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a  b  s  t  r  a  c  t

Polysaccharides  from  pumpkin  were  extracted  by  ultrasound-assisted  extraction  technology  using four
factors at five  levels  central  composite  rotatable  response  surface  design  (CCRD).  On  using single  factor
analysis,  process  variables  such  as extraction  temperature  (50–70 ◦C), power  of ultrasound  (50–70  W),
time  (15–25  min)  and  solid–liquid  ratio  (1:10–1:20  g/ml)  were  selected.  Experiments  were  conducted  to
evaluate  the  effects  of  four  independent  variables  on the  maximum  extraction  yield  of  polysaccharides.
From  the  experimental  data,  second  order  polynomial  mathematical  model  were  developed  with  high
eywords:
ltrasound
xtraction
olysaccharide
umpkin

coefficient  of determination  values  (R2 > 0.96).  From  response  surface  plots,  temperature  and  ultrasound
power  exhibited  independent  and  interactive  effects  on  the  extraction  yields.  Extraction  temperature  of
70 ◦C, ultrasound  power  of 70  W,  time  of 23  min  and  solid–liquid  ratio  of  1:10  g/ml  were  determined  as
optimal  conditions  with  a maximum  polysaccharides  yield  of 16.21%,  which  was  confirmed  through  the
validation of the  experiments.
entral composite design

. Introduction

Polysaccharides from fruits and vegetables have drawn atten-
ion of both food producers and consumers due to their physical
roperties, health-promoting and disease preventing potential and
ence have been employed in cosmetic and pharmaceutical prod-
cts (Willats, Knox, & Mikkelsen, 2006). In recent years, the isolated
olysaccharides have been found to play an important role in
he biomedical field due to their antioxidant (Guo et al., 2010),
mmunostimulatory (Sun & Liu, 2009) and antitumor (Zhou, Song,
eng, & Tan, 2011) effects. In the past few years, the pumpkin
as received considerable attention because of its nutritional and
ealth protective value, and also its potential in medicinal uses have
een explored.

Pumpkin (Cucurbita moschata) is an annual herbaceous plant
f the family Cucurbitaceae. The fruit of pumpkin is one of
he most important vegetables in traditional agricultural sys-
ems in the world. The flesh and peel of the fruit represent
ich sources of pectin-type dietary fiber and antioxidants (Caili,

uan, & Quanhong, 2006). So far, several beneficial physiological
ffects, immunological activity and other pharmacological activi-
ies such as lipid-lowering, hepatoprotective (Makni et al., 2008),
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anti-carcinogenic, anti-microbial (Caili, Haijun, Tongyi, Yi, &
Quanhong, 2007; Park, Lee, & Kim, 2010) and anti-diabetic proper-
ties (Adams et al., 2011; Caili et al., 2006; Xia & Wang, 2006; Yadav,
Jain, Tomar, Prasad, & Yadav, 2010) of various pumpkin extracts
have been published and its antioxidant activity was reported
by Nara, Yamaguchi, Maeda, and Koga (2009) for a water-soluble
polysaccharide from the fruit of pumpkin. Pumpkin polysaccha-
rides (PP) are composed of galactose, glucose, arabinose, xylose and
glucuronic acid and are water insoluble but organic solvents soluble
macromolecular compounds with important biological functions.
PP has the biological effects of detoxification, anti-oxidation, reduc-
ing blood pressure, reducing blood lipids, lowering cholesterol
levels (Yong, Ning, & Liu, 2006), promote the biosynthesis of nucleic
acids and proteins, control cell division and differentiation, regulat-
ing cell growth and aging, especially for the treatment of diabetes
(Zhang, Shen, & Zhu, 2002).

The traditional extraction methods of polysaccharides from
plant tissues are maceration, mechanical rabbling and heat reflux.
These extraction methods depend largely on energy input and
agitation to improve the solubility and mass transfer efficiency
of polysaccharides. Usually, the conventional extraction method
requires long extraction time and high extraction temperature with
low extraction yield, but high-energy consumption (Chen, Li, Liu,

Yang, & Li, 2012). Ultrasound in combination with conventional
extraction is a potential technique, which is a fully reproducible
food process, completed in a shorter time with high reproducibil-
ity, reduced processing cost, simplified manipulation and work-up.

dx.doi.org/10.1016/j.carbpol.2012.11.086
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:prakashmaran@gmail.com
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his process gives a higher purity of the final product, eliminates
ost-treatment of waste water and consumes only a fraction of the
ime and energy, normally needed for conventional processes (Kim,
hi, & Hong, 2009; Li, Wei, You, & Lydy, 2010; Maran, Manikandan,
hirugnanasambandham, Nivetha, & Dinesh, 2012; Sun, Liu, Chen,
e, & Yu, 2011). Ultrasound-assisted extraction (UAE) is an

deal extraction method capable of producing high quantities of
olysaccharides and is non-destructive with a shorter extraction
ime.

Previous findings have reported the influence of many inde-
endent variables, such as solvent composition, pH, temperature,
xtraction time, and solid to liquid ratio, on the yields of bioactive
ompounds which can be extracted from diverse natural prod-
cts (Bujić-Kojić, Planinic, Srécko, Jakabek, & Seruga, 2009; Cacace

 Mazza, 2002, 2003; Pinelo, Rubilar, Sineiro, & Nunez, 2005;
antos, Veggi, & Meireles, 2010; Wettasinghe & Shahidi, 1999).
esponse Surface Methodology (RSM) is a collection of statistical
nd mathematical techniques useful for developing, improving and
ptimizing processes, in which a response of interest is influenced
y independent variables, and it generates a mathematical model
hat describes the chemical process (Prakash Maran, Sivakumar,
ridhar, & Prince Immanuel, 2013) used to find out their opti-
al  values (Triveni, Shamala, & Rastogi, 2001). Several studies

n the optimized conditions for the extraction of phenolic com-
ounds from different sources using RSM have been published
Hayouni, Abedrabba, Bouix, & Hamdi, 2007; Pinelo et al., 2005;
ompeu, Silva, & Rogez, 2009; Yang & Zhai, 2010). Hence the
bjective of the present study is to investigate the individual
nd interactive effect of UAE process variables such as extrac-

ion temperature, power of ultrasound, time and solid–liquid ratio
n the extraction yield of polysaccharide from pumpkin and to
ptimize the processing variables of UAE for the highest yield
f pumpkin polysaccharides using central composite rotatable

able 1
entral composite rotatable experimental design with results for extraction of polysacch

Run order Blocks Temperature
(◦C)

Power of ultrasound
(W)

Time
(min)

SL rat
(g/ml

1 1 50 70 15 1:10 

2  1 60 60 20 1:15 

3  1 50 70 25 1:10 

4  1 50 70 25 1:20 

5  1 70 50 15 1:20 

6  1 70 70 15 1:10 

7  1 60 60 20 1:15 

8  1 70 70 15 1:20 

9  1 60 60 20 1:15 

10  1 60 60 20 1:15 

11  1 70 70 25 1:20 

12  1 70 50 15 1:10 

13  1 70 70 25 1:10 

14  1 60 60 20 1:15 

15 1  50 50 25 1:10 

16  1 50 50 15 1:20 

17  1 70 50 25 1:10 

18  1 60 60 20 1:15 

19  1 50 50 25 1:20 

20 1 70 50 25 1:20 

21  1 50 50 15 1:10 

22  1 50 70 15 1:20 

23  2 40 60 20 1:15 

24  2 60 40 20 1:15 

25  2 60 60 10 1:15 

26  2 80 60 20 1:15 

27  2 60 80 20 1:15 

28 2  60 60 30 1:15 

29  2 60 60 20 1:05 

30 2  60 60 20 1:25 
olymers 92 (2013) 2018– 2026 2019

response surface design coupled with Derringer’s desired function
methodology.

2. Materials and methods

2.1. Pumpkin powder preparation

Freshly harvested pumpkins (C. moschata) with similar maturity
and weight were purchased from a local fruit orchard near Leeds,
UK. The thick layer of the skin and seeds were peeled from the fruits
manually and the fruits were washed thoroughly in running tap
water to remove any impurities adhered to the surface of the fruit.
The washed fruits were dried in the hot air oven (NSW 143, India)
at 40 ◦C until it attains the constant weight. Then the dried samples
were pulverized and sifted through a 40-mesh sieve to obtain the
powdered samples. The powder (moisture content 8–12% in dry
basis) was  stored in dark bags and kept in dry environment prior
to conduct the experiments.

2.2. UAE of polysaccharide

For the UAE experiments, 10 g of dried pumpkin powder was
mixed with an appropriate amount of distilled water in a 500 ml
beaker. Experiments were performed using a 20 kHz ultrasonic
device (VCX 400, Sonics and Materials, USA and 0–400 W)  with a
2.00 cm flat tip probe in a beaker with provisions to set required
output power, temperature and time. Ultrasonic generator probe
was directly submerged into the suspension and the samples
were extracted with continuous ultrasound waves at frequencies

of 20 kHz with different levels of power output. An amplitude
controller was  used to set the desired level of ultrasonic power.
Ultrasonic output powers were determined calorimetrically and
ranged from 50 to 70 W according to the method described by Li,

aride yield.

io
)

Polysaccharide yield
(%)

Residual error % Error Actual error

Experimental Predicted

9.84 9.59 0.25 2.53 0.25
13.58 14.09 −0.51 −3.78 0.51
11.99 12.18 −0.19 −1.58 0.19

9.42 9.75 −0.33 −3.54 0.33
16.02 16.03 −0.01 −0.05 0.01
13.67 13.84 −0.17 −1.25 0.17
14.45 14.09 0.36 2.47 0.36
13.43 13.79 −0.36 −2.68 0.36
14.25 14.09 0.16 1.10 0.16
14.3 14.09 0.21 1.44 0.21
13.15 13.17 −0.02 −0.14 0.02
13.61 13.06 0.55 4.01 0.55
15.52 16.05 −0.53 −3.38 0.53
13.93 14.09 −0.16 −1.18 0.16
10.72 10.15 0.57 5.33 0.57
13.51 12.77 0.74 5.45 0.74
13.49 13.47 0.02 0.16 0.02
14.05 14.09 −0.04 −0.31 0.04
10.71 10.74 −0.03 −0.25 0.03
13.57 13.61 −0.04 −0.27 0.04

9.18 9.36 −0.18 −1.96 0.18
9.77 9.99 −0.22 −2.25 0.22
9.41 9.71 −0.30 −3.17 0.30

12.63 13.44 −0.81 −6.38 0.81
9.91 10.20 −0.29 −2.92 0.29

17.11 16.83 0.28 1.65 0.28
14.02 13.23 0.79 5.64 0.79
10.64 10.37 0.27 2.57 0.27
12.08 12.23 −0.15 −1.28 0.15
12.91 12.77 0.14 1.07 0.14
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ordesimo, and Weiss (2004).  During the extraction period, tem-
erature was controlled at a desired level within ±1 ◦C and the
xperiments were carried out according to Table 1. All the experi-
ents were performed in triplicates and the reported result is the
ean of these triplicate measurements.

.3. Determination of polysaccharide yield

After extraction, the extracts were centrifuged at 2600 × g for
5 min  (Remi R-24 Centrifuge, India) and filtered through a fil-
er paper (Whatman no. 1, England). The obtained extracts were
oncentrated with a rotary evaporator (Büchi, UK) at 60 ◦C under
acuum. The remaining solution was mixed with four volumes of
5% (v/v) ethanol for 48 h at 4 ◦C and centrifuged again to collect
he precipitate as the crude extract, which was freeze dried at
40 ◦C under vacuum and ground to powder. The percentage yield
f polysaccharide (Y) was calculated by the following equation:

 (%) = wt

wi
× 100 (1)

here wt is the weight of the crude extract and wi is the weight of
he pumpkin powder.

.4. Experimental design

Central composite rotatable response surface design (CCRD)
as employed to study and optimize the effect of process

ariables such as extraction temperature (50–70 ◦C), power of
ltrasound (50–70 W),  time (15–25 min) and solid–liquid ratio
1:10–1:20 g/ml) on the extraction yield of polysaccharide from
umpkin. The application of statistical experimental design tech-
iques in bioprocess development and its optimization can result

n enhanced product yields, closer conformance of the process
utput or response to target requirements and reduced process
ariability, development time and cost (Maran, Sivakumar, Sridhar,

 Thirgananasambandham, 2012). On single factor analysis, pro-
ess variables and their ranges were selected and independent
ariables were coded at five levels between −2 and 2. The cod-
ng of the variables was done by the following equation (Prakash

aran et al., 2013):

i = Xi − Xz

�Xi
i = 1, 2, 3, . . . , k (2)

here xi is the dimensionless coded value of an independent vari-
ble; Xi, the real value of an independent variable; Xz, the real value
f an independent variable at the center point; and �Xi, step change
f the real value of the variable i.

In this study, CCRD consists of 16 factorial points, 8 axial points,
 center points and two blocks. Totally 30 experiments were per-
ormed to optimize and study the effect of process variables on
he response. The Center point is replicated to find and allow the
stimation of experimental error. So the replication of the entire
xperimental design is not required. It is recommended that six
enter points have taken in a CCRD with four factors and the total
umber of experiments (N) was calculated by the following equa-
ion:

 = 2K + 2K + Cp (3)

here K is the number of process variable, 2K is the number of
actorial points, 2K is the number of the axial points on the axis of
ach design factor at a distance of ±  ̨ (  ̨ = 2K/4 = 2 for K = 4) and Cp

s the replicate number of the central point.

In this study, the experimental run was randomized in order to

educe the error arising from the experimental process due to the
xtraneous factors. A nonlinear regression method was  used to fit
he second order polynomial (Eq. (4))  to the experimental data and
olymers 92 (2013) 2018– 2026

express the mathematical relationship between process variables
(X1, X2, X3 and X4) and the response (Y). The generalized form of
the second order polynomial equation is shown in Eq. (4).

Y = ˇ0 +
k

˙
j=1

ˇjxj +
k

˙
j=1

ˇjjx
2
j + ˙

i

k
˙

<j=2
ˇijxixj + ei (4)

where Y is the response; xi and xj are variables (i and j range from 1
to k); ˇ0 is the model intercept coefficient; ˇj, ˇjj and ˇij are inter-
action coefficients of linear, quadratic and the second-order terms,
respectively; k is the number of independent parameters (k = 4 in
this study); and ei is the error (Prakash Maran & Manikandan, 2012).
The final mathematical second order polynomial model includes 4
linear terms, 6 two factor interaction terms, 4 squared terms and 1
intercept term.

2.5. Statistical analysis

Design expert 8.0.7.1 statistical software package (Stat-Ease
Inc., USA) was  used to analyze the experimental data. Multiple
regression analysis and Pareto analysis of variance (ANOVA) were
used to evaluate the experimental data and the ANOVA table was
generated. Significant terms in the model (linear, interactive and
quadratic) for the response were found by analysis of variance
(ANOVA) and significance was  judged by the F-statistic value cal-
culated from the data. The experimental data was  evaluated with
various descriptive statistical analysis such as p value, F value,
degrees of freedom (DF), sum of squares (SS), coefficient of vari-
ation (CV), determination coefficient (R2), adjusted determination
of coefficient (R2

a) and predicted determination of coefficient (R2
p) to

reflect the statistical significance of the developed quadratic math-
ematical model. After fitting the data to the models, the model
was used for the construction of three dimensional response sur-
face plots to predict the relationships between independent and
dependent variables.

2.6. Total percentage contributions of process variables

The total percentage contributions (Pi) of each individual pro-
cess variables were calculated based on the regression coefficients
obtained from the ANOVA analysis. The following equations were
used to find out the Pi of individual process variables as described
by Khataee, Fathinia, Aber, and Zarei (2010).

Pi =
(

ˇ2
i∑
ˇ2

i

)
× 100 (i /= 0) (5)

where ˇi is the regression coefficient of individual process variable.

2.7. Determination of optimal conditions

After analyzing the polynomial equation depicting the depend-
ent and independent variables, optimization process was  carried
out by Derringer’s desired function methodology (Derringer &
Suich, 1980). This numerical optimization technique will optimize
any combination of one or more goals; these may be either process
variables or responses. The possible goals are: maximize, minimize,
target, within range, none (for responses only) and set to an exact
value (factors only). In this study, goals of the process variables were
selected as in a range and the response goals were selected as maxi-
mize. A weight factor of 1 was chosen for the response, which can be
used to adjust the shape of its particular desirability function. The

default value of 1 creates a linear ramp function between the low
value and the goal or the high value and the goal. Increased weight
(up to 10) moves the result towards the goal and the reduced weight
(down to 0.1) creates the opposite effect. Default importance of 3
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Table  2
Sequential model fitting for the yield of polysaccharide.

Source Sum of squares DF Mean square F value Prob > F Remarks

Sequential model sum of squares
Mean 4835.40 1 4835.40
Linear 76.58 4 19.14 9.23 0.0001
2FI  20.96 6 3.49 2.15 0.0948
Quadratic 26.86 4 6.72 25.02 <0.0001 Suggested
Cubic 3.37 8 0.42 4.50 0.0312 Aliased
Residual 0.66 7 0.09
Total 4963.82 30 165.46

Lack of fit tests
Linear 51.36 20 2.57 26.39 0.0009
2FI  30.40 14 2.17 22.32 0.0015 Suggested
Quadratic 3.54 10 0.35 3.64 0.0834 Aliased
Cubic 0.17 2 0.08 0.87 0.4750
Pure  error 4.87E−01 5 9.73E−02

Source Std. dev. R2 Adjusted R2 Predicted R2 Press Remarks

Model summary statistics
Linear 1.44 0.596 0.532 0.416 75.00
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2FI  1.27 0.759 0.633
Quadratic 0.52 0.969 0.939
Cubic  0.31 0.995 0.979

as chosen for the response, which can represent the goals to be
qually important.

.8. Verification of the predicted optimized conditions

After optimization, in order to determine the validity of the
ptimized conditions, triplicate verification experiments were per-
ormed under the optimal conditions as predicted by the model. The
verage value of the experiments was compared with the predicted
alues of the developed model in order to find out the accuracy and
uitability of the optimized conditions.

. Results and discussion
.1. Experimental design (CCRD) analysis

The total number of 30 statistically designed batch experiments
ere performed for different combinations of the process variables

able 3
nalysis of variance for the extraction of polysaccharide yield.

Source Coefficient estimate Sum of squares Degree of freedo

Model 14.09 124.40 14 

X1 1.78 76.04 1 

X2 −0.05 0.06 1 

X3 0.04 0.04 1 

X4 0.13 0.43 1 

X12 0.14 0.30 1 

X13 −0.10 0.15 1 

X14 −0.11 0.20 1 

X23 0.45 3.24 1 

X24 −0.75 9.09 1 

X34 −0.71 7.98 1 

X1
2 −0.21 1.17 1 

X2
2 −0.19 0.99 1 

X3
2 −0.95 24.90 1 

X4
2 −0.40 4.34 1 

Residual 4.03 15
Lack of fit 3.54 10 

Pure  error 0.487 5 

Cor  total 128.42 29

Std. dev. 0.52 

Mean  12.70 

C.V.% 4.08 

Press 21.08 
0.553 57.37
0.836 21.08 Suggested
0.805 25.00 Aliased

in order to optimize and study the combined effect of indepen-
dent variables (extraction temperature, power of ultrasound, time
and solid–liquid ratio) on the extraction yield of polysaccharides
and the results are shown in Table 1, that includes the experimen-
tal design, experimental and predicted values of the response. The
experimental data was fitted to the various models (linear, interac-
tive (2FI), quadratic and cubic) to obtain regression equation. Three
different tests namely the sequential model sum of squares, lack of
fit tests and model summary statistics were carried out in this study
to decide about the adequacy of models among various models to
represent the maximum yield of polysaccharide and the results are
listed in Table 2.

From Table 2, linear and interactive (2FI) models were
exhibited lower R2, adjusted R2, predicted R2 and also high

p-values, when compared with quadratic model. Cubic model
was found to be aliased. Therefore the quadratic model incor-
porating linear, interactive and quadratic terms was chosen to
describe the effects of process variables on the extraction of

m Standard error Mean square F value p-Value

0.21 8.89 33.11 <0.0001
0.11 76.04 283.36 <0.0001
0.11 0.06 0.24 0.6322
0.11 0.04 0.16 0.6991
0.11 0.43 1.61 0.2239
0.13 0.30 1.11 0.3094
0.13 0.15 0.55 0.4688
0.13 0.20 0.75 0.3987
0.13 3.24 12.07 0.0034
0.13 9.09 33.87 <0.0001
0.13 7.98 29.74 <0.0001
0.10 1.17 4.36 0.0543
0.10 0.99 3.70 0.0737
0.10 24.90 92.77 <0.0001
0.10 4.34 16.17 0.0011

0.27
0.35 3.64
0.10

R2 0.969
Adjusted R2 0.939
Predicted R2 0.836
Adeq. precision 20.39
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olysaccharide from pumpkin. Furthermore, analysis of variance
ANOVA) was also used to check the adequacy of quadratic

odel.

.2. Fitting of second order polynomial equation

By applying multiple regression analysis on the experimental
ata, the Design-Expert software generated a second-order poly-
omial equation that can express the relationship between process
ariables and the response. The final equation obtained in terms of
oded factors is given below:

ield (%) = 14.09 + 1.78X1 − 0.052X2 + 0.042X3 + 0.13X4

+ 0.14X1X2 − 0.096X1X3 − 0.11X1X4 + 0.45X2X3

− 0.75X2X4 − 0.71X3X4 − 0.21X2
1 − 0.19X2

2 − 0.95X2
3

− 0.40X2
4 (6)
here Yield (%) is the polysaccharide yield; X1, X2, X3 and X4 are
he coded values of extraction temperature, power of ultrasound,
ime and solid–liquid ratio, respectively.

Fig. 1. Diagnostic plots for 
olymers 92 (2013) 2018– 2026

3.3. Statistical analysis

Pareto analysis of variance (ANOVA) and multiple regression
analysis were used to analyze the experimental data. The statistical
significance of the regression equation was evaluated by the corre-
sponding F and p-values and it is presented in Table 3. The model
F and p-value was found to be 33.11 and <0.0001, which indicated
that the model was  highly statistically significant. The fitness of the
model was  studied through the lack of fit test. The lack of fit F-value
of 3.64 and the associated p-value of 0.0834 was indicated the suit-
ability of the model to predict the variations. The goodness of the fit
of the model was evaluated by the determination co-efficient (R2),
adjusted determination co-efficient (R2

a), predicted determination
co-efficient (R2

p) and co-efficient of variance (CV) and it was  listed
in Table 3. The R2 value of the predicted model was 0.969, while
R2

a value was 0.939, which exhibited the high degree of correla-
tion between the experimental and predicted values. If there are
many terms in the models and the sample size is not large enough,

R2

a may  be noticeably smaller than R2 (Yetilmezsoya, Demirelb,
& Vanderbeic, 2009). In our study, the R2

a value was found to be
smaller and very close to the R2. The values of R2

a and R2
p should

be approximately within 0.20 of each other, to be in reasonable

the model adequacy.
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greement. Otherwise, there may  be a problem with either the
ata or the model (Mourabet et al., 2012). In this study, a high
orrelation between R2

a (0.939) and R2
p (0.836) was found and it

hows that the form of the model chosen to explain the relation-
hip between the factors and the response is well-correlated. The
oefficient of variance (CV) is the ratio of the standard error of the
stimate to the average value of the observed response defining by
he reproducibility of the model. The low CV (4.08) clearly stated
hat, the deviations between experimental and predicted values are
ow, high degree of precision and also showed a good reliability of
he conducted experiments. Adequate precision is the measure of
ignal to noise ratio and greater than 4 of this value is desirable.
n this study, the ratio was found to be >20, which indicates an
dequate signal and confirm that, the model is significant for this
resent extraction process. The predicted residual sum of squares
PRESS) value of 21.08 shows how this model fits with each point
n the design.

.4. Diagnostics of model adequacy

Generally, it is important to confirm that the fitted model
ives a sufficient approximation to the actual values. Unless the
odel shows a satisfactory fit, proceeding with an investigation

nd optimization of the fitted response surface likely gives poor
r misleading results. In addition to determination coefficient,
he adequacy of the models was also evaluated by the residu-
ls (difference between the observed and the predicted response
alue) and the influence plots for the experimental data obtained
rom this study. Residuals are thought as elements of variation,
nexplained by the fitted model and then it is expected that
hey occur according to a normal distribution. Normal probability
lots are a suitable graphical method for judging residuals nor-
ality. The observed residuals are plotted against the expected

alues, as they lie reasonably close on a straight line and show

o deviation of the variance (Fig. 1A). This can confirm the nor-
al  distribution of the data. By constructing internally studentized

esiduals plot, a check was made to analyze the experimental
ata to find out the satisfactory fit of the developed models and

Fig. 2. Detailed schematic diagram showing the percent
olymers 92 (2013) 2018– 2026 2023

the plot shows that, all the data points lie within the limits
(Fig. 1B).

Diagnostic plots such as predicted versus actual (Fig. 1C) help
us to evaluate the model suitability and find out the relationship
between predicted and experimental values. The data points on
this plot lie reasonably close to the straight line and indicate that
an adequate agreement between real data and the data obtained
from the models. Fig. 1D showed that, all the data points lie within
the limits. Since the Cook’s distance values are in the determined
range (Fig. 1E), there is no strong evidence of influential obser-
vations in the observed data. Difference of fits plot is a measure
of the influence of each point on the predicted value. Fig. 1F
suggested that, there are no high deviations in the experimental
data. Hence, trends observed in Fig. 1 revealed that, no obvi-
ous patterns were found and residuals appeared to be randomly
scattered.

3.5. Percentage contribution of process variables

The total percentage contributions (Pi) of linear, interactive and
quadratic effect of the process variables on the response were cal-
culated based on the regression coefficient obtained from ANOVA.
The Pareto analysis gives more significant information to interpret
the results. In fact, this analysis calculates the percentage effect of
each process variables on the response and it is shown in Fig. 2.
As can be seen in this figure, linear effect of extraction tempera-
ture (X1, 56.12%) and quadratic effect of time (X2

3 , 16.08%) produces
the main effect on extraction of polysaccharide from pumpkin. This
was followed by interactive effect of power + solid–liquid ratio (X24,
10.06%) and time + solid–liquid ratio (X34, 8.84%).

3.6. Influence of process variables

Four factors at five level CCRD was  used in this study to

investigate the influence of process variables such as extrac-
tion temperature, power of ultrasound, time and solid–liquid
ratio on the UAE of polysaccharide from pumpkin. To under-
stand the interaction between the independent variables and

age contributions of individual process variables.
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Fig. 3. Response surface plots representing the effect of

stimate the polysaccharide extraction efficiency over indepen-
ent variables, three dimensional (3D) response surface plots
ere plotted from the developed model. In this study, the model
as more than two factors. So, the 3D plots have drawn by
aintaining two factors at constant level (in turn at its cen-

ral level), whereas the other two factors were varied in their
ange in order to understand their main and interactive effects
n the dependent variables. It is also used to locate the optimum
onditions.

.6.1. Influence of extraction temperature
Experiments were carried out to study the effect of temper-
ture over the extraction yield of polysaccharide from pumpkin.
rom the results, it was observed that, the yield of polysaccha-
ide was increased linearly with increasing temperature from
0 to 70 ◦C (Fig. 3A–C). Higher temperature can accelerate the
ss conditions on the extraction yield of polysaccharide.

molecular movements, conductivity of the solution to the plant
material. This effect can increase the solubility and diffusivities
of the plant materials in to the solution and increases the extrac-
tion yield (Yang et al., 2010). On the other hand, temperature has a
greater influence on the cavitation threshold, which is responsible
for acoustic cavitation and also results in the formation of cavi-
tational nucleus. The influence of relative greater force ruptured
and erupted the formed cavitational nucleus and disrupted the cell
tissues during extraction, which in turn enhanced the mass trans-
fer rate (Toma, Vinatoru, Paniwnyk, & Mason, 2001) and increased
the extraction efficiency (Fig. 3A and C). Additionally, solvents have
greater capacity to solubilize the analytes at higher temperatures,

while surface tension and solvent viscosity decreases with increas-
ing temperature, which will improve sample wetting and matrix
penetration, respectively (Xie et al., 2010). As the solvent moves
deeper, its area of exposure increases which ends up with higher
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xtraction efficiency. Based on the results, 70 ◦C was chosen as the
ptimum extraction temperature.

.6.2. Influence of ultrasound power
In this study, the influence of different power of ultrasound

50–70 W)  on the extraction yield of polysaccharide was  stud-
ed. It can be seen that, the yield of polysaccharide was  increased
inearly with increasing power (Fig. 3A). As the larger amplitude
ltrasonic wave passed through the liquid medium, more bub-
les were created and collapsed (Quan, Sun, & Qu, 2009). Since the
emperature and pressure were very high inside the bubbles and
he collapse of bubbles occurred over a very short time, the vio-
ent shock wave and high-speed jet were generated which could
nhance the penetration of the solvent into the cell tissues and
ccelerate the intracellular product release into the solvent by
isrupting the cell walls (Zhang et al., 2008). Moreover, the vio-

ent shock wave and high-speed jet were generated which could
nhance the penetration of the solvents in to the cell tissues. This
ccelerates the intracellular product release into the solvent by dis-
upting the cell walls via hydration of pectinous material which
ight lead to the breakup of plant tissue during sonication and also

auses the molecules to mix  better, thus enhancing the mass trans-
er rate. However, due to a further increase in the ultrasonic power
eyond 70 W,  the yield was increased moderately due to presence
f hard cell walls of the plant material. Based on the current results,
he maximum ultrasonic power 70 W was chosen as the optimum
utput power.

.6.3. Influence of time
Time is one of the important factors affecting extraction yield

f polysaccharide. Different extraction time would influence the
olvent and solid matrix contact. As shown in Fig. 3B, D and F,
he extraction yield was increased steadily and reached the max-
mum at 23 min. This phenomenon could be explained that, all
he plant cells will be completely cracked because of acoustic
avitation effects caused by the ultrasonic waves in the earlier
eriod of extraction (Wang, Wu,  Dai, Chen, & Shao, 2012). So

arger contact area between solvent and material was  created
nd the collapse of the bubbles will promote the interpenetra-
ion of the solvent into the plant cells to dissolve most of the
olysaccharides present in it and increases the extraction yield.
he number of cavitation micro-bubbles created by ultrasound
ncreased with the duration of extraction extended. The asymmet-
ic collapse of micro-bubbles near surfaces was also associated with
icro-jets that could scour surfaces and damage substance in solu-

ion (Vilkhu, Mawson, Simons, & Bates, 2008). However, when the
lant cells ruptured, various compounds such as insoluble sub-
tances were also suspended in the extraction liquid, resulting in
he lower permeability of the solvent. So the yield was decreased
lowly, when the extraction time extended. Thus the optimum
xtraction time was 23 min.

.6.4. Influence of solid–liquid ratio
The solvent quantity is also an important factor to the yield of
olysaccharide. Therefore, in this study we evaluated its influence
n the extraction yield. From the results, it was  observed that the
xtraction yield of polysaccharide was increased with the increas-
ng solid–liquid ratio (Fig. 3C, E and F). Higher concentration of

able 4
redicted and experimental value of the response at optimum conditions.

Optimum condition 

Temperature (◦C) Power of ultrasound (W)  Time (min) Solid–liquid ratio (g/

70 70 23 1:10 
Fig. 4. Desirability ramp for optimization.

solvent–liquid ratio enhances the efficiency of extraction by cre-
ating a concentration difference between the interior plant cell
and the exterior solvent, which in turn favors mass transfer. Too
much liquid would not change much of the driving force any
more as the limitation to mass transfer is more confined to the
solid interior (Zhang et al., 2008). However, the combined effect
of solid–liquid ratio (more than 1:10) with the optimum condi-
tions of other process variables (extraction temperature of 70 ◦C,
power of ultrasound of 70 W and time of 23 min) observed in this
study would not cause any further increase in the polysaccharide
yield. Taking all these factors into consideration, a solid–liquid ratio
of 1:10 g/ml was considered as optimal for this present extraction
process.

3.7. Optimization of extraction parameters and validation of the
optimized conditions

According to the CCRD results, the optimal extraction conditions
to obtain maximum extraction yield of polysaccharide from pump-
kin were determined by Derringer’s desired function methodology
as follows: extraction temperature of 70 ◦C, ultrasound power of
70 W,  time of 23 min  and solid–liquid ratio of 1:10 g/ml. Under
these conditions, the predicted extraction yield of polysaccha-
ride was  16.21% with a desirability value of 0.887. A desirability
ramp was developed from optimal points via numerical optimiza-
tion technique (Fig. 4). The suitability of the optimized conditions
for predicting the optimum response values was  tested using the
selected optimal conditions. The maximum predicted yield and
experimental yield of pumpkin polysaccharides were given in
Table 4. Additional experiments using the predicted optimum con-
ditions for polysaccharides extraction were carried out: extraction
temperature of 70 ◦C, ultrasound power of 70 W,  time of 23 min  and
solid–liquid ratio of 1:10 g/ml, and the model predicted a maximum
response of 16.21%. To ensure the predicted result was  not bias
with the practical value, experiment was  performed under the opti-
mal  conditions. A mean value of 16.04 ± 0.53% (N = 3) was obtained
from the experimental was in agreement with the predicted values
obtained from Derringer’s desirability function method. The good

correlation between these observed results and predicted values
indicate the reliability of CCRD incorporate desirability function
method and it could be effectively used to optimize the extraction
parameters on the maximum extraction yield of polysaccharide.

Polysaccharide yield (%) Residual error % Error Actual error

ml) Predicted Experimental

16.21 16.04 ± 0.53 −0.17 −1.06 0.17
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. Conclusions

UAE technology was performed for the polysaccharides extrac-
ion from pumpkin in order to increase the extraction yield. Four
actors at five levels central composite rotatable design was  suc-
essfully employed to optimize and study the individual and
nteractive effect of process variables such as extraction temper-
ture, power of ultrasound, time and solid–liquid ratio on the
xtraction yield of polysaccharide from pumpkin by UAE. The
esults indicated that the factors selected in this study had a sig-
ificant effect on the extraction of polysaccharide. The yield of
olysaccharide increased with increasing extraction temperature,
ltrasound power and solid–liquid ratio. From the ANOVA results,

 high correlation second-order polynomial regression model was
eveloped and this could be employed to optimize polysaccharides
xtraction from pumpkin by ultrasonic technology. The optimal
onditions for UAE were found to be extraction temperature:
0 ◦C, ultrasound power: 70 W,  time: 23 min  and solid–liquid ratio:
:10 g/ml. Under these optimal conditions, the experimental yield
f polysaccharides was 16.04 ± 0.53%, which was agreed closely
ith the predicted yield value (16.21%).
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