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ABSTRACT

The effect of pretreatment, osmotic–ultrasonic dehydration, on the rehydration
kinetic of quince at three temperatures (25, 45 and 70C) was examined. The values
of the effective moisture diffusivity of quinces were in the range 8.114 ¥ 10-11 to
2.020 ¥ 10-10 for untreated samples and 6.085 ¥ 10-11 to 1.308 ¥ 10-10 for pretreated
samples, respectively. The temperature dependence of the diffusivity coefficient was
also described by the Arrhenius-type relationship. The activation energy was found
to be 14.48 and 17.27 kJ/mol, for pretreated and untreated samples quince, respec-
tively. Five different models, Fick’s second law of diffusion, Peleg,Weibull, first-order
and exponential association, were evaluated based on coefficient of determination
(R2), reduced chi-square (c2) and root means error (RMSE). The Weibull model
gives the highest values of R2 and the lowest values of c2, SSE and RMSE for untreated
and pretreated quince samples.

PRACTICAL APPLICATIONS

Rehydration is a complex process aimed at the restoration of raw-material properties
when dried material comes in contact with water and can be considered as a measure
of the injury to the material caused by drying. The capacity of the dry material to be
rehydrated depends on certain intrinsic properties of the vegetal tissue and also on
how the rehydration process is carried out (process conditions) and on the previous
pretreatments applied to the product. These pretreatments are usually used to obtain
a better quality of the final product (i.e., better preserved from undesirable changes)
and in this sense applying an osmotic–ultrasonic dehydration step prior to the rehy-
dration process could be interesting. The objective of rehydration study is to attain as
many products in their original characteristics as fast as possible. An improved
knowledge of rehydration kinetics would significantly enhance the feasibility of this
process.jfpp_593 383..392

INTRODUCTION

Drying is one of the possibilities of processing the vegetables
and fruits. Using dehydrated products in many processed or
ready-to-eat foods as replacement of fresh foods has several
vantages such as convenience in transportation, storage
and preparation (Mazza and LeMaguer 1980; Lewicki et al.
1998). Dehydrated products before consumption or further
processing need to be rehydrated (Oliveira and Ilincanu
1999). By rehydration, the product will show similar charac-
teristics to the fresh product and leads to restoration of the
final product properties (Krokida et al. 1999; Bilbao-Sáinz

et al. 2005). Rehydration of dried vegetal tissues is composed
of three simultaneous processes: the absorptions of water
into dried material, the swelling of the rehydrated products
and the leaching of soluble solids to rehydration medium
(Krokida and Maroulis 2001; Krokida and Marinos-Kouris
2003; Lee et al. 2006; Vega-Gálvez et al. 2009). Several factors
affect rehydration, grouped as intrinsic factors (product
chemical composition, predrying treatment, product
formulation, drying techniques and conditions, post-drying
procedure, etc.) and extrinsic factors such as composition
of immersion media, temperature and hydrodynamic con-
ditions (Oliveira and Ilincanu 1999). Impairment in the
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reconstitution properties, result changes in the structure and
composition of the plant tissue by some of these factors
(Taiwo et al. 2002). A pretreatment can be used to minimize
shrinkage and improve rehydration of dried vegetables and
therefore optimize product quality. Osmotic dehydration is
the most reported pretreatment used prior to air-drying
(Antonio et al. 2008; Fernandes et al. 2008; Lombard et al.
2008; Pani et al. 2008; Azoubel et al. 2009, Corrêa et al.
2010). On the other hand, among emergent new technolo-
gies, ultrasonic dehydration is very promising because the
process can be carried out at low temperatures, which
reduces the probability of food degradation (Povey and
Mason 1998) and permits the removal of moisture content
from solids without producing a liquid phase change. Ultra-
sonic pretreatment involves the immersion of the fruit in
water or in a hypertonic aqueous solution to which ultra-
sound is applied. Ultrasonic waves can cause rapid series of
alternative compressions and expansions, in a similar way to
a sponge when it is squeezed and released repeatedly (sponge
effect). In addition, ultrasound produces cavitations, which
may be helpful to remove strongly attached moisture. The
sponge effect caused by ultrasound application may be
responsible for the creation of microscopic channels in
porous materials, such as fruits, that reduce the diffusion
boundary layer and increase the convective mass transfer in
the fruit (Tarleton 1992; Tarleton and Wakeman 1998). If
distilled water is used as the liquid medium, the ultrasonic
treatment will not incorporate soluble solids into the fruit,
changing its natural taste (Fernandes et al. 2008). Recently,
several researchers studied the rehydration kinetics of foods
after drying. Several empirical and theoretical equations for
the modeling of mass transfer kinetics during the rehydra-
tion process have been applied. The results will be useful for
the optimization of the process itself. The food products
studied included broccoli (Sanjuán et al. 1999), soybean
(Hsu et al. 1983), green pea (Krokida and Philippopoulos
2005), carrot (Kompany et al. 1993; Marabi and Saguy 2004;
Krokida and Philippopoulos 2005), corn and pumpkin
(Krokida and Philippopoulos 2005), apple (Krokida and
Philippopoulos 2005), mushroom (Garcia-Pascual et al.
2005; Krokida and Philippopoulos 2005), blueberry prod-
ucts(Chen et al. 2001), celery (Madamba and Liboon 2001),
sword bean (Min et al. 2005), shrimp (Namsanguan et al.
2004), parsley (Bobi et al. 2002), potato (Bobi et al. 2002),
green and red pepper (Kaymak-Ertekin 2002; Krokida
and Philippopoulos 2005), rough rice(Basunia and Abe
2005), avocado (Lee et al. 2006) and onion (Krokida and
Philippopoulos 2005; Sharma et al. 2005).

Dried quinces are used to make jam, marmalade and jelly,
as well as quince pudding. Additionally, dried quinces can be
used as ingredients of traditional Iranian food such as quince
khoresh, chowder and other food. It is notable that no pub-
lished data are present in literature on rehydration of quince.

Therefore, the objective of this work was to investigate the
effect of combination of osmotic dehydration and ultrasonic
as pretreatment and rehydration temperature on the rehydra-
tion process and kinetic modeling of the process.

MATERIAL AND METHODS

Preparation of Samples

Fresh quinces were bought from a local market in Mashhad,
Iran. Quince samples were cut to obtain slabs of the same
dimensions (0.009 m average in thickness and 0.026 m
average diameter) and then immersed in 1% sodium
Metabisulphate(Merck,Berlin,Germany)solutionfor5 minin
order to prevent enzymatic browning reactions. The moisture
content was determined by heating in a drying oven at 105C for
48 h according toAOAC method 931.04 (AOAC 1990).

Ultrasonic Pretreatment

An experimental set of four quince samples was immersed
in distilled water and submitted to ultrasonic waves for
0–30 min. The experiments with ultrasonic treatment were
carried out in separate 250-mL Erlenmeyer flasks to avoid
interference between the samples and runs. The experiments
were carried out under ambient temperature (30C) in
an ultrasonic bath (Schaper model Unique USC 25 kHz,
Berlin, Germany) without mechanical agitation. The ultra-
sonic frequency was 25 kHz, and the intensity was 500 W. The
temperature increase during the experiments was measured
using a thermometer and was lower than 2C after 30 min of
ultrasonic treatment. To determine the effect of ultrasonic,
the same experimental procedure was carried out without
applying ultrasonic. After removal from the distilled water,
the samples from each group were drained, blotted with
absorbent paper to remove the excess water.Weight and mois-
ture content were measured individually. At the end, samples
were transferred to osmotic solution.

Osmotic Dehydration

Each experimental group consisting of three quince slabs
was immersed in the osmotic solution for 1, 1.5 or 2 h. The
osmotic solution used in each experiment was prepared by
mixing food-grade sucrose with distilled water to give a con-
centration of 40-60 Brix. The osmotic solution to fruit ratio
was maintained at 20:1 (weight basis). Experiments were per-
formed with the same constant magnetic agitation. The tem-
perature was monitored by thermocouple was set at 50C.
After removal from the solution, the dehydrated samples
from each group were drained, blotted with absorbent paper
to remove the excess solution. Weight and moisture content
were measured individually.
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Response surface methodology (RSM) was applied to opti-
mize the osmotic–ultrasonic conditions considered in this
research. As a consideration of the osmotic–ultrasonic pre-
drying treatment, it was appropriate to maximize water loss
(WL) and weight reduction and minimize solid gain (SG).
The results of the optimum conditions for quinces were
found to be 27.25 min for ultrasonic time, 120 min for
osmotic dehydration and 50.52% for sucrose concentration.
Details have been published in another paper (Noshad et al.
2011).

Air-Drying

Hot air-drying was performed in a laboratory drier (Soroush
Medical Company, Mashhad, Iran) operating with an air
velocity of 1.5 m/s. Before each drying experiment, the drier
was run without sample for about 0.5 h to set desired con-
ditions. The quince samples, fresh and pretreated with
optimized osmotic–ultrasonic dehydration condition, were
subjected to air-drying at 80C.The drying process was stopped
when the moisture content decreased to 14 � 0.3% (wet basis
[w.b.]) fromaninitialvalueof 83.13 � 0.5%(w.b.).Finally,the
moisture content of dried quince was determined at 105C for
48 h according to AOAC method 931.04 (AOAC 1990). The
experiments were conducted with three replications.

Rehydration Experiments

Rehydration experiments were carried out in a distilled water
bath at constant temperatures of 25, 45 and 70C (�0.2C).
Sample of dehydrated quince was placed inside a flask. For all
experiments, the solid–liquid relation was kept at 1:50. The
sample weight was measured every 15 min for the first hour
of rehydration, then every 20 min for the next until 180 min
(final stage of the process). Finally, the moisture content of
dried quince was determined at 105C for 8–10 h according
to AOAC method (AOAC 1980). The experiments were con-
ducted with three replications.

Light Microscopic Analysis

After the end of ultrasonic pretreatment, the samples were
carefully cut into cubes of 5 mm average side. The sample
cubes were fixed with 4% solution of paraformaldehyde in
0.1 M phosphate buffer, pH 7.2 and 1% glutaraldehyde for
24 h at ambient temperature. The material was then dehy-
drated in a graded ethanol series and embedded in Historesin
embedding kit (Jung). The tissue blocks were sectioned at
8 mm. The Periodic Acid-Schiff reagent (PAS) cytochemical
reaction was employed for polysaccharide detection
(Fernandes et al. 2008). Photomicrographs of the cell struc-
ture were taken using an Olympus BX41 (Olympus, Tokyo,
Japan) light microscope with digital image capture system.

MATHEMATICAL MODELING OF
REHYDRATION PROCESS

It was assumed that water transport from the surface to the
center of the solid mainly takes place by diffusion. Therefore,
an effective diffusion coefficient could be computed from the
combination of the second Fick’s law with the microscopic
mass balance. The integrated equation for long periods and
infinite slab geometry was applied (Eq. 1), representing the
first term of the development of the series in Eq. (2) (Crank
1979; Garcia-Pascual et al. 2006). In order to solve this equa-
tion, the following was assumed: (1) uniform initial moisture
content; (2) negligible external resistance to heat and mass
transfer; (3) a constant effective diffusion coefficient; (4) no
shrinkage (Sanjuán et al. 2001; Garcia-Pascual et al. 2006;
Cunningham et al. 2008).
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where Dew is the effective diffusivity (m2/s); XW is the moisture
content of the sample at time t (kg water/kg dm), X0 is the
initial moisture content (kg water/kg dm), Xe is the
equilibrium moisture content (kg water/kg dm), t is the time
(s) and L is the half-thickness of the slab (m).

The temperature affinity of the effective diffusivity may be
portrayed by an Arrhenius-type relationship (Akgun and
Doymaz 2005) as follows:
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0 exp a
(3)

where D0 is the pre-exponential factor of the Arrhenius
equation (m2/s), Ea is the activation energy (kJ/mol), R is the
universal gas constant (kJ/mol K) and T is the absolute
temperature (K). From the slope of the straight line of lnDeff

versus reciprocal of T, described by the Arrhenius equation,
the activation energy, Ea, could be calculated.

Among the various models thus far proposed, empirical
models are the most commonly employed because of their
mathematical simplicity and utility (Moreira et al. 2008).
Peleg’s model (Eq. 4), Weibull equation (Eq. 6), first-order
kinetic model (Eq. 7) and exponential association equation
(Eq. 8) were used (Hsu et al. 1983; Peleg 1988; Sopade and
Obekpa 1990; Sopade et al. 1992; LU et al. 1994; Machado
et al. 1999; Garcia-Pascual et al. 2005; Krokida and Philip-
popoulos 2005; Gowen et al. 2006; Kaptso et al. 2008; Apar
et al. 2009; Demirhan and Zbek 2010).
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where Xw is the moisture content at any time (kg/kg dry
basis [d.b.]), X0 is the moisture content at t = 0 (kg/kg d.b.), t
is the rehydration time (s), A is a kinetic constant of the model
(s. [kg d.b.]/kg) and B is a characteristic constant of the model
(kg d.b./kg). If the time of rehydration is long enough, the
equilibrium moisture content (Xe) (kg/kg d.b.) is given by:

X X
B

e = +0
1

(5)

To establish when equilibrium is achieved during rehydra-
tion is difficult, because many changes happen at long soaking
times. Therefore, unlike drying, in this process, the equilib-
rium moisture content (Me) cannot be measured separately.
Hence, the equilibrium moisture content Me is considered as
an additional parameter to be identified in the Weibull model
(Eq. 6).
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where B (s) and A (dimensionless) are the scale and the shape
parameters, respectively.

X X X X ktw e e= + − −( )exp( )0 (7)

where k is the rehydration kinetic constant (s-1).

X X Htw e= − −[ exp( )]1 (8)

where H is the kinetic constant (s-1).

STATISTICAL ANALYSIS

The software package, MATLAB R2008a (Math Works, Inc.,
Natick, MA) was used in the numerical calculations. Fitting
quality of the models used on the experimental data was
evaluated by means of statistical tests: The correlation coeffi-
cient (r) was one of the primary criterions for selecting the
best equation to define the drying curves of quinces. In addi-

tion to r, various statistical parameters such as reduced chi-
square (c2), sum of square error (SSE) and root mean square
error (RMSE) were used to determine the quality of the fit.
These parameters can be calculated as following:
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where, Xei experimental moisture content (kg water/kg dm),
Xci calculated moisture content (kg water/kg dm), N is
number of experimental data points and z is number of con-
stants in model. The higher values of R2 and the lower values
of c2 and RMSE are chosen as the criteria for goodness of fit.

RESULTS AND DISCUSSION

Effect of Temperature on
Rehydration Kinetics

The untreated quince samples were rehydrated at various
rehydration temperatures, 25, 45 and 70C, in order to evalu-
ate the effect of rehydration temperature on moisture content
uptake during rehydration. Figure 1 shows the data of mois-
ture content uptake during rehydration versus rehydration
time of quince. As can be seen from this figure, increasing the
rehydration temperature causes increased the moisture
content uptake of dried quince. Also, substantially, all curves
showed typical rehydration behavior with a high water
absorption rate at the beginning of the process then absorp-
tion rate decreases until equilibrium moisture. The rapid
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initial water uptake was likely due to the filling of capillaries
on the surface of the sample. As water absorption proceeds,
the soaking rate starts to decline due to the filling of free cap-
illaries and intercellular spaces with water. It is found that
water temperate affects rehydration rates and equilibrium
moisture content, positively (Sanjuán et al. 1999; Cunning-
ham et al. 2008). Similar results have been reported by other
authors working with different food products: (Kaymak-
Ertekin 2002) with green and red peppers,(Krokida and
Marinos-Kouris 2003) with apple, potato, carrot, banana,
pepper, garlic, mushroom, onion, leek, pea, corn, pumpkin
and tomato (Bilbao-Sáinz et al. 2005); with apple (Resio et al.
2006); with amaranth grain (Garcia-Pascual et al. 2006); with
mushroom,(Moreira et al. 2008); and with chestnuts.

Effect of Osmotic–Ultrasonic Pretreatment
on Rehydration Kinetics

The effect of osmotic–ultrasonic pretreatment on moisture
content uptake during rehydration is depicted in Fig. 2.

During rehydration, the moisture content of osmotic-
ultrasonic pretreated samples was lower, at any time during
rehydration, as compared with that of the untreated
samples.

The microscopic image analysis of the fresh fruit showed
typical thin-walled cells with normal morphology and no
visible intercellular spaces (Fig. 3a). After ultrasonic treat-
ment, the cells became more distorted, and microscopic chan-
nels began to form (Fig. 3b). Although the fruit presented
microchannels that might ease water diffusion during rehy-
dration process, the water diffusivity of the pretreated samples
decreased. The decrease can be explained by a high sugar gain.
Sugar may have entered into the microchannel, saturating
the channel, reduced the pore size and creating an extra re-
sistance for water diffusion during rehydration and therefore
the rate of moisture absorption decreased significantly
(Bakalis and Karathanos 2005). Also, osmotic dewatering
affects the rehydration properties of dried material,because of
cell permeability due to osmotic stress and hence, upon
rehydration these cells cannot absorb as much as water as the
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un-treatment (Lewicki 1998). The reduced water absorption
during rehydration of samples pretreated with osmotic solu-
tion was reported by (Lewicki et al. 1998) and (Rastogi et al.
2004).

Modeling of Rehydration Curves

Diffusion Model. Table 1 shows the values of Dwe at each
term. The results showed that Dwe values increased as water
rehydration temperature increased. As expected, water
absorption rate was higher as temperature increased. Similar
results have been reported in other researches: 1.78–3.32 and
1.87–4.99 ¥ 10-10 m2/s for broccoli stems rehydrated between
25C and 80C (Sanjuán et al. 1999), 0.22–99.63 ¥ 10-11 m2/s
for broccoli florets rehydrated between 25C and 80C
(Sanjuán et al. 2001), 5.69–9.90 and 4.20–8.02 ¥ 10-11 m2/s
for pasta rehydrated between 20C and 80C (Cunningham
et al. 2007), 2.16–59.50 ¥ 10-10 m2/s for cowpea and ground-
nuts seeds rehydrated between 25C and 45C (Kaptso et al.
2008) and 1.52–9.32 ¥ 10-10 m2/s for potato rehydrated
between 20C and 80C (Cunningham et al. 2008). The samples
pretreated have lower water diffusion coefficients during
rehydration as compared with the control sample. Similar
results have been reported in other researcher (Rastogi et al.
2004) for osmotic pretreatments on rehydration characteris-
tics of carrots.

Plotting the lnDeff versus, the reciprocal of the temperature
is presented in Fig. 4. The activation energy values were found
to be 14.48 and 17.27 kJ/mol, for pretreated and untreated
samples, respectively. The value of activation energy of
untreated samples is higher than that of pretreated samples.
Eqs. (12) and (13) show the effect of temperature on Deff of
pretreated and untreated quinces:
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Empirical Rehydration Models. Tables 2 and 3 show the
mean values for the parameters of the models used at three
work temperatures. Parameter A values for the Peleg model

decreased as temperature increased. This shows a higher
water absorption rate at higher temperature. As (Solomon
2007) suggested, this parameter may be representative of
water absorption rate in the early phase of rehydration
process. The high B values observed for pretreated samples
indicate the decreased water absorption rate of samples com-
pared with untreated samples. This result is similar to the
observations of other authors, such as Moreira et al. (2008)
with chestnuts and Solomon (2007) with lupin. Parameter B
for the Peleg model decreases as temperature increases.
Solomon (2007) suggested that this parameter is inversely
related to the absorption ability of foods or to equilibrium
moisture content. Higher water absorption capacity is corre-
lated to lower value of B and vice versa. By increasing rehydra-
tion water temperature, the water absorption capacity
increases. The high B values observed for pretreated samples
indicate the decreased absorption ability and equilibrium
moisture content (water gain) of samples compared with
untreated samples.

Tables 2 and 3 also show the values of parameters A and B
for the Weibull model, obtained for the experimental rehy-
dration data at each temperature for untreated and pretreated
samples, respectively. The Weibull shape parameter A, which
measures the velocity of water absorption at the beginning of
the process, ranged between 0.65 and 0.785 for untreated
samples and between 0.66 and 0.915 for pretreated samples;
its values are within the reported values for foodstuffs, which
vary between 0.2 and 1.0 (Magee and Richardson 2007; Goula
and Adamopoulos 2009). The lower the value of A indicated
the faster the rate of water absorption (Garcia-Pascual et al.
2006). Thus, the kinetics for untreated samples at the begin-
ning of the rehydration are faster than pretreated samples.
Also at the beginning of the rehydration, the kinetics at 70C
are faster than at lower temperatures. A similar trend was
observed by (Garcia-Pascual et al. 2006). The parameter B
decreases as temperature increases. A similar behavior has

TABLE 1. EFFECTIVE DIFFUSION COEFFICIENTS OF QUINCE AT
DIFFERENT TEMPERATURES OF PRETREATED AND UNTREATED

Temperature (C)

Effective diffusivity (m2/s)

Untreated Pretreated

25 8.114 ¥ 10-11 6.085 ¥ 10-11

45 1.02 ¥ 10-10 8.316 ¥ 10-11

70 2.02 ¥ 10-10 1.308 ¥ 10-10

FIG. 4. INFLUENCE OF TEMPERATURE ON THE EFFECTIVE DIFFUSIVITY
FOR PRETREATED AND UNTREATED QUINCES

REHYDRATION IN DRIED QUINCES M. NOSHAD ET AL.

388 Journal of Food Processing and Preservation 36 (2012) 383–392 © 2011 Wiley Periodicals, Inc.



been reported by Machado et al. (1999) with 97.6–8.4 min in
puffed breakfast cereals, by Garcia-Pascual et al. (2006) with
8.5–2.5 min in mushroom and by Cunningham et al. (2007)
with 1,193–60 min in pasta. Machado et al. (1999), Marabi
and Saguy (2004) and Cunningham et al. (2007) suggested
that parameter B represents the time needed to accomplish
approximately 63% of the process. In addition, Tables 2 and 3
show the kinetic constants of first-order and exponential
association models (K and H) increased with the increase of
temperature. Also the kinetic constants of first-order and
exponential association models for untreated samples are
higher than pretreated samples.

Statistical Analysis of the Models

Mean values of statistical analyses applied to the equations
proposed to model rehydration kinetics of dried quinces are
shown in Figs. 5 and 6. In general, all proposed models
showed a good fit with values close to zero for SSE, RMSE and
c2. Therefore, and according to the results obtained, the
models that best fitted experimental data were as follows:
Untreated samples: Model of Weibull (SSE = 3.07 ¥ 10-4;
RMSE = 1.753 ¥ 10-4; c2 = 3.84 ¥ 10-4; R2 = 0.99) followed by
the Fick model (SSE = 3.73 ¥ 10-4; RMSE = 1.932 ¥ 10-4;
c2 = 4.15 ¥ 10-4; R2 = 0.98) and first-order rehydration

TABLE 2. VALUE OF THE PARAMETERS OF ALL MODELS USED AT DIFFERENT TEMPERATURES FOR UNTREATED QUINCE

Temperature
(C)

Peleg Weibull

First-order
rehydration
kinetic model

Exponential
association
model

Untreated Untreated Untreated Untreated

A B Xe* D C (s) K H

25 1,787.787 0.344 3.07 0.785 9,901.864 0.000108 0.000117
45 1,289.128 0.282 3.71 0.69 6,914.751 0.000178 0.000192
70 996.468 0.261 3.994 0.653 4,950.947 0.000201 0.000218

* Equilibrium moisture content (Xe).

TABLE 3. VALUE OF THE PARAMETERS OF ALL MODELS USED AT DIFFERENT TEMPERATURES FOR PRETREATED QUINCE

Temperature
(C)

Peleg Weibull

First-order
rehydration
kinetic model

Exponential
association
model

Pretreated Pretreated Pretreated Pre-treated

A B Xe* D C (s) K H

25 2,308.13 0.364 2.91 0.915 16,945.03 0.000077 0.000084
45 1,583.9 0.321 3.278 0.725 9,714.713 0.000134 0.000145
70 1,141.67 0.319 3.297 0.665 5,401 0.000192 0.000205

* Equilibrium moisture content (Xe).
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kinetic model (SSE = 1.905 ¥ 10-3; RMSE = 4.364 ¥ 10-3;
c2 = 2.116 ¥ 10-3; R2 = 0.94) and exponential association
model (SSE = 3.283 ¥ 10-3; RMSE = 5.73 ¥ 10-3; c2 = 3.648 ¥
10-3; R2 = 0.93) and Peleg model (SSE = 3.651 ¥ 10-3;
RMSE = 6.042 ¥ 10-3; c2 = 4.564 ¥ 10-3; R2 = 0.97).
Pretreated samples: Model of Weibull (SSE = 8.62 ¥ 10-4;
RMSE = 2.935 ¥ 10-4; c2 = 1.077 ¥ 10-3; R2 = 0.98) followed
by first-order rehydration kinetic model (SSE = 1.083 ¥ 10-3;
RMSE = 3.29 ¥ 10-3; c2 = 1.203 ¥ 10-3; R2 = 0.95), expo-
nential association model (SSE = 1.87 ¥ 10-3; RMSE =
4.324 ¥ 10-3; c2 = 2.078 ¥ 10-3; R2 = 0.94) and Fick model
(SSE = 1.923 ¥ 10-3; RMSE = 4.385 ¥ 10-3; c2 = 2.137 ¥ 10-3;
R2 = 0.96) and Peleg model (SSE = 5.974 ¥ 10-3; RMSE =
7.73 ¥ 10-3; c2 = 7.467 ¥ 10-3; R2 = 0.98).

The model of Weibull gives the highest values of R2 and the
lowest values of c2, RMSE and SSE for untreated and pre-
treated quince samples. Several authors studying rehydration
kinetics for different foods reported the good fit quality
obtained by the model of Weibull: Marabi and Saguy (2004)
in carrot, Garcia-Pascual et al. (2006) in mushroom and
Cunningham et al. (2007) in pasta.

Figures 7 and 8 depict the experimental and calculated
moisture content at 45C temperature, predicted by the
Weibull model. It is apparent from these figures that the pre-
dicted data closely banding around the straight line, which
indicated the sufficiency of the model, proposed in describing
the rehydration behavior of quince.

CONCLUSION

The results of this study indicate that osmotic–ultrasonic
dehydration pretreatment caused samples with lower water
absorption ability in comparison with the untreated samples
because of cell permeabilization, due to osmotic–ultrasonic
dehydration stress. Several models were tested to model the
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rehydration kinetic and the model of Weibull, which gave
higher coefficient of determination and lower chi-square sum
of square error and root mean square error, was considered as
the best for elucidating the rehydration characteristics of
quince. The effective diffusivity of pretreated and untreated
varied between 8.114 ¥ 10-11 and 2.02 ¥ 10-10 for untreated
samples and 6.085 ¥ 10-11 to 1.308 ¥ 10-10 for pretreated
samples, respectively. This difference can be related to struc-
tural changes induced by osmotic–ultrasonic dehydration
pretreatment. The temperature affinity of the effective diffu-
sivity was also portrayed by the Arrhenius-type relationship.
The activation energy for moisture diffusion was 14.48
and 17.27 kJ/mol for pretreated and untreated samples,
respectively.
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