
 

 

 

INTRODUCTION 

 

Post-harvest losses of agricultural products occur due to many 

biological, microbiological and chemical factors. Some of the 

environmental factors such as temperature, humidity, and 

solar radiation also contribute to these losses. The farmers 

gain considerably low profit due to these losses (Ali et al., 

2017). These losses can be minimized by conserving the 

resources and increasing the availability of agricultural 

products by having better facilities, technologies, and 

management practices. 

The agricultural products are preserved to increase their 

availability and maintain the nutritional value without any 

kind of deterioration. Vitamins, minerals, and fiber are the 

essential nutrients of food products and also a big source of 

digestion. They are categorized as perishable food material 

because of moisture (more than 70%) present in the 

agricultural product (Changrue et al., 2006). The nutritional 

value of the food product can only be maintained when it is 

being kept fresh. But it’s not an easy job to maintain the low 

temperature, which is a fundamental need of most of the 

storage processes (Weaver et al., 2014).  

Deterioration due to micro-organisms decreases the quality of 

agricultural products (Rahman, 1999). These micro-

organisms need certain conditions like adequate moisture 

content, nutrients, oxygen and the right temperature. Moisture 

content among these is the most essential entity which is 

responsible for many processes of deterioration (Jacoby et al., 

2017). They cannot grow due to the shortage of moisture, 

therefore, the products can be avoided from 

disruption/spoilage (Mujumdar, 2008). 

Agricultural products are dried for improving food security 

and enhancing the shelf life in most of the world (Grabowski 

et al., 1992). Therefore, drying is an appropriate option for 

managing and preservation of the products after harvesting. 

Drying is a process in which moisture is removed from the 
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Agriculture is the primary source of food and living. Post-harvest losses reduce the quality of agricultural products. Different 

food preservation methods are used in which drying is the most prominent. Drying needs a large amount of heat for reducing 

moisture but the high temperature is a major constraint of this method, which produces various unwanted changes in the dried 

products. The specific objectives of this study were to investigate the quality of dried products, drying behavior, and 

performance evaluation of solar dryer. The maximum value of solar irradiance was 963Wm-2 at 12:30 hours. The solar 

irradiance was found above 800Wm-2 in between 11:00-13:30 hours. The maximum efficiency of dryer observed 77% (under 

no-load condition) while under loaded condition; it reached 59%. The proximate study of dried Pear (Pyrus communis) and 

Peach (Prunus persica) carried out to examine the quality. Results showed that there exists an equal decrement of protein 

contents in all treatments. Fat contents reduced to a large extent when products dried untreated and NaCl treated. But fat 

contents increased when Peach dried after treating with Ascorbic Acid solution. The effect of ascorbic acid found very little in 

the reduction of fat contents of the dried products. Fiber contents increased in dried products when treated with NaCl solution 

and found maximum when it dried untreated. In dried Pear, the ash contents slightly changed using pre-treatments. But in 

Peach, the ash contents were almost doubled when treated with Ascorbic Acid solution.  

Keywords: Drying behavior, peach, pear, proximate analysis, solar dryer 
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products because this moisture should be reduced for 

minimizing the microbial activity. But it also changes the 

nutritional value and quality attributes like color, texture, 

volatiles, and nutrients of the agricultural products. These 

products are dried by different methods with or without 

treating for the value addition (Kudra and Mujumdar, 2009). 

Drying is an energy exhaustive process because a 

considerable amount of heat is needed for removing the 

moisture from agricultural products (Rao et al., 2011). So, 

these are directly susceptible to heat, but these shouldn’t be 

dried at a very high-temperature value because it also 

deteriorates their quality as well. Therefore, these are needed 

to be dried at a low temperature for a longer period, but it 

increases the duration as well as the cost of drying. 

Conventional energy resources should not be utilized for 

drying purpose due to their less availability, rapid reduction 

and fluctuating rates. In this situation, renewable resources of 

energy like solar, wind, biomass, and biogas are the best 

alternatives. These can also be utilized for the drying and 

processing purposes of agricultural products as well as 

sharing the burden on fossil fuels (Purkash and Kumar, 2000; 

Pirasteh et al., 2014). Moreover, agricultural products can be 

dried faster without contamination by solar drying (Gutti et 

al., 2012). It results in uniform drying and also maintains the 

quality of the food products. 

Solar energy is the best source that has the least impact on the 

environment so far. This can be used as solar power and solar 

thermal energy for drying agricultural products (Sharma et 

al., 2008). Pakistan is located in the sunbelt, where solar 

energy is available in abundance. The mean global irradiation 

in a day and sunshine hours is 200-250 Wm-2 and 1500-3000 

per year, respectively. Solar energy is mainly available in the 

rich form in Baluchistan Province with an average daily 

global insolation and annual mean sunshine duration of 19-20 

MJm-2 and 8-9 hrs a day, respectively. These conditions are 

best for various solar energy applications (WEC, 2000). 

Due to the availability of solar power in abundance and as the 

conventional fuel prices are changing day by day, along with 

the reduction in their availability. This situation totally 

emphasis on the use of renewable resources of energy 

especially solar. Therefore, this problem can be solved by 

using the solar-assisted dryers. The specific objectives of this 

research were to study the drying behavior, performance 

assessment and the effectiveness of solar dryer with different 

treatments as well as the quality analysis of the dried products. 

 

MATERIAL AND METHODS 

 

Experimental Setup: Pear (Pyrus communis) and Peach 

(Prunus persica) fruits were chosen for drying purpose. Trials 

under the no-load condition and with load conditions were 

carried out. For loaded condition, 5 kg/treatment of pear and 

peach fruits were purchased from the local fruit market. These 

fruits were cleaned and washed. The slices of 3 mm thickness 

were prepared with the help of slicer. The fruits were to be 

treated with ascorbic acid and sodium chloride solutions. 

Therefore, it divided into three equal portions for applying 

treatments. 

1. Treating with Ascorbic Acid Solution: The first portion 

of fruit treated with the ascorbic acid solution. 20 g 

ascorbic acid powder used in 5 liters of water to make the 

solution. The fruit slices dipped into the solution for 3 

minutes before loading into the dryer (Methakhup et al., 

2005).  

2. Treating with Sodium Chloride Solution: The second 

portion treated with sodium chloride (NaCl) solution 

having the same quantity as ascorbic acid before loading 

into the dryer. 

3. Without Treating: The third portion placed into the dryer 

without treating. 

Slices were loaded evenly in a single layer on the trays for 

uniform drying (Singh et al., 2003). The trials were also 

carried out under no-load conditions for optimizing the drying 

behavior of solar dryer. Representative samples were 

withdrawn from treated and un-treated slices to study the 

effect of drying on the nutritional value of the dried product. 

Then the dried samples were stored in airtight and moisture-

proof plastic bags for qualitative analysis. Data obtained 

during the experiment trials: dry and wet bulb temperatures 

were measured at all five positions. The air velocity was 

measured near the exit with an anemometer. Proximate 

analysis of fresh fruit, untreated but dried and the dried 

product after treatment was carried out. The moisture content, 

crude protein, crude fat, crude fiber, and crude ash determined 

of the fresh, treated, and untreated products and compared 

with the fresh fruit analysis (Tolera et al., 2017). The solar 

intensity was measured by Pyranometer. Anemometer was 

utilized to record air velocity. The temperature was recorded 

by thermometers. The weight of the samples was measured 

by electrical weight balance. Electrical oven was used to find 

the percentage loss in weight at regular intervals during the 

drying of the product (Aleem et al., 2018). 

Description of Hybrid Solar Dryer: Hybrid solar dryer 

having dimensions of 7.11 m × 1.00 m is comprised of 

collector and drying sections having lengths of 2.44 m and 

4.67 m respectively. The crystal glass covers are provided at 

an angle of 2.86o with the horizontal. The frame and trays of 

the dryer are made of mild steel and stainless steel, 

respectively. Food grade Nylon sieves are also provided over 

the trays for placing products to be dried. Fans are also 

provided for forced circulation of air in the dryer. 

During sunshine hours, the air is heated with solar energy, and 

during the night time or cloudy conditions, a gas-fired burner 

is attached with the dryer to heat the air. The gas burner heats 

a 0.61 m long and 0.051 m high iron pipe, and the air is forced 

into that pipe by using a variable speed blower to heat the air. 

Heated air enters into drying section, and that will remove 

moisture from pear and peach slices at night time. A gas-fired 
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heating system is attached at the end of the solar heating 

section. The crystal glass cover of 5 mm thickness is placed 

over trays in the dryer to increase the heat entrapment and 

reduce the heat losses from the dryer. Glass cover is made 

movable so that it can be opened and closed according to 

need. The trays are stationary, and the product is placed in the 

dryer by sliding up the glass cover. Three DC fans were also 

installed at the bottom side of the collector section to force air 

circulation in the dryer. A 20 W photovoltaic panel is 

provided as a power source to run these fans (Fig 1). 
Performance Evaluation of Hybrid Solar Dryer 

Drying Efficiency (η): The overall drying efficiency (η) was 

calculated by equation (1). 

𝜂 =
𝑄𝑑

𝑄𝑠
     (1) 

Where, Qd: Heat energy available per unit time for drying 

(kW), and Qs: Solar energy available per unit time at collector 

section (kW). 

Solar Energy (Qs): Solar energy available per unit time at the 

collector section was calculated by equation (2). 

𝑄𝑠 =
𝐴𝑐𝐼𝑡

1000
    (2) 

Where, Ac: Area of the collector (m2), and It: Solar radiation 

(Wm-2). Collector area was calculated by multiplying the 

length with a width of the collector section. It found to be 

2.67 m2. 

Drying Energy (Qd): Heat energy available per unit time for 

drying (Qd) was computed by equation (3). 

𝑄𝑑 = 𝑚𝐶𝑝ΔT    (3) 

Where, m: Mass flow rate of air (kgs-1), Cp: Specific heat 

(1.00 kJkg-1K-1), and ΔT: Difference of temperature between 

collector exit and ambient temperature (K). The mass flow 

rate of air (m) was calculated by multiplying the density of air 

(ρ) taken as 1.13 kgm-3 with the volumetric flow rate (Va) of 

air in m3s-1. The volumetric flow rate of air was computed by 

multiplying the cross-sectional area (A) of the collector with 

the air velocity (Va) at the entrance of the drying section. The 

cross-sectional area of the dryer calculated to be 0.126 m2. 

Moisture Content Determination: Samples were kept in an 

electric oven to determine the moisture level by equation (4). 

Initial and final weight at time “t” of samples was measured 

using electronic balance at regular intervals till the end of 

drying. 

𝑀(𝑤𝑏) =
𝑀𝑖−𝑀𝑓

𝑀𝑖
 × 100%  (4) 

Where, Mwb: Moisture content on a wet basis (%age), Mf: 

Final weight of the sample after drying (g), and Mi: Initial 

weight of the sample before drying (g). 

 

RESULTS AND DISCUSSION 

 

Performance Evaluation of Dryer (No Load): Before 

loading the product 3 without load trials carried out to observe 

the temperature and air flow characteristics inside the hybrid 

solar dryer. Data observed on a sunny day, e.g., wet and dry 

bulb temperature, ambient temperature, solar radiation, and 

 

1   Solar Panel 

2   Blowers 

3   Blowers for Hybrid Section 

4   Angle to Deflection 

5   Silver Pipe 

6   Crystal Glass Cover (5mm) 

7   Burner 

8   Heating Section 

9   Air Exit 

10 Drying Section 

11 Rock Wood Insulation (1in) 

 
Figure 1. A view of Hybrid Solar Dryer 
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air velocity inside the dryer for evaluating performance 

(Amer et al., 2009), is shown in Table 1. 

Variation of Solar Irradiance and Efficiency (No Load): 

The trial under no-load condition were carried out from 08:00 

to 17:00 hours. The solar irradiance was increased steadily 

from 351 W m-2 at 08:00 hours to 952 W m-2 at 12:30 hours 

and then decreased gradually up to 203 W m-2 at 17:00 hours. 

The maximum efficiency of the dryer was obtained to be 

66.8% at 11:00 hours, with a minimum value of 37.0% at 

17:00 hours. The efficiency of the dryer was in the range of 

54.9 to 66.8% during maximum solar irradiance between 835 

to 952 W m-2 from 11:00 to 13:30 hours. The results also 

showed that the efficiency was varied from 62.8 to 66.8% 

from 09:30 to 12:00 hours and from 53.3 to 58.7% between 

12:30 to 16:00 hours (Fig 2). 

 
Figure 2. Performance Study of Dryer under No-Load 
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Table 1. Parameters of Experimental Data Measured (No Load). 

T It Va Ta T1 T2 ΔT Η 

(min) (Wm-2) (ms-1) (°C) (°C) (°C) (°C) (%) 

0.00 351 0.320 34.0 41.0 48.0 7.00 38.3 

30.0 454 0.380 35.0 44.0 55.0 11.0 55.2 

60.0 543 0.420 36.0 48.0 60.0 12.0 55.4 

90.0 634 0.470 36.0 51.0 65.0 14.0 62.9 

120 690 0.450 36.0 53.0 69.0 16.0 62.8 

150 772 0.510 37.0 52.0 68.0 16.0 64.1 

180 835 0.490 37.0 56.0 75.0 19.0 66.8 

210 845 0.520 38.0 59.0 77.0 18.0 66.6 

240 892 0.500 39.0 57.0 76.0 19.0 63.6 

270 952 0.510 40.0 60.0 78.0 18.0 57.8 

300 926 0.560 39.0 56.0 71.0 15.0 54.9 

330 835 0.490 40.0 59.0 75.0 16.0 56.8 

360 770 0.500 41.0 60.0 75.0 15.0 58.7 

390 712 0.440 40.0 59.0 74.0 15.0 56.1 

420 634 0.470 39.0 50.0 62.0 12.0 53.3 

450 543 0.450 39.0 51.0 62.0 11.0 55.1 

480 398 0.360 39.0 47.0 57.0 10.0 54.4 

510 315 0.310 38.0 45.0 52.0 7.0 41.5 

540 203 0.210 37.0 42.0 48.0 6.00 37.0 
Where, T = Cumulative Time, It = Solar Radiation, Va = Air Velocity, Ta = Ambient Temperature, T1 = Temperature at entrance DS, T2 

= Temperature at exit DS, ΔT = Temperature Gradient, Η = Efficiency 

 

Table 2. Parameters of Experimental Data Measured (Pear Loaded). 

T It Va Ta T1 T2 ΔT Η 

(min) (Wm-2) (ms-1) (°C) (°C) (°C) (°C) (%) 

0.00 597 0.440 35.0 50.0 52.0 2.00 8.92 

60.0 757 0.590 37.0 53.0 57.0 4.00 18.8 

120 820 0.670 38.0 56.0 62.0 6.00 29.6 

160 831 0.630 39.0 59.0 64.0 5.00 22.9 

240 800 0.560 40.0 58.0 63.0 5.00 21.0 

300 646 0.560 40.0 55.0 64.0 9.00 46.8 

360 436 0.430 39.0 49.0 52.0 3.00 17.8 
Where, T = Cumulative Time, It = Solar Radiation, Va = Air Velocity, Ta = Ambient Temperature, T1 = Temperature at entrance DS, T2 

= Temperature at exit DS, ΔT = Temperature Gradient, Η = Efficiency 
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Performance Evaluation of Dryer (With Load): On loading 

of the fruit (Pear and Peach) slices, three loaded trials carried 

out to observe the temperature and air flow characteristics 

inside the hybrid solar dryer. Data observed, e.g., wet and dry 

bulb temperature, ambient temperature, solar radiation, and 

air velocity inside the dryer (Gauhar et al., 2006), is shown in 

Table 2 & 3. 

Variation of Solar Irradiance and Efficiency (Pear Loaded): 

The solar irradiance was increased steadily from 597 W m-2 

at 9:30 hours to 831 W m-2 at 12:30 hours and then decreased 

gradually up to 436 W m-2 at 15:30 hours. The maximum 

efficiency of the dryer was obtained to be 46.8% at 14:30 

hours under the loaded condition, with a minimum value of 

8.92% at 09:30 hours. The efficiency of the dryer was in the 

range of 21.0 to 29.6% during maximum solar irradiance 

between 800 to 831 W m-2 under loaded condition. The 

efficiency of the dryer was increased up to 29.6% at 11:30 

hours. Then it was decreased up to a value of 21.0% at 13:30 

hours. The readings were taken after 30 minutes. There was a 

cloudy condition just after 11:30 hours due to which the 

temperature of the dryer was decreased. The clouds were 

almost gone just before 12:30 hours. The solar radiation was 

measured to be 831 W m-2 at 12:30 hours, but the temperature 

gradient at this time was decreased because the dryer was 

relatively cooled down due to clouds. The output energy was 

reduced due to the decrease in the temperature gradient 

between the entrance and exit of the drying section due to 

which the efficiency of the dryer was reduced. There was the 

same situation just after 12:30 hours due to which efficiency 

was reduced to about 21.0% at 13:30 hours. There was a 

reverse situation after taking readings at 13:30 hours. There 

was a clear sky due to which a large amount of solar radiation 

was reached to the heating section, and also, there was direct 

heating of the drying section. The maximum value of 

temperature gradient was measured to be 9.00 oC at 14:20 

hours, but before taking readings, there were some clouds due 

to which the value of solar irradiance was measured low as 

compared to the previous reading, but the dryer was heated 

due to which high value of temperature gradient was recorded 

at 14:30 hours. After that, the solar irradiance and efficiency 

were decreased gradually (Fig 3). 

Variation of Solar Irradiance and Efficiency (Peach 

Loaded): The solar irradiance was increased steadily from 

692 W m-2 at 10:30 hours to 860 W m-2 at 12:30 hours and 

then decreased gradually up to 98 W m-2 at 17:30 hours. The 

maximum efficiency of the dryer was obtained to be 59.38% 

at 13:30 hours under the loaded condition with a minimum 

value of 10.20% at 10:30 hours. The efficiency of the dryer 

Table 3. Parameters of Experimental Data Measured (Peach Loaded). 

T It Va Ta T1 T2 ΔT Η 

(min) (Wm-2) (ms-1) (°C) (°C) (°C) (°C) (%) 

0.00 692 0.39 35 50 53 3 10.20 

60.0 826 0.53 36 55 58 3 11.51 

120 860 0.58 38 52 63 11 44.54 

160 809 0.53 39 57 72 15 59.38 

240 675 0.45 39 55 63 8 32.06 

300 482 0.43 39 51 60 9 48.56 

360 270 0.21 38 43 48 5 23.12 
Where, T = Cumulative Time, It = Solar Radiation, Va = Air Velocity, Ta = Ambient Temperature, T1 = Temperature at entrance DS, T2 

= Temperature at exit DS, ΔT = Temperature Gradient, Η = Efficiency 

 

Table 4. Proximate Analysis of Pear. 

Sample 
Moisture Crude Protein Crude Fat Crude Fiber Crude Ash 

(%) (%) (%) (%) (%) 

Fresh Fruit 88.57 2.73 1.09 17.03 2.50 

Untreated (Dried) 5.27 1.53 0.25 10.98 2.50 

Ascorbic Acid treated 5.27 1.64 0.8 8.13 2.20 

NaCl treated 5.27 1.64 0.12 18.02 2.64 

 

Table 5. Proximate Analysis of Peach. 

Sample 
Moisture Crude Protein Crude Fat Crude Fiber Crude Ash 

(%) (%) (%) (%) (%) 

Fresh Fruit 87.87 4.92 0.68 5.5 2.28 

Untreated (Dried) 6.25 4.37 0.03 12.25 2.34 

Ascorbic Acid treated 6.25 4.37 0.87 8.05 4.35 

NaCl treated 8.34 4.15 0.58 5.43 3.59 
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was in the range of 11.51 to 59.38% during maximum solar 

irradiance between 809 to 860 W m-2 from 11:30 to 13:30 

hours under loaded condition. The efficiency of the dryer was 

measured to be 59.38, 32.06, 48.56, 23.12, and 35.44% at 

13:30, 14:30, 15:30, 16:30, and 17:30 hours respectively. The 

reasons for fluctuations in the efficiency were the same as 

discussed in the case of pear drying (Fig 4). 

 

 
Figure 3. Performance Study of Dryer under Loaded 

Condition (Pear Loaded) 

 
Figure 4. Performance Study of Dryer under Loaded 

Condition (Peach Loaded) 

 

Proximate Analysis: The proximate analysis of pear and 

peach were carried out, and the results are described as 

follows in Table 4 & 5. 

Proximate analysis of pear showed that the crude protein was 

found to be 2.73, 1.53, 1.64 and 1.64%, the crude fat was 

found to be 1.09, 0.25, 0.80 and 0.12 %, the crude fiber was 

found to be 17.03, 10.9, 8.13 and 18.0% and the crude ash was 

found to be 2.50, 2.50, 2.20 and 2.64% in fresh, untreated, 

ascorbic acid-treated and NaCl solution treated sample 

respectively. The reduction of protein in untreated and treated 

samples was found to be 44.0 and 40.0%, respectively. The 

reduction of fiber in untreated pear samples was found to be 

36.0 %, while the increase in fiber content in NaCl treated 

sample was found to be 0.06%. The reduction of ash content 

in ascorbic acid-treated samples was found to be 12.0% 

(Fig. 5). 

 
Figure 5. Proximate Analysis of Fresh and Treated Dried 

Pear. 

 

Proximate analysis of peach showed that the crude protein 

was found to be 4.92, 4.37, 4.37 and 4.15%, the crude fat was 

found to be 0.68, 0.03, 0.87 and 0.58%, the crude fiber was 

found to be 5.5, 12.25, 8.05 and 5.43% and the crude ash 

content in different samples of peach was found to be 2.24, 

2.34, 4.35 and 3.59% in fresh, untreated, ascorbic acid-treated 

and NaCl solution treated sample respectively. The reduction 

of protein in untreated and ascorbic acid-treated samples was 

found to be 11%, while the reduction of protein in NaCl 

treated sample was found to be 16%. The reduction of fat in 

untreated and NaCl treated samples were found to be 96 and 

15%, respectively. The fat contents of ascorbic acid-treated 

samples were increased up to 22%. The increment of fiber in 

untreated samples was found to be 55%, while the increase in 

fiber content in the ascorbic acid-treated peach sample was 

found to be 32%. NaCl treated samples results in the 

decrement of fiber content up to 0.01%. The increment of ash 

content in untreated, ascorbic acid and NaCl treated samples 

of peach were found to be 4, 49, and 38%, respectively 

(Fig.  6). 
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Figure 6. Proximate Analysis of Fresh and Treated Dried 

Peach. 

 

Conclusion: The maximum efficiency of the dryer under no-

load condition obtained 77% while under the loaded 

condition; it reached up to 59%. All treatments almost result 

in an equal decrement of protein contents in Pear (Pyrus 

communis) and Peach (Prunus persica). So there is no effect 

on protein contents either using treatments (Ascorbic Acid 

and NaCl Solutions) or not. Fat contents reduced to a large 

extent when products dried without any treatment and NaCl 

treated. The effect of Ascorbic Acid was found very low in 

the reduction of fat contents in Pear. Fiber contents increased 

in Pear when treated with NaCl solution and found maximum 

when dried untreated. In Pear, the Ash contents were slightly 

changed using pre-treatments. Furthermore, Fat contents were 

increased when Peach dried after treating in Ascorbic Acid 

solution. In Peach, the Ash contents were almost doubled 

when treated with Ascorbic Acid solution. It concludes that 

this kind of solar dryers are suitable and dependable for on-

farm processing of perishable/medicinal agricultural 

products. Moreover, the dried products should be medically 

tested to find that either these are good for health or not. The 

agricultural products should also be dried by using other pre-

treatments e.g., Blanching, Sulphuring, Fruit Juice dips, 

Honey dips, etc. 
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