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ABSTRACT 

 

The present study modified a scrap refrigerator into a useful electrical dryer for agricultural products and its 

performance evaluation was carried out. The dryer consists of a drying chamber having drying trays, two electrical 

heaters, and a blower all coupled together in the scrap refrigerator and mounted on a stand. The dryer works on the 

principle of forced convection as the heat generated by the heaters is being distributed inside the drying chamber by 

the blower. The effect of drying time on the moisture content of two agricultural products namely tomatoes and beef 

were determined. This was carried out using a drying interval of 45 minutes for both the tomatoes and the beef. The 
moisture contents of tomatoes and beef decreased from initial values of 92% and 69% to a minimum of 9.98 % and 16 

% respectively each in 7hrs 30 minutes. The electric dryer is faster when compared with the traditional sun-drying of 
tomatoes that takes 3-4 days depending on the weather condition. The moisture content of the samples in the upper tray 

was the highest followed by the middle tray and bottom tray has the least moisture content. The final moisture contents 

of tomatoes were found to varied as 14.08, 12.00 and 9.98 % in the upper, middle and bottom trays respectively.  While 
the final moisture contents of beef were found to varied as 22.00, 19.00 and 16.00 % in the upper, middle and bottom 

trays respectively. The results of the analysis of variance show that the drying time and the products being dried have 

a significant effect on the drying rate at 1% probability level, while the tray position has no significant effect on the 

drying rate. 

Keywords: Development; Performance; Electric Dryer; Tomato; Beef 

 

1. INTRODUCTION 

 
Fresh agricultural products, either of plant or animal 

origin are highly susceptible to spoilage by 

microorganisms due to their high moisture contents. 

Drying is done to hamper the livelihood of these 

microorganisms, thereby increasing the shelf life of the 

products. Tomatoes and beef are among the most 

perishable agricultural products but when well processed 

they last longer. 

Tomato is an essential crop which is produced in large 

scale by farmers in the tropics and Nigeria in particular. 

Ugwu (2011) asserted that Nigeria is the second-largest 

producer of tomato in Africa and thirteenth in the world. 

However, farmers lost the bulk of this crop due to 

inadequate handling and processing methods. 

Beef is the culinary name used for meat from bovines, 

especially domestic cattle. It is the third most widely 

consumed meat in the world, accounting for about 25% of 

meat production worldwide (Wilhelm et al., 2005).  

Drying involves the removal of moisture from the product 

by heating and the passage of air mass around it to carry 
away the released vapour. The fundamental essence of 

drying is to reduce the moisture content of the product to 

a level that inhibits deterioration (Mujundar et al., 2012). 

The moisture to be removed is in loose chemical form, and 

it could be in a liquid form within structure of the solid 

which exerts a vapour pressure less than that of a pure 

liquid, this moisture is known as bound moisture, 

however, if the moisture is more than bound moisture that 

is called unbound moisture (Mujundar et al., 2012).  

The removal of moisture from an agricultural product can 

best be described as drying. Two primary moisture 

removal methods are drying (or dehydration) to produce a 

solid product and evaporation to a more concentrated 

liquid (Wilhelm et al., 2005).  

The rate of drying is determined by the rate at which the 

process occurs. The heat energy from surrounding moved 

into the wet product could take place through conduction, 

convection or radiation and at times it could be the 

combination of these effects above (Mujundar et al., 

2012). The intents of the present study were: To develop 

an electric dryer for agricultural products and to carry out 

performance evaluation of the dryer using tomatoes and 

beef. 
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2. MATERIALS AND METHOD 
 

2.1 Material Selection 

To achieve the desired objectives with limited resources, 

factors considered in the selection of materials include the 

availability of materials, cost of materials and durability 

of material Table 1 presents the material used and their 

specifications. 

Table 1: Materials and Specifications 

S/No Materials Specifications Quantity 

1. Scrap 

Refrigerator 

Thermocool 1 

2. Electric Heater Philips 1 

3. Blower 16 inches 1 

4. Drying Trays  5 

5. Tomatoes  Roman VF 5 kg 

6. Beef Cow meat 5 kg 

7. Screws, Nuts, 

bolts,and washers 

  

8. Electric cable 2.5mm ∅ wire 2 m 

9. Angle iron for the 

stand 

1” 1 length 

10. Mild steel sheet 

for Chimney 

Gauge 22 1 2⁄  sheet 

 

2.2 Description of the Dryer 

The isometric and exploded views of the dryer showing it 

parts are presented in Figures 1 and 2 respectively.  The 

dryer works on the principle of convective heat transfer. It 

is made of six basic units as follows: The stand on which 

the dryer is placed. The drying chamber where the drying 

operation takes place. The drying trays on which the 

products to be dried are placed. Two ring-like electric 

heaters that supplied the required heat for the drying of the 

products. A blower that supplied the air that aided in the 

circulation of heat inside the drying chamber. A chimney 

that serves as an escape route for the removed moisture 

from the drying chamber.  

 

 

Figure 1: Isometric View of the Dryer 
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Figure 2: Exploded View of the Dryer 

2.3 Development Considerations 

i. The dryer was developed using a scrap refrigerator 

that can contain tomatoes and beef samples each of 

5 kg in weight. 

ii. The scrap refrigerator is readily available in 

refrigerator repair workshops at low cost. 

iii. The developed dryer can withstand different weather 

conditions. 

2.4 Drying parameters and standards 

The drying process was based on some fundamentals or 

assumptions. These include  

i. The initial moisture content of the tomatoes to be 

dried = 95% 

ii. The final moisture content of the dried tomatoes= 

10% 

iii. Maximum temperature of drying tomatoes = 65oC 

End of drying criteria – texture like leather 

(GERES, 1997). 

Parameters of tomatoes were considered for the 

development of the dryer because it is one of the 

agricultural produce with very high moisture content. 

Nevertheless, the dryer can be utilised for a variety of 

agricultural products because it has an adjustable 

temperature device to accommodate various drying 

temperature of different agricultural materials.    

 

CALCULATIONS 

2.5 Amount of Moisture to be Removed 

Using equation (1) as stated by (Inschani and Dyah, 2002) 

𝑀𝑤 =
𝑊𝑖(𝑀𝑖 − 𝑀𝑓)

100 − 𝑀𝑓
           (1) 

Where,    

Mw = mass of moisture to be removed from the product 

(kg) 

Wi = Initial weight of tomatoes to be dried = 5 kg (Per 

batch). 

Mi = Initial moisture content of tomatoes = 95%.  

Mf  = Final moisture content of tomatoes = 10%.  

𝑀𝑤 =
5(95 − 10)

100 − 10
  =      

5 × 85

90
 = 4.72 𝑘𝑔               

2.6 The Energy Required to Remove the Moisture in 

the Drying Process 

The quantity of energy required would be calculated using 

the equation (2) as given by Axtell (2002) as;  

𝑄 = 𝑊𝑚𝐶𝑝𝑚(𝑇2 − 𝑇1) + 𝐼𝑣𝑀𝑤           (2)  

Where  Q= heat energy in kJ  

Wm = weight of tomatoes to be dried (kg) = 5 kg  

Cpm = specific heat capacity of tomatoes = 3.95671 kJ/kg 

T2  = Temperature in the chamber = 650C   
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T1 = Ambient temperature within the surrounding = 150C

  

Iv = latent heat of vaporisation of free water from tomatoes 

= 2346 kJ/kg 

Mw =Weight of moisture to be removed from tomatoes = 

4.72 kg 

𝑄 = 5 × 3.95671 × (65 − 15) + 2346 × 4.72
= 12062.30 𝑘𝐽 

2.7 Determination of the Surface Area of the Trays 

(Drying Cabinet) 

The volume to be occupied by the product to be dried 

would be  

𝑉 =
𝑀𝑝

𝐵𝐷𝑝
                                (3)                        

Where  V= volume of product (m3) 

Mp= Mass of tomatoes = 5 kg 

BDp= Bulk density of product (kg/m3) (BDp= 404 Kg/m3 

measured) 

𝑉 =
5

404
= 0.01238 𝑚3 

But, 𝑉𝑜𝑙𝑢𝑚𝑒 = 𝐴𝑟𝑒𝑎 × 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠             (4) 

𝐴𝑟𝑒𝑎 =  
𝑉𝑜𝑙𝑢𝑚𝑒

𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠
=

0.01238

0.013
= 0.952 𝑚2 

2.8 Determination of the Tray Size 

Assuming the number of trays to be five in the dryer, for 

easy handling of the products 

Take the area of each tray to be At  

Therefore,   𝐴𝑡 =
𝐴

𝑛
                               (5) 

𝐴𝑡 =
0.952

5
= 0.1904 𝑚2 

𝐴𝑡 = 𝐿 × 𝐵  
Where,  

L = Length of the tray (m) 

B = Breadth of the tray (m) 

n = Number of trays 

Using in-to-in breath of an existing refrigerator of 0.350m 

𝐿 =
𝐴𝑡

𝐵
=

0.1904

0.350
= 0.544 𝑚 

2.9 Quantity of Air Needed for Drying of Tomatoes 

The quantity of air needed can be calculated from the 

energy balance equation in the drying process as given in 

equation (6) by (Inschani and Dyah, 2002); 

𝑀𝑎𝐶𝑝𝑎(𝑇2 − 𝑇1) = 𝑀𝑤𝐼𝑣                     (6)   

Where; 

Ma = mass of drying air/ mass of air required for 

circulation of heat in the dryer (kg) 

Cpa= specific heat capacity of air at constant pressure = 

1.007kJ/ kg  

Iv= latent heat of vaporisation of free water from tomatoes 

= 2346kJ/kg  

Mw= weight of moisture to be removed in the drying 

process = 4.72 kg. 

T2 = Temperature of the drying chamber = 650C. 

T1 = Ambient temperature = 150C 

From equation (6)  

𝑀𝑎 =
𝑀𝑤𝐼𝑣

𝐶𝑝𝑎(𝑇2 − 𝑇1)
 

Hence,  

𝑀𝑎 =
4.72 × 2346

1.007(65 − 15)
=

11073.12

50.35
= 219.92 𝑘𝑔 

2.10 Performance Evaluation 

To carry out the performance evaluation of dryer, 

agricultural products from plant and animal origin namely 

tomatoes and beef were used. This is to test the versatility 

of dryer on varieties of agricultural products.  

2.11 Sample Preparation and Procedure of 

Experiments 

Newly harvested vine-ripened Roman VF tomatoes 

variety of about 2 kg were sliced placed on three sets of 

trays each. The trays containing the tomatoes samples 

were then arranged inside the drying chamber of the 

electric dryer as presented in Plate 1.  

Each of the trays was measured empty in the initial stage 

and weighed again with the tomatoes sample before the 

commencement of the drying. During drying, the sample 

and the tray were weighed after every 45 minutes until 

equilibrium moisture is reached (two successive readings 

are equal). A similar experiment was carried out with a 

beef sample. For each of the two samples, the effect of 

drying time on moisture contents was determined and 

discussed. 
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PLATE 1: The Dryer Loaded with Tomato Samples 

  

3. RESULTS AND DISCUSSION 

 

3.1 Variation of Moisture Contents of Tomatoes and 

Beef during Drying Operations 

The initial moisture contents of the agricultural products 

were found to be 92 % and 69 % for tomatoes and beef 

meat respectively. The result conforms with Shi and Le 

Maguer (2000) who gave the moisture content of fresh 

tomatoes to be in the range of 93-95%. The moisture 

content obtained for beef is less than the moisture content 

of 75% given by Heinz and Hautzinger (2007).  Table 2 

and 3 present the masses of samples in different tray 

positions and different drying time intervals during drying 

operation for tomatoes and beef, respectively. It can be 

seen that for all the trays, the mass of samples reduced 

with increase in the drying time. This is due to the 

evaporation of water from the sample during drying as a 

result of heat and mass transfer processes. 

Table 2: Mass of Tomatoes Samples in Different Tray Positions and Drying Time 

 

Time of readings 

Mass of samples in different tray positions 

Upper tray T1 

(kg) 

Middle tray T2 

(kg) 

Bottom tray T3 

(kg) 

Empty tray 0.63 0.58 0.61 

Tray + sample 1.40 1.38 1.50 

45 min 1.29 1.26 1.36 

90 min 1.18 1.14 1.22 

135 min 1.08 1.03 1.09 

180 min 1.00 0.93 0.98 

225 min 0.92 0.84 0.89 

270 min 0.88 0.80 0.84 

315 min 0.85 0.77 0.80 

360 min 0.82 0.75 0.78 

405 min 0.81 0.74 0.77 

450 min 0.80 0.74 0.77 
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Table 3: Mass of Beef Samples in Different Tray Positions and Drying Time 

 

Time of readings 

Mass of samples in different tray positions 

Upper tray T1 

(kg) 

Middle tray T2 

(kg) 

Bottom tray T3 

(kg) 

Empty tray 0.510 0.550 0.560 

Tray + sample 0.660 0.685 0.710 

45 min 0.650 0.670 0.690 

90 min 0.640 0.660 0.680 

135 min 0.630 0.650 0.670 

180 min 0.620 0.640 0.660 

225 min 0.615 0.635 0.655 

270 min 0.610 0.630 0.650 

315 min 0.605 0.625 0.645 

360 min 0.600 0.620 0.640 

405 min 0.595 0.615 0.635 

450 min 0.590 0.610 0.630 

  

Graphs showing the effect of drying time on the moisture 

contents of tomatoes and beef samples were plotted and 

presented in Figures 3 and 4, respectively. Moisture 

contents of tomatoes samples decreased with the increase 

in the drying time for all samples in the upper, middle and 

bottom trays. The moisture content decreased from its 

initial value of 92% to a minimum value of 9.98 % in the 

bottom tray in 7hrs 30 minutes of drying. This also 

conforms to the report by Dupriez and Coener (1992) that 

vegetables dried should have a moisture content of about 

1-15%. The electric dryer is faster when compared with 

the traditional sun drying that takes 3-4 days depending on 

the weather condition. Figures 3 showed that moisture 

content of tomatoes samples in the upper tray was the 

highest followed by the middle tray and bottom tray has 

the least moisture content. This is due to the differences in 

their proximity to the heating elements. 

The results show that the moisture contents of the beef 

samples decreased with the increase in the drying time for 

all samples in the trays. The moisture content of beef 

decreased from its initial value of 69% to a minimum 

value of 16 % in the bottom tray in 7hrs 30 minutes of 

drying. Figures 4 showed that throughout the drying 

period, the moisture content of beef samples in the upper 

tray was the higher, followed by the middle tray and 

bottom tray has the least of moisture content. This is 

because of the samples in the tray closer to the heating 

elements lose weight faster than those farther away from 

the heating elements. 

 

 

  

 

Figure 3: Graph showing the effect of drying time on the moisture content of Tomatoes 
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Figure 4: Graph showing the effect of drying time on the moisture content of  Beef 

3.2 Drying Rates of Tomatoes and Beef 

The result of the analysis of variance showing the effects 

of drying time and tray position on the drying rates of 

tomatoes and beef is presented in Table 4. From the table, 

it can be deduced that the drying time and the products 

being dried have a significant effect on the drying rate at 

1% probability level, while the tray position has no 

significant effect on the drying rate. These agree with the 

findings of Shittu and Umar (2018). The results imply that 

there is even distribution of heat in the drying chamber 

hence tray position at which the farm produce is dried does 

not affect its drying rate.

 

Table 4: Analysis of Variance for Drying Rate 

Sources of 

Variation 

Degree of 

Freedom 

Sum of             

Square 

Mean       

Square 

Calculated F Tabulated F 

5% 1% 

Drying Time 9 0.4136 0.0459 17.09**   

Tray position 2 0.0014 0.0007 0.27NS 3.06 4.76 

Agric. 

Product 

1 0.0665 0.0665 24.75** 3.91 6.82 

Error 47 0.1264 0.0027    

Total 59 0.6081     

Note: NS = Not Significant, ** = Significant at 1% probability level (Highly Significant) 

The results of post-hoc using the least significant 

difference (LSD) for the effect of drying time on the 

drying rate of tomatoes and beef is presented in Table 5.  

Table 5: Effect of Drying Time on the Drying Rate  

Drying Time 

(Minutes) 

Drying Rate LSD 

45 0.2778      A 

90 0.2408       A 

135 0.2272       BA 

180 0.2046 BA 

225 0.1546       BC 

270 0.0956 DC 

315 0.0820 DC 

360 0.0691       D 

405 0.0506 D 

450 0.0419 D 
Note: Means with the same letters are not significantly different 

The table showed that the drying rate decrease with the 

increase in drying time. Similar results were obtained by 

Shittu and Umar (2018). It can be seen that there is no 

significant difference in the drying rate for the first 90 

minutes, and the drying rate was high in this drying time. 

This is the regions where the two agricultural products 

experience a constant rate drying period as a result of free 

water present in the products (Fellow, 2000). 
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Table 6 presents the mean drying rates values for tomatoes 

and beef using the electric dryer. The drying rate of 

tomatoes is higher than the drying of beef. This shows that 

tomatoes dry faster than the beef. Although the two 

products attained equilibrium moisture at the same drying 

time (450 minutes) but their initial and final moisture 

content differs. 

Table 6: LSD Showing the Mean values of Drying Rate 

for different Agricultural products  

Agric products Drying Rate LSD 

Tomatoes  0.1777 A 

Beef 0.1111      B 

3.3 Cost of Energy Consumed in Drying of Tomatoes 

and Beef 

From Equation (2), the energy required to remove 

moisture during drying of tomatoes was estimated as, 𝑄 =
12062.30 𝑘𝐽 

But, 1kJ = 0.00028 kWh 

Therefore, the quantity of heat in kWh = 0.00028 ×
 12062.30 = 3.38 𝑘𝑊ℎ 

For the 7
1

2
 Hours of drying = 3.37 ×  7.5 = 25.28 𝑘𝑤ℎ 

To calculate the cost of energy required = standard tariff; 

1 unit = N22.50 (NIGERIAN ELECTRICAL 

REGULATORY COMMISSION, 2017/2018). 

Cost of Energy = 25.28 ×  22.50 = 𝑁568.69 

3.4 Conclusion  

An electric dryer that can be used for drying variety of 

agricultural products was developed and evaluated. The 

electric dryer can dry about 5 kg of tomatoes and beef in 

7
1

2
 Hours. This is more efficient when compared to the 

traditional way of drying that takes days to be achieved. 

Performance evaluation of the dryer showed that, that for 

all the trays, the mass of samples and consequently 

moisture content of samples reduced with increase in the 

drying time. It can be deduced that the drying time and the 

products being dried have a significant effect on the 

drying rate at 1% probability level, while the tray position 

has no significant effect on the drying rate. This implies 

that there is even distribution of heat in the drying 

chamber hence tray position at which the agricultural 

product is dried does not affect its drying rate. Cost of 

energy for drying 5 kg of tomatoes and beef was estimated 

as N 568.69 each.
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