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Experimental and Theoretical Investigation of Mass Transfer
during Leaching of Starch and Protein from Potato

R. HASANZADEH and B. ABBASI SOURAKI

Chemical Engineering Department, Faculty of Engineering, University of Guilan, Rasht, Iran

In this article, mass transfer during leaching of starch and protein from potato using water as the solvent was investigated.
Leaching experiments were carried out by immersion of slab-shaped potato samples in distilled water at 30�C, 45�C, and 55�C,
and amounts of starch and protein loss, and moisture gain by the samples were evaluated at different process duration times. A
two-parameter model was proposed for prediction of the kinetics of mass transfer and also estimation of the final equilibrium
values of solutes loss and moisture gain by the samples. Effective diffusivities of solutes and moisture were estimated by fitting
the experimental data of solute loss and moisture gain to the analytical solution of Fick’s second law of diffusion. Moisture, starch,
and protein distributions into the potatoes were predicted as a function of time and location into the samples. Mean relative errors
(MREs) between the predicted concentrations by the proposed models and experimental data were in the ranges of 0.037–0.104
and 0.063–0.205 for the two-parameter model and the analytical solution, respectively. Estimated equilibrium solute losses
were between 0.922 and 1.549 (g=100 g fresh fruit) for protein and between 10.893 and 11.848 (g=100 g fresh fruit) for starch. Also
equilibrium water gain (WG) was in the range of 35.842–46.296 (g=100 g fresh fruit). Effective diffusivities were estimated in the
range of 1.334–1.817� 10�10 m2=s for moisture and 1.070–1.893� 10�10 m2=s for solutes.

Keywords: Extraction; Leaching; Mass transfer; Potato; Protein; Starch

Introduction

Potato, one of the most important tuber crops grown in the
world, can be consumed in different forms, either fresh as table
stock or processed into various products. Potato contains
13%–37% dry matter, 13%–30% carbohydrates, 0.7%–4.6%
proteins, 0.02%–0.96% lipids, and about 0.44% ash (Liu
et al., 2009). Most of the dry matter of a potato tuber consists
of starch granules. Up to 85%–87% of the dry matter of
potato (about 19%� 5.5% of potato) consists of this typical
carbohydrate (Grommers and Van der Krogt, 2009;
Vasanthan et al., 1999). Starch is a valuable ingredient in
the production of food, and has been widely used as thickener,
colloidal stabilizer, gelling agent, bulking agent, water reten-
tion agent, and adhesive in industry (Grommers and Van

der Krogt, 2009; Han et al., 2009). The starch consists of
two macromolecular components: amylose (21%–25%) and
amylopectin (75%–79%). Physicochemical properties of potato
and its starch are influenced by amylose and amylopectin con-
tent, molecular weight, chain length, and its distribution
(Grommers and Van der Krogt, 2009; Liu et al., 2009).

Potato starch has unique properties compared to other
cereal starches. Some of the unique physico-chemical
properties of potato starch are: low gelatinization tempera-
ture, high paste consistency (Grommers and Van der Krogt,
2009), and its capacity to form clear gels during gelatiniza-
tion (Adebowale et al., 2005; Alvani et al., 2011; Singh
et al., 2009). Also large granule size, purity, relatively long
amylose and amylopectin chain lengths, specific viscosity
behavior, and ability to form thick visco-elastic gels are
other properties of potato starch (Vasanthan et al., 1999).

Protein is the second most important product from
potato, which is present in the extract of soaked potatoes.
Potato fruit water (PFW) is a dilute by-product from the
potato starch industry that contains about 5% dry matter.
About one-third of the dry matter is protein, peptides, and
amino acids=amides (Løkra et al., 2008). Potato is a proper
source of protein for many people in the world who are
allergic to other sources of protein such as foods with egg,
gluten, soy, fish, and nuts (Løkra et al., 2008).

The leaching (solvent extraction) of a substance from a
solid material with the aid of a liquid is a common process
in chemical and food engineering, which can be applied to
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appropriate biological, inorganic, and organic substances.
This process can also be used for recovering valuable
compounds from waste residues (Chan et al., 2014). In con-
ventional solvent extraction, the solid sample is immersed
in a solvent and the extract is collected after attainment of
the final equilibrium condition (Chan et al., 2014). Examples
of leaching include the removal of copper and gold from their
ores by sulfuric acid and sodium cyanide solutions, the
removal of sugar from sugar beet using hot water, the extrac-
tion of oils from seeds using organic solvents such as hexane,
acetone, or ether (Treybal, 1981), and extraction of solutes
from foodstuffs by soaking in water (Mestdagh et al.,
2008). In the present study, starch and protein are extracted
by immersion of sliced potato samples in distilled water.

Numerous theoretical and experimental studies have been
carried out on water uptake by foodstuffs (Cunningham
et al., 2007, 2008; Yildirim et al., 2011) or solute extraction
from natural sources (Hojnik et al., 2008; Radha krishnan
et al., 2013; Pedreschi et al., 2009; Seikova et al., 2004). Most
of the researches deal with developing differential equations
based on Fick’s second law of diffusion and solving them by
analytical or numerical methods.

Azuara et al. (1992) proposed a simple two-parameter
model, based on mass balance equations, for the modeling
of mass transfer in osmotic dehydration (OD) of foodstuff
and the estimation of the final equilibrium water loss and sol-
ute gain in this process. OD is a water-removal process, which
is based on the immersion of pieces of fresh fruits or vegeta-
bles in a solution with a higher osmotic pressure, and hence
lower water activity than the food. For fruits, sugar solutions,
and for vegetables, solutions of salts are mainly used (Bren-
nan, 1994). This process involves simultaneous
counter-current water diffusion from the food to the solution
and solute diffusion into the food, under the influence of
osmotic pressure. The two-parameter model, proposed by
Azuara et al. (1992), is able to predict the kinetics of the
osmotic process and the equilibrium point, using the data
obtained during a relatively short period of dehydration time.
Since the mechanism of mass transfer in OD and leaching is
similar to each other, this model is expected to be applicable
to the prediction of kinetics of mass transfer in the leaching
process. Indeed in leaching and OD processes, water and sol-
ute diffuse within the solid, but in reverse directions. In the
OD process water is extracted from the solid, while in the
leaching process solute is extracted from the material and
water is absorbed. These phenomena occur because of the
differences between chemical potentials of the solute and
water in the solid and solution. Both solute and moisture
transfers in the soaking process are affected by operating
parameters such as temperature and contacting time, and
also matrix properties of the cellular material (Chan et al.,
2014; İspir and Toğrul, 2009; Shi and Maguer, 2003).

The main objectives of the present study were to predict the
mass transfer kinetics during leaching of starch and protein from
potato, using water as the solvent, and propose a mathematical
model for the prediction of concentration distributions into
potato as a function of time. The two-parameter model,
developed by Azuara et al. (1992) for OD process, was extended
to the leaching process to obtain the final equilibrium values of

solute loss and moisture gain by the potato, and thus finding the
possibility of applying it to this process.

Theory

Prediction of Kinetics of Mass Transfer and Final
Equilibrium Solute Loss and Water Gain

Leaching process was carried out by the immersion of sliced
potato samples in distilled water. This process involves
simultaneous counter-current solute diffusion from, and
moisture diffusion into, the potato samples. Applying a mass
balance on solute transfer inside the potato sample gives the
fraction of the solute lost by the material during the leaching
process at time t, by knowing the final equilibrium solute
loss of the sample:

SL ¼ SL1 � SS ð1Þ
Here SL and SL1 are the fraction of solute loss (g=100 g)

at time t and at final equilibrium condition (t!1), respect-
ively, and SS is the fraction of solute that can diffuse out but
remains in the material at time t. Since SL increases on
decreasing the value of SS, it can be concluded that these
two parameters are related to each other by a parameter,
K, as follows (Azuara et al., 1992):

SS ¼ SL

K
ð2Þ

As mentioned earlier, the rate of solid loss (SL) depends
on operating conditions such as time, temperature, and con-
centration of the leaching solvent. Since the leaching process
is carried out at constant temperature and solution concen-
tration, it could be assumed that K is a simple function of
time as follows:

K ¼ S1t ð3Þ

where S1 is a constant related to the component being
extracted. Substitution of Equations (1) and (3) into (2)
and rearranging the resultant equation leads to a two-
parameter (S1 and SL1) model for the prediction of varia-
tions of SL in the leaching process:

SL ¼ S1tðSL1Þ
1þ S1t

ð4Þ

Equation (4) can be rearranged in the following linear
form:

t

SLt
¼ 1

S1 SL1
þ t

SL1
ð5Þ

Two parameters SL1 and S1 can be obtained by fitting the
experimental data of t=SLt versus t to the linear Equation (5),
and then finding the slope and intercept of the fitted line.

Similar equations can be derived for water gain (WG) by
the foodstuff as follows:

WG ¼ S2tðWG1Þ
1þ S2t

ð6Þ
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t

WGt
¼ 1

S2 WG1
þ t

WG1
ð7Þ

Here, WG and WG1 are WG (g=100 g) at time t and at
equilibrium point (t ! 1), respectively. Parameters SL1
and S2 can be obtained by fitting the experimental data of
t=WGt versus t to the linear Equation (7).

The main advantage of Azuara’s model is its capacity to
predict the equilibrium values. The disadvantage of Azuara’s
model is its limited validity within the experimental range for
which the parameters of the model were obtained. Also, this
method doesn’t provide any information about the moisture
and solute effective diffusivities (Ochoa-Martinez et al.,
2007).

Estimation of Solutes and Moisture Effective Diffusivities

We consider an infinite slab-shaped potato sample with finite
thickness of 2 l, initially at a uniform concentration of C0. At
t¼ 0 the solid material is immersed in a solvent with a con-
stant concentration (high solution to solid mass ratio). It is
assumed that the thermophysical properties of the material
are constant. Also, constant equilibrium moisture and solute
concentrations at the surface (negligible external resistance
to mass transfer) of the material are considered. In these
conditions, the unsteady-state one-dimensional mass trans-
fer in the solid material can be described by Fick’s second
law of diffusion (Crank, 1975):

@C

@t
¼ De

@2C

@x2
ð8Þ

and the following initial and boundary conditions are
considered:

Cðx; 0Þ ¼ C0 at t ¼ 0 ð9Þ

@C

@x
¼ 0 at x ¼ 0 ð10Þ

Cðl; tÞ ¼ Ce at x ¼ l ð11Þ

where x is the spatial coordinate and C¼C(x,t). Equation
(8) and initial and boundary conditions (9)–(11) can be
rewritten in the following dimensionless forms:

@u
@s
¼ @2u
@X 2

ð12Þ

u ¼ 1 at s ¼ 0 ð13Þ

@u
@X
¼ 0 at X ¼ 0 ð14Þ

u ¼ 0 at X ¼ 1 ð15Þ

In which the dimensionless parameters are defined by

/ X ; sð Þ ¼ C � Ce

C� � Ce
; s ¼ Det

l2
; X ¼ x

l
ð16Þ

Analytical solution of Fick’s second law Equation (12)
can be obtained by using the separation of variables method
(Crank, 1975):

/ðX ; sÞ ¼ 4

p2

X1
n¼0

ð�1Þn

2nþ 1

exp � p2 2nþ 1ð Þ2

4

Det

l2

� �" #
: cos
ð2nþ 1Þpx

2l

ð17Þ

Average dimensionless concentration uðsÞ as a function
of time can be obtained by using the following definition:

u sð Þ ¼

R
V

udVR
dV
¼

R1
0

udX

R1
0

dX

¼
Z1

0

udX ð18Þ

Substitution of Equation (17) into Equation (18) gives the
average dimensionless concentration as follows:

uðsÞ ¼
�CCt � Ce

C0 � Ce
¼ 8

p2

X1
n¼0

1

ð2nþ 1Þ2

exp � p2 2nþ 1ð Þ2

4

Det

l2

� �" # ð19Þ

Average dimensionless concentration, u, could be defined
in terms of solute loss and WG as follows:

us ¼
SL� SL1
SL� � SL1

¼ 1� SL

SL1
ð20Þ

uw ¼
WG �WG1
WG� �WG1

¼ 1� WG

WG1
ð21Þ

in which

SL ¼ C0s � Cs

C0s
� 100 ð22Þ

WG ¼ Cw � C0w

C0w
� 100 ð23Þ

Comparing Equations (19)–(21) with Equations (4) and
(6) gives

SL

SL1
¼ S1t

1þ S1t
¼ 1� 8

p2

X1
n¼0

1

ð2nþ 1Þ2
exp � p2 2nþ 1ð Þ2

4

Dest

l2

� �" # ð24Þ

Experimental and Theoretical Investigation of Mass Transfer 1107



WG

WG1
¼ S2t

1þ S2t
¼ 1� 8

p2

X1
n¼0

1

ð2nþ 1Þ2
exp � p2 2nþ 1ð Þ2

4
ðDewt

l2
Þ

" # ð25Þ

Solutes and moisture effective diffusivities could be
obtained by fitting the experimental data of solute loss and
WG to Equations (24) and (25) with at least the first ten
terms of their series, using the nonlinear regression method.

Materials and Methods

Materials

Potatoes were purchased from a specified market in Rasht,
situated in the north of Iran. This market was chosen as
the single place of supplying further potatoes, in order to
maximize the reproducibility of results. After washing and
drying with absorbent tissue paper, the potatoes were kept
in a plastic bag in a refrigerator at 4�C for more than 24 h
before experimentation to equilibrate the moisture content.
The potatoes were removed from the refrigerator and left
to equilibrate at room temperature. They were then cut into
disks using a laboratory-scale slicer, without removing the
skin, so that only the cut surfaces were available for mass
transfer and thus to ensure the assumption of infinite slab
geometry (Figure 1). Both the thicknesses and diameters of
the potato samples were measured at 10 points, using a
micrometer of �0.02 mm accuracy. To ensure the homogen-
eity of the samples, slices with the average thickness of
1.5� 0.2 mm and average diameter of 6� 0.1 cm were
chosen for the experiments.

Apparatus

Leaching process was carried out in sealed glass containers
inserted into a temperature- and agitation-controlled shaker
incubator (model: Heidolph UNIMA� 1010, Germany).
Picture of the experimental apparatus is shown in Figure 2.
Experiments were conducted at the three temperatures of
30�C, 45�C, and 55�C. For all of the experiments, sample
to solvent ratio of 1:20 (w=w) and agitation condition of
160 shakes per minute were used and maintained constant.
In each experiment, after attainment of the steady tempera-
ture, a potato sample of known weight was immersed in the

solvent. Leaching process was allowed to proceed for a
process duration time between 0 and 4 h (i.e., 20, 40, 60,
90, 120, 180, and 240 min) under constant conditions. The
sample was removed from the solution at the end of the
extraction duration time, rinsed and blotted using blotting
paper, to eliminate the surface moisture and starch, and then
was weighed. After that, it was analyzed for its moisture and
solute contents. Extraction experiments at different con-
ditions were replicated and the average values were taken.
The reported results are from average values of the three
replications. Seven duration times were considered for
obtaining a meaningful curve at each temperature. Also
because experiments were carried out in triplicate, 21 samples
were used for each dehydration curve. Therefore for whole of
the figures at the three temperatures, 63 samples were used.

Analysis

The moisture content of the potato samples after the leach-
ing process was obtained by drying the samples using the
oven method, according to AOAC (1990). The initial weight
of the dry matter in the potatoes was 23.52� 0.54 (g=100 g).

Total amount of extracted solid was determined by drying
10 ml of the extracting solvent in the electric oven. The
amount of extracted protein from the potato samples was
measured by analyzing 10 ml of the solution in a Cary 50
Bio UV-Visible spectrophotometer (model: Varian
Australia, certified=evaluated to CSA 1010-1 UL 3101-1),
and reading its absorbance value at 540 nm, according to
the biuret and spectrophotometric method (Gornall et al.,
1949; Jezek et al., 2000; Løkra et al., 2009).

Total amount of the extracted starch was determined by
subtraction of the amount of extracted protein from the
total extracted solid (total SL by the potato sample). It
should be noted that the amount of extracted starch is much
more than the other extracted solids. Total SL and WG
by the potato samples were calculated by the following
equations:

%SL ¼ SLt ¼
ðS0 � StÞ

m0
� 100 ð26Þ

%WG ¼WGt ¼
ðmt �m0Þ þ ðS0 � StÞ

m0
� 100 ð27Þ

in which m0 and S0 are the initial weights of potato sample
and its dry solid (g), respectively, and mt and St are theFig. 1. Picture of potato samples.

Fig. 2. Picture of the experimental apparatus.
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weights of the sample and its dry solid after leaching process
duration time of t.

Results and Discussion

The Kinetics of Solute Loss and Moisture Gain

In order to check the applicability of the two-parameter
model (Equations (4) and (6)) to the leaching process, the
predictions of the proposed model are compared with the
experimental data. Figures 3(a)–3(c) show variations of
solutes loss and moisture gain during the leaching process
at the three temperatures of 30�C, 45�C, and 55�C, respect-
ively. The figures show a good agreement between the pre-
dictions of the two-parameter model and the experimental
data. As can be seen in these figures, SL and WG increased
rapidly at the early stages of the process and then increased

slowly and reached their final equilibrium values at the final
stages of leaching. The final equilibrium value for each
component could be obtained by continuing and extrapolat-
ing its mass transfer kinetic curve. The figures show that
most of mass transfer occurs at the first hour of the process.
This phenomenon could be explained by the reduction in
driving force of mass transfer, caused by water uptake and
solute extraction with the progression of time. Also, removal
or absorption of components can change the structure and
compaction of the sample, which may increase the resistance
to mass transfer (Singh et al., 2007). Results show that the
solute transfer from the slices is less than their moisture
diffusion. Also the figures show that the rate of mass transfer
(slope of the SL and moisture gain curves) increased on
increasing the temperature. This fact could be explained
by decreasing the viscosity of the water, swelling and
plasticizing, and destruction of the cell membrane structure

Fig. 3. Comparison between predicted (a) protein loss, (b) starch loss, (c) water gain, by the two-parameter model and experimental
data at different temperatures.
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Fig. 4. Typical plots of the two-parameter model for estimation of equilibrium values of (a) protein loss, (b) starch loss, and (c)
water gain.

Table I. Equilibrium solute loss and water gain (g=100 g), S1, and S2 (h�1) at different temperatures

Temperature (�C) Protein Starch Water

30 Equilibrium value 0.922� 0.001a 10.893� 0.171 35.842� 0.972
Sn parameter 1.312� 0.123 1.014� 0.090 1.274� 0.020

RMSE 0.023 0.055 0.105
R2 0.998 0.992 0.983

45 Equilibrium value 1.269� 0.032 11.124� 0.097 42.553� 0.169
Sn parameter 1.614� 0.051 1.769� 0.154 1.374� 0.067

RMSE 0.041 0.046 0.128
R2 0.994 0.997 0.988

55 Equilibrium value 1.549� 0.039 11.848� 0.181 46.296� 0.302
Sn parameter 1.090� 0.018 2.064� 0.122 1.800� 0.117

RMSE 0.102 0.022 0.086
R2 0.975 0.998 0.994

aAverage value� standard deviation.
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with increasing temperature (Abbasi Souraki et al., 2012;
Eren and Kaymak-Ertekin, 2007). Similar results have
also been reported by other researchers on the effect
of the different parameters on the OD of fruits and vegeta-
bles (Cheevitsopon and Noomhorm, 2011; Eren and

Kaymak-Ertekin, 2007; Khazaei and Mohammadi, 2009;
Lenart and Flink, 1984; Pedreschi et al., 2009; Rakotondra-
masy-Rabesiaka et al., 2010).

Final equilibrium values of solutes loss and moisture gain
were estimated from the slopes of plots of t=SL and t=WG

Table II. Effective diffusivities of moisture and solute in the leaching process at different temperatures

Temperature (�C) Protein Starch Water

30 De� 1010 1.314� 0.097a 1.070� 0.078 1.334� 0.016
RMSE 0.154 0.102 0.164

R2 0.981 0.987 0.983
45 De� 1010 1.550� 0.040 1.669� 0.118 1.427� 0.054

RMSE 0.206 0.231 0.185
R2 0.975 0.973 0.981

55 De� 1010 1.134� 0.015 1.893� 0.093 1.817� 0.085
RMSE 0.115 0.277 0.270

R2 0.986 0.969 0.975
aAverage value� standard deviation.

Fig. 5. Comparison between dimensionless (a) starch, (b) moisture, and (c) protein concentration predicted by the two-parameter
model, analytical model, and experimental data.
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versus time according to Equations (5) and (7), respectively.
Figures 4(a)–4(c), respectively, show the typical plots for
obtaining the final equilibrium protein loss, starch loss,
and WG. The obtained equilibrium values, at different

temperatures, and also S1 and S2 parameters for moisture
gain, protein, and starch loss are given in Table I. The table
shows that the equilibrium values increase on increasing the
temperature.

Table III. Relative errors between the models and experimental data

Component
Temperature

(�C)

Azuara Analytical

R2 MRE R2 MRE

Protein 30 0.997 0.037 0.977 0.122
45 0.988 0.082 0.966 0.160
55 0.973 0.104 0.976 0.078

Starch 30 0.992 0.048 0.990 0.063
45 0.993 0.058 0.972 0.175
55 0.997 0.056 0.966 0.205

Water 30 0.974 0.080 0.969 0.117
45 0.972 0.063 0.965 0.127
55 0.981 0.058 0.962 0.195

Fig. 6. Dimensionless starch (a), protein (b), and moisture (c) concentration distribution inside the potato at 45�C (u versus s plots).
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Effective Diffusivities of Solutes and Moisture in Potato

Moisture and solute effective diffusivities were estimated
by fitting the experimental moisture loss and solute gain
data, to the first 10 terms of the Fourier series Equations
(24) and (25) by using nonlinear regression analysis. The
nonlinear regression analysis was performed using the
curve fitting toolbox (cftool) of the MATLAB (Version
7.6.0.324; R2008a) software. The goodness of fit was deter-
mined by various statistical parameters such as coefficient
of correlation, R2, and root mean square error (RMSE)
values. The predicted values of moisture and solute diffu-
sivities are given in Table II. The effective diffusivity
values ranged from 1.070� 10�10 to 1.893� 10�10 (m2=s).
These values are in agreement with the literature values
for diffusivities of solutes and moisture in foodstuff
(Califano and Calvelo, 1983; Doulia et al., 2000; Mujumdar,
1995; Varzakas et al., 2005; Zhao and Kjeld Porsdal, 1988;
Zogzas et al., 1996).

Comparison of the Models

Figures 5(a)–5(c) show the comparison between predicted
dimensionless concentrations of starch, water, and protein,
respectively, by the analytical model, the two-parameter
model, and the experimental data. As shown in these figures,
model predictions in different temperatures are very close to
each other, because, as shown in Table II, the values of dif-
fusivities are very close to each other at different tempera-
tures. The figures show a good agreement between the
models’ predictions and experimental data. As can be seen
in the figures, although both the two-parameter and analyti-
cal methods’ predictions followed the general trend of the
experimental data, the two-parameter model has been fitted
to the experimental data better than the analytical method.

To find the precision of the models, the regression coef-
ficient R2 and mean relative error (MRE) with respect to
the experimental data were evaluated for all of the curves
plotted for different components. Low values of the MRE

Fig. 7. Dimensionless starch (a), protein (b), and moisture (c) concentration distribution inside the potato at 45�C (u versus x
plots).
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and high values of the R2 (higher than 0.96) confirm the
validity of the proposed models. Table III shows that the
two-parameter model is more precise than the analytical
model.

It should be noted that the two-parameter model is an
empirical model, based on mass balance on the dehydrating
material, and thus based on the simpler assumptions
than those for Fick’s law, which is a fundamental
theoretical-based model. The two-parameter model is useful
for the prediction of equilibrium solute loss and moisture
gain.

Solute and Moisture Distributions

Once the predicted values of average SL and WG were
found to fit approximately well to the experimental data,
the simulation was extended to predict the moisture and
starch distributions into the potato samples. Figures 6 and
7 show dimensionless starch, protein, and moisture concen-
trations as a function of time, and location into the samples
at 45�C. Figures 6(a)–6(c) are the u versus s plots, with
dimensionless position, x, inserted into the figures.
Thus, each color in the figures is related to the variation of
dimensionless concentration with dimensionless time, for a
specified position into the material. Also Figures 7(a)–7(c)
are the u versus x plots, with dimensionless time, s, inserted
into the figures. Thus, each color in these figures is related
to the variation of dimensionless concentration with
dimensionless length from the center of the material, x, for
a specified time. As shown in these figures, moisture and
solute concentrations at the surface of the potato have
reached the equilibrium values from the beginning of the
leaching process (value of u¼ 0 at x¼ 1, at all t values
represent this fact), and also the center of the slab (x¼ 0)
has the maximum value of dimensionless concentration
(maximum amount of u indicates the maximum distance
from equilibrium). At the end of the leaching process, equi-
librium condition will be established at any location into the
sample (u¼ 0 at t!1). It should be noted that despite the
surface (x¼ 1) that its dimensionless concentration reaches
zero, immediately at the beginning of the process, variations
of the concentration at the center of the material (x¼ 0) are
smoother that at other points; this is because the center of
the potato is the farthest point from the solution, and solutes
and moisture need more time to diffuse through the body
structure.

Conclusion

The two-parameter model proposed by Azuara et al. (1992)
for OD was extended to predict the mass transfer kinetics
during the leaching of starch and protein from potato.
SL and WG at equilibrium point were predicted at three
temperatures of 30�C, 45�C, and 55�C. The two-parameter
model is not capable of predicting diffusivities and
concentration distributions into the potato slices by itself.
Analytical solution of Fick’s second law of diffusion was
used for this purpose. Effective diffusivities of moisture
and solutes were estimated by a combination of the

proposed two-parameter model and analytical solution of
Fick’s second law. Distributions of dimensionless solutes
and water concentrations were also plotted as functions of
time and position into the potato slices. Results showed
good agreement between the models’ predictions and the
experimental data. High values of regression coefficient
R2 and low values of mean relative errors between the
models’ predictions and experimental data confirmed the
applicability of the models.

Nomenclature
C Concentration (g=100 g of fresh fruit)
De Effective diffusivity (m2=s)
Des Effective diffusivity of solute (m2=s)
Dew Effective moisture diffusivity (m2=s)
K A constant related to Equation (2)
l Half thickness of samples (m)
m Mass (g)
PL Protein loss (g=100 g of fresh fruit)
S Weight of solids in the fruit (g)
S1 A constant related to solute loss (h�1)
S2 A constant related to moisture gain (h�1)
SL Solute loss (g=100 g fresh fruit)
SS Solute content (g=100 g fresh fruit)
t Time (s)
WG Water gain (g=100 g fresh fruit)
x Distance from the center of the sample (m)
X Dimensionless coordinate

Subscript
0 Initial
E Equilibrium
S Solute
T At the time t
W Water

Greek Letters
u Dimensionless concentration
s Dimensionless time (¼Det=R2)
1 At time 1 (equilibrium)
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