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ABSTRACT
The objective of this study was to investigate the effect of pre-treatment and drying
temperature on the drying kinetics and nutritional quality of tomato (Lycopersicon
esculantum L.) under hot air drying. Tomato samples were blanched at 80oC and
osmotically dehydrated using 20% w/w sodium chloride solutions at 30 oC for 20 min.
The blanch-osmotic pre-treated and untreated tomato slices were dried at temperature of
40, 50, 60, 70 and 80oC, respectively in a hot air-dryer. The results showed that blanchosmotic pre-treatment offered a higher drying rate and lower or faster drying time than
untreated condition. The tomato drying regime was characteristically in the constant and
falling rate period. The tomato drying rate curve showed characteristics of porous
hygroscopic solids. The optimum drying temperature for tomato was found to be 60 oC.
Four semi-empirical drying models of Newton, Page, Henderson and Pabis, and
Logarithmic were fitted to the drying data using non-linear regression analysis. The most
appropriate model was selected using the coefficient of determination (R2) and root mean
square error (RMSE). The Page model has shown a better fit to the drying kinetics data of
tomato in comparison with other tested models. Transport of moisture during drying was
described by Fick’s diffusion model application and the effective moisture diffusivity
(Deff) thus estimated. The Deff at 60oC was 4.43 × 10-11m2/s and 6.33 × 10-11m2/s for
blanch-osmotic pre-treated and untreated tomato slices, respectively.

Introduction
Tomato being a rich source of vitamins and minerals
is one of the most important vegetables grown worldwide
on a variety of soil and climatic condition (Sacilik, 2007).
They are one of the world’s most traded vegetable in both
fresh and processed forms (such as ketchup, sauces,
pastes, juice and dried products). More than 100 million
tonnes of tomato are produced in the world and United
State of America, China, Turkey, Italy, and Spain are the
leading tomato growing countries (Sacilik, 2007).
However, being highly perishable in the fresh state
leading to wastage and losses, it requires preservation in
some form.
Drying technology has been one of the oldest
technologies and of great antiquity used in the
preservation of food materials. It is gaining more attention
as one of the emerging technologies that require
innovations for research studies (Agarry and Aworanti,
2012). There are a lot of drying methods, however, hot
air-drying method has been one of the simple common
methods used for fruits and vegetables (Ando et al.,
2013). In hot air drying equipment, drying is an energy
intensive unit operation (Dandamrongrak et al., 2003)
driven by a number of factors such as humidity,
temperature and velocity. Long drying periods tend to
increase the energy requirements for the production of a

unit dry product and may as well lead to poor quality of
final product (Dandamrongrak et al., 2003; Agarry et al.,
2013). The process conditions of drying that could result
in the reduction of drying period are sought after so as to
give rise to an acceptable final products that are
economically and nutritionally viable (Agarry and
Aworanti, 2012).
It is on this fundamental principle that in recent times,
there have been several studies on the effect of physical
pre-treatment such as high hydrostatic pressure (VegaGalvez et al., 2012), blanching, freezing and osmotic pretreatment (Sankat et al., 1996; Nieto et al., 2001;
Dandamrongrak et al., 2003; Kingsly et al., 2007; Agarry
and Aworanti, 2012; Ando et al., 2013; Akonor and
Tortoe, 2014; Afolabi et al., 2015) as well as chemical
pre-treatment such as soaking in potassium and sodium
hydroxide, potassium meta bisulphate, sodium meta
bisulphate , potassium carbonate, methyl and ethyl ester
emulsions, ascorbic and citric acids (Doymaz, 2004;
Kingsly et al. 2007; Doymaz, 2010; Vega-Galvez et al.,
2012; Afolabi et al., 2015) prior to convective drying on
the drying kinetics of fruit and vegetables. These studies
have revealed that pre-treatments increase the rate of
drying and thereby reduce the period of drying. However,
non-chemical forms of pre-treatment are generally
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preferred especially among small-scale processors in the
tropical region (Tunde-Akintunde and Ogunlakin, 2013).
Blanching is an important step in the processing of
food such that it helps in the inactivation of enzymes
(Ando et al., 2013; Agarry et al., 2013), changes in tissue
structure (Gupta et al., 2014) and has also been observed
to increase drying rate and consequently reduce the drying
time of some food materials like carrots, pineapple, red
pepper, aonla, broccoli, etcetera (Ando et al., 2013;
Agarry et al., 2013; Gupta et al., 2014; Doymaz, 2014).
While in some cases it has been found not to have
significant effect on the drying rate and drying time of
some food materials such as potato and avocado
(Alzamora and Chirife, 1980; Agarry et al., 2005).
However, combination of blanching and freezing
(Dandamrongrak et al., 2003) as well as the combination
of blanching and chemical pre-treatment (Gupta et al.,
2014) have been reported to result in increased drying rate
and reduced drying period. Furthermore, osmotic pretreatment has been observed to offer beneficial effects,
some of which includes higher quality of the final product
and lower energy requirements (Ozen et al., 2002).
Although there has been some literature on drying of
tomato (Doymaz, 2007; Sacilik, 2007; Purkayastha et al.,
2013), nevertheless, studies on the effect of the
combination of blanching and osmotic pre-treatment on
the hot air drying characteristics of tomato is rarely scarce
and also the selection of appropriate drying model to
describe the drying behaviour for the variety common in
the country and within the experimental conditions
considered in this study is yet to be done.
Therefore, the main objective of this study was to
investigate the effect of blanch-osmotic pre-treatment on
the hot air drying of ripe tomato and to model the dry
kinetics using some known semi-empirical drying models
in the literature. The effect of drying temperatures on the
nutritional value of the dried tomato products was also
studied for determining the optimum drying temperature
that might produce high-quality dried tomato products.
Materials and Methods
The tomato samples used for this study were obtained
from a local market in Oleh, Delta State, Nigeria. Salt
(sodium chloride) of analytical grade (BDH) was used as
the osmotic agent (solute) for the osmotic pretreatment.
The other materials used in this study include beakers,
electronic weighing balance, temperature controlled water
bath and cabinet dryer.
Blanching – Osmotic Pretreatment
Fresh, ripe and firm tomatoes were thoroughly washed
and introduced inside a beaker that contained water. It
was then placed in a temperature controlled water bath
(DK-420 Glufex Medical and Scientific, England) and
heated at 80°C for 1 min and thereafter quickly immersed
in cold water. The blanched tomatoes were blotted dry
using absorbent paper to remove excess water. The
blanched tomatoes were then cut into small pieces of
about 5 mm in diameter. Sixty gram (60 g) of blanched

tomato slices were placed in a 250 ml beaker containing
sodium chloride (salt) solution of concentration 20% w/w.
The beaker was then placed in a temperature controlled
water bath maintained at 30oC for 30 minutes. Thereafter,
the osmotic dehydrated samples of blanched tomato slices
were removed and the excess solution on the surface of
samples was removed with absorbent paper and then reweighed.
Untreated Sample
Fresh, ripe and firm tomatoes were thoroughly washed
and then cut into small pieces of about 5 mm in diameter,
weighed and charged onto drying trays without
pretreatment.
Hot Air-Drying
The drying tests were carried out in a fabricated
cabinet (tray) dryer in the Biochemical and
Bioenvironmental Engineering Laboratory of the
Department of Chemical Engineering, Delta State
University, Abraka, Oleh Campus, Nigeria. The
dimensions of the dryer are 0.693 × 0.470 × 0.486 m. The
dryer consisted of four layers of tray, electrical heater, fan
and a temperature controller (30 - 200°C, dry bulb
temperature). The blanch-osmotic pre-treated tomato
slices were arranged within an area of 1.45m2 on the tray
of the cabinet dryer and drying was performed at a dry
bulb temperature of 40°C. At regular time intervals of 2 h,
the samples were withdrawn and allowed to cool in a
desiccator after which the weight was measured. The total
drying time was taken as the time required for the sample
to attain a constant weight (or bone dry weight). Drying
rates were estimated based on the product of change in
moisture content and weight of dry solid per unit time and
cross-sectional area of tray (kg m-2h-1) (Agarry et al.,
2006). The moisture contents of both the fresh and dried
samples were determined according to AOAC (1995).
The same procedure was repeated for drying temperatures
of 50°C, 60°C, 70°C and 80°C, respectively. Also, the
untreated sliced tomato samples were dried at 40, 50, 60,
70 and 80°C, respectively.
Determination of Ascorbic Acid
The ascorbic acid content of both the fresh and dried
tomato samples was determined using the 2, 6dichlorophenol indophenol dye titration method
(Rangana, 1986).
Mathematical Modeling
Mathematical modelling is an essential tool to predict
and simulate the drying behaviour of food materials. It is
also an important tool in the design of drying equipment,
contributing to a better understanding of the drying
mechanism. Mathematical drying models describe the
drying phenomenon regardless of the controlling
mechanisms (Kingsly et al., 2007; Agarry and Aworanti,
2012). In thin layer drying, the moisture ratio can be
calculated according to Eq. (1):
𝑀𝑅 =

𝑀−𝑀𝑒
𝑀−𝑀𝑒

(1)
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Where MR is the dimensionless moisture ratio, M, the
average moisture content at time t, M0, the initial moisture
content, and Me, the equilibrium moisture content
respectively, on a dry weight basis.
During the thin layer drying of tomato in the tray
dryer, the samples were not continuously exposed to
uniform temperature and relative humidity. As a result of
this, the equilibrium moisture content could not be
determined and this is usually not high for food materials
(Waewsak et al., 2006; Agarry et al., 2013), hence, the
equilibrium moisture content was assumed to be zero.
Thus, the moisture ratio (Eq. (1)) was simplified
according to Kingsly et al. (2007) to:

fit of different mathematical models. It is generally
considered that %E values below or equal to 10% give a
good fit (Simal et al., 2005).
Moisture Diffusivity
In the determination of the effective moisture
diffusivity (Deff), a mathematical model was used based
on Fick’s second law of diffusion which expresses a
relationship between MR and Deff. The tomato slices are
assumed to be in the form of spherical geometry and the
Fick’s second law of diffusion for spherical object is
defined as follow:
𝜕𝑚

𝑀𝑅 =

𝑀

(2)

𝑀0

The recorded moisture contents for tomato vegetable
sample were then used to plot the drying curves. Four
known semi-empirical mathematical drying models that
expresses relationship between moisture ratio (MR) and
the drying time, t as presented in Eqs. (3) to (6) were
fitted or applied to the drying curves obtained for the
tomato sample at drying temperature of 60°C.

Newton
Page
Henderson & Pabis
Logarithmic

𝑀𝑅
𝑀𝑅
𝑀𝑅
𝑀𝑅

= 𝑒𝑥𝑝(−𝑘𝑡)
= 𝑒𝑥𝑝(−𝑘𝑡 𝑛 )
= a𝑒𝑥𝑝(−𝑘𝑡)
= a𝑒𝑥𝑝(−𝑘𝑡) + 𝑐

(3)
(4)
(5)
(6)

Where a, c, n are empirical constants; k, drying
constant; and t, drying time. The non-linear regression
analysis tool in MATLAB computer software package
(version 7.0) was used for the fit. Some of these models
have been recently used for determination of moisture
ratio with drying time by Ismail and Ibn Idriss (2013) and
Khawas et al. (2014). The coefficient of determination
(R2) and root mean square error (RMSE) were major
criteria for selection of the best model equation to
describe the drying curve. For quality fit, (R2) value
should be high and RMSE should be low (Demir et al.,
2004). In order to evaluate the goodness of fit of the
simulation provided by the proposed (best selected)
model, different statistical parameters are usually used. In
this study, the average relative error (Eq. (7)) and root
mean square error (Eq. (8)) (Simal et al., 2005; Agarry et
al., 2013) were calculated.

%𝐸 =

100
𝑁

∑𝑁
𝑖=1[𝑀𝑅𝑒𝑥𝑝𝑖 − 𝑀𝑅𝑝𝑟𝑒𝑖 /𝑀𝑅𝑒𝑥𝑝𝑖 ]

1

2 1/2

𝑅𝑀𝑆𝐸 = [ ∑𝑁
𝑖=1(𝑀𝑅𝑒𝑥𝑝𝑖 − 𝑀𝑅𝑝𝑟𝑒𝑖 ) ]
𝑁

(7)

(8)

Where N, total number of observations 𝑀𝑅𝑒𝑥𝑝𝑖 ,
experimental moisture ratio values and 𝑀𝑅𝑝𝑟𝑒𝑖 , predicted
moisture ratio values. These modules have been used by
other workers in the literature to evaluate the goodness of

𝜕𝑡

𝜕2 𝑚

= 𝐷𝑒𝑓𝑓 [

𝜕𝑟 2

+

2 𝜕𝑚
𝑟 𝜕𝑟

]

(9)

Where m can be defined as the moisture content (dry
or wet basis), moisture ratio, weight ratio and density.
Using the appropriate initial and boundary conditions and
assuming the independence of diffusivities and
temperature from interior moisture content, negligible
volume shrinkage, and discounting the resistance of
external convective mass transfer, Crank (1975) gave the
analytical solution to Eq. (9) for object with spherical
geometry as (Ochoa-Martinez and Ayala-Aponte, 2009):
𝑀𝑅 =

6
𝜋2

∑∞
𝑛=1

1
𝑛2

−𝑛2 𝜋2 𝐷𝑒𝑓𝑓 𝑡

𝑒𝑥𝑝 (

𝑟2

)

(10)

Where Deff is effective moisture diffusivity (m2/s), t,
drying time and r, radius of the spherical object (m). To
be able to determine the Deff, Eq. (10) may be simplified
to a linear logarithmic form (Eq. (11)) (Feng, 2000;
Agarry et al., 2013):
6

𝜋2 𝐷𝑒𝑓𝑓 𝑡

𝜋

𝑟2

𝑙𝑛𝑀𝑅 = 𝑙𝑛 ( 2 ) − (

)

(11)

Results and Discussion
Effect of Pre-treatment and Drying Temperature on
Drying Characteristics
The water loss (WL) and weight reduction (WR) of
the blanched tomato slices after osmotic pre-treatment is
8% and 8%, respectively. These values indicated that the
blanched tomato slices when immersed in concentrated
sodium chloride (salt) solution had lost some quantity of
water (moisture) due to osmosis thereby reducing its
weight. The water loss after osmotic dehydration indicates
that the proposal made for the possibility of pre-treatment
is viable (Agarry and Aworanti, 2012). The drying
kinetics of blanch-osmotic pre-treated tomato and
untreated sliced tomato samples was determined at
different bulb temperature under hot air-drying for
average moisture contents from 770% and 830% dry basis
(d.b) to 130% d.b (kg water/kg dry matter), respectively.
Figure 1 shows the dependence of moisture content on
drying time for blanch-osmotic pre-treated and untreated
sliced tomato samples at temperature of 60°C.
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The product moisture content variations with drying
times as shown in Figure 1 revealed that moisture ratio
decreases continuously with drying time for both the
blanch-osmotic pre-treated and untreated tomato samples.
The product moisture content variations with drying times
for both the blanch-osmotic pre-treated and untreated
tomato samples at 40, 50, 70 and 80°C followed the same
trend as that of 60°C (plots not shown). The continuous
decrease in product moisture content for both the pretreated and untreated tomato samples with time indicates
that the internal mass transfer for sliced tomato samples
was governed by diffusion mechanism. Similar
observations have been reported by Doymaz (2007) for
tomatoes, Kingsly et al. (2007) for peach, Akpinar and
Bicer (2008) for long green pepper, Ismail and Ibn Idriss
(2013) for okra, Agarry and Owabor (2012) for banana,
and Agarry and Aworanti (2012) for coconut,
respectively. Furthermore, the moisture removal was
faster for the blanch-osmotic pre-treated tomato slices
than for the untreated sample. This observation is due to
alteration and disruption in the integrity of the internal
structure and subsequent softening of tissues after the
combination of blanching and osmotic dehydration pretreatment, which facilitates the transport of moisture to
the surface of the product where it is evaporated. A
similar observation has been reported for blanched sweet
bell-pepper subjected to convective hot air drying
(Sharma et al., 2015). In the case of the untreated, there is
no cell disruption prior to drying and therefore movement
of moisture within the cell is confronted by the resistance
mechanisms of intact cell structures. Table 1 shows the
values of drying rate and drying time obtained for the
drying of untreated and blanch-osmotic pre-treated
samples at different drying temperature.

It is seen in Table 1 that the drying rate increased from
22 to 43 × 10-3 kg/m2h with corresponding decrease in
drying time from 16 to 8 h for untreated sliced tomato
samples and from 23 to 52.6 × 10-3 kg/m2h and a
corresponding decrease in drying time from 14 to 6 h for
blanch-osmotic pre-treated tomato samples as the drying
temperature increased from 40 to 80°C. This is in
agreement with the observation of Kingsly et al. (2007),
Sacilik (2007), Thorat et al. (2010), Agarry and Aworanti
(2012), and Purkayastha et al. (2013), respectively, that
drying rates increases while drying times decreases with
increase in drying temperature. This implies that drying
improves with increase in temperature and hence a higher
mass transfer (Christie, 1985). Also, as observed from
Table 1; at higher drying temperature, the blanch-osmotic
pre-treated sliced tomato samples were found to have a
higher drying rate and a shorter drying time as compared
to the untreated samples. Blanch-osmotic pre-treatment
prior to hot air-drying showed that the drying time
decreased by 12.5, 14.3, 16.7, 20 and 25% at drying
temperatures of 40, 50, 60, 70 and 80°C, respectively.
Consequently, it can be concluded that blanch-osmotic
pre-treatment reduced the drying time as a result of
increased drying rate. These results are in agreement with
the observations of Nieto et al. (2001) and Agarry and
Aworanti (2012) whom correspondingly reported that
osmotic pre-treatment of mango with increased glucose
concentration as well as the osmotic pre-treatment of
coconut meat chips with sucrose increased the drying rate
during hot air drying. The drying rate curves for blanchosmotic pre-treated sliced tomato samples and the
untreated sliced tomato samples at 60°C is as shown in
Figure 2.

Product Moisture Content
(kg H2O/kg dry matter)

9
8
7
6
5
4
3
2
1
0
0

2

4

6

8

10

12

14

Time (h)
Blanch-Osmotic Pretreated Sample

Untreated Sample

Figure 1 Drying curves of blanch-osmotic pre-treated and untreated sliced tomato samples
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Drying Rate x 10-3 (kg/m2h)

60
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10
0
0
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4
Product Moisture Content (kg H2O/kg dry matter)
Osmotic Air-Drying

5

6

Non Osmotic Air-Drying

Figure 2 Drying rate curve of blanch-osmotic pre-treated and untreated sliced tomato samples dried at 60°C

Table 1 Values of drying rate and drying time obtained for untreated and blanch-osmotic pre-treated tomato slices
subjected to hot air drying method at different drying temperature
Sample
Drying Temperature (°C)
Drying Rate (× 10-3 kg/m2h)
Drying Time (h)
40
22
16
50
25
14
Untreated Sample
60
29
12
70
35
10
80
43.4
8
40
23
14
50
26.3
12
Pre-treated Sample
60
31.6
10
70
39.5
8
80
52.6
6
Figure 2 shows that the rate of moisture removal in
both pre-treated and untreated tomato slices was higher in
the initial stage, which then decreased as drying
progresses. At the initial stage of drying in both pretreated and untreated tomato slices, the available free
moisture concentration gradient was higher thereby
leading to higher drying rate. That is, the free moisture
close to the surface of the product being removed early in
the process (Agarry and Aworanti (2012). At high initial
moisture content, the initial drying rate is always higher
due to higher vapour pressure gradient, which decreases
as drying progresses. This observed initial increase in
drying may also be as a result of an opening of the
physical structure which allows for rapid evaporation and
transport of water (Purkayastha et al., 2013). The initial
drying rate was highest for the untreated sample as a
result of its higher initial moisture content (830% d.b)
which was lower in the blanch-osmotic pre-treated
samples (770% d.b). In addition, the drying rate curve at
60oC indicated that the product moisture content of
blanch-osmotic pre-treated and untreated sliced tomato
samples varies constantly with the rate of drying (constant
rate period) followed by a decrease in the drying rate

which varies linearly (falling rate period) with product
moisture content. This behaviour reveals that the drying
of tomato is both in the constant and falling rates period.
Thus, it suggests that the mechanisms of moisture
removal are temperature, capillary and diffusion control;
hence, tomato is a hygroscopic food material
(Arumuganathan et al., 2009; Purkayastha et al., 2013).
However, Purkayastha et al. (2013) observed two falling
rates period and no constant rate period in the drying
behavior of blanched tomato.
Effect of Pre-treatment and Drying Temperature on
Nutritional Value
The nutritional value (in terms of vitamin C (ascorbic
acid)) of blanch-osmotic pre-treated and untreated sliced
tomato samples in relation to drying temperature is as
shown in Figure 3. The vitamin C content of fresh tomato
was about 0.054%, and this value generally decreased as
drying temperature increased during the hot air-drying of
blanch-osmotic pre-treated and untreated tomato slices
(Figure 3). That is, the percentage vitamin C content for
both the untreated and blanch-osmotic pre-treated tomato
samples dried at 40, 50, 60, 70, and 80°C was
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respectively less than the percentage vitamin C content
for the fresh tomato (0.054%) prior to pre-treatment and
drying. Similar observations have been reported for
blanched tomato slices (Purkayastha et al., 2013) and
blanched cocoyam slices (Afolabi et al., 2015). This
indicates that both hot air drying and osmotic agent had a
considerable effect on the nutritional value. The retention
of vitamin C content in blanch-osmotic pre-treated tomato
slices dried at 40, 50, 60, 70, and 80°C was
correspondingly 43%, 54%, 61%, 57% and 39%,
respectively. Therefore, the highest reduction in vitamin
C content occurred at 80°C (61%) and lowest at 60°C
(39%). On the other hand, the retention of vitamin C
content in untreated tomato slices dried at 40, 50, 60, 70,
and 80°C was correspondingly 72%, 78%, 94.5%, 90.7%
and 57.4%, respectively. Also, the highest reduction in
vitamin C content occurred at 80°C (42.6%) and lowest at
60°C (5.5%). Thus, these observations indicate that
tomato slices pre-treated or untreated, dried at 60°C were
able to retain the heat-labile vitamin C better. Moreover,
the hot air-drying of blanch-osmotic pre-treated tomato
slices produced a dried tomato product with lower
percentage vitamin C retention than the dried tomato
product produced by hot air-drying of untreated tomato
slices. This suggest that the concentrated salt solution
being a strong electrolyte resulted in the leaching of the
nutrients and hence solubilization thereby enhancing the
loss of vitamin C. Gupta et al. (2014) have also reported
that vitamin C loss in blanched pre-treated aonla shreds
subjected to hot air-drying between 50 and 60°C was
higher in comparison with the vitamin C loss in untreated
aonla shreds.
Optimization of Drying Temperature
As shown in the preceding Table 1, sliced tomato
samples dried at lower temperature took a longer drying
time to achieve a product with moisture content of 130%
d.b thereby given room for longer heat exposure. As a
result of this longer heat exposure, vitamin C (nutritional
constituent) which is heat sensitive reduced in percentage
value as shown in Figure 3. The sliced tomato samples
subjected to higher temperature (70 and 80°C) of drying

took shorter drying time to attain product moisture
content of 130% d.b; however, because of its exposure to
greater heat effect there was greater reduction in the
vitamin C percentage value. Therefore, given the fact that
in most drying operations which employ heat, the major
objective is to expel all the free moisture (bound and
unbound moisture) within the shortest possible time
without necessarily destroying the texture, colour, flavour
and nutritional value, hence a compromise must be made
between the maximum drying rate and the maintenance of
food quality. It could be observed from the above Figure
3, that the percentage vitamin C retention in dried tomato
products produced by the hot air-drying of blanchosmotic pre-treated tomato slices as well as the untreated
tomato slices respectively increased as the drying
temperature increased from 40 to 60°C, and above 60°C it
decreased to a value much lower than its value for fresh
tomato prior to drying. Thus, it would perhaps be right to
imply that the optimum drying temperature for tomato is
60°C, since at this temperature the percentage vitamin C
retention is optimum as it is relatively close to its value
for fresh tomato prior to pre-treatment and drying.
Purkayastha et al. (2013) in their study of the thin layer
drying of tomato have reported that optimum retention of
ascorbic acid was achieved in tomato slices dried at 50°C
and there was a considerable decrease in nutrient for those
dried at higher temperature of 65 and 70°C.
Modeling the Drying Kinetics of Tomato
Experimental results of moisture variation with drying
time were fitted to four different drying models (Eqs. (5)–
(8)) and the fits are not shown. The models parameters
were determined using the non-linear regression tool of
MATLAB 7.0 computer software package. The drying
model which depicted the highest coefficient of
determination (R2) as well as the lowest root mean square
error (RMSE) was selected. The R2 and RMSE values
obtained through the non-linear regression analysis are
summarized in Table 2 for untreated and blanch-osmotic
pre-treated tomato samples subjected to hot air drying
method.

Table 2 The different drying models goodness of fit for untreated and blanch-osmotic pre-treated tomato slices
subjected to hot air drying method
Sample
Model
Drying Temperature (°C)
R2
RMSE
Newton
60
0.9938
0.0278
Page
60
0.9975
0.0195
Untreated Sample
Henderson & Pabis
60
0.9943
0.0292
Logarithmic
60
0.9963
0.0262
Newton
60
0.9678
0.0709
Page
60
0.9972
0.0235
Pre-treated Sample
Henderson & Pabis
60
0.9705
0.0759
Logarithmic
60
0.9825
0.0674
Table 3 Values of effective moisture diffusivity for untreated and blanch-osmotic pre-treated tomato slices subjected to
hot air-drying at 60°C
Sample
Temperature (°C)
Effective moisture diffusivity (Deff×10-11) (m2/s)
R2
Untreated Sample
60
4.43
0.9856
Pre-treated Sample
60
6.33
0.9684
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% Vitamin C in fresh and dried tomato
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Figure 3 The nutritional vitamin C value of blanch-osmotic pre-treated and untreated sliced tomato samples dried at
different temperature under hot air-drying
(b) Preated Sample

(a) Untreated Sample
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Drying Time (h)

Drying Time (h)
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Figure 4 Representation of predicted moisture ratio versus experimental moisture ratio for untreated and blanch-osmotic
pre-treated tomato slices under hot air-drying at 60°C

The results presented in Table 2 show that at drying
temperature of 60°C, the R2 value was greater than 0.90,
which indicates a good fit (Kingsly et al., 2007; Agarry
and Aworanti, 2012) of all the four drying models to the
tomato drying kinetics data. However, the value of R2 for
the Page model in comparison with the other models was
the highest and with the lowest value of RMSE. Thus, the
Page model may be proposed to be the best model to
describe the drying kinetics of tomato. Similar findings
have been reported for hot air drying of red pepper,
tomato and potato (Akpinar et al., 2003; Simal et al.,

2005; Doymaz, 2007). However, Sacilik (2007) and
Purkayastha et al. (2013) had respectively observed in
their different study of thin layer drying of tomato that
Logarithmic model best described the drying
characteristics of blanched and untreated tomato. The
accuracy of the Page model to simulate the drying curves
of untreated and blanch-osmotic pre-treated tomato slices
under hot air-drying at 60°C was respectively evaluated.
To mathematically evaluate the simulation, the average
relative error (%E) and coefficient of determination (R2)
were calculated from comparing the experimental
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moisture ratio and those given by the proposed model for
the range of drying temperature considered. The estimated
kinetic parameter values for the Page model are presented
as follows: k and n values for the untreated tomato sample
are 0.1847 and 1.143, respectively with (R2= 0.9975 and
%E = 1.24); while for the pre-treated tomato sample it is
0.1239 and 1.554 with (R2= 0.9972 and %E = 11.4). It is
observed that the R2 values are high and the %E values
are relatively low for the sliced tomato samples dried at
60°C. Thus, the Page model has allowed an accurate
simulation of the drying curves of untreated and blanchosmotic pre-treated tomato slices for the temperature
studied under hot air-drying; thereby, exhibiting a high
agreement between experimental and predicted
(estimated) moisture ratio as shown in Figure 4.
The result also showed that the drying kinetics of
untreated tomato slices described by Page model, the
drying constant ‘k’ is higher than the ‘k’ value for blanchosmotic pre-treated tomato slices; while the empirical
constant ‘n’ is lower than the value of ‘n’ for blanchosmotic pre-treated tomato slices under hot air-drying.
Moisture Diffusivity
The transfer of water (moisture transport) during hot
air-drying of untreated and blanch-osmotic pre-treated
tomato slices was described by the application of Fick’s
diffusion model. The drying curves experimentally
obtained at 60oC were fitted to the Fick’s diffusion
equation (Eq. (13)). The good linear fitting to this
equation with coefficient of determination (R2) ranging
from 96 - 98% for the drying process showed that drying
of tomato is well represented by the Fick’s diffusion
model and thus allowed for the calculation of the effective
moisture diffusivity (Deff) at 60°C. The Deff obtained for
blanch-osmotic pre-treated tomato slices was 4.43 × 10-11
m2/s (R2= 0.9856) and 6.33 × 10-11m2/s (R2= 0.9684) for
untreated tomato slices dried at 60°C, respectively, as
presented in Table 3. These values are within the general
range of 10-11 to 10-9m2/s for drying of food materials
(Doymaz, 2007; Honoŕe et al., 2014). The results in Table
3 revealed that Deff was comparatively higher for blanchosmotic pre-treated tomato slices than that for untreated
tomato slices. However, the Deff values obtained for pretreated and untreated tomato slices in this present study
are lower than those estimated by different authors for
tomatoes: 3.72 – 12.27 × 10−9 m2/s for tomatoes dried at
45 – 75°C (Akanbi et al., 2006); 4.28 – 6.28 × 10−9 m2/s
for blanched tomatoes dried at 50 – 70°C (Sacilik, 2007)
and 2.387 × 10−9 m2/s for blanched tomato dried at 60°C
(Purkayastha et al., 2013).
Conclusion
From the results of the studies on the drying of
untreated and blanch-osmotic pre-treated tomato sample
using hot air-drying, it can be concluded that drying rate
is proportional to drying temperature and inversely
proportional to drying time under hot air-drying. The
drying time required to attain a final product moisture
content of 130% d.b for both untreated and blanch-

osmotic pre-treated tomato slices decreased with increase
in temperature. The drying of tomato is both in constant
rate and falling rate period, hence they are hygroscopic
and thus behave like porous solids. Pre-treatment and
drying temperature has a significant effect on the drying
kinetics and nutritional quality of tomato. Blanch-osmotic
pre-treatment prior to hot air drying offers a higher drying
rate and faster drying time than non-pre-treatment. Pretreatment using sodium chloride of high concentration as
osmotic agent suggests having a more damaging impact
on the nutritional constituents than non-pre-treatment.
Nutritional constituents (such as vitamin C) of tomato
(vegetables) are both heat (i.e. temperature) and osmotic
agent sensitive. The optimum drying temperature for
tomato (and probably for vegetables) may be suggested to
be 60°C. The use of the semi empirical Page model
allowed for sufficient description of the drying curves of
untreated and blanch-osmotic pre-treated tomato slices
under hot air drying which could represent a useful tool
for engineering purposes. The Fick’s diffusion model
presented a good linear adjustment to the experimental
drying results obtained for both untreated and blanchosmotic pre-treated tomato slices under hot air drying
which allowed the estimation of the effective moisture
diffusivity. The estimated effective moisture diffusivities
ranged from 4.43 to 6.33 × 10-11 m2/s for untreated and
blanch-osmotic pre-treated tomato slices dried at 60°C
under hot air drying, respectively.
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