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Effect of pre-treatment on the drying characteristics of 

solar dried tomato (Lycopersicon esculentum Mill.) slices 
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Abstract 
Tomatoes are most common consumable vegetable in the world and major sources of carotenoid in 

human diet. Due to highly perishable nature, tomatoes are wasted in large quantity during peak 

harvesting season. The most effective way to reduce the post-harvest loss of tomatoes is converting them 

in to value added products. The 1 cm slices were pre-treated with 2% of salt, sugar and sodium benzoate 

solution and dried in solar drier and analysed for its nutrition value. The moisture content was reduced 

from 93.92 ±1% (w.b.) to 7.0 ± 0.5% (w.b.) in a solar dryer for 28h, whereas 36h was required in sun 

drying. The maximum temperature of 52˚C and 36% of relative humidity was observed in the solar 

cabinet dryer. Among the different pre-treatments, the 2% sugar treated slices recorded lesser effect on 

the quality characteristics such as maximum retention of total sugars (91%), ascorbic acid (80%), 

lycopene (90%) and acidity (67%). Sensory attributes of soup prepared using 2% sugar treated solar dried 

slices have on par with fresh samples. 
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Introduction 
Tomato (Lycopersicon esculentum Mill.) is the widely used and cultivated crop in the world 
(Celma et al., 2008; Khama et al., 2016) [8, 16]. It is a most common consumable vegetable in 
the world and major sources of carotenoid in human diet (Pokharkar et al., 2017) [25]. Tomatoes 
are rich in lycopene content which has higher amount of fibres, total phenolic compounds, and 
vitamins (EL-Safy et al., 2016) and it is useful in preventing heart diseases and cancers 
(Choksi and Joshi, 2007) [9]. Due to highly perishable nature, tomatoes are wasted in large 
quantity during peak harvesting season (Purkayastha et al., 2013) [27]. The major post harvest 
loss of about 35% was recorded during the peak season (Djebli et al., 2020) [12]. It is generally 
consumed as raw and only 10% were processed (Pokharkar et al., 2017) [25]. The most effective 
way to reduce the post-harvest loss of tomatoes is converting them in to value added products. 
Drying is the most common method of preservation to extend the shelf life of minimally 
processed fruits and vegetables (Tan et al., 2020). Drying also helps in reducing the transport 
and storage cost (Abouo et al., 2016; Benkhelfellah et al., 2005) [1, 7]. The demand for dried 
tomatoes has been increased because of its regular use in the ready to eat foods (EL-Safy et al., 
2016), toppings in pizza, snacks, soups and in savoury dishes (Movagharnejad and Nikzad, 
2007) [20]. 
Traditional sun drying methodis useful in reducing the post-harvest losses. Sun drying method 
is limited due to its longer drying time of about 4-8 days (Oberoi et al., 2005) [23], depends on 
Weather condition and attack of insects, dust and microbes are more (Okoroigwe et al., 2013) 

[24]. Mechanical driers are most commonly used in food industries, however the use of more 
electricity consumption leads to higher cost of production (Delfiya et al., 2018) [11]. The major 
disadvantage in mechanical driers is loss of nutritional composition (Hasturk et al., 2010) [14].  
Solar drying can be best alternative method since it is green and clean method. It is the 
expansion of sun drying. This method of drying utilizes the incident radiation and natural 
wind. Hence it utilizes high air temperature and low RH which increases the drying rate 
(Murali et al. 2019) [21]. Earlier work reported for solar drying of various agricultural produce 
such as potato slices (Chouicha et al., 2013) [10], red pepper (Elkhadraoui et al., 2015) [13], 
Chilli pepper (Rabha et al., 2017) [28], melon slices (Aktas et al., 2016) [3], cherry tomatoes 
(Nabnean et al., 2016) [22], and banana slices (Lingayat et al., 2017) [19].  
Solar drying improves the overall nutritional quality of the product (Bala et al., 2001) [5]. In 
this context, to prevent the nutritional degradation and enhance the drying rate, the pre-
treatment can be adopted. Pre-treatment can preserve the quality of the products by reducing 
the drying time (Karaasian et al., 2019).
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Based on our knowledge, there is a scarcity of information 

regarding pre-treatments followed by solar drying of tomato 

slices. Hence, a study was undertaken to standardize the 

methodology for solar drying of tomato slices and evaluate 

the effect of different pre-treatments on quality of solar dried 

tomato slices. 

 

Materials and Methods 

Sample preparation  

Avinashi varieties of tomatoes were purchased from the local 

market, Coimbatore, India. Tomatoes are graded using in-

house developed rotary drum tomato grader (Preetha et al., 

2016) [26]. Graded tomatoes were washed to eliminate dirt, soil 

and other particles. Tomatoes were sliced using a sharp 

stainless steel knife of approximate thickness of 1 cm. The 

sliced tomatoes were treated at 30±2˚C for 30 min with 

different pre-treatments such as a) 2% sodium benzoate (b) 

2% sugar solution and (c) 2% salt solution. The concentration 

and treatment time was selected based on the preliminary 

studies. d) untreated tomato slices were considered as control 

sample. After pre-treatment, the water is drained and the 

slices were spread on aluminium trays for solar drying.  

 

Solar drying of tomato slices  

The solar dryer consists of a single semi-cylindrical drying 

chamber made of mild steel (width 25 mm and height 725 

mm). The dimension of the drying chamber is 100  66 cm2 

for drying of sliced tomatoes. A coating of red oxide was 

provided over the dryer as a rust proof and then it was painted 

in black. The dryer with metallic frame structure was enclosed 

with 250 micron polythene sheet (UV stabilized semi-

transparent). The door was provided at front side of the dryer 

with an area of 6640 cm2 for loading and unloading the 

produce. The sides of the door were provided with Velcro so 

that it can be opened at any time. Natural ventilation to the 

dryer was provided at the top of two sides of the dryer, having 

an area of 100 mm  80 mm. The provision for ventilation in 

solar dryer helped efficient removal of moisture from the 

produce and allowing fresh air inside. The lab model solar 

dyer was kept at the terrace of the Post-Harvest Technology 

Centre (PHTC), TNAU, Coimbatore which lies at 11˚ North 

Latitude and 77˚ East longitude, located at an altitude of 

426.72 m above mean sea level. The dryer was kept at East-

West direction since the light transmittance was high in this 

direction and maximum exposure of solar radiation is 

possible. The temperature and relative humidity are recorded 

during the experiment using the “Data logger” (Make: 

Nomad-Omega) 

 

 
 

 
 

Fig 1: Schematic diagram of Solar dryer 

 

Drying of tomato slices 
The trays containing pre-treated tomato slices were kept 

inside the solar dryer as shown in the Figure 1 and drying was 

carried from 8 am to 6 pm (IST) and simultaneously open sun 

drying was carried on the other side. The trays were kept 

inside the solar tunnel dryer and a data logger was placed 

inside the dryer to record the temperature for every 1h time 

interval. During the experiment the weight loss was recorded 

by taking 1000g of sample and keeping in a weigh balance. 

After 10 hours of drying, the tomato slices were collected 

since there was no sunshine available after 6 pm. The dried 

tomato samples were packed in low density poly ethylene 

(LDPE) bags and then sealed packets stored in ambient 

condition. Solar dried and sun dried samples were packed 

separately and used for analysis of physico-chemical 

properties. 

 

Drying characteristics of dehydrated tomato  

Determination of moisture content 

Moisture content was determined using hot air oven by 

following the standard procedure of AOAC (2005).  

 
 

Determination of rate of drying  

The drying rate (DR) represents the amount of moisture 

evaporated over a period of time. It was found by using the 

following equation (Delfiya et al., 2018) [11]. 

 

 
 

Where, Mt– moisture content at time t, Δt – time difference in 

hour, Mt+Δt – moisture content at time = t+Δt (kg of water/kg 

of dry matter).  

Determination of rehydration ratio 

Five gram dried samples were taken and soaked in water at 

the ratio of 1:50 (w/v) for 3 hours. After that the rehydrates 

samples were taken out of the water and wiped with tissue 

paper to remove surface water and the weight was recorded 

(Lewicki, 1998) [18]. 
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Data analysis 

SPSS version 20 statistical tool was used for analysing the 

data obtained from the study. One-way analysis was carried 

out and Turkey’s test were used to compare the means at P< 

0.05 level of significance.  

 

Results and Discussion 

Drying characteristics of tomato slices 

Comparison between sun and solar drying on the moisture 

content 

The initial moisture present in the fresh tomato was 93.92% ± 

1 (w.b). The moisture was reduced to 7.0 ± 0.5% (w.b) 

(Figure 2).The moisture content had a significant 

(P≤0.05)effect on drying time. The moisture content decreases 

with increase in drying time. During solar drying of tomato 

slices, moisture loss was high during the initial period and 

slower rate (or falling rate) was found during the remaining 

drying period. The total time required for drying the samples 

was 28h in solar dryer, whereas 36h in sun drying. Bala et al., 

(2003) [6] noted that solar dried pineapple slices had final 

moisture of 14.13% (d.b) in 3 days whereas the sun dried 

samples had 21.52 (d.b) after 3 days. Similar trend of results 

were reported by Wankhade et al., (2012) [31] for okra slices. 

The drying was continued until no change in the weight. The 

maximum temperature of 52˚C with a relative humidity of 

36% was recorded in the solar cabinet dryer. The drying rate 

in solar dryer was higher than sun drying. This may be due to 

the more absorption of solar energy since the dryer is covered 

with polythene sheet which is UV stabilized semi-transparent 

has a transitivity of 90%. During day time, the short wave 

radiations are entrapped through the UV stabilized sheet. This 

phenomenon increased the temperature inside the dryer.  

 

 
 

Fig 2: Comparison between sun drying and solar drying – moisture content 

 

Comparison between sun and solar drying on drying rate 
The drying rate for sun and solar tunnel drying was found to 

be 1.62 and 1.66 g/g h which is shown in the Fig 3. The rate 

of moisture removal in the solar drying is faster than the sun 

drying. This probably due to the energy received in solar drier 

is from both collector and incident solar radiation whereas 

only the incident radiation was received in the sun drying and 

also loss of energy to the environment (Bala et al., 2001) [5]. 

The moisture removal was higher at the initial stage which 

leads to higher drying rate. The rate of moisture removal is 

greatly affected by the weather parameters. Wankhade et al., 

(2012) [31] also reported that the weather parameters 

influenced the drying rate of okra slices by solar cabinet drier. 

Drying rate was higher at the initial period; this might be due 

to the removal of moisture from the surface of the product and 

decreased over a period of time due to the low penetration of 

heat in to dried layer.  

 

 
 

Fig 3: Drying rate of sun drying and solar drying 
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Effect of pre-treatment on moisture content  

The effect of pre-treatment on the moisture content is shown 

in the Fig. 4. The different pre-treated tomato slices such as 

2% sugar, salt and sodium benzoate samples was able to reach 

the final moisture content (7.0 ± 0.5%) quickly. The samples 

initially reduced to the moisture content of 48.60 ± 0.52 (w.b) 

from 93. 9 ± 1.0 (w.b) after the pre-treatments. The pre-

treated samples were finally reduced to the moisture content 

of 7.0 ± 0.5% within 28 hours in solar tunnel drier. The 

drying time does not get varied due to the pretreatment in the 

solar dryer.  

 

 
 

Fig 4: Moisture content of different pre-treated solar dried tomatoes 

 

Effect of pre-treatment on drying rate 

The effect of pre-treatment on the drying rate is shown in the 

Fig 5.The higher drying rate was observed more at initial 

drying period. The maximum drying rates of pre-treated 2% 

sugar solution, 2% salt solution and 2% sodium benzoate are, 

1.72, 1.70 and 1.69 g/g.h, respectively. The pre-treatment 

does not show any variation in the drying rate. Similar results 

were reported by Hemaprabha et al. (2007). The drying rate 

period was not constant in all the pre-treated samples; it was 

observed to be falling rate since the dried tomato slices was 

shirked. The major drying period was falling rate. The 

moisture removal is mainly assumed due to the diffusion 

(Kulanthaisami et al., 2010) [17]. The drying rate of carrot 

slices does not had a significant change with pre-treatment 

(Sra et al., 2011) [30].  

 

 
 

Fig 5: Drying rate of different pre-treated solar dried tomatoes 

 

Rehydration ratio of dried tomato slices 

The rehydration ratio of the dried tomato slices are given in 

the Table 1. The pre-treated tomato slices dried using solar 

dryer are shrinked due to the moisture removal. The lower RR 

was recorded for sun dried sample of about 2.64 ± 0.05%. The 

increase in temperature increases the RR which was given by 

Akhijahani, et al., (2017) [4] for plum fruits. Among the pre-

treated samples, 2% sugar treated tomato slices showed 

higher retention of rehydration of 4.51 ± 0.03%. The size and 

shape of the dried slices will be considerably dissimilar from 

the fresh one due to the moisture removal (Samimi-

Akhijahani & Arabhosseini, 2018) [29]. The water absorption 

in the samples is very rapid due to the damages that occur in 

the material structures leads to shrinkage of the product which 

reduces the intercellular space available for filling water 

(Krkioda & Marinos-Kouris, 2003) [15]. Abrol et al., (2014) [2] 

also stated that solar dried papaya had higher RR of about 

4.9% and lesser in solar dried banana of 3.14 which is due to 

the water absorption capacity of the dried sample.  
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Table 1: Rehydration ratio of the dried tomato slices 

 

S.no Parameter Sun dried samples 
Treatment 

2% sugar 2% salt 2% sodium benzoate 

1. Rehydration Ratio 2.64±0.05 4.51±0.01 4.0±0.02 4.35±0.03 

 

Conclusion 

A small solar dryer was used to dry 10 kg of tomatoes per 

day. The trays of dimension 1m x 0.5 m was fabricated and 

kept inside the drying chamber with a clearance of 0.05 m. 

The length of the drying chamber was kept as 3.20 m and 

breadth 1.15 m. The front portion of the dryer was kept with 

solar collector and a black corrugated GI plate was fitted with 

an area of 1.22 m2 which is 25 per cent of the total area of the 

dryer and the remaining 75 per cent was used for drying 

chamber. Tomatoes were cut into 1 cm thickness, pre-treated 

with 2% sugar solution and solar dried for 28 h was sufficient 

to obtain a product with good properties. The chemical 

characteristics slightly changed during storage period. It was 

observed that high quality, electricity free, low cost dried 

tomatoes can be produced from solar drying. The higher 

drying rate observed in solar drying facilitates a superior 

quantity of products in a fairly short space and time.  

 

References 

1. Abouo VN, Sadat AW, Akmel CD, Assidjo EN, Amani 

GN. Impact of solar and microwave oven drying on a few 

chemical parameters of market value quality of fermented 

forastero (Theobroma Cacao L.). Research Journal 

Applied Science Engineering Technology. 

2016;12(4)402-406. 

http://doi.org/10.19026/rjaset.12.2379.  

2. Abrol GS, Vaidya D, Sharma A, Sharma S. Effect of 

Solar Drying on Physico-chemical and Antioxidant 

Properties of Mango, Banana and Papaya. National 

Academy Science Letters. 2014;37(1):51-57. 

http://doi.org/10.1007/s40009-013-01961 

3. Aktas M, Sevik S, Amini A, Khanlari A. Analysis of 

drying of melon in a solar-heat recovery assisted infrared 

dryer. Solar Energy. 2016;137:500-515. 

https://doi.org/10.1016/j.solener.2016.08.036 

4. Akhijahani HS, Arabhosseini A, Kianmehr M. 

Comparative quality assessment of different drying 

procedures for plum fruits (Prunus domestica L.). Czech 

Journal of Food Sciences. 2017.  

http://doi.org/OI:10.17221/440/2016-CJFS. 

5. Bala BK, Mondol MRA, Biswas BK, Chowdury BLD. 

Solar drying of Pineapple using solar tunnel drier. 4th 

International Conference on Mechanical Engineering, 

December 26-28, Dhaka, Bangladesh. 2001;1:47-51 

6. Bala BK, Mondol MRA, Biswas BK, Das Chowdury BL, 

Janjai S. Solar drying of pineapple using solar tunnel 

drier. Renewable Energy. 2003;28(2):18-190. 

http://doi.org/10.1016/s0960-1481(02)00034-4 

7. Benkhelfellah R, El Mokretar S, Miri R, Belhamel M. 

Sechoirssolaires. Etude comparative de la cinetique de 

sechage des produitsagroalimentairesdans des modèles de 

type direct et indirect. In: 12th International Meeting on 

Heat Transfer. 2005, 259-262. 

8. Celma AR, Rojas S, Lopez-Rodriguez F. Mathematical 

modelling of thin-layer infrared drying of wet olive husk. 

Chemical Engineering and Processing: Process 

Intensification. 2008;47(9-10):1810-1818.  

https://doi.org/10.1016/j.cep.2007.10.003 

9. Choksi PM, Joshi VY. A review on lycopene - 

Extraction, purification, stability and applications. 

International Journal of Food Properties. 2007;10(2):289-

298. https://doi.org/10.1080/10942910601052699 

10. Chouicha S, Boubekri A, Mennouche D, Berrbeuh MH. 

Solar drying of sliced potatoes, An experimental 

investigation, Energy Procedia. 2013;36:1276-1285. 

https://doi.org/10.1016/j.egypro.2013.07.144 

11. Delfiya A, Mohapatra D, Kotwaliwale N, Mishra AK. 

Effect of microwave blanching and brine solution 

pretreatment on the quality of carrots dried in solar-

biomass hybrid dryer. Journal of Food Processing and 

Preservation. 2018;42(2):e13510.  

12. Djebli A, Hanini S, Badaoui O, Haddad B, Benhamou A. 

Modelling and comparative analysis of solar drying 

behavior of potatoes. Renewable Energy. 2020;145:1494-

1506. https://doi.org/10.1016/j.renene.2019.07.083 

13. Elkhadraoui S, Kooli I, Hamid A, Farahat A. 

Experimental investigation and economic evaluation of a 

new mixed-mode solar greenhouse dryer for drying of red 

pepper and grape, Renewable Energy. 2015;77:1-8. 

https://doi.org/10.1016/j.renene.2014.11.090 

14. Hasturk SF, Ülger P, Aktaş T, Orak H. Effects of 

different drying techniques on some nutritional 

components of tomato (Lycopersicon esculentum) 

tarimmakinalari Bilimi Dergisi. Journal of Agricultural 

Machinery Science. 2010;6(1):71-78. 604612. 

https://doi.org/10.1590/1678-457x.28316 

15. Krokida MK, Marinos-Kouris D. Rehydration kinetics of 

dehydrated products, Journal of Food Engineering. 

2003;57:1-7. https://doi.org/10.1016/S0260-

8774(02)00214-5 

16. Khama R, Aissani F, Alkama R, Bennamoun L, Fraikin 

L, Salmon T, et al. Convective drying of cherry tomato: 

study of skin effect. Journal of. Engineering Science and 

Technology. 2016;11(03):443-457. 

17. Kulanthaisami S, Rajkumar P, Raghavan GSV, 

Venkatachalam P, Gariepy Y, Subramanian P, et al. 

Drying Kinetics of Tomato Slices in Solar Cabinet Dryer 

Compared with Open Sun Drying. Madras Agricultural 

Journal. 2010;97(7-9):287-295.  

18. Lewicki PP. Effect of pre-drying treatment, drying and 

rehydration on plant tissue properties: A review. 

International Journal of Food Properties. 1998;1(1):1-22. 

https://doi.org/10.1080/10942919809524561 

19. Lingayat A, Chandramohan VP, Raju VRK. Design, 

Development and Performance of Indirect Type Solar 

Dryer for Banana Drying, Energy Procedia. 

2017;109:409-416. 

https://doi.org/10.1016/j.egypro.2017.03.041 

20. Movagharnejad K, Nikzad M. Modelling of tomato 

drying using artificial neural network. Computers and 

Electronics in Agriculture. 2007;59(1-2):78-85. 

https://doi.org/10.1016/j.compag.2007.05.003 

21. Murali S, Sathish Kumar K, Alfiya PV, Delfiya A, 

Samuel P. Drying Kinetics and Quality Characteristics of 

Indian Mackerel (Rastrelliger kanagurta) in Solar–

Electrical Hybrid Dryer. Journal of Aquatic Food Product 

http://www.thepharmajournal.com/


 
 

~ 156 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 
Technology. 2019;28(5):541-554.  

https://doi.org/10.1080/10498850.2019.1604597 

22. Nabnean S, Janjai S, Thepa S, Sudaprasert K, 

Songprakorp R, Bala BK Experimental performance of a 

new design of solar dryer for drying osmotically 

dehydrated cherry tomatoes. Renewable Energy. 

2016;94:147-156. 

https://doi.org/10.1016/j.renene.2016.03.013 

23. Oberoi HS, Ku MA, Kaur J, Baboo B. Quality of red 

chilli variety as affected by different drying methods. 

Journal of Food Science & Technology. 2005;42:384-

387. 

24. Okoroigwe EC, Eke MN, Ugwu HU. Design and 

evaluation of combined solar and biomassdryer for small 

and medium enterprises for developing countries. 

International journal of physical science. 2013. 

25. Pokharkar K, Delvadia K, Parag J, Bhor. Effect of pre-

treatments and drying methods on Moisture percentage of 

dried Tomato Slices. Archive of Food and Nutritional 

Science. 2017.  

http://doi.org/10.29328/journal.afns.1001004  

26. Preetha P, Pandiselvam R, Deepa J, Varadharaju N. 

Development and performance evaluation of rotary drum 

grader for tomato. International Journal of Agriculture 

Environment and Biotechnology. 2016;9(1):137. 

http://doi.org/ 10.5958/2230-732X.2016.00020.6 

27. Purkayastha MD, Nath A, Deka BC, Mahanta CL. Thin 

layer drying of tomato slices. Journal of Food Science 

and Technology. 2013;50(4):642-653.  

https://doi.org/10.1007/s13197-011-0397-x 

28. Rabha K, Muthukumar P, Somayaji C. Experimental 

investigation of thin layer drying kinetics of ghost chilli 

pepper (Capsicum ChinenseJacq.) dried in a forced 

convection solar tunnel dryer. Renewable Energy. 

2017;105:583-589. 

https://doi.org/10.1016/j.renene.2016.12.091 

29. Samimi-Akhijahani H, Arabhosseini A. Accelerating 

drying process of tomato slices in a PV-assisted solar 

dryer using a sun tracking system. Renewable Energy. 

2018;123:428-438. 

30. Sra SK, Sandhu KS, Ahluwalia P. Effect of processing 

parameters on physico-chemical and culinary quality of 

dried carrot slices. Journal of Food Science Technology. 

2011;48(2):159-166. http://doi.org/10.1007/s13197-010-

0170-6. 

31. Wankhade PK, Sapkal RS, Sapkal VS. Drying 

Characteristics of Okra Slices using Different Drying 

Methods by Comparative Evaluation. Proceedings of the 

World Congress on Engineering and Computer Science. 

2012, 24-26.  

32. Wilson RA, Kadam DM, Chadha S, Grewal MK, Sharma 

M. Evaluation of physical and chemical properties of 

foam-mat dried mango (Mangifera indica) powder during 

storage. Journal of Food Processing and Preservation. 

2014;38(4):1866-1874. 

https://doi.org/10.1111/jfpp.12158 

33. Zielinska M, Zielinska D, Markowski M. The effect of 

microwave-vacuum pretreatment on the drying kinetics, 

color and the content of bioactive compounds in osmo-

microwave-vacuum dried cranberries (Vaccinium 

macrocarpon). Food and Bioprocess Technology. 

2018;11(3):585-602.  

https://doi.org/10.1007/s11947-017-2034-9. 

http://www.thepharmajournal.com/

