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Abstract

Response surface methodology (RSM) is a powerful tool in the area of process and product improvements. It
is a collection of experimental designs and optimization techniques that enables the investigator to determine the
relationship between independent variables and the obtained responses. This study focuses on the osmotic dehydration
of pumpkin slices using response surface methodology investigating the influences of operating conditions on water loss
and solute gain The operating conditions were varied by changing the independent process variables in a range e.g.
salt concentrations from 5% to 25% (w/v), salt solution temperatures from 30°C to 70°C and processing time from 30
to 150 minutes. Results showed that all the process variables had significant influences on both water loss and solute
gain. However, the solution concentration was observed to be the most influential parameter followed by processing
time and solution temperature. The optimum operating conditions that caused maximum water loss and minimum solute
gain were found to be at solution temperature of 65.8°C, salt concentration of 25% and processing time of 63 minutes.
In conclusion, this study provides a strong guideline for efficient drying of seasonal crop (e.g. pumpkin) in industrial

application without compromising quality.
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Nomenclature: Y: Dependent variable; X: Coded independent
variable; W : Initial weight of pumpkin, % (w/w); W: Weight of
pumpkin after osmotic dehydration, % (w/w); S, Bone dry mass of
pumpkin, gm; S: Bone dry mass of pumpkin after osmotic dehydration,
gm; B: Constant coefficient

Introduction

Pumpkin is a seasonal crop that is directly consumed as human food
and/or used as ingredient, similar to palm fruit [1] to prepare processed
foods. It covers a wide number of species of the family Cucurbitaceae. It
is rich in vitamin A and antioxidant carotenoids, particularly alpha and
beta-carotenes. It is also a rich source of vitamins C, K, E and several
other minerals such as magnesium, potassium and iron [2,3]. Pumpkin
has very high potential for osmotic dehydration [4-7].

Osmotic dehydration is a method of dewatering by placing solid
food (whole or in pieces) in sugars or salt aqueous solution of high
osmotic pressure. The difference in the chemical potential of osmotic
agent and the water in food give rise to two major simultaneous counter-
current flows: one is the water diffusing from food into the solution
and the other is the solute diffusing from the surrounding solution
into the food [8]. Freezing, freeze-drying, microwave drying and air-
drying processes are carried out using Osmotic dehydration. These
processes improve nutritional, sensorial and functional properties of
fruits without changing their integrity [9]. The efficiency of osmotic
dehydration is governed by the several factors such as concentration
and type of osmotic solution, temperature, time, size, shape and ratio of
material-to-osmotic solution [10]. Numerous studies showed that the
operating parameters influenced the osmotic dehydration of vegetables
[11-13]. The effective diffusivity of sucrose was reported to be decreased
with the increase of the concentration of the sucrose solution, while
the effective diffusivity of water increased [14]. The rates of water loss
and solid gain were also influenced by the concentration, temperature
and sample geometry [15]. However, it still remains rather challenging

to establish general rule about the parameters that affect osmotic
dehydration. Response surface methodology (RSM) is a collection of
statistical and mathematical techniques and is considered to be very
useful for developing, improving and optimizing processes. The major
applications of RSM include the particular situations where several
input variables potentially influence the performance or characteristic
of any process [16,17]. This study investigates how the operating
conditions such as salt concentration, salt solution temperature and
processing time influence the dehydration (i.e. partial dewatering) of
pumpkin samples and thus optimizing the osmotic dehydration process
to provide maximum water loss and minimum solute gain by using
response surface methodology.

Materials and Methods

Preliminary experiments

Screening experiments were conducted prior to the actual
experiments to investigate the influences of five different operating
conditions on osmotic dehydration of pumpkin. Temperature, time,
solution to sample ratio, size of sample and solution concentrations
were the initially investigated variables. Afterward, the variables which
had remarkable effects on the osmotic dehydration of pumpkin were
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continued to be investigated for subsequent studies. These parameters
were determined based on preliminary results.

Experimental design

The experimental design was prepared adopting the three factors
three levels Box-Behnken design concept. The three influential
independent variables were identified to be the salt concentration,
processing time and solution temperature, while the dependent
variables were the water loss and solute gain. The actual values and the
corresponding coded values (-1, 0, 1) of the independent variables are
given in Table 1. The Box-Behnken design [18] can be illustrated by a
cube with x, y and z axes, where each axis represents one independent
variable as shown in Figure 1. Each axis is divided equally into three
points to denote the coded values (-1, 0, 1). The design requires
17 runs of experiments having combination of specified variables
corresponding to the spheres on the cube; 12 runs are located at the
midpoint of the edges of the cubes (white sphere) and 5 replicate runs at
the center point (black sphere). The whole set of 17 experimental runs
is presented in Table 2.

Two approximating second-order polynomial model relating the
water loss and solute gain to the variables was developed by fitting the
experimental data:

n n n-1 n
Y=B+Y BX,+D BX+D. > BXX, [1]
i=1 =l i=1 j=i+l
Experiment design, analysis of variance, fitting of the quadratic
polynomial model, drawing of response surface plots and optimization
were performed using statistical software, Design-Expert 6.0.

Experimental procedure

Mature pumpkins (Cucurbita moschata) selected on the basis of
similar size and colors were obtained from a local supermarket. The
inner part (seeds) and outer layer (skin) of the pumpkin were removed
using a spoon and a knife. The remaining portion of the pumpkins was
then washed and sliced into samples with specified dimensions of 2 cm
x 2 cm x 5 cm, and stored in the refrigerator for further experiments.
The experiments were conducted using approximately 25 g of sliced
pumpkin samples under the specified pre-designed operating
conditions as presented in Table 2. Osmotic solution was prepared by
dissolving the required amount of sodium chloride (w/v) in distilled

Table 1: Design of independent variables.
Coded values

Variables Symbol Unit -1 0 1
Temperature X, °C 30 50 70
Concentration X, Yo(W/v) 5 15 25
Time X minute 30 90 150

3

Figure 1: A three factors three levels box-behnken design.

water. Constant solution to pumpkin sample ratio :1 (v/w) was used for
all experiments. Osmotic solution temperature was controlled by water
bath. Temperature variation was not more than + 1°C. After osmotic
dehydration treatment, the pumpkin samples were taken out of the
osmotic solution and rinsed with water to remove any surplus solvent
adhering to the surfaces. The free water present onto the surface of the
samples was then removed using absorbent paper, and weighted before
placing into the hot air oven for further dehydration for 24 hours to
obtain their bone dry mass.

Measurements and calculations

Water loss (WL) and solute gain (SG) were expressed as % (w/w) of
initial weight according to the following equations:

W, =w)+(S, -S,)

WL = x100 (2]

0
SG = S =5%) 100 3]
0
Results and Discussions

Preliminary experiments

Figure 2 shows the variation of water loss over time with (a) solution
concentration, (b) sample size (thickness), (c) solution to sample ratio
and (d) solution temperature. The solution concentration had the
highest effect on the water loss followed by solution temperature. The
similar findings were also observed in another research [15]. Both
the solution to sample ratio and sample thickness had relatively lower
influences on the water loss in compared to other two variables (i.e.
solution concentration and solution temperature). A similar trend was
also observed in case of solute gain over time. Therefore, the solute
concentration, processing time and solution temperature were chosen
to be the major process parameters for subsequent investigations.

Statistical analysis and verification of experiments

Two models were tested for their adequacy using ANOVA
software. F-values for lack of fit (p<0.05) were found to be insignificant
confirming the validity of models. A good fit was obtained for solute

Table 2: Experimental design and results of experiment

Coded process variables Responses
Run X, X, X, SG WL
1 -1 -1 0 1.19 5.31
2 -1 0 -1 0.28 5.44
3 -1 0 1 3.72 12.64
4 -1 1 0 3.45 10.50
5 0 -1 -1 1.05 4.38
6 0 -1 1 1.24 8.38
7 0 0 0 2.85 8.48
8 0 0 0 2.51 8.23
9 0 0 0 2.49 8.80
10 0 0 0 2.45 8.63
1 0 0 0 3.21 9.10
12 0 1 -1 0.14 5.49
13 0 1 6.23 16.25
14 1 -1 0 3.13 8.10
15 1 -1 1.23 6.40
16 1 1 6.19 16.77
17 1 1 0 4.7 14.46
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gain (R?=0.97) and water loss (R*=0.95).
Influence of variables on solute gain

The p-values as presented in Table 3 indicate that all linear terms
of the process variables, the quadratic term of temperature and the
interaction term of “concentration and temperature” have significant
effects on solute gain at a minimum of 95% confidence level. These
findings are in agreement with other study [7]. Solution concentration
was found to be the most influential process parameter (f=1.84) followed
by processing time ($=0.99) and solution temperature (f=0.83). The
quadratic model developed in coded form (at 95% confidence level)
excluding the non-significant terms is presented as follows:

Solute gain=2.7+0.83Xl+1.84X2+0.99X3+0.55X12+ 148X X, --------- [4]

Response surface graphs were plotted showing the influences of
concentration and temperature on solute gain as demonstrated in Figure
3, where the time was kept constant for (a) 30 minutes, (b) 90 minutes
and (c) 150 minutes. As observed in Figure 3a, the concentration had
relatively lower influence on solute gain at shorter processing time (e.g.
30 minutes) and lower temperature (e.g. 30°C). However, at higher
temperature the solute gain increased with the increase of solution
concentration. It was also observed that the solution temperature had
a positive influence on solute gain regardless of solution concentration
at lower processing time. Figures 3b and 3c evidenced that at longer
processing time the effects of temperature on solute gain became more
pronounced even at lower temperature. Moreover, at longer processing
times the effect of temperature on solute gain was found to be less
significant.

Influence of process variables on water loss

The p-values as reported in Table 3, indicate that all linear terms of
the process variables, the quadratic term of temperature and interaction

terms of “temperature and concentration” and “concentration and time”
have significant effects on water loss at a minimum of 95% confidence
level. The relative magnitude of P indicates maximum positive
contribution towards water loss by solution concentration (p=4.04)
followed by processing time (f=2.56) and solution temperature

Table 3: The coefficients of the model with their respective 8 value, p-value and
r2 value.
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Figure 2: Influence of various operating conditions on water loss of pumpkin: (a) solution concentration (b) size (thickness) of sample (c) solution to sample ratio (v/w)

(d) solution temperature.

Water loss, Y, Solute gain, Y,
B p-value B p-value
Constant 8.64 2.7
Linear
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Conc x Conc 0.35 0.2750 -0.40 0.0668
Time x time -0.37 0.2544 -0.14 0.4872
Interaction
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Figure 3: Influence of concentration and temperature on solute gain of
pumpkin samples at different process time, (a) 30 minutes, (b) 90 minutes
and (c) 150 minutes.
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Figure 4: Influence of process time and temperature on water loss of pumpkin
The influences of varying temperature an d time are shown in samples at different solution concentration, (a) 5%, (b) 15% and (c) 25%.
Figure 4, where the solution concentration was kept constant at (a)
5%, (b) 15% and (c) 25%. As demonstrated in Figure 4a, the water loss Table 4: Criteria of variables and responses for optimization of osmotic dehydration
increased slowly with the increase of temperature up to 40 afterward ~ Of pumpkin.

the rate of water loss increased rapidly.

Process Target Range Importance
It also indicates that the water loss increased as the processing time Variables
increased. However, the effect of processing time on water loss was not Temperature Is in range 30-70
found to be as pronounced as the effect of temperature at lower solution Concentration Is in range 5-25
concentration (e.g. 5%). As the solution concentration increased as Time Is in range 30-150
shown in Figures 4b and 4c, the rate of increase of water loss due to both Responses
temperature and processing time became more gradual. At all three Solution gain Minimize 0.14 - 6.23 2
different concentrations, highest water loss was achieved at maximum Water loss Minimize 438 -16.8 5
solution temperature and processing time.
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Figure 5: Overlaid contours for time and concentration at different
temperatures (a) 30°C (b) 50°C and (c) 70°C.

Optimization

A graphical multi-response optimization technique was adopted
to determine the workable optimum conditions for the osmotic
dehydration of pumpkin. The contour plots for both water loss and
solute gain were superimposed into an overlay plot and the regions
that best satisfied all the constraints were selected. The criteria for

the constraint were set so that any experiment conducted under the
operating conditions within the optimum regions should result in a
favorable water loss to solute gain ratio. The constraint for water loss
was set at a minimum of 10% and solute gain at a maximum of 4%
resulting in a minimum of 2.5 water loss to solute gain ratio. These
constraints resulted in a feasible zone identified as the un-shaded area
in the superimposed contour plots as shown in Figure 4. Any points
that falls within the optimum region should have water loss > 10% and
solute gain<4%.

At 30°C, it was observed that the process time and solution
concentrations were to some extent competing, where a high process
time with a slightly lower solution concentration yielded optimum
results and vice-versa. As the temperature increased the degree where
these two variables were competing increased gradually. As shown in
Figures 4b and 4c, the optimum regions slowly shifted towards the left,
where high process time with a slightly lower solution concentration no
longer fell in the optimum region. At 70°C, the optimum region fell in
the area of either high process time combined with intermediate solution
concentration, or high solution concentration combined with low
process time. A more precise optimization of the osmotic dehydration
of pumpkin was achieved by pin-pointing the exact process variables
that yielded maximum water loss and minimum solute gain. Targets
for the process variables and the responses along with their priorities
(shown as importance) that have to be pre-determined are summarised
in Table 4.

The optimum operating conditions were found to be the solution
temperature, salt concentration and processing time of 65.76°C, 25%
and 63.29 minutes, respectively. Correspondingly the achieved solute
gain and water loss at optimum conditions were 4.36% and 13.57%,
respectively (Figure 5).

Conclusions

Osmotic dehydration of pumpkin was successfully studied
using response surface methodology. All three dominating
process variables (i.e. solution concentration, solution temperature and
processing time) had direct effects on both water loss and solute gain.
A feasible region that yielded a minimum water loss to solute gain ratio
of 2.5 was generated using statistical software. The optimized values
for the dominating process variables i.e. solution temperature, salt
concentration and processing time were found to be of 65.76°C, 25%
and 63.29 minutes, respectively. The optimum conditions accordingly
yielded minimum solute gain and maximum water loss of 4.36% and
13.57%, respectively. In conclusion, the Response Surface Methodology
(RSM) was shown to be promising in optimizing the process parameters
for osmotic dehydration of pumpkin in salt solution, which could serve
as strong guideline for industrial dehydration of crops like pumpkin.
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