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DESIGN AND CONSTRUCTION OF CABINET SOLAR DRYERS3
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Abstract6
Two domestic solar dryers were designed and tested in Abraka, Delta State of Nigeria. One has a7
mirror reflector to concentrate sun – light energy into the dryer while other has no reflector. The8
dryer ovens were subjected to a number of experimental tests by drying/cooking six different9
food items in them. The analysis of the results obtained, showed that the temperature and the rate10
of drying in the oven with reflector were higher than the one without reflector. The temperature11
and the rate of drying were higher in both ovens compared to the open – air drying. The total12
power obtained using the oven with reflector was 350.00W, while the oven without reflector13
gave 330.56W and the open air – drying recorded 233.15W. These could act as an alternative14
dryer to the conventional open air-drying and cooking for rural farmers in Nigeria and other15
tropical countries with similar circumstances.16
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1.0 Introduction18

In most developing countries in the tropics such as Nigeria, over 70% of the population lives in19
rural areas. These people are mainly farmers who preserve their farm products by drying. This20
drying is a process whereby the water content of a material is reduced to a level where it could21
be safely stored for future use without the need for refrigeration [1]. The conventional means of22
drying in these areas has been the use of firewood and the open-air sun drying [2]. Sun drying is23
only possible in an area where the sun allows food to be dried immediately after harvest [3].24
Many cereal crops, vegetables, fruits, prawn and fishes are dried by spreading them sparsely on a25
prepared open place to receive direct sun light. The main advantages of open – air sun drying are26
low capital and operating cost and the fact that little expertise is required. The disadvantages of27
this method are contamination, theft and massive loss to birds, insects, rodents, domestic animals28
and sometimes being blown away by wind beyond recovery [4, 5]. Slow and intermittent drying29
has no protection from rain or dews that falls on the product and encourages mould growth.30
Sometimes the quality (colour and vitamin content) of the product may be diminished due to31
over – or under – drying [6]. Moreover, since sun – drying depends on uncontrollable factors,32
production of uniform standard products is not guaranteed [7].33

This has necessitated the invention of a solar cabinet dryer to replace the conventional open – air34
sun drying. Solar cabinet dryer holds a very promising future for the developing countries35
economically since it burns no fuel and the materials for its construction are quite cheap and36



readily available. It causes no air or water pollutions. It gives a faster drying rate by raising the37
temperature to about 100C – 400C above the ambient temperature. The faster drying reduces the38
risk of spoilage and improves the quality of the product. Solar cabinet dryer prevents the food39
from dust, insects, rodent and other animals because it is enclosed in a chamber. Moreover, it can40
act as an alternative means of cooking in the rural areas where electricity and other sources of41
energy are skeletally or non-existence. The purpose of this research work is therefore to produce42
a prototype solar cabinet dryer, which when mass – produced, can conveniently act as an43
alternative dryer to the conventional open – air drying for rural farmers in Nigeria and other44
countries with the same circumstances.45

2.0 Construction of the dryers46

Abraka is a town in the Niger Delta region of Nigeria. It lies on a geographical location47
coordinates of 50 471 00 N and 60 61 00 E [8]. Moreover, from a daily Metrological forecast,48
Abraka and its environs has about 280C on a very cold day and about 400C on a very hot day.49
This could conveniently represent a typical example of a tropical temperature. This is very50
important because the samples considered in this research work are51

1. Groundnut,52
2. Plantain chips,53
3. Fresh pepper,54
4. Fresh meat sliced to size,55
5. Fresh fish56
6. Raw egg57
These crops could only be dried or cooked above a specific temperature. The minimum58
temperature for drying groundnut, fresh pepper and plantain chips is about 450C to 500C and for59
fish and slice meat, the temperature is from 600C to 750C. Raw egg needs a steady temperature60
of about 900C to 1000C. Hence, this cabinet solar dryer was designed so that its output61
temperature does not fall below 450C.62

The materials for the construction of the dryers were sourced locally to minimize cost and63
maximize energy, since the rural farmers are the target. The following materials were used in the64
construction.65

1. Transparent glass (4mm thick)66
2. Aluminum foil sheet (0.45mm thick)67
3. Nails68
4. Hinges69
5. Plywood70
6. Plane mirrors71
7. Wood72
8. A very sensitive digital weighing machine73
9. Three thermometers (mercury in glass)74



10. A timekeeper75
11. A knife76
12. A stool77
13. A flat wooden plate78
In the construction of the solar dryers, wood of about 5 mm2 area was cut to dimension to build79
the skeletal frame work to make the boxes very rigid and then nailed together. The boxes have80
length of 80 cm, width 50 cm and a depth of 40 cm. Then the plywood was cut to specification81
and used to cover five sides of each of the dryers, while the top space was left open for the plane82
glass. The two length views were (80 x 40) cm2, the two side views were (50 x 40) cm2 and the83
bottom corner was (80 x 50) cm2. The parts, which form the outer covering of the dryers, were84
nailed together using one – inch nails. The position of the vent were marked with the tape and85
chiseled out. A wire net was used to cover the vent from inside to prevent the samples from86
being lost through it. A small plywood board was fitted to the outside so that the vent could be87
slide open and closed to ventilate the oven and allow moisture to escape from it.88

After the construction of the framework of the dryers, aluminum sheet of 0.45 mm thick was89
measured according to the dimension of the dryers with the position of vents cut open with a90
scissors. Then thin foam was used to line the inside and held with one – inch nail before folding91
the aluminum sheet inside the boxes. The foam was lined uniformly so that the entire oven could92
have a uniform heating effect. It will also act as an insulator between each of the wooden boxes93
and the aluminum sheet. The aluminum sheet was then folded inside each of the boxes and94
nailed to the wood. At this stage, a hole for the thermometer was drilled by the top side of each95
of the two dryers with a perforator. The space for the door was measured and wood of equal96
dimension was used to construct it. Two half-inch hinges were fixed to each of the doors with97
one – inch nails so that they could be opened and closed at will to load or remove the samples.98
All possible openings between the door and the respective boxes were sealed up with thin foam99
and nailed to the wood to reduce heat loss whenever the door is opened or closed.100

The inside compartments were painted black to increase the rate of absorption of heat. The plane101
glass was cut to size of about (50 x 80) cm2 in dimension with a diamond blade and then used to102
cover the open top of the dryers. An evostic gum was used to rub on the surface of the boxes103
before fixing the glass. This is to hold the glass firmly to it. A one – inch plank was used to line104
the sides of the glass and nailed to the each of the boxes. The transparent glass cover allows the105
solar energy to get to the samples and at the same time reduce heat loss by convection,106
conduction and radiation. The boxes were mounted with four legs of about 80 cm length using107
wood of 5mm2 to raise them off the ground.108

Finally, the plane mirrors were cut to dimension of (80 x 25) cm2 with a diamond blade.109
Plywood was used to form a frame at the back of the mirror so that it could be mounted on the110
top of the dryer length – wise (One on each top sides of the box). Four (half– inch) hinges were111
used to nail the frame with the mirrors to the top side of one of the boxes as shown in figure 1112
below. The hinges were held with one – inch nails to ensure that the mirrors could be rotated up113



to an angle of 1200. The rays of the sun are scattered in all directions. The rays perpendicular to114
the dryer fall directly into the oven, while those moving at an angle are reflected into the oven by115
the mirror for effective result. These mirrors are adjusted according to the position of the sun so116
that enough sunrays could be reflected back into the oven.117

The dryer with mirror reflector was labeled as oven 1, while the dryer without the mirror118
reflector was oven 2. Figure 1 below shows the solar dryer with mirror reflector, while figure 2119
shows the solar dryer without the mirror reflector.120

121

Figure 1: The solar cabinet dryer with mirror reflector122

123



124

Figure 2: Solar cabinet dryer without the mirror reflector125

3.0 Data Collection and Result126

At the beginning of each experiment, a thermometer was placed at the top side of each of the two127
solar dryers and on the specimen for the open air – drying. The food samples to be used were128
weighed and labeled as follows129

Specimen A were loaded into oven 1130

Specimen B were loaded into oven 2131

Specimen C was kept outside for open air – drying.132

These constructed solar dryers were brought out into the open. Oven 1 was positioned facing the133
sunrise and the reflector mirrors tilted so that enough sun rays could be reflected back into the134
oven. Oven 2 was equally position in an open place to receive direct sun light. The specimen for135
the open air – drying was scattered on an aluminum plate (80 x 50) cm2 which was painted black136
and then placed on top of a stool and positioned in an open place. The time, temperature and137
mass of each sample were recorded before being loaded into the ovens at the commencement of138
each day’s experiment. These readings were taken every one and half – hour. The experiments139



were set up by 9.30 am each day and it runs until the temperature goes down about 3.30 pm. On140
the 1st and 2nd days, groundnut and sliced plantain were loaded together into the ovens. On the 3rd141
and 4th days, fresh pepper and sliced meat were loaded together into the ovens, while on the 5th142
and 6th days, only sliced fresh fish was used as sample. Then on the 7th day, raw eggs were143
cooked in the two solar dryers. The results are shown in the tables below.144

The precautions taken in this experiment to ensure maximum output are as follows:145

1. The dryers were placed in an open place where nothing could cast shadow on them.146

2. The drying pan for loading the samples into the dryers were made of the same material with147
that of the control experiment for the open air – drying placed outside the dryers. This will148
ensure that the same environment was created for the three ovens to avoid systematic error.149

3. The three ovens were made of aluminum coil painted black so that the power output could be150
comparatively computed.151

Tables 1 and 2 shows the measurements recorded for fresh groundnut on the 1st and 2nd days152
respectively. While tables 3 and 4 are the measurements recorded for sliced plantain on the 1st153
and 2nd days respectively. Figures 1 and 2 are the percentage rate of drying groundnut on the 1st154
and 2nd days respectively while Figure 3 is the temperature variation on the 1st day at different155
times of the day. Then Figures 4 and 5 are the percentage rate of drying sliced plantain on the 1st156
and 2nd days respectively while Figure 6 is the temperature variation on the 2nd day at different157
times of the day.158

Table 1. Measurement for sample 1 (fresh groundnut) on the 1st day159

Time
(Hours)

Mass of 1A
in (g)

Mass of 1B
in (g)

Mass of 1C
in (g)

Temp. of
Oven 1 (0C)

Temp. of
Oven 2 (0C)

Ambient
Temp. (0C)

9.30 am 21.41 21.55 21.90 32.0 32.0 32.0

11.00 am 18.41 19.13 21.90 49.0 47.0 32.0

12.30 pm 14.20 15.35 20.48 57.0 54.0 38.0

2.00 pm 12.80 14.30 19.80 55.0 53.0 34.0

3.30 pm 9.80 13.30 17.76 42.0 41.0 30.0

160

Average percentage loss in mass was computed according to [9]161

%100x
a
ba 

1162

Where a = initial mass of the sample163



b = final mass of the sample164
Then using equation 1, percentage loss in mass of sample 1A = 54.22%165
Percentage loss in mass of sample 1B = 38.28%166
Percentage loss in mass of sample 1C = 18.90%167

168

Table 2. Measurements for sample 1 (fresh groundnut) on the 2nd day.169

Time
(Hours)

Mass of 1A
in  (g)

Mass of 1B
in  (g)

Mass of 1C
in  (g)

Temp. of
Oven 1 (0C)

Temp. of
Oven 2 (0C)

Ambient
Temp. (0C)

9.30 am 23.09 23.73 23.15 28.0 28.0 28.0

11.00 am 20.72 21.40 22.14 64.0 61.0 38.0

12.30 pm 18.94 19.57 20.69 59.0 56.0 37.0

2.00 pm 14.73 15.52 18.60 65.0 62.0 40.0

3.30 pm 10.31 13.51 17.90 49.0 47.0 30.0

Percentage loss in mass of sample 1A = 55.35%170
Percentage loss in mass of sample 1B = 43.07%171
Percentage loss in mass of sample 1C = 22.68%172

173

174

Figure 3; The percentage rate of drying groundnut on the 1st day175
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Table 2. Measurements for sample 1 (fresh groundnut) on the 2nd day.170
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Figure 4: The percentage rate of drying groundnut on the 2nd day177
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Figure 5.The plot of temperature variation against Time on the 1st day179
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Figure 4: The percentage rate of drying groundnut on the 2nd day178

179

Figure 5.The plot of temperature variation against Time on the 1st day180

181

11.00AM 12.30PM 2.00PM 3.30PM

TIME OF THE DAY

11.00AM 12.30PM 2.00PM 3.30PM

TIME OF THE DAY

178

Figure 4: The percentage rate of drying groundnut on the 2nd day179
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Table 3. Measurements for samples 2 (Plantain) on the 1st day.181

Time
(Hours)

Mass of 2A
in  (g)

Mass of 2B
in  (g)

Mass of 2C
in  (g)

Temp. of
Oven 1 (0C)

Temp. of
Oven 2 (0C)

Ambient
Temp. (0C)

9.30 am 22.61 23.54 20.18 32.0 32.0 32.0

11.00 am 16.81 20.60 18.61 49.0 47.0 32.0

12.30 pm 12.75 16.01 14.61 57.0 54.0 38.0

2.00 pm 10.57 13.19 13.02 55.0 53.0 34.0

3.30 pm 9.98 11.70 12.49 42.0 41.0 30.0

182
Percentage loss in mass of sample 2A = 55.86%183
Percentage loss in mass of sample 2B = 50.30%184
Percentage loss in mass of sample 2C = 38.11%185

186
187

Table 4 Measurements for samples 2 (Plantain) on the 2nd day188

Time
(Hours)

Mass of 2A
in  (g)

Mass of 2B
in  (g)

Mass of 2C
in  (g)

Temp. of
Oven 1 (0C)

Temp. of
Oven 2 (0C)

Ambient
Temp. (0C)

9.30 am 28.53 25.18 26.08 28.0 28.0 28.0

11.00 am 17.24 17.18 19.51 64.0 61.0 38.0

12.30 pm 14.41 13.47 17.16 59.0 56.0 37.0

2.00 pm 11.32 10.24 15.17 65.0 62.0 40.0

3.30 pm 10.91 10.23 14.28 49.0 47.0 30.0

Average percentage loss in mass of sample 2A = 61.76%189
Average percentage loss in mass of sample 2B = 59.37%190

191
Average percentage loss in mass of sample 2C = 45.25%192

193
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Figure 6 : The percentage rate of drying plantain on the 1st day195
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Figure 7: The percentage rate of drying plantain on the 2nd day200
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Figure 6 : The percentage rate of drying plantain on the 1st day196
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Figure 7: The percentage rate of drying plantain on the 2nd day201
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Figure 7: The percentage rate of drying plantain on the 2nd day202
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202

Figure 8: The plot of temperature variation against Time on the 2nd day.203

Tables 5 and 6 shows the measurements recorded for fresh pepper on the 3rd and 4th days204
respectively. While tables 7 and 8 are the measurements recorded for sliced meat on the 3rd and205
4th days respectively.  Figures 7 and 8 are the percentage rate of drying fresh pepper on the 3rd206
and 4th days respectively while Figure 9 is the temperature variation on the 3rd day at different207
times of the day. Then Figures 10 and 11 are the percentage rate of drying sliced meat on the 3rd208
and 4th days respectively while Figure 12 is the temperature variation on the 4th day at different209
times of the day.210

Table 5 Measurements for samples 3 (Pepper) on the 3rd day211

Time
(Hours)

Mass of 3A
in  (g)

Mass of 3B
in  (g)

Mass of 3C
in  (g)

Temp. of
Oven 1 (0C)

Temp. of
Oven 2 (0C)

Ambient
Temp. (0C)

9.30 am 20.51 21.82 20.66 28.0 28.0 28.0

11.00 am 16.52 18.11 18.71 52.0 50.0 38.0

12.30 pm 12.21 13.20 15.42 57.0 54.0 39.0

2.00 pm 7.59 9.47 13.01 72.0 66.0 42.0

3.30 pm 5.51 7.08 11.63 56.0 53.0 35.0

Average percentage loss in mass of sample 3A = 73.14%212
Average percentage loss in mass of sample 3B = 67.55%213
Average percentage loss in mass of sample 3C = 43.71%214
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Table 6. Measurements for samples 3 (fresh pepper) 4th day216

Time
(Hours)

Mass of 3A
in  (g)

Mass of 3B
in  (g)

Mass of 3C
in  (g)

Temp. of
Oven 1 (0C)

Temp. of
Oven 2 (0C)

Ambient
Temp. (0C)

9.30 am 24.21 23.70 23.97 31.0 31.0 31.0

11.00 am 14.48 14.91 16.77 67.0 62.0 38.0

12.30 pm 9.22 10.33 13.23 57.0 55.0 36.0

2.00 pm 5.31 8.19 10.86 73.0 65.0 45.0

3.30 pm 4.13 5.18 8.73 55.0 52.0 33.0

Average percentage loss in mass of sample 3A = 82.94%217
Average percentage loss in mass of sample 3B = 78.14%218

219
Average percentage loss in mass of sample 3C = 63.36%220

221

Figure 9. The percentage rate of drying pepper on the 3rd day222
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Figure 10: The percentage rate of drying pepper on the 4th day225
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Figure 11: The plot of Temperature variation against Time on the 3rd day.228
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Figure 10: The percentage rate of drying pepper on the 4th day226
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Figure 10: The percentage rate of drying pepper on the 4th day227
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Figure 11: The plot of Temperature variation against Time on the 3rd day.230
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Table 7. Measurements for sample 4 (fresh Meat) on the 3rd day.231

Time
(Hours)

Mass of 4A
in  (g)

Mass of 4B
in  (g)

Mass of 4C
in  (g)

Temp. of
Oven 1 (0C)

Temp. of
Oven 2 (0C)

Ambient
Temp. (0C)

9.30 am 21.79 22.48 22.17 28.0 28.0 28.0

11.00 am 17.62 18.23 18.18 52.0 50.0 38.0

12.30 pm 13.73 14.07 14.89 57.0 54.0 39.0

2.00 pm 9.81 10.41 11.67 72.0 66.0 42.0

3.30 pm 8.47 9.22 11.21 56.0 53.0 35.0

Average percentage loss in mass of sample 4A = 61.13%232
Average percentage loss in mass of sample 4B = 58.99%233
Average percentage loss in mass of sample 4C = 49.44%234

235

Table 8. Measurements for sample 4 (fresh meat) on the 4th day236

Time
(Hours)

Mass of 4A
in  (g)

Mass of 4B
in  (g)

Mass of 4C
in  (g)

Temp. of
Oven 1 (0C)

Temp. of
Oven 2 (0C)

Ambient
Temp. (0C)

9.30 am 29.61 28.08 28.51 31.0 31.0 31.0

11.00 am 23.16 23.61 26.18 67.0 62.0 38.0

12.30 pm 17.14 18.96 24.88 57.0 55.0 36.0

2.00 pm 13.78 16.21 22.09 73.0 65.0 45.0

3.30 pm 11.89 13.62 20.83 55.0 52.0 33.0

Average percentage loss in mass for sample 4A = 59.85%237
Average percentage loss in mass for sample 4B = 51.50%238
Average percentage loss in mss for sample 4C = 26.94%239

240
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Figure 12: The percentage rate of drying fresh meat on the 3rd day242

Figure 13: The percentage rate of drying fresh meat on the 4th day243
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245

Figure 14: The plot of Temperature variation against Time on the 4th day246

Tables 9 and 10 are the measurements recorded for sample 5 (fresh fish) on the 5th and 6th days247
respectively. Figures 13 and 14 are the percentage rate of drying fresh fish on the 5th and 6th days248
respective. While Figures 15 and 16 are the plot of the temperature variation on the 5 th and 6th249
days respectively at different times of the day.250

251

Table 9. Measurements for sample 5 (fresh fish) on the 5th day252

Time
(Hours)

Mass of 5A
in  (g)

Mass of 5B
in  (g)

Mass of 5C
in  (g)

Temp. of
Oven 1 (0C)

Temp. of
Oven 2 (0C)

Ambient
Temp. (0C)

9.30 am 21.63 22.93 21.83 28.0 28.0 28.0

11.00 am 17.82 19.31 19.16 52.0 50.0 38.0

12.30 pm 14.33 15.29 17.51 72.0 54.0 39.0

2.00 pm 11.56 12.66 14.81 71.0 66.0 42.0

3.30 pm 5.73 8.71 12.84 56.0 53.0 35.0

253

Average percentage loss in mass for sample 5A = 73.51%254

Average percentage loss in mass for sample 5B = 62.02%255
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Average percentage loss in mass for sample 5C = 41.18%256

257

Table 10. Measurements for samples 5 (fresh fish) on the 6th day258

Time
(Hours)

Mass of 5A
in  (g)

Mass of 5B
in  (g)

Mass of 5C
in  (g)

Temp. of
Oven 1 (0C)

Temp. of
Oven 2 (0C)

Ambient
Temp. (0C)

9.30 am 20.47 20.82 21.41 31.0 31.0 31.0

11.00 am 14.88 15.43 16.25 67.0 62.0 38.0

12.30 pm 11.92 12.22 13.77 79.0 74.0 45.0

2.00 pm 9.01 10.42 12.64 73.0 65.0 42.0

3.30 pm 7.15 9.98 11.60 55.0 52.0 32.0

Average percentage loss in mass for sample 5A = 65.07%259
260

Average percentage loss in mass for sample 5B = 52.07%261
Average percentage loss in mass for sample 5C = 45.82%262
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Figure 15: The percentage rate of drying fresh fish on the 5th day266
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Figure 16: The percentage rate of drying fresh fish on the 6th day269
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Figure 17: The plot of Temperature against Time on the 5th day271
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Figure 18: The plot of temperature against Time on the 6th day274

275

Ovens 1 was able to cook egg for three hours thirty minutes (3.30 hours) at an average276
temperature of 68 0C, while oven 2 could cook a similar egg with the same mass for about four277
hours twenty minutes (4.20 hours) at an average temperature of 62 0C.278

279

4.0 The power capacity of the solar dryers280

The power capacities of the solar dryers were calculated using the Stefan – Boltzmann formula281
as stated by [10] in equation 2 as follows:282

W = AeδT4 2283

Where W = the power in watts284

A = the surface area of the material in m2285

E = the emissivity which depends on the nature of the surface. It is also equal to the absorptivity286
defined as287

σ = Radiation energy absorbed by surface288
Radiation energy incidence on the surface289
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The value of a is between 0 and 1. Surfaces where σ = 1 are the best absorbers as well as the best290
emitters of radiation at the same temperature. Hence a surface with σ = e = 1 is a black body.291
That was why the aluminum plate was painted black so that radiation energy incidence on the292
surface will be equal to the radiation energy absorbed by the surface.293

δ = Stefan – Boltzmann constant (5.7 x 10-8 Js-1m2 0C-4)294

T = the absolute in Kelvin.295

For Oven 1, the highest temperature recorded is 79 0C = 352K.296

The surface area of the oven = (80 x 50) cm2 = (80 x 50) x 10-4 m2297

Therefore the power is given as298

W = 80 x 50 x 10-4 x 1 x 5.7 x 10-8 x 3524 = 350.00W 3299

For oven 2, the highest temperature recorded is 740C = 347K.300

Therefore the power is given as:301

W = 80 x 50 x 10-4 x I x 5.7 x 10-8 x 3474 = 330.56W 4302

For the open drying, the highest temperature was 450C = 318K303

Therefore the power is given as304

W = 80 x 50 x 10-4 x I x 5.7 x 10-8 x 3184 = 233.15W 5305

5.0 Discussion306

From the results obtained above, Figures 3, 4, 6, 7, 9, 10, 12, 13, 15, and 16 shows that the rate307
of drying in the oven with reflector is higher than that without reflector. These are much higher308
than the open air – drying. Then the variations of temperature in the two ovens and the open air309
as shown in Figures 5, 8, 11, 13, 17 and 18, also reveals that the temperature inside the oven with310
reflector was higher than the one without reflector. Moreover, both are higher than the ambient311
temperature in all cases. In the course of this research work, the highest temperature recorded for312
the oven with reflector is 790C, while the oven without reflector recorded 74 0C. The highest313
ambient temperature recorded on the hottest day was 450C. The difference between the power314
output of the two dryers and that of the open air is about 100W.315

6.0 Conclusion.316

In summary, the solar cabinet dryers were constructed to convert solar energy into heat energy317
for domestic purposes. The one with mirror reflectors gave higher temperature, efficiency of318
drying and power output than the one without the mirror reflectors. Both could reduce the water319



content of products like groundnut and corn to preserve them for future planting. Fresh fish, meat320
and pepper dried in this project could be preserved for any length of time. Most importantly, it321
has been shown that these dryers could conveniently cook an egg without much labor. It is easy322
to construct and maintain, and its construction materials are readily available in the local market.323
This prototype dryers when mass – produced, could act as an alternative dryer to the324
conventional means of drying and sometimes cooking for rural farmers in Nigeria and tropical325
countries with similar circumstances.326

327

6.0 References328

1 Senadeera W, Bhandari B, Young G and Wijesinghe B 2003. Influences of shapes of selected329
vegetable matter on drying kinematics during fluidized bed drying. J. food Eng. 2003; 58; 277 –330
283.331

2 Guilani M. B. and Fung D. Y. (1986). Critical review of water activity and microbiology of332
drying meat. CRC, Review. Food Science Nutrition 1986;25 (2) 159333

3 Sengar S. H., Khandetod Y. P. and Mohod A. G. (2009) Low cost solar dryer for fish. AJEST.334
2009; Vol. 3 (9) 265 – 271.335

4 Karathanos and Belessiotis ( 1995). Sun and artificial air – drying kinetics of some agricultural336
products. Journal of food Engineering 1995; 31(1) 35 – 46.337

5 Abdul Jabbar N. Khalifa, Amer M. Al – Dabagh and W. M. Al – Mehemdi 2012. An338
experimental study of vegetable solar drying systems with or without auxiliary heat. ISRN339
Renewable energy 2012; 789342 8 pages340

6 Bhuiyan M. H. R, Alam M. M. and Islam M. N. (2001). The construction and testing of a341
cabinet solar and mechanical cabinet dryer. J. Environ. Sci. and Natural Resources 2001;4(2) 35342
– 40.343

7 Clement K. Sankat and Saheeda Mujaffar 2004. Sun and solar cabinet dryer of salted shark344
fillets. Proceedings of the 14th international drying symposium, Sao Paulo brazil. 2004; Vol. C345
1584 – 1591.346

8 Abraka map – Satellite image of Abraka. Nigerian Metrological Agency 2014.347
http://www.maplandia.com/nigeria/delta/ughelino/abraka. Accessed on 10th of January 2014.348

9 Ranganna S (1986). Manual of analysis of fruits and vegetable products. Tata Mcgraw Hill349
publishing company Ltd, New Delhi. 1986; 9 – 13, 94 – 95.350

10 Yabeah – Amankwah D 1987. Introduction to modern physics University press Ltd Ibadan.351


