temperature
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Items
Predicted Mean experimental Range of experimental

value value value
Yield rate (%) 36.97 39.87±2.04 37.83～42.71

Table 3   Optimum of condition (based on graphical optimization)
predicted and experimental value of response at that condition

responses using model equations. The experimental values were
found to be in agreement with the predicted ones (Table 3).

3 Conclusions

The production of polysaccharide from Platycodon A.
DC roots was optimized using SAS 8.0 and Matlab 6.1
software. Based on the results of single factor experiments,
the three main independent variables gained by Plackett-
Burman experiments and involved in the optimization are
liquid:solid ratio (a), extraction time (b) and extraction tem-
perature (c). The student t test and p value indicated that the
variable with the largest effect was the liquid:solid ratio (a).
This is followed by the linear effect of extraction time (b) and
quadratic effect of liquid:solid ratio (a2). From the RSM results,
the optimal experimental yield rate of polysaccharide of 36.
97 g of PADC polysaccharide extract/100 g Platycodon A.
DC roots was obtained. The adequacy of this model was
confirmed by means of additional experiments.

Through this research, the optimal extraction condi-
tions were obtained by the least experiment numbers. The
PADC polysaccharide can be used in beverage and func-

tional foods. So the extract is of great significance[12].
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