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Abstract 
Open sun drying of horticultural produce results in contamination due to microbial and fungal attacks and could also be 

damaged by insects, pests, and rodents. Solar drying through solar collectors is, therefore, an important technique used for the 
preservation of foods and to extend the shelf life of produce, thereby reducing microbial attack and contamination. Therefore, an 
experiment was carried out to study the response of the drying kinetics of solar-dried tomatoes to the thin layer of preservatives on 
the drying and quality attributes. The tomato fruits were treated with natural preservatives (honey and aloe vera) and chemical 
preservatives (citric acid, sodium benzoate, and potassium meta-bisulfate). The tomato fruits were then kept at three (40, 45, and 
50ºC) different temperatures using a parabolic trough solar air heater for drying purposes. Both the drying temperature and 
preservative levels significantly (P< 0.001) affected the drying and quality traits of tomato slices. At a temperature of 50 ºC and with 
citric acid as a preservative, the tomato attained the best average results for moisture lost hr-1, drying time, drying rate, total soluble 
solids (TSS) °Brix, fruit juice pH, titratable acidity (%) and vitamin C. Based on the average maximum results, 50°C temperature 
and citric acid as a coating material could be considered for attaining better quality attributes of dried tomatoes. A two-term 
exponential model on the moisture ratio of tomatoes was found to fit for correlation and regression.  

Keywords: Drying Kinetics; Preservatives; Solar drying; Thin Layer Drying Models; Tomato. 

1. Introduction 
Over 25-30% of the crops are lost due to open sun 
drying. Losses could be reduced by using parabolic 
trough solar collectors, which provide us with suitable 
drying conditions and reduce the attack of 
microorganisms like bacteria. Drying of agricultural 
products has always been of great importance for the 
preservation of food by human beings [1]. Open sun 
drying is a well-known food preservation technique 
that reduces the moisture content of agricultural 
products, thereby preventing deterioration within a 
period regarded as the safe storage period. However, 
the quality of food can be seriously degraded, if 
unprotected from wind, storm, windborne dirt, dust, 
and infestation by rodents or other animals, so 
sometimes useful for production becomes inedible [2]. 

Solar drying is an ancient process of drying and 
preserving different fruits and vegetables. This is a 
valuable technique used for increasing shelf life and 
food security. In the process of solar drying, the 
products are dried to a moisture content of less than 
10%, which reduces the attack of microbes and 
reduces chemical changes and rancidity. The products 
dried by the solar collectors are of high quality because 
they are dried in a controlled environment safe from 
the attack of pests and the decomposition of dust from 
the air. The dehydration is uniform, causing minimum 
losses to the useful ingredients inside the products, 
having good texture and export quality [3]. 
The tomato (Lycopersicum esculentum L.) belongs to 
the family Solanaceae (nightshade). It is a major 
vegetable crop that has achieved great popularity over 
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the last century. It is one of the most popular, versatile, 
and widely grown vegetables, ranking second in 
importance to potatoes in many countries [4]. It is 
cultivated over a vast area of land in the world. In the 
Indo-Pak sub-continent, its utility is growing year by 
year, resulting in more demand/cultivation. It is native 
to tropical America, where its indigenous name was 
tomatin [5]. Tomatoes are the major dietary source of 
the antioxidant lycopene, which has been linked to 
many health benefits, including a reduced risk of heart 
disease and cancer. They are also a great source of 
vitamin C, potassium, folate, and vitamin K [5]. With 
these components, tomatoes can help combat the 
formation of free radicals. Free radicals are known to 
cause cancer [6-10]. 

 
Tomatoes have a very short shelf life, so they 

are preserved for future use. One of the most ancient 
and most valuable techniques is the dehydration or 
drying of tomatoes. Tomatoes are usually dried by the 
open sun drying method, which is not hygienic, and 
the drying time is extended to a week in uncontrolled 
humidity. The modern and most sophisticated 
techniques are oven drying and solar drying by solar 
air heaters [11]. Solar dried tomatoes have an extended 
shelf life, are hygienic due to reduced microbial attack, 
and economical due to export quality and nutritional 
attributes remain constant. The dried tomato has good 
and stable quality because it is dried in the sun without 
any contamination by dust and microbes. Through 
drying, large portions of water content from fruit and 
vegetables are removed to keep their quality and 
extend their normal storage life. Successfully 
dehydrating depends upon a slow, steady heat supply 
to assure that the food is uniformly dried. Dried fruits 
have sweets because of increased sugars and better 
flavor and aroma due to good texture [12]. To improve 
the quality, the traditional sun drying technique could 
be replaced with industrial drying methods such as 
hot-air and solar drying [13-14]. Many chemicals, 
including sodium chloride, calcium chloride, 
potassium meta-bisulphite and sucrose, have been 
used by many authors [15- 20] as pre-treatment for 
tomato drying. Convective hot air is the most widely 
used technology for drying vegetables, with an air 
temperature of around 55ºC and a final moisture 
content of about 4-8% on a wet weight basis [21]. 

 
Hence, the present experiment was planned 

to study the effect of different drying temperatures and 
preservatives on the drying kinetics and quality 
parameters of tomatoes. To determine the efficiency of 
the parabolic trough solar concentrator collector for 
high performance and to find a fitted model for the 
moisture ratio of drying kinetics of tomatoes. 

 

2. Experimental  
Site selection and Experimental Set-up 

An experiment on the influence of natural 
and chemical preservatives under the performance of 
a two-term exponential model was carried out to study 
the quality of solar dried tomatoes. The experiment 
was conducted in the agro-climatic conditions of 
Peshawar, located at 34.017° N latitude and 71.583° E 
longitude with a sub-tropical climate at 350m above 
sea level [22], Pakistan. Solar flats used for drying 
tomatoes were relocated with hands each hour to 
maintain accurate focus on the tomatoes [23]. The 
experimental set-up was installed on the roof top of the 
Department of Agriculture Mechanization, The 
University of Agriculture Peshawar, as given in Fig. 1. 
Different measuring instruments were installed inside 
the dryer, such as a pyranometer used for the 
measurement of solar radiation incidence and a 
thermos-hygrometer used for measuring the 
temperature of air and relative humidity. The solar 
collector made of steel was 1.83 m long, 0.91 m wide 
and had a 0.18 m thickness and a volume of 0.30 m3. 
Polyurethane foam with a thickness of 40 mm was 
used as a packaging material. The box of the solar 
collector, painted black, was fully airtight, which 
probably reduced the heat loss. Whereas a simple 
regulator was fitted to set the flow mass of air at 
1.5kg/min. The collector was faced towards south to 
get full sun light access and the drier with a door of 
1.12m length and 0.65 width using the procedure of 
Hanif et al. [24]. 

 

 
Fig. 1. Overview of the installed flat plate solar collector. 
 
Experimental procedure and studied attributes 

Tomatoes were brought from the fields of 
Horticultural Research Farm, Department of 
Horticulture, The University of Agriculture, 
Peshawar, Pakistan and washed with tap water. The 
tomatoes were then kept in hot water (70ºC) and 
placed on net trays in the dryer for drying (Figure 2). 
Tomato fruits were solar dried at three different 
temperatures (40, 45 and 50ºC) and treated with five 
different preservatives. 
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Fig. 2. Tomato slices placed on net inside the collector 

The basic approach to using these 
preservatives was to prevent the growth of micro-
organisms. As per categorical classification, the 
preservatives were used according to the class 
distribution of Dalton and Louisa [25]. The drying and 
organoleptic attributes of tomatoes were studied for 
the application of various temperatures and 
preservatives. After that, pre-treatment of 1% sodium 
benzoate solution was given for two minutes. The 
initial moisture content was determined by the oven 
drying method; tomatoes were put on trays of a drying 
unit having 80% perforation and dried until the 
consecutive weights of samples remained constant, i.e. 
the moisture content of 10% wet basis was achieved 
[26]. The moisture content was calculated using the 
following equation: 

Mc = ௐ௜ିௐ௙
ௐ௜

× 100 

Where: Mc moisture content of the product in (%), Wi, 
initial mass and Wf final mass of the product in (g).  

Drying time was taken as the whole time noted during 
complete drying process of tomato fruits drying. The 
drying rate Dr (g dm-1cm-2 h-1) was calculated using 
the following equation: 

Dr = ୛୍ି୛୤
ୈ୫×୅୮×ୈ୲

× 100 

where Dr, drying rate of the product in (g dm-1cm-2 h-

1), Wi, initial mass, Wf, final mass of the product of 
drying in (g), Dm, dry matter in product in (g), Ap, 
cross sectional area of the product in (Cm2) and Dt, 
time of drying {h). 

Vitamin C was determined by the titration 
method as described by Rangana [27]. For this, 10 ml 
of sample was taken in a volumetric flask and made up 
to a volume of 100 ml with 3% Meta phosphoric acid 
and filtered. Then 10 ml of filtrate was taken into a 
conical flask and titrated against a standard dye 
solution to a pink endpoint. The following formula 
was used to calculate the observed readings of Vitamin 
C. 
Ascorbic acid (mg 100 g-1) = ୊×୘×ଵ଴଴

ୈ×ୗ
× 100 

T = Solution (Dye) taken for the burette (mm) 
F = Dye-factor 

S = Fruit juice (g) used in dilution 
D = Diluted sample used for titration (mm) 
 
A standard method AOAC [28] was used to 

calculate the total soluble solid (TSS)°Brix using a 
refractometer. Fruit drops were used to keep on the 
prism and record the data. Similarly, the standard 
procedure of AOAC [28] was also used to calculate the 
titratable acidity in percent. Recorded titratable acidity 
was calculated by using the following formula: 

 
Titratable acidity % = N×T×F×10

D×F
×100 

Whereas: 
N= NaOH Normality 
T = 0.1 N NaOH taken in milliliter (ml) 
F = Acid factor (Constant 0.0067 Citric acid) 
D = Weight of sample (ml) use in dilution 
S = Diluted sample (ml) used in titration 
 

The pH of tomato fruit juice was determined 
by using an electronic pH meter, following the 
procedure described by Basit et al. [29]. The ash was 
determined by the method as reported in the handbook 
of AOAC [30]. Samples were weighed (5g) accurately 
in a previously cleaned and dried- weighed crucible. 
At first, the crucible containing the sample was placed 
in an oven (100-105 ºC) for 4 h to remove moisture. 
The moisture free sample was completely charred 
(free from carbon residues, appearing in grayish 
white) in a heating mantel followed by heating 
(ashing) in a muffle furnace at 6000ºC for 3 hours. 
Then it was removed from the furnace and cooled in 
desiccators and weighed. 

Mathematical models 

Weight loss at each hour was recorded using 
a digital portable balance (LC SK1 Round Pan) with a 
precision of 0.001. Moisture loss and drying rate at 
each hour was calculated from the data using the given 
formula. 

Dr = ୛୍ି୛୪
ୈ୫×୅୮×ୈ୲

× 100 

Different applied mathematical models given 
in Table1, were applied to the moisture ratio of 
tomatoes. R2 (coefficient of regression) and RMSE 
(Root Mean Square Error) were calculated for each 
model using the equations described by Hanif et al. 
[31].  The highest R2 and the lowest RMSE values 
described a model as a good model. 

For Modeling of Moisture Ratio, the R2 
(coefficient of regression) and RMSE (Root Mean 
Square Error) values were calculated statistically 
using the equations given by Togrul [32]. 

ܴ2 = 1 −
∑ ݅,݀݁ݎ݌ݎܯ) − (݅,݌ݔ݁ݎܯ

2ܰ
݅=1

∑ ݅,݀݁ݎ݌ݎܯ) − (݅,݌ݔ݁ݎܯ
2ܰ

݅=1
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ܧܵܯܴ =
1
ܰ

. ൤෍ ௣௥௘ௗ,௜ݎܯ) − ௘௫௣,௜)ଶݎܯ
ே

௜ୀଵ
൨

ଵ/ଶ

 

 
Mrpred,I = ith predicted moisture rate 
Mrexp, i = ith experimental moisture loss 
N = number of observations 
 
Table 1: Mathematical equations of the models used for thin 
layer kinetics of solar dried tomatoes. 
Equations   Models 
MR = a1exp (-kt) 1 + a2exp (-kt) 2 Two Term Exponential 
MR = exp (-kt)    Newton 
MR = 1+at+ (at) 2   Wang 
MR = exp (-ktn)    Page 
MR = exp (-(kt)) n   Modified page 
 
Statistical analysis 

The collected data was subjected to analysis 
of variance (ANOVA) for Randomized Complete 
Block Design (RCBD) with a two-factor factorial 
arrangement as described by Basit et al. [33].  The 
mean values were compared through the Least 
Significant Difference (LSD) test at a 1% level of 
significance. 

 
3. Results and discussion 

Almost all the attributes were found 
significant (P<0.01) for drying temperatures (DT) and 
preservatives (P) except for the ash content. Whereas 
the interaction between DT×P were also found 
significant except TSS, Ash and Vitamin C contents of 
tomatoes (Table 2). 

 
Moisture content lost (% h-1) 
 The statistical analysis of data showed that 
both drying temperature and preservatives and their 
interaction significantly affected the moisture content 
lost (P <0.001) of tomatoes. The mean comparison for 
drying temperature (Figure 3a) showed that a 
maximum of 8.2 % moisture per hour was lost during 

drying at 50ºC followed by 6.8% at 45ºC and the 
minimum moisture lost (6.3%) was recorded for 40ºC. 
Data regarding preservatives (Figure 4a) showed that 
a maximum of 7.8 % moisture loss per hour was 
observed in tomato fruits treated with 2% citric acid 
solution, followed by moisture loss of 7.3% in sodium 
bi-carbonate solution. The minimum 6.6% moisture 
loss was recorded in the solution of 1% potassium 
meta-bisulfate. As concerned to interaction (Figure 
5a), maximum of 9.3% moisture lost per hour was 
attained by 50ºC×2% citric acid solution, while a 
minimum of 5.9 % was observed in 40ºC×1% 
potassium meta-bi-sulfate solution. During the drying 
process, internal mass transfer occurs with liquid 
diffusion, vapor diffusion, and capillary forces in the  
interior region of the product, and water evaporates as 
it reaches the surface [34]. Moisture removal has 
capillarity movement when the water content of 
tomato slices is high. Then, water removal occurs 
through capillary forces on the surface of the fruit. 
Free moisture evaporates from the fruit surface as the 
drying process progresses, therefore shrinkage of 
fruits occurs. Moisture loss or uptake is one of the 
most important factors that control the shelf life of 
foods. As water activity in a foodstuff decreases, the 
number and growth rate of microbial species able to 
grow in that environment also decreases [35-36]. 
These results are in accordance with the findings of 
Ibrahim [11] who recorded a significant decrease in 
moisture lost per hour due to an increase in 
temperature. Hanif et al. [37] also recorded a 
significant effect of preservatives on the overall 
moisture lost by tomatoes.  
They used 5% Aloe vera and 20% honey solution as 
preservatives. The moisture loss from apricots and the 
drying rate were more rapid at high temperatures and 
high air mass flow rates that dried the apricots quickly 
and were of good quality and taste [31]. 
 
 

  
 
Table 2 Analysis of variance for different attributes studied 

*Significant at 0.05% confidence interval, ** Significant at 0.01% confidence interval, NS - nonsignificant effect. 

 
 
Drying time (h) 

The statistical analysis of data showed that 
both drying temperature and preservatives as well as 
their interaction have a significant (P<0.001) effect on 

Parameter P of Drying 
Temperature (T) 

Significance  P of Preservatives 
(P) 

Significance  P of Interaction 
(T x P) 

Significance  

Moisture lost (% h-1) 0.0031 ** 0.0216 * 0.0360 * 
Drying time (hrs) 0.0051 ** 0.0011 ** 0.0096 ** 
Drying rate (gH2O. gD.M. hr-1) 0.0000 ** 0.0000 ** 0.0016 ** 
TSS ( oBrix) 0.0212 * 0.0000 ** 0.0763 NS 
pH 0.0000 ** 0.0000 ** 0.04205 * 
Acidity (%) 0.0312 * 0.0011 ** 0.0451 * 
Ash (g) 0.6502 NS 0.6051 NS 0.3861 NS 
Vitamin C (mg) 0.0112 * 0.0099 ** 0.0993 NS 
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the drying time (hrs) of tomato slices. The mean 
comparison for drying temperature (Figure 3a) data 
showed that maximum drying time (17.3 hours) was 
taken during drying at 40 ºC followed by 16.2 hours at 
45 ºC and a minimum was recorded for 50 ºC which 
was 13.8 hours. Data regarding preservatives (Figure 
4a) showed that maximum drying time (16.5 hours) 
was attained by fruits treated with 25% aqueous honey 
solution, followed by 16.2 in 25% aqueous aloe vera 
solution and a minimum of 14.9 hours was recorded in 
2% citric acid solution. The interaction of temperature 
and preservatives indicated (Figure 5d) that the highest 
drying time (18.1 hours) was recorded at 40 ºC × 25% 
aqueous honey solution, while the lowest drying time 
(13.1hours) was observed at 50ºC × 2% citric acid 
solution. It was observed in our experiment that a 
decrease in drying rate caused a reduction in relative 
humidity inside the concentrator. Where a maximum 
increase in drying rate was noted during decreased 
temperature. Sunny conditions and higher ambient 
solar radiation lead to increased concentrator 
effectiveness and a reduction in drying time. Reducing 
relative humidity within the dryer plays a larger part in 
reducing drying time than increasing temperature [38]. 
 
Drying rate (gH2O.gD.M.hr-1) 

The drying rate ((gH2O.gD.M.hr-1) of tomatoes 
in the drying period is given in Figure 3b. Statistical 
analysis showed that drying temperature, 
preservatives, and their interaction had a significant 
(P<0.001) effect on drying rate (gH2O.gD.M.hr-1). The 
mean comparison for drying temperature (Figure 3a) 
showed that a maximum drying rate of 0.31 
gH2O.gD.M.hr-1 was recorded at 50 ºC followed by 0.025 
gH2O.gD.M.hr-1 at 45 ºC and minimum was recorded at 
40 ºC (0.023 gH2O.gD.M.hr-1). The data of preservatives 
(Figure 4a) showed that the highest value of 0.030 
gH2O.gD.M.hr-1 was observed in 2% citric acid solution, 
followed by a drying rate of 0.027 gH2O.gD.M.hr-1 in 1% 
potassium meta-bi-sulfate solution, and a minimum of 
0.024 gH2O.gD.M.hr-1 drying rate was recorded in 
sodium benzoate solution. Regarding interaction 
(Figure 5b), maximum drying rate of 0.036 
gH2O.gD.M.hr-1 was recorded at 50 ºC × 2% citric acid 
solution, while a minimum of 0.021 gH2O.gD.M.hr-1 was 
recorded at 40 ºC × 25% aqueous honey solution. For 
the highest quality, many studies, including Andritsos 
et al. [39] recommend drying tomatoes at mild 
temperatures between 45 and 55 ºC. Temperatures 
lower than this lead to longer drying times, increasing 
the risk of microbial activity. Higher temperatures can 
result in shell hardening and can cause color and 
aroma quality losses [39]. Citric acid acts as a 
chelating agent and acidulant, which functionally 
inhibits poly phenol oxidase (PPO) activity [40]. 
Sulphate, which acts as a PPO inhibitor, reacts with 
intermediates to prevent pigmentation [41-42]. Similar 
results were observed by Hanif et al. [31] who reported 

that drying time increased by increasing the 
temperature and rate of mass flow. 
 
Total soluble solids (oBrix) 

The statistical analysis of data showed that 
both drying temperature and preservatives have 
significant while their interaction has a non-significant 
(P<0.001) effect on TSS (ºBrix). The mean 
comparison for drying temperature (Figure 3b) data 
showed that the highest content of total soluble solid 
(1.25 ºBrix) was recorded during drying at 50 ºC 
followed by 1.06 ºBrix at 45 ºC and a minimum 0f 1.04 
ºBrix was recoded at 40 ºC. Similarly, (Figure 4b) 
indicated that maximum total soluble solid (1.23 
ºBrix) was noticed in 2% citric acid solution followed 
by 1.11 ºBrix in 1% potassium meta-bi-sulfate 
solution. Whereas the minimum total soluble solid 
(1.08 ºBrix) was recorded in 25% aqueous honey 
solution and 25% aloe vera. Regarding interaction, 
maximum total soluble solid (1.30 ºBrix) was 
observed at 50 ºC × 2% citric acid solution, while 
minimum total soluble solid (1.00 ºBrix) was noted in 
45 ºC × 25% aqueous aloe vera. The increment in total 
soluble solids of fruits might be due to the high rate of 
respiration and metabolic activity which enhances the 
breakdown of protopectin to pectic substance, 
disaccharides to monosaccharides and sucrose to 
fructose and glucose [43]. The present finding is in 
accordance with the findings of Ali et al. [44] who 
reported that the higher respiration rate increases the 
synthesis and use of metabolites, resulting in higher 
TSS due to the more conversion of carbohydrates to 
sugars. The degradation of pectin, hemicelluloses, and 
cellulose in the cell wall within the segment releases 
some soluble constituents which have a direct effect 
on total soluble solids [45]. Decreased respiration rates 
slow down the synthesis and use of metabolites, 
resulting in a slower rate of decrease in TSS [46]. It 
has been documented that reducing sugars (fructose 
and glucose) generally correlates with the total soluble 
solids [47]. Total dissolved solids and moisture 
content of the fruit can aggregate and make TSS 
percentage [48]. 

 
Titratable acidity (%) 

The titratable acidity of tomato fruits plays a 
key role in their taste. The drying temperature and 
preservatives as well as their interaction have a 
significant (P<0.001) effect on the titratable acidity of 
tomatoes. The mean comparison for drying 
temperature (Figure 3b) showed that the highest 
1.11% titratable acidity was recorded during drying at 
40 0C followed by titratable acidity (0.93%) at 50ºC, 
which was on par with 45 ºC. The data of preservative 
(Figure 4b) showed that a maximum of 1.35% acidity 
was recorded in 2% citric acid solution followed by 
1.05% in 25% aqueous honey solution and a minimum 
of 0.70 % titratable acidity was observed in 2% sodium 
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benzoate solution. Regarding interaction (Figure 5c) 
maximum titratable acidity (1.91%) was recorded for 
40 ºC × 2% citric acid solution, while minimum 
titratable acidity (0.35%) was recorded for 40 ºC × 2% 
sodium benzoate solution. These results show that a 
significant change may occur in the acidity of 
tomatoes by an increase in temperature under different 
chemical preservatives. The higher acidity in coated 
fruits observed in this study might result in a reduction 
in respiration rate due to limited availability of oxygen 
[49]. Sugar and acids are related to fruit taste. Fruit 
flavor should be maintained by having the proper 
amount of titratable acidity. The retention of titratable 
acid content by the coated tomato fruits might be due 
to the protective effect of the leaf powders /films, 
which act as a barrier to oxygen from the surrounding 
atmosphere [50] and a reduction in respiration [51]. 

 
Fruit juice pH 

The statistical analysis of data showed that 
both drying temperature and preservatives as well as 
their interaction have a significant (P<0.001) effect on 
the fruit juice pH of tomatoes. The mean comparison 
for drying temperature (Figure 3c) showed that the 
highest fruit juice pH (6.32) was recorded during 
drying at 45 ºC followed by 6.14 at 40 ºC and a 
minimum of 6.13 pH was recoded at 50 ºC. The data 
of preservatives (Figure 4c) showed that a maximum 
of 6.71 pH was recorded in 25% aqueous honey 
solution, followed by 6.60 in 2% sodium benzoate 
solution and a minimum of 5.30 was recorded in 2% 
citric acid solution. Regarding interaction (Figure 5e), 
highest value of (6.84) fruit juice pH was recorded for 
50 ºC × 25% aqueous honey solution, while the lowest 
fruit juice pH (5.05) was noted in 50 ºC × 2% citric 
acid solution. The determination of fruit juice pH is 
done by evaluating the hydrogen ion concentration in 
the fruits. Percent acidity and pH are inversely related 
to each other, lower the percent titratable acidity, the 
higher the pH and vice versa. Many changes occur in 
the normal cellular operation and process of fruit 
quality that are affected by calcium. As a result, it 
alters other processes, such as lowering the acidity of 
the cells [52]. This variation was observed to be due to 
variations in temperature, preservatives, period of 
drying and thickness of slices. The change in 
temperature results in a variation in the reaction 
kinematics which causes a change in the pH of fruit 
juice. Similar findings were also observed by Joseph 
[53] who recorded the highest pH of 5.90 in solar dried 
tomatoes. 

 
 
Ascorbic acid (mg 100g-1) 

The statistical analysis of data showed that 
both drying temperature and preservatives have a 
significant (P<0.001) effect on ascorbic acid, while 

their interaction was found to be non-significant. The 
mean comparison for drying temperature data (Figure 
3c) showed that maximum ascorbic acid (5.6 mg100g-

1) was recorded during drying at 40 and 45 ºC followed 
by (5.5mg 100g-1) at 50 ºC which was the lowest. The 
data for slices with different preservatives (Figure 4c) 
showed that maximum ascorbic acid (6.3 mg 100g-1) 
was observed in 2% citric acid solution, followed by 
(5.73 mg 100g-1) in 2% sodium benzoate solution, and 
minimum ascorbic acid (5.2 mg100g-1) was observed 
in 25% aqueous honey solution, which was 
statistically like 1% potassium meta-bi-sulfate 
solution. The Vitamin C content of tomatoes is 
important because of its anti-oxidative characteristics. 
Ascorbic acid is one of the most thermo labile 
components of food products, a fact also confirmed by 
tomato drying [37]. Ascorbic acid gradually declines 
with increasing storage duration because it is a 
relatively less stable compound [54-55]. The ascorbic 
acid content in fruit shows its nutritional value. The 
decline in ascorbic acid might be due to high pH and 
temperature [56]. During storage, a decline in Vitamin 
C occurs above 0 ºC temperature [57]. As the drying 
time and the temperature increased, which was 
expected because of the sensitivity of ascorbic acid to 
heat, similar results were also reported by Hussein et 
al. [58]. The variation in the vitamin C content is in 
conformity with the studies that show the dehydration 
process can affect the physiochemical properties of 
tomato powder [59-66]. The results of this study are 
partially in conformity with the findings of Hanif et al. 
[67] who used 5% aloe vera and 20% honey solution 
and recorded a significant decrease in ascorbic acid 
(mg100 g-1) of tomatoes due to an increase in 
temperature under different natural and chemical 
preservatives. 
 
Ash content (g) and modelling results for applied 
models 

Data in Table (3) shows that no significant 
variation was observed in the ash content for 
temperatures and preservatives as well as their 
interaction. The moisture ratio data was subjected to 
already used models of drying kinetics. The results in 
Table 4 showed that the two-term exponential model 
(bold) was the best model for describing the drying 
kinetics of tomatoes. The model had an R2 of 0.99, 
which was the highest, and a RMSE of 0.0001, which 
was the loss of all models. So, it is recommended to 
apply a two-term exponential model to the moisture 
ratio of tomatoes to get good results in correlation and 
regression and best fit. The results are in accordance 
with the findings of Hanif et al. [68] and Ibrahim [11] 
who reported their results in terms of correlation and 
regression of moisture ratio. 

 
Table 3. Mean for analysis of ash contents. 
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Treatments P1 P2 P3 P4 P5 Mean  

T1 5.38 4.12 3.69 3.91 4.28 4.28 

T2 4.98 3.72 5.83 4.15 4.67 4.67 

T3 5.71 6.16 5.69 5.68 5.81 5.81 

Mean 5.36 4.67 5.07 4.58 4.92  

P1: 25% Aqueous honey solution, P2: 25% Aloe vera, P3: 
2% Sodium benzoate solution, P4: 1%Potassium meta-bi-
sulfate, P5: 2% Citric acid solution. 

Table 4 

 Results of R2 and RMSE mathematical tested models for 

drying of tomatoes for thin layer drying kinetics. 

Model’s Equation  R2 RMSE 

MR = exp (-kt)  0.98 0.0003 

MR = exp (-ktn)  0.79 0.0019 

MR = exp (-(kt))n 0.89 0.0008 

MR = a1exp (-kt) 1 + a2exp (-kt) 2 0.99 0.0001 

MR = 1 + at+ (at)2 0.98 0.0003 

 
 
Fig. 3. (a) Moisture content, drying time and drying rate (b) 

Total Soluble Solids (TSS) and acidity (c) pH and 
Vitamin C of tomatoes affected by drying 
temperature. 

 

 
Fig. 4. (a) Moisture content, drying time and rate (b) Total 

Soluble Solids (TSS) and Acidity (c) pH and Vitamin 
C of tomatoes affected by chemical and natural 
preservatives. 

 

 
Fig. 5. (a) Moisture content (b) Drying rate (TSS), (c) 
Titratable acidity, (d) Drying time and (e) pH of tomatoes as 
influenced by interactive effect of drying temperature and 
preservatives 
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Based on the research results, it was 
concluded that among three different drying 
temperatures, 50 ºC was proven the best in all drying 
and quality parameters, but it may cause a reduction in 
the vitamin C content of tomatoes. Similarly, Citric 
Acid was the best preservative for preserving the 
quality attributes of dried tomatoes at maximum. Also, 
the two-term exponential model gave the highest 
values of correlation and regression on the moisture 
ratio of tomato. 
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