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Abstract: The main purpose of this investigation was to study the effect of Refractance-window (RW) drying
method on quality characteristics of produced tomato powder as compared to the convection drying method.
This study include the determination of physico-chemical quality criteria, such as bulk density, solubility (%),
rehydration ratio, hygroscopicity, L-ascorbic acid, total phenolic compounds, total flavonoids and lycopene
content of produced tomato powder. The obtained results indicated that the RW drying at three different
conditions (90, 75 and 60°C for 40, 60 and 75 min; respectively) has lower elapsed drying time and higher values
of average drying efficiency. The cost of producing one kilogram tomato powder were lower by 76, 72 and 64
% of 90, 75 and 60°C for the RW drying than the convection drying one; respectively. Moreover, the RW
drying at three different conditions caused a higher values of bulk density, solubility (%), rehydration ratio and
hygroscopicity than the corresponding values of tomato powder produced by convection drying (60°C for 16
hr). On the other hand, in general, RW drying method caused a highly considerable retention of antioxidant
compounds such as L-ascorbic acid, total flavonoids and lycopene content, except in phenolic compounds
which was found to be more in tomato powder produced by convection drying than that found in tomato
powder produced by RW drying at three different conditions.
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INTRODUCTION farmers to till the product into the ground due to its trifle

Refractance  Window  (RW)  system  is  a novel Tomato has a limited shelf life at ambient conditions
drying method for converting liquid foods and other and is highly perishable. It creates glut production season
related biomaterials into powders, flakes, or sheets with and becomes scanty during off-season. Short shelf life
added value. In this system, purees or juices prepared coupled with inadequate processing facilities results in
from fruits, vegetables, or herbs dry in short times, heavy revenue loss to the country. The demand for
resulting in products with excellent color, vitamin and dehydrated tomato is increasing rapidly both in domestic
antioxidant retention. In RW drying systems thermal and international market with major portion of being used
energy  is  transferred  from  hot  water  to  a  film of for preparation of convenience food. Thus, there exist a
puree or juice spread thinly on a plastic conveyor belt [1]. need to develop suitable technology for processing and
The RW drying technology has become attractive for preservation of this valuable produce in a way that will
applications in food industry, because the dried products not only check losses but also generate additional
are of high quality and the equipment is relatively revenue for the country [4].
inexpensive [2]. Dried tomato products are in high consumption as

The large size of refractance-window dryers are compared to other tomato products due to their excellent
beneficial for drying heat sensitive products in the properties. Among these various dried tomato products,
technological  industry  as  tomato's  juice,  especially powder enjoys a special market. Tomato solids in powder
when  the  demand  is  highly  decreased  and  huge form have many advantages, including ease of packing,
amounts of  tomato  are  available,  which  in  turn  forced transportation  and  mixing  and  no  drum-clinging  loss.

price [3].
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In addition, tomato powder is much in demand by The main objective of the present investigation was
dehydrated soup manufacturers and it also can be used as to study the effect of refractance window drying system
an ingredient in many food products, mainly soups, on the quality criteria such as hygroscopicity, bulk
sauces, ketchup, snacks and other savory dishes [5]. density, solubility, rehydration ratio; and also antioxidant

Because of high consumption and industrial use of components (i.e. ascorbic acid, total phenolics, total
dried tomato products, the effects of different processing flavonoids and lycopene) of produced tomato powder, as
and storage conditions on the chemical and physical compared to the convection drying process (hot air
properties of them have been studied by several authors. drying).
Lycopene can be considered as a valuable quality index
for tomato products and reports show that heating and MATERIALS AND METHODS
drying of tomato products under different processing
conditions to manufacture tomato powder may cause Materials
degradation of lycopene. Browning is the main cause of Tomato Fruit: 10 kg Fresh tomatoes (Lycopersicon
tomato quality degradation during drying and it was esculentum) were purchased from local market (Mataryia
shown that the browning reaction rate of tomatoes during region, Cairo, Egypt). Tomatoes were sorted for color
drying depends on product moisture and critically on the (bright red), firmness and lack of blemishes.
product temperature and the rate of color formation
increased as the intensity of drying process increased [6]. Methods: The present study was carried out in the

A number of methods are used to dry fruits and Agricultural Engineering and Food Science and
vegetables. Hot-air drying is the most common method. Technology Departments in the Faculty of Agriculture,
However, this method can cause an unpleasant taste and Al-Azhar University, Nasr City.
color and reduce the nutritional content of the product [7,
8]. It can also bring about a decline in porosity and water Experimental: Two different drying systems of the same
absorbance capacity and a shifting of the solutes from the loading capacity 2.84 kg of tomato juice namely:
internal part of the drying material to the surface over the convection drying at 60±2°C and refractance-window
long drying period at high temperatures. Also, low thermal dryer "RW" "similar to that designed by Ghanem [3] " at
conductivity of food materials in the falling rate period three different glass-water contact temperatures of 60±2,
limits heat transfer to the inner part of food during 75±2 and 90±2°C, respectively, with air flow rate of 0.21
conventional heating. The elimination of these problems, m /m .s were evaluated.
preventing significant quality loss and achieving fast and
effective thermal processing, has resulted in the Refractance-window Dryer: The dryer as reported by
increasing use of another drying methods for drying food Ghanem [3] (as shown in Fig. 1) consists of a water basin
[9]. of four sides of galvanized iron sheet of 0.5 mm thick.

3 2

Fig. 1: Experimental setup of the Refractance-window drying system [3]
1-Air inlet. 2-Electrical air blower. 3-Controlling water pressure apparatus. 4-Air duct.
5-Water vent. 6-Water inlet. 7-Electrical heater and thermostat. 8-Dryer space.
9-Air outlet. 10-Table. 11-Heated water.
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The basin dimensions are 0.4x 0.4 m and was insulated Measuring Instrumentations
from its bottom and sides by 0.03m polyurethane panels. Thermocouples: Temperatures were measured using type-
The space above the basin (dryer bin) is completely tight K thermocouples, multiple channel switch for the same
by a transparent cover tightly from the bottom. The outer thermocouple type to prevent compensation. The output
surface of the dryer basin is tightly covered with insulated device includes a large 4-digits temperature reading
steel cover. A 2kW heater, thermostat and an indicator display and electronic circuitry, the specifications of
circuit was used for controlling the water temperature in thermocouples are U.S.A manufactured, model 8528-40,
the basin. Water basin was continuously compensated by full accuracy 18-28°C and useful range 4-45°C.
an apparatus maintaining the water at the atmospheric
pressure. In present work, some modifications in RW Turbo Meter: A turbo meter was used for measuring the
drying system were applied to achieve some advantages drying air speed in m/s. It is manufactured in U.S.A,
as follow: measuring ranges: 0-44.8 m/s.

Transparent   plastic   belt   conveyor   as  reported Electrical Balance: Made in Japan, Sartorius type,
by Nindo and Tang [1] is displaced by transparent accuracy 0.0001 g
glass cover to overcome the sticky nature of dried
tomato produced and to be easily removed after Moisture Content Determination: The moisture content
drying. was determined according to AOAC [10]. Three different
The basin sides were well insulated and compensated samples were taken for evaluating the moisture content of
water was siphoned to give energy advantage. tomato pulp (average of three determinations was used).

Convection Dryer: Convection dryer used in the present Average Drying Efficiency “ " (ADE): The drying
study is conventional dryer of six pans each of (35 x25 efficiency as reported by Thanavi and Pandae [11] for a
x4cm), each of them was completely surrounded by solar drying system is defined as "the ratio of heat used
aluminum foil. Preheated air of 2.1 m/s and 60±2°C is in evaporation of moisture from the drying material to the
circulated over the tomato pulp. incident total solar radiation on horizontal surface". In the

Preparation of Samples: Tomatoes were divided into five energy used in heating and moving the drying air E  “kJ”
parts; one of them was used for analysis of fresh tomato, during a time period of  to  +  can be written as: 
other parts were used individually for drying processes.
Tomatoes were chopped into pieces with knife and
ground into rough pulp using a blender (Braun AG Frank, (1)
40-60 Hz /400W, Tipe MX 32, No. 4142, German).
Subsequently, pulp was passed through a finisher (0.5mm (2)
screen) to remove skins and seeds. 400g of tomato pulp
was placed in aluminum trays (35× 25×4 mm) with Whereas:
thickness about of 1-2 mm in a convection drying (CD) X: is the time required for operating the electrical heater to
and the same amount of tomato pulp was also placed in a compensate all heating losses and heat required for
glass-water contact temperature (40×40 mm) with a conduction, infrared windows and evaporation during the
thickness film about of 1-1.5 mm in a refractance-window drying process in seconds, 
drying (RW). The pulp was dried in a convection drying P : Electrical power required for moving drying air kW,
at 60±2°C and a refractance-window at three different P : Electrical power required for compensating heat losses
temperatures/times 90±2°C/40min, 75±2°C/60min and and drying process kW,
60±2°C/75 min till its moisture content reached to 11-13%. E : Is the heat required to raise the water temperature in
After drying, the dried film of tomato pulp was crushed the basin to 60, 75 and 90°C for the RW dryer, distributed
from trays or glass. The dried flakes were ground by using on daily operating hours (16 h) and modified to the
a laboratory disc mill to pass through 20 mesh sieve. The experimental time increment ,
produced powder was desiccated at-18±2°C in sealed m: Total mass of water in the dryer basin, “ 19.2 kg”,
plastic page until analysis. Cp: Specific heat of water kJ/kg.°K.
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Consequently the drying efficiency during a time period Taxes and insurance =
of  to  +  can be written as:

(3)

And the average drying efficiency can be written as:

(4)

Whereas:
n: Is the number of values,
W  Is  the  moisture  evaporated  during  time  period  ofWE:

 to  + , in kg, which can be calculated using the
mass balance concept as follows:

m ( + ) = m ( )(1-M ( ))/(1-M  ( + ) (5)p p wb wb

W( + ) = m ( + ) x M  ( + ) (6)p wb

W  = W( )-W( + ) (7)wE

m ( ): is the mass of tomato pulp at a time period ( ); kg,p

m ( + ): is the mass of tomato pulp being dried afterp

time increment of ; kg,
M : is the moisture content of tomato juice % wet basis,wb

W( ):is the mass of water at a time period ( ); kg,
W( + ): is  the  mass  of  water  after  time  increment
of ; kg,
L: is the latent heat of vaporization of water at the drying
air temperature in kJ/kg which can be calculated according
to [12] as follows:

L=2502.535-2.3857(T-273.16) (8)

T: is the drying temperature in °K. 
E : is the total energy used in heating and moving dryingT

air during a time period of  to  + ; in kJ.

Costs Evaluation: Yearly fixed and operating costs were
evaluated for both the convection and RW type dryers
according to Goula and Adamopoulos [13] as follows:

Fixed Costs
Depreciation = (Cost new-Salvage) /Total expected life in

years
The total expected life is assumed ten years and salvage
is 10% of the cost new.
Interest on investment = 

{0.5(Dep. Cost) + Estimated salvage}X Interest rate 
Interest rate is assumed 0.08.

{0.5(Dep. cost) + Estimated salvage}X Combined rate
Combined rate = 1.5%
2-Operating costs
Power utilization.
Maintenance and labor (maintenance 3% of the cost

new).

Yearly labor costs in the present work is assumed to
be distributed on ten drying units each of them 2.84 kg
tomato pulp loading capacity and the yearly operating
time is assumed to be 5840 h/year. Consequently, costs
for producing one kilogram tomato powder were also
evaluated for both the convection and RW dryers tested.

Analytical Methods
Total Soluble Solids (TSS): For the determination of total
soluble solids, the fresh tomato juice was homogenized
and then centrifuged at 1474g for 10 min. The supernatant
was used to measure the soluble solids according to the
method described by AOAC [10], using a refractometer,
Carl Ziess, Jena (Germany) and the results were reported
as °Brix at 20°C.

The Titratable Acidity (TA): The titratable acidity (TA)
for fresh tomato juice was determined according to the
method described by AOAC [10]. TA was analyzed in
triplicate and expressed as citric acid equivalents.

pH Value: Fresh tomato juice was homogenized and then
evaluated as the method described by AOAC [10] pH
value determination was carried out by a Jenway 3505 pH
Meter (UK) with a combined pH electrode at 25°C.

Hygroscopicity: Hygroscopicity is based on the
equilibrium moisture content, to compare
hygroscopicities, the weight increase per gram of powder
solids after being subjected to the atmosphere with
relative humidity of 76% for 90 min as the method
described by Goula and Adamopoulos [14].

Bulk Density: The bulk density of the product was
determined by pouring about 5 g of the powder into a 10
ml graduated cylinder. The volume occupied by the
sample was recorded and bulk density was calculated [15].

The Solubility: The solubility of the powders was
determined according to the method of Liu et al. [6]. The
powder solubility was calculated as:
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M1
Solubility % = ------- x 100

M0

Whereas M  was the total weight of the powder (100 g)0

and M  was the weight of the powder soluble in the1

solution (g).

Rehydration Ratio (RR): The rehydration ratio (RR) was
determined as recommended by Goula and Adamopoulos
[4]. The data was quantified in term of RR:

RR = Mrh/ Mdh

Whereas Mrh is the mass of the rehydrated sample (kg)
and Mdh the mass of the dried sample for rehydration test
(kg).

Total Phenolics: The measurement of total phenolics
(TPs) content was conducted according to the modified
Folin-Ciocalteu colorimetric method [16]. Each sample was
measured at 760 nm using an UV/Vis spectrophotometer
(Spekol 11, No. 849101,). Gallic acid was used as a
standard and results were expressed as gallic acid
equivalents (GAE) per 100 g DM. The linear reading of the
standard curve was from 0 to 600 µg of gallic acid
/milliliter.

Total Flavonoids: Total flavonoids were analyzed
according to the method reported by Toor and Savage [8]
and Zhishen et al. [17]. The samples absorbance was
measured at 510 nm on a spectrophotometer (Spekol 11,
No. 849101,) against the blank (water) and the total
flavonoids was determined from the standard curve.
Flavonoid content was expressed as mg Rutin
equivalents/100 g DM.

Lycopene: Lycopene was analyzed according to the
method described by Opiyo and Ying [18]. The
absorbance of the combined hexane layers for the samples
was measured at 503 nm on a spectrophotometer (Spekol
11, No. 849101,) using hexane as a blank. The amount of
lycopene in the tomato samples was determined using the
formula as:

Lycopene (mg /100 g) = 312 x absorbance at 503 nm.

Statistical Analysis: Data were subjected to the statistical
analysis according to Analysis of Variance (ANOVA) of

Completely  Randomized  Design   as   described by
Gomez  and  Gomez  [19]  Treatment  means  were
compared  using  the Least Significant Differences (LSD)
at 0.05 level of probability and Standard Error.
Computations and statistical analysis of data were done
using facilities of computer and statistical analysis system
package [20].

RESULTS

Physico-Chemical Quality Attributes of Fresh Tomatoes
Pulp: The obtained results are shown in table 1; it could
be observed that the moisture content and total soluble
solids (TSS) of fresh tomato pulp were found to be as
93.43 and 6.9%, respectively.

Concerning the pH value and titratable acidity, fresh
tomato pulp had higher the acidic condition being which
were found to be as 4.03 and 0.89 mg/100g (as citric acid
equivalent), respectively.

Regarding the antioxidant compounds such as
ascorbic acid, phenolics, flavonoids and lycopene also
illustrated in the obtained results of the former table, it
could be noticed that fresh tomato pulp contained a
considerable amount of L-ascorbic acid which was
represented about 228 mg / 100g, on dry weight basis
(DM). In addition, the fresh tomato pulp had a high
content (296 and 206 mg / 100g DM) of phenolic and
flavonoid compounds, respectively.

Effect of RW Drying Method on the Falling Rate Period
(Elapsed Time) of Moisture Content in Produced Tomato
Powder: Drying curves (the relation between moisture
content and elapsed time to reach the required moisture
content) for convection dryer at 60°C (Fig. 2) and for RW
dryer at three different tested temperatures 90, 75 and
60°C (Fig. 3) indicated that the elapsed drying time to
reach the adequate moisture content (11.37%) in the final
product of tomato powder by using the convection drying
method requires 16 hours. While, by using the RW drying
method to get the adequate moisture content within the
limits of 10.95-13.63% were ranged between 40 to 75
minutes.

It   was    clear    that    the    drying    of    tomato  film
is   quickly    moved   to   the   falling   rate  period
(elapsed time) when RW drying method was used,
requires a shorter time percent of 83, 75 and 69 % for 90,
75 and 60°C; respectively than that of convection drying
method.
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Fig. 2: Moisture content "wet basis" of the convection type dryer at 60°C as affected by elapsed time

Fig. 3: Moisture content "wet basis" of the refractance-window dryer at glass-water contact temperature of 60, 75 and
90°C as affected by elapsed time.

Table 1: Physico-chemical quality attributes of freshTomato pulp (Mean ± SE)

Physico-chemical characteristics Tomatofresh pulp

Moisture content (%) 93.43±3.1

Total soluble solid (TSS %) 6.9±0.4

pH value 4.03±0.07

Titratable acidity (mg /100g) 0.89±0.04

Ascorbic acid (mg/100g DM) 228±7.5

Total phenolics (mg /100g DM) 296±4.8

Total flavonoids (mg /100g DM) 206±5.6

Lycopene content (mg/100g DM) 91.53±2.8

L.S.D: Least Significant Difference at probability 0.05, Mean ± SE: Mean of triplicates samples result ± Standard Error.

Table 2: Average drying efficiency  % and costs for producing one kilogram of the tomato powder for the convection and RW dryers testedvg

Tomato dried by

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

Convection drying (CD) at Refractance window drying (RWD) at three different temperature/time

------------------------------- -------------------------------------------------------------------------------------------------------------------

Item 60°C /16 hr 90°C /40 min 75°C /60 min 60°C /75 min

 % 7.9 51 35.6 29.8vg

Yearly costs (LE/year) 4656.01 5389.23(average)

Cost LE/kg powder 60 14.31 17.02 21.34
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Table 3: Effect of drying methods (Refractance-window and convection drying) on quality characteristics of produced tomato powder (Means± SE)

Tomato dried by

----------------------------------------------------------------------------------------------------------------------------------------------------------------

Convection drying (CD) at Refractance window drying (RWD) at three different temperature/time

------------------------------- -------------------------------------------------------------------------------------------------------------------

Quality criteria 60°C /16 hr 90°C /40 min 75°C /60 min 60°C /75 min

Moisture content (%) 11.37 ± 0.8 10.95 ± 1.1 12.63 ± 0.6 12.27 ± 1.7

Bulk density (gm/cm ) 0.6281 ± 0.11 0.7434 ± 0.32 0.8196 ± 0.009 0.8218± 0.0073

Solubility (%) 54.66 ± 3.2 63.16 ± 4.4 63.83 ± 2.6 65.94 ± 1.9

Rehydration ratio 2.95 ± 0.21 3.14 ± 0.54 3.18 ± 0.28 3.24 ± 0.30

Hygroscopicity (g/g DM) 0.1132 ± 0.060 0.1216 ± 0.009 0.1343 ± 0.080 0.1492 ±0.020

L.S.D: Least Significant Difference at probability 0.05, Mean ± SE: Mean of triplicates samples result ± Standard Error

The Average Drying Efficiency ( %) Between the Table 3 explained a comparison between convectionvg

Convection  Dryer  and the  RW  Dryer:  As  shown  in
table 2, there was a wide variation in the average drying
efficiency (  %) between convection dryer at 60°Cvg

(7.9%) and RW dryer of 51, 35.6 and 29.8% at the three
different tested temperatures 90, 75 and 60°C;
respectively.

The Economical Evaluation Between RW Drying and
Convection Drying Methods for Producing Tomato
Powder: The production cost was used in present work
for identifying the economical evaluation for the
convection drying and RW drying methods utilized for
producing tomato powder. The yearly total costs (fixed
and operating) for the studied RW dryer was 5389.23
LE/year compared to 4656.01 LE/year for convection dryer
used. Table 2 emphasized this fact, the calculated
production costs of one kilogram tomato powder by the
convection dryer was found to be as 60 LE/kg ,powder

whereas its being 14.02, 17.02 and 21.34 LE/kg  for thepowder

RW dryer at used temperatures of 90, 75 and 60°C;
respectively.

Effect   of     Drying     Methods    (Refractance-window
and Convection Drying) on Physico-Chemical
Characteristics  of  Produced  Tomato  Powder:   From
the  obtained  data  (Table  3),  it  could  be  observed that
the bulk density of tomato powder produced by
convection  drying  (CD) was 0.6281 g/cm  which was3

lower than that the corresponding values of bulk density
for tomato powder produced by refractance-window (RW)
at  three different  degrees  of  temperature  and  time
which was ranged between 0.7434 to 0.8218 g/cm  On the3.

other hand, the bulk density of tomato powder was
slightly increased gradually as the drying time of RW
increased from 40 to 75 min with decreasing temperature
from 90 to 60°C.

drying and RW drying concerning the solubility
percentage of produced tomato powder. From the
obtained data, it could be observed that the tomato
powder produced by convection drying had lower
(54.66%) percentage of solubility than the corresponding
values (63.16-65.94%) for tomato powder produced by
RW drying at three different temperature/ time conditions.

From the same table, it could be exhibited that the
rehydration ratio of tomato powder produced by RW
drying at three different temperature/ time conditions was
ranged from 3.14 to 3.24, which was higher than the
corresponding value 2.95 of tomato powder produced by
convection drying process.

As shown in table 3,  the  hygroscopicity  value  was
0.1132 g/g of tomato powder produced by convection
drying, which was lower than the corresponding values
for tomato powder produced by RW drying at three
different temperature/ time conditions, which was ranged
from 0.1216 to 0.1492 g/g. In addition, the dried samples
produced by RW drying exhibited a progressively
increase in the hygroscopicity value as the temperature
decreased from 90 to 60°C with increasing the drying time
from 40 to 75 min.

Effect of Drying Methods (Refractance-Window and
Convection Drying) on Antioxidant Compounds of
Produced Tomato Powder: From the obtained data it could
be noticed that significantly (P<0.05) losses of L-ascorbic
acid was occurred after drying processes for both
convection and RW drying in tomato dried samples as
compared to fresh tomato pulp.

On the other hand, the maximum loss of L-ascorbic
acid (75%) was observed in tomato powder produced by
convection drying, which was higher than the
corresponding loss of L-ascorbic acid for tomato powder
produced by RW drying at three different temperature/
time conditions, which was ranged from 69.3 to 65.36%.
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Table 4: Effect of drying methods (Refractance-window and convection drying) on antioxidant compounds of produced tomato powder (Means± SE) 

Tomato dried by
-------------------------------------------------------------------------------------------------------------------
Convection drying at Refractance window drying at three different temperatures/times
--------------------------- ----------------------------------------------------------------------------------

Antioxidant compounds Fresh tomato (D.W) 60°C /16 h 90°C /40min 75°C/ 60min 60°C/ 75min

Ascorbic acid (mg/100g DM) 228 ± 7.5 57±2.2 70 ± 2.8 79 ± 4.3 75 ± 1.9
Total phenolics (mg /100g DM) 296 ± 4.8 312 ± 5.4 307 ± 4.0 306 ± 3.8 275 ± 2.9
Total flavonoids (mg /100g DM) 206 ± 5.6 105 ± 1.8 153 ± 0.9 178 ± 3.1 158 ± 3.4
Lycopene contents (mg/100g DM) 91.53 ± 2.8 41 ± 1.2 57 ± 3.7 59 ±2.5 56 ± 1.1

L.S.D: Least Significant Difference at probability 0.05, Mean ± SE: Mean of triplicates samples result ± Standard Error

From the same table, it could be noticed that the seems to have high beneficial effects on human health
drying processes such as convection drying (at 60°C for including immune system modulation, as a free radical
16 hr) and RW drying (at 90°C for 40 min or 75°C for 60 scavenger and as having anticarcinogen properties [6, 21]
min) for tomato pulp led to increase in the amount of Tomato components also include ascorbic acid,
phenolic compounds by 5.4 to 3.3%  as  compared to flavonoids and other related compounds (phenolic
fresh tomato pulp (on dry weight basis). In contrary, the compounds) which having an antioxidant activity and
total phenolic compound in dried tomato by RW drying at chemopreventive cancers [22, 23].
60°C for 75 min was lower than that found in fresh tomato The current results revealed that fresh tomato pulp
pulp. In addition, the convection drying caused a slightly contained a considerable amount of antioxidant
increased of phenolic compounds than those obtained by compounds such as ascorbic acid, phenolics, flavonoids
RW drying in dried tomato produced. and lycopene and the acidic condition found it them.

With regard the changes of total flavonoids in dried These results are in accordance with those previously
tomato samples as affected by drying methods (Table 4), obtained [6, 24-26].
the RW drying process caused, in general, a highly The clear observation noted in the present work was
retention of total flavonoids in dried tomato samples at a that the RW drying system could produce final dried
wide rates depending upon the drying time (40-75 min) as products with 11-13% moisture throughout short time not
compared to the convection drying process (16 hr); exceeded than 40-75 min, whereas this require 16 h by
whereas, the RW drying process caused a highly using convection drying system. This too much wide
considerable retention of total flavonoids at ratio of 86.4, variation of drying time between them mainly related to
76.6 and 74.2% in tomato samples dried at three different drying mechanism that applied with RW system. this wide
conditions 75°C for 60 min, 60°C for 75 min and 90°C for 40 variation of drying times could be attributed to the
min; respectively. While, the tomato samples dried by mechanisms of water evaporation that concerned with
convection drying process not more retention than 50.9% convection and RW drying systems [3,22,23]. In
of total flavonoids. convection drying system, the evaporation related only to

The changes of lycopene contents of different dried heat diffusion action through the liquid of the dried
tomato samples by two different drying methods are materials. However, the mechanism of the water
shown in table 4, it could be demonstrated that the evaporation in RW drying process is due to that its
retention of lycopene content in tomato dried by RW mechanism allows radiations, through infrared windows
drying method under three different conditions was opened in the wet film and thus the evaporation occurred
ranged from 61.18 to 64.45%, which was much higher than in all system. As the product films dry, the infrared
that found (44.79%) in tomato dried by convection drying windows closes and another system of heat transfer
method. occurred depending on the conduction mechanism that

DISCUSSION joined with it lowest drying time could give it multi

Over the last few years fresh tomato and tomato Concerning the average drying efficiency (  %),
products, due to their antioxidant activity, have aroused the RW drying system have excellent levels of %
new scientific interest. Tomato components include than convection drying system with folding different
carotenoids; tomato is the main source of lycopene, which times ranged between 3.8: 6.5 times according to the

evaporated remaining water. This mechanism of RW that

advantages that observed in tomato powder product.
vg

vg
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temperatures used with RW drying process. These results method on powder bulk density depends on its effect on
may be due to the proportionality between  % and moisture content due to the sticky nature of the product.vg

elapsed time of drying [27]. The  % of RW drying The powder moisture content, more particles tend to stickvg

system was reported to range between 27-47% [28]. together, heaving more interspaces between them and
However, the  % of RW dryer used in the present consequently resulting in a larger bulk volume [29]. Also,vg

work was found to be in slightly higher values than that the bulk density of tomato powder was slightly increased
reported by Brendan et al. [28]. This relating to using gradually as the drying time of RW increased with
glass contact media in present RW dryer instead of the decreasing temperature from 90 to 60°C. These results
transparent plastic belt conveyor. Also, higher values of may be due to the increasing of drying air temperature, or

 % reported in present work may be due to other drying temperature causes a reduction in bulk density, asvg

reasons, such as: recycled heat, pumping water, evaporation rates are faster and products dry to a more
siphoning water for compensation, heating water in the porous or fragmented structure [14, 30].
dryer basin and well insulation of the dryer, as reported The increasing of water solubility (%) for dried
by Ghanem [3] who carried out the modification in present tomato powder by RW drying as compared to the
RW dryer by displacing the plastic film with glass contact convection dried tomato powder may be due to the RW
media. drying use a low temperature (the temperature of raw

With regards to the production cost of one kilogram material far below the temperature of water circulating
for tomato powder, the RW drying system had much beneath the water glass contact, its precious nutrients are
lower up to 3-4 times than that obtained by the protected from deterioration) and short drying time may
convection  drying  system.  This  highly  affected by cause an increase in the particle size and so a decrease in
fixed and operating costs that directly affected by the time required for the powder to dissolve [14]. Also, in this
drying time. Because the drying time of RW dryer is more concern, noticeable Maillard reaction may be occurred in
less than that required for convection drying method, tomato powder produced by convection drying which
therefore, the power and operating costs is too much involves the binding of reducing sugars to amino acids,
decrease and this interpret the lower values of producing eventually leading to brown-pigmented reaction products,
one Kg of tomato powder by using RW dryer than that resulting loss of tomato powder solubility [6].
occurred by convection drying one. Rehydration ratio is widely used as a quality

There are many physical quality characteristics of evaluation method after drying. In fact, it is a complex
tomato powder such as bulk density (g/cm ), water process and indicates the chemical and physical changes3

solubility  (%),  rehydration  values  (ratio)  and  water caused by drying procedures. The rehydration ratio of
hygroscopicity (g/g DM); which are played an important tomato dried by RW was found to be significantly
role in assessing their quality and palatability as well as different from that of convection-dried tomato. This can
the consumer acceptability of this product. The quality be explained by the drying and evaporation systems
characteristics of tomato powdered produced by RW operate at atmospheric pressure which can cause
drying method was significantly improved when structure of tomato dried powder to expand and puff. It
compared to the product produced by convection drying was previously shown that RW-dried tomato powder
method. The RW-tomato powder was fallen in values exhibited higher rehydration ratio than the convection
progressively greater than the values obtained by dried-tomato powder ones. A less dense structure had
convection dried-tomato powder. Also, the results shows higher capacity to absorb water reconstituted. Lower
that there was a variation between the RW dried-tomato rehydration value of convection dried-tomato powder can
powders related to the differences conditions used be evidence for product shrinkage caused by severe
(temperatures and times). As the drying temperature heating and for prolonged drying resulting in irreversible
decreased from 90 to 60°C and thus the drying time physical and chemical changes [4].
increased from 40 to 75 min. The values of characteristics The  increasing  of  the  hygroscopicity  value of
tested were rather than improved. tomato powder produced by RW drying as compared to

With regard to the influence of drying method on the tomato powder produced by convection drying may be
bulk density of dried tomato powder, the RW drying due to the drying air temperature, or drying temperature
method at three different conditions (temperature and and short drying time may causes a increased in powder
time) caused an increment in bulk density when compared hygroscopicity and the products dry to a more porous or
to the convection drying method. This effect of drying fragmented structure, thus the tomato powder can easily
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more absorb moisture from the surrounding air. Also, the or higher are required releasing phenolic compounds
powder hygroscopicity in the tomato powder produced bound to other cell components in tomatoes. It may be
by RW drying method increased as the drying beneficial to subject tomatoes to a short initial high
temperature decreased from 90 to 60°C could be attributed temperature treatment in order to denature phenolic
mainly to the effect of drying temperature on the final oxidizing enzymes and release bound phenolics and then
product [14, 31]. Generally, tomato powder is evidently reduce the drying temperature [24]. In contrast, the total
hygroscopic. Tomato dried particles can easily absorb phenolic compound in dried tomato by RW drying at 60°C
moisture from the surrounding air and unless necessary for 75 min was lower than that found in fresh tomato pulp.
precautions are taken, the surface of the powder becomes These results may be due to low temperature used for
sticky and powder caking occurs [14]. drying   may   caused   inactivate  the   oxidative  enzymes

Tomato fresh was known to be contained high completely, which may have in turn resulted in some
percents of antioxidants and thus, it’s necessary to oxidation of the phenolic substances and resulted in a
research a drying method led to the excessive retention of relatively lower phenolic content in the dried tomatoes
antioxidant compounds that attain high nutritive and than in fresh tomato. This observation is similar to that
healthy effect of tomato products. All antioxidants tested mentioned by Toor and Savage [8]. Furthermore, the
(L-ascorbic acid, total flavonoids and lycopene content), convection drying caused a slightly increased in the
except of total phenolics were significantly reduced by amounts of phenolic compounds for dried tomato
both two drying methods used, when related to their produced than those obtained by RW drying. These
original level in fresh tomato. observation may be due to a much longer drying time (16

The current results revealed that significantly loss of hr) used in convection drying as compared to RW drying
L-ascorbic acid was occurred after drying processes for may cause increase in the phenolic content of tomatoes as
both convection and RW drying in tomato dried samples. a result of thermal processing. Toor and Savage [8]
These results may be explained by the fact that, L- reported that the total phenolics of tomatoes was
ascorbic acid loss is clearly temperature-dependent, as it increased after air-drying at 80°C for 7 h and this was
increases with increasing dehydration temperature. reportedly due to an increase in the number of free
Ascorbic acid is more sensitive to heat, oxygen and light hydroxyl phenol groups as a result of hydrolysis of
than most other components in food [2, 25]. It is flavonoid glycosides and/or the release of cell wall
interesting to note that, RW drying method caused a phenolics.
higher obvious retention of ascorbic acid than the Concerning to the effect of drying methods on total
convection drying process in the dried product. This may flavonoids as evident in the obtained data, it could be
be attributed to short drying time requiring (40-75 min) concluded that the RW drying at three different
and then low level of oxygen for RW drying resulting in conditions caused a considerable retention of total
product with high quality. Similar observation has been flavonoids in a wide rates of tomato dried products as
reported by Nindo et al. [32] they found that RW dried compared to the convection drying method. The results
product was almost identical to the raw material and exhibited that the much longer drying time could lead to
superior to freeze drying and far superior to all thermal significant decrease in the content of total flavonoids. 
forms of dehydration by using L-ascorbic acid retention Regarding the changes of lycopene contents of dried
as an indicator for comparison. Also, Abonyi et al. [33] tomato products as the drying methods used, it could be
mentioned that the moisture loss was significant during observed that the retention of lycopene content in tomato
the first minute of Refractance Window drying, dried by RW drying method under three different
contributing to the reduction of ascorbic acid degradation conditions was much higher than that found in tomato
due to the low partial pressure of oxygen close to the dried by convection drying method. These results may be
sample surface. explained by the fact that, lycopene content loss is

With regards to the influence of drying methods on obviously drying time-dependent, as it increases by
the total phenolic compounds in tomato powder products, increasing of the drying time may case more oxidation,
the convection drying (at 60°C for 16 hr) and RW drying which resulted in the destruction of lycopene [34]. These
(at 90°C for 40 min or 75°C for 60 min) for tomato pulp results are coincident with those obtained by Chang and
caused increase in the amount of phenolic compounds as Liu [35] which reported that three major factors affecting
compared to fresh tomato pulp (on dry weight basis). for lycopene contents in tomato, including tomato
These results mainly due to drying temperatures of 75°C cultivars,   drying    temperatures    and   drying   time,   are
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considered to critically influence the lycopene contents RW drying process have a valuable economical
during the drying process. Finally, the highest reduction effect by much reduced the production of costs of
was observed for L-ascorbic acid rather than other tested one Kg of tomato dried powder than that obtained by
antioxidants. This was expected, relating to their high convection drying process. 
sensitively to oxidation by heating process. However, the The RW-dried products have high quality of physical
reduction of such antioxidants was excessively affected characteristics, where observed in the present work
by the drying methods used. RW-tomato powder retained that RW-tomato powder which having the best of
much more antioxidants than convection dried-tomato bulk density, solubility, rehydration ratio than the
powder. Except for phenolics, RW drying methods have convection dried-tomato powder. Such
a great effect on the preservative of original antioxidants characteristics have a great role in product
in fresh tomato. This range of variation for each palatability and thus consumer’s acceptability.
antioxidant was dependently on the drying variation RW drying system have a great positive effect in
conditions of temperature/ time that applied with RW protective the biochemical components in raw
drying method. However, The losing percents of materials and mostly retained in the final dried
antioxidants was considerably occurred in convection- products,  which  mostly  lost  when  convection
tomato powder and found in a wide rates than their drying  system  uses.  T his  was  obviously  shown
original levels of fresh tomato, L-ascorbic acid, total in  tomato  powder  produced  by  RW  system  than
flavonoids and lycopene content; and also rather losing that   obtained     by     convection     drying   system.
than what happened for RW-dried tomato products which L-Ascorbic acid, flavonoids and lycopene were
retained more levels of that antioxidants at different found to be RW-dried product than that of
conditions used with RW drying method. In contrast, convection drying process.
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