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Abstract—The present study designed and constructed 

a post-harvest passive solar tomato dryer of 

dimension 176 x 152 x 54cm for drying tomato. 

Quality of the dried crop was evaluated and 

compared with the fresh ones. The solar dryer consist 

of solar collector (air heater), 110 x 61 x 10 x 10cm, 

the drying chamber, 102 x54cm, removal heat storage 

unit, 40 x 35 x 13cm and drying trays, 43 x 42cm. The 

physicochemical properties of this crop were 

evaluated before and after drying. Physicochemical 

properties evaluated includes: moisture, protein, fat, 

fibre, ash, carbohydrate and vitamin C, contents. The 

fresh, open and solar dried samples were analysed for 

their proximate composition using the recommended 

method of AOAC. Also, statistical analysis of the data 

was conducted using analysis of variance (ANOVA) 

using completely Randomize Design (CRD) and 

means were separated by Duncan’s New Multiple 

Range test (DNMRT). Proximate analysis showed 

that solar dried tomato had significantly (P < 0.05) 

higher protein, fibre, ash, carbohydrate and vitamin 

C except for the fat content that was significantly (P < 

0.05) higher for all the open sun dried samples than 

the solar dried and fresh product. The nutrient which 

is highly affected by sun drying is vitamin C. Result 

indicates that moisture loss in solar dried tomato was 

faster and lower than the open dried samples and as 

such makes the solar dried products of lesser 

tendency to mould and bacterial growth. Also, the 

open sun dried samples had to be carried into the 

sheltered place each time it rained. The solar dried 

produce is of high quality. Further processing of the 

dried crops will involve packaging for commercial 

purposes. This will also help in making these 

agricultural produce available in a relatively cheap 

prices in off season and also avert micronutrient 

deficiencies in diet especially among the low income 

groups in Nigeria. 

 

Index Terms— Tomato, passive solar dryer, physicochemical 

properties, removal heat storage 
 

 

I. INTRODUCTION 

Tomato (Lycopersicon esculentum) is of great nutritional 

and health importance since it makes significant 

contribution in supplying essential vitamins, minerals, 

antioxidants, fibers and carbohydrates that improve the 

quality of the diet and also contains constituents that 

have health benefits and anti-disease factors, such as 

antioxidants and polyphenols. These components are 

known to scavenge harmful free radicals that are 

associated with incidence of cancer and heart diseases 

(Cao et al., 1996; Velioglu et al., 1998). 

 The vegetable is known to contain lycopene, a 

carotenoid which is more efficient in quenching singlet 

oxygen than other carotenoids (Di Mascio et al., 1989). 

Epidemiological studies have established that lycopene 

has a protective effect against prostate cancer (Schwarz 

et al., 2008). Raw tomato contains less available 

lycopene than the processed one, and this is because 

there is a protein-lycopene complex which when broken 

by processing, releases free lycopene by cis-

isomerisation (Hadley et al., 2002). 

 Tomato is one of the major vegetables in the 

world. Food and Agricultural Organization Statistics 

(FAOSTAT, 2010) indicates that the second most 

cultivated vegetable in the world was tomato, which gave 

a worldwide production of more than 100 million tons 

per annum. In Africa, tomato was the ninth commodity 

and first vegetable in terms of value in the year 2008. In 

the same year China was the world’s largest producer of 

tomato (FAOSTAT, 2004). 
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Unfortunately, fresh tomato is not only seasonal 

but highly perishable since the moisture content is more 

than 80%, they are classified as highly perishable 

commodities (Orsat et al., 2006). As a result they 

deteriote very fast few days after harvesting, losing 

almost all their required quality attributes and some could 

likely result to total waste. The post-harvest losses in 

vegetables has been estimated to be about 30-40% due to 

inadequate post-harvest handling, lack of infrastructure, 

processing, marketing and storage facilities (Karim and 

Hawlader, 2005). It has been shown that as high as 50% 

of these produce are lost between rural production and 

town consumption in the tropical areas. Studies have also 

recorded that 20 to 40% of harvested vegetables are not 

eaten because they are made unavailable through some 

forms of spoilage (Orsat et al., 2006). 

 One major means of preservation of vegetables 

is by drying. Drying is an excellent way to preserve food 

and solar food dryers are appropriate food preservation 

technology for sustainable development. Drying was 

probably the first ever food preserving method used by 

man, even before cooking. It involves the removal of 

moisture from agricultural produce so as to provide a 

product that can be safely stored for longer period of time 

(Scalin, 1997).  

Vegetables are dried to enhance storage 

stability, minimize packaging requirement and reduce 

transport weight. Drying is a suitable alternative for post-

harvest management especially in developing countries 

where exist poorly established low temperature 

distribution and handling facilities. It is noted that over 

20% of the world perishable crops are dried to increase 

shelf-life and promote food security (Grabowski et al., 

2003).  

Moreover, products with low moisture content 

can be stored at ambient temperatures for long period of 

time due to a considerable decrease in the water of the 

material, reduced microbiological activity and minimized 

physical and chemical changes (Vlachos et al.2002). 

Dried vegetables are more concentrated than any other 

preserved form of foodstuffs and are tasty, nutritious, 

light weight and easy to prepare, store and use (Yaldyz et 

al.2001). 

Solar dryers are specialized devices that control 

the drying process and protect the agricultural produce 

from damage by insects, pests, dust and rain. In 

comparison to natural sun drying solar dryers generate 

higher temperatures, lower relative humidity, and lower 

product moisture content and reduce spoilage during the 

drying process. In addition it takes up less space, takes 

less time and relatively inexpensive compared to 

artificial mechanical drying method. Thus, solar drying is 

a better alternative solution to all the drawbacks of 

natural drying and artificial mechanical drying (GEDA, 

2003).  

 The revival of solar drying of the more 

perishable agricultural products (like fruits and 

vegetables), appears to be a promising method of 

reducing post-harvest losses, improving rural incomes 

and contributing to self-sufficiency, even of reducing 

some imports through substitution products.  

 However, there is an objection over sun-drying 

as a preservative method that considerable amount of 

nutrients are lost during this process due to heat. 

Therefore, this present work was aimed towards: 

i. The design and construction of  a passive 

vegetable solar dryer 

ii.  Evaluate the physicochemical properties of 

fresh, solar and open sun dried tomato. 

iii.  Compare the physicochemical properties of the 

fresh product with the solar and open sun dried. 

 

II. MATERIALS AND METHODS 

The following materials were used for construction of the 

passive solar dryer: 

 Mild Steel Sheet (gauge14): was used as the 

casing (housing) of some parts of the system. 

A 6mm thick mild steel sheet was also used 

for the absorber. 

 Glass – was used as the solar collector cover, 

the drying chamber and for the roofing. It 

permits the solar radiation into the system but 

resists the flow of heat energy out of the 

systems. 

 Galvanized iron frames for the drying trays. 

 Nails and glue as fasteners and adhesives. 

 Insect net at air inlet and outlet - to prevent 

insects from entering into the dryer. 

 Hinges and handle for the dryer’s door. 

 Paint (black) 

Also, a thermometer was used to measure the 

ambient and dryer temperature. 

 The tomatoes used for this work was purchased 

at Nsukka main market barely two days after harvest. 

They were washed and cut into slices with sterilized 

stainless steel knife to reduce the microbial load and 

contaminants and blanched with steam for 3 minutes 

which according to Mate et al. (1999) and Ahmed et al. 

(2001) will help improve the drying process by reducing 

the drying time and yields better quality products. The 

samples were then divided into two parts; one part was 

subjected into open sun drying whereas the other one was 

loaded into the passive solar dryer constructed for the 

purpose from locally available materials. The solar dryer 

used for this work is of natural convection type. 

 In order for drying to be continual even when 

the sun is no more shining, a removal heat storage unit 

was incorporated into the dryer’s chamber. To ascertain 

whether the dryer’s temperature could be high enough to 

dry the vegetables, the empty (unloaded) dryer’s 



temperature without heat storage was measured every 30 

minutes for 5 days and compared with when heat storage 

is incorporated. At intervals of two hours each sample 

was weighed using a digital weighing balance and the 

moisture content was calculated from the weight loss. 

These figures were monitored and recorded until the 

samples were dried. Each sample was replicated four 

times in order to ensure precision of findings. 

 The physicochemical properties were 

determined in the National Centre for Energy Research 

and Development (NCERD) Laboratory, University of 

Nigeria, Nsukka. The properties include: 

i. Moisture content ii. Protein content iii. Fat 

content iv. Fibre content v. Ash content vi. 

Carbohydrate content vii. Vitamin C content 

 The fresh, open and solar dried samples were 

analysed for proximate composition using the 

recommended method of AOAC (1990). Also, statistical 

analysis of the data was conducted by analysis of 

variance (ANOVA) using Completely Randomize 

Design (CRD) at probability of 5% (0.05) and means 

were separated by Duncan’s New Multiple Range Test 

(DNMRT).  

 

A. Design Consideration  

The solar crop dryer was designed for drying agricultural 

products that requires low temperature rise above the 

ambient. The produce used for the study is tomato, 

pepper and okra. The vegetables were chosen for the 

study because of their perishable nature. Therefore, 

proper preservation of the produce through drying will 

enhance the storability and transportability, and hence 

will further increase the economic gains from the crops. 

Solar drying is considered environmentally friendly, 

none contaminating and none polluting. Medium of heat 

transfer is essentially by air current and the drying 

method is passive. The intermittent nature of solar 

radiation is an important factor to consider in solar 

designs. The design therefore incorporates a storage 

system which stores and supplies heat to the drying 

chamber during the off-sunshine hours. Materials of 

construction are locally available and friendly to end-

users with low maintenance cost. 

 

B. Description of the Solar Dryer 

 The constructed solar dryer is of dimension 176 

x 152 x 54 cm. The materials that were used for the 

construction of the solar dryer are cheap and easily 

obtainable in the local market. The solar dryer consist of 

the solar collector (air heater), the drying chamber, heat 

storage unit and drying trays. Figure 1 and 2 below 

shows various parts and the sectional view of the solar 

dryer. 

 Drying chamber: The drying chamber was made up of 

gauge 14 mild steel sheets of dimension 54 x 102cm and 

a glass with two drying trays made of galvanized iron 

measuring 42 x 43 x 23cm. The materials were chosen 

because of their conductivity and reflectivity properties. 

It has a hot air inlet, which is located at the bottom end of 

the chamber. This provision allows hot air from the 

integrated solar collector into the chamber while two 

exhaust air outlets were provided at the upper sides of the 

drying chamber. The roof of the drying is covered with a 

transparent glass cover. This allows direct solar radiation 

into the chamber thereby enhancing crop drying 

operation.  

Cover plate: This is a transparent sheet that was used to 

cover the absorber, thereby preventing dust and rain from 

coming in contact with the absorber; it also retards the 

heat from escaping. 

 Absorber plate: This is a 6mm thick metal which was 

painted black and placed below the cover to absorb the 

incident solar radiation transmitted by the glass cover 

thereby heating the air between it and the cover. Mild 

steel was chosen because it’s conductivity. 

Polystyrene: This was used as insulator to minimize heat 

loss from the system.  

Removable Heat Storage Unit: This discharges its stored 

energy during off sunshine hours. Mild steel rectangular 

box of dimension 40 x35 x13cm filled with black pebbles 

was incorporated at the base of dryer’s chamber. 

 

III.  RESULTS AND DISCUSSION 

 

 Drying was conducted in both rainy and dry 

season in order to evaluate the effect of seasonality on 

drying of the products. For the rainy season drying 

(June), the highest chamber and ambient temperatures 

without the heat storage system incorporated was 53.3 

and 32.8 
o
C respectively (table 2) while the chamber and 

ambient temperatures with heat storage was 65.6 and 

36.6 
o
C (table 3) respectively. Therefore, solar drying 

was done with the heat storage unit incorporated into the 

dryer as it increased the chamber’s temperature and also 

emits energy up to 2-3 hours (table 3) after the sun 

ceased shining and as such increased the drying process. 

During the dry season (December), there was a little rise 

in ambient temperature as compared with rainy season. 

The maximum ambient and chamber temperature 

obtained during the dry season drying was 68.2 and 

33.2
o
C. As a result of the relative rise in temperature 

during the dry season, the rate of moisture lose was faster 

than during the rainy season.  

 The open sun and solar drying were carried out 

over a period of 4 to 5 days. The ambient and drying 

chamber temperatures throughout the duration of the 

drying process ranged between 33-22 
o
C and 65-30 

o
C 

respectively. 

 Moisture loss in solar dried vegetables was 

faster and lower than the open dried samples and as such 

makes the solar dried products of lesser tendency to 

mould and bacterial growth. Also, the open sun dried 



samples had to be carried into the sheltered place each 

time it rained. 

 

 The below shows the proximate and vitamin C 

composition of fresh, solar and open -sun dried tomatoes. 

The protein content of the solar dried sample was 

significantly higher (P > 0.05) compared to the open sun 

dried and fresh ones. This may be attributed to the 

controlled and relatively higher temperature of the solar 

dryer during the drying process (Kendall and Allen, 

2006).This was contrary to the result reported by Ukegbu 

et al. (2013), Hassan et al. (2007) and Elegbede (1998). 

The disparity may be due to the season in which the 

drying was done or the variety of tomato used for the 

study. 

 Results of the ash content revealed that solar 

dried vegetable was significantly higher (P < 0.05) ash 

than sun dried and fresh product. The higher ash value of 

solar dried sample is similar to that reported by Onwuka 

et al. (2002). Ash content indicates the mineral content of 

food substances. The variation in the ash content might 

be attributed to the type of vegetable used, soil variation 

and maturity level of the vegetables. 

 Moisture content was significantly higher (P < 

0.05) for fresh tomatoes, followed by open sun and the 

solar dried. The results showed that moisture content was 

higher in the fresh produce than in the open sun and solar 

dried. The high moisture content in the fresh sample is 

not surprising since it has been reported by Fakaye 

(2009) that fresh vegetables contain basically 85% water. 

The lower water content of open sun and solar dried 

vegetables is expected since Dupriez and Coener (1992) 

reported that drying involves lowering the amount of 

water to below 1 – 15% in vegetables.  

 Moisture content of food is very important on 

nutrient density and shelf-life of that particular food. On 

a general note, the removal of moisture, according to 

Morris et al. (2004) leads to an increase in concentration 

of nutrients. Therefore, for vegetables and fruits to be 

preserved for a long time before use, the moisture content 

has to be reduced. According to Kolawole et al. (2010), 

dried food substances, especially food crops with high 

moisture content will favour the growth of 

microorganism at a high growth rate and moisture 

content of >15% is said to promote enzymatic reactions 

and interactions of other constituents of the dried product 

leading to loss of vitamins (Fellows, 1997). The moisture 

content of the solar and open sun dried vegetables can be 

said to be within the acceptable moisture level for dried 

vegetables

 

 

Table 1: Physicochemical Evaluation of Fresh, Solar dried and Open sun dried tomato 

 

Drying Protein(%) Ash(%)  Moisture(%) Fat(%)  Fibre(%)  Carb(%)  VitC                                                                                                                                  

Method                                                                                                                                                                                 

Fresh           0.66
a
±0.01        0.94

a
±0.05           91.19

a
±0.10         0.06

a
±0.01         1.5

 a
±0.01              5.64

 a
±0.05   11.18

a
±0.17 

 

Open           1.89
b
±0.01        5.26

b
±0.01           11.21

b
±0.2           3.17

b
±0.01         2.05

b
±0.01            76.42

b
±0.02  0 .12

b
±0.01 

 

Solar           2.04
c
±0.01         5.87

c
±0.01            9.6

c
±0.04            1.87

c
±0.01         2.26

c
±0.02            78.36

c
±0.05   0.3

c
2±0.01 

Mean values along the same column for each sample with different superscript are significantly different at (P<0.05) 

 

 



Amazingly, the open sun-dried tomatoes had significantly 

higher fat values (P < 0.05) than the fresh and solar dried 

samples. This result was similar to that obtained by 

Ukegbu et al. (2013). Crude fibre was significantly 

higher (P < 0.05) for solar dried tomato .This indicates 

that solar dried vegetable contain more fibre than the sun 

dried and fresh ones. Dietary fibre in vegetables increases 

bulk and reduces food transit time in the alimentary canal 

and the incidence of constipation and other related 

diseases (Ifon et al., 2009). Fibre is useful for 

maintaining bulk, motility and increasing intestinal tract. 

It is also necessary for healthy condition, curing of 

nutritional disorders and food digestion (Ugwaegbute, 

1989). 

 Carbohydrate content was significantly higher 

for solar dried sample compared to fresh and sun dried. 

Vegetables in their fresh state have been noted to be poor 

sources of carbohydrate (Uwaegbute, 1989). However, 

after drying, the carbohydrate content of vegetables 

increases (Kolawole et al., 2011). Low carbohydrate 

content of fresh vegetables showed that they supply little 

or no energy when consumed except when supplanted 

with other foods (Rossello et al., 2000). 

 However, in all the samples, vitamin C was most 

depleted in the sun dried vegetables. This could be 

attributed to oxidative destruction in the presence of heat, 

light, oxygen, moisture and metal ions (Russel and 

McDowell, 1989).   

 

 

 

 

 

APPENDIX: PICTURES OF THE CONSTRUCTED PASSIVE SOLAR DRYER 

 

 

 
 

Fig 1: Front view of the constructed solar dryer (supervisor and supervisee) 



 
 

Fig 2: Side view of the constructed solar dryer 

 
 

Fig 3: Interior of the passive solar dryer without the heat storage incorporated 



 
Fig 4: Interior of the passive solar dryer with the heat storage incorporated 

 

 
Fig5: Temperature measurement of the collector 



 
 

Fig 6: Temperature measurement of the drying chamber 

 

 
Fig 7: Solar drying of the fresh produce 



 
 

Fig 8: Solar dried produce 

 
 

Fig 9: Open sun drying of the produce 
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