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Abstract

The study investigates drying characteristics of common species of fish in the
tropics, catfish (Clarias gariepinus) and tilapia fish (Oreochromis niloticus)
using a direct solar dryer. The drying process was carried out during the dry
and wet season under natural (0 m/s) and forced convective drying (1.5 m/s,
2.5 m/s, 3.5 m/s fan speed). Results obtained showed that the drying air at-
tained by the dryer was satisfactory and the maximum temperature difference
between the dryer and the ambient temperatures was 35°C. The moisture
content of the dried samples was 13.97% for catfish and 13.35% for tilapia fish
during dry season and during the wet season it was 15.68% for catfish and
14.9% for tilapia fish while for the open sun dried samples it was 21.7% for
catfish and 17.0% for tilapia fish. Maximum drying efficiency of 74.3% was
recorded for the dryer during dry season and the dried samples at 3.5 m/s fan
speed were better in drying rates. The proximate compositions of the fish be-
fore and after drying were determined. There was significant difference in
proximate composition before and after drying (P < 0.05) and no significant
difference in proximate composition at fan speeds considered for both fish
species (P < 0.05).
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1. Introduction

Fish is one of the most diverse groups of animals known to man with more than
20,500 species in existence [1]. However, out of these species the catfish and tila-
pia fish (Figure 1) are the most cultured in the tropics. Fish flesh is a source of
top quality protein, and for many in the less developed parts of the world it
represents a significant proportion of the animal protein in their diet, either as
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(a)

Figure 1. Picture of (a) catfish and (b) tilapia fish.

fresh fish or cured in a variety of ways, such as smoking, salting and drying.
However, despite its importance in contributing to national economies, health,
food security and in improving the livelihoods of many artisanal fisher men in
many developing countries, up to 50% of the fish harvested are wasted [2]. This
is because fish is harvested at an average high moisture content of 5 kg/kg, dry
basis [3] and if unpreserved, it undergoes rapid spoilage, even without external
contamination, in less than 24 h of capture and becomes unfit for human con-
sumption [4]. Thus there is need for processing techniques for its preservation.

The traditional methods of drying fish (Open sun drying and smoking) are
not hygienic. The open drying process usually leads to the deterioration of the
products because of many detriments. Smoking contributes to environmental
degradation since it uses biomass and also introduces cancer causing substances
in fish flesh since smoke contains Poly Aromatic Hydrocarbons (PAH) which
are carcinogenic.

Researchers have in recent times developed different solar dryers to alleviate
the problems associated with traditional methods with justification that: they
will be more effective than open sun drying, have lower operating costs than
mechanized dryers, can be constructed with locally available materials and can
be useful in areas where fuel or electricity are expensive. Mustayen et al. [5] pre-
sented a review on performance study of different solar dryers. The paper
presents the state of various kinds of solar dryers that are widely used today. The
indirect, direct, and mixed mode dryers that have shown potential in drying
agricultural products in the tropical and subtropical countries are discussed. The
natural convection solar dryers suffer from the limitations due to extremely low
buoyancy induced air flow inside the dryers [6] [7]. The high weather dependent
risk and lack of modeling of the dryer toward parameter optimization for op-
timal drying performance before actual production of prototype stimulated
Alonge et al [8], to carry out CFD analysis on a direct solar dryer with a fan
providing the air flow required to remove the evaporated moisture. The results
indicate that optimal length of 70 cm and height of 40 cm at breath 60 cm
(without the lagging thickness) with tray position at 25 cm away from the base of
the dryer will produce better drying result. Several works have been carried out

to study the drying characteristics of fish using electric powered and solar dryers
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[9]-[14]. The objective of this work was to investigate the performance of the di-
rect solar dryer using natural and forced convective methods for drying of cat-
fish and tilapia fish.

2. Materials and Methods
2.1. Description of the Drying System

The experimental dryer was developed and designed using dimension by Alonge
et al. 8] as shown in Figure 2 and Figure 3 show the exploded view of the dryer.
The dryer was made with locally available materials such as galvanized sheet,
glass sheet, and fibre glass. The drying chamber was double walled insulated
with fiber glass of 5 cm thick to prevent energy losses. A 12 V DC fan was at-

tached to the dryer to induce force convection and this was connected to speed

Air Outlet

Transparent Glass

Drying Tray

All dimensions in mm

Figure 2. Experimental dryer.

[ _PARTSLIST ]
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Figure 3. Exploded view of the solar dryer.

DOI: 10.4236/fns.2018.95037

476 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2018.95037

S. 0. Obayopo, O. I. Alonge

regulator which was connected to 12 V DC battery. The fan has enough power to
provide air velocity needed and to overcome the back up pressure cause by the
tray and can be easily control to compensate for temperature variation. The in-
ner wall was painted with coal tar for enhanced absorption and emission of solar
energy.

The best stationary orientation is due south in the northern hemisphere and
due north in southern hemisphere (Alonge et al, 2017). Therefore the dryer in
this work was oriented facing south.

2.2. Materials Specification

The quantity of heat transferred in the internal section, Q was calculated using
Equation (1). The thermal conductivity (&) of the galvanized sheet metal is 0.36
W/mK. The thickness of the galvanized sheet was 1 mm.

Fiber glass was used as a lagging material for the dryer with the following
properties according to Owolarafe et al [15]: thermal conductivity (0.032
W/mK), embodied carbon (1.35 CO,/kg), embodied energy (28 MJ/k). The lag-
ging (Insulation) thickness was calculated using Equation 1 and the widest wall
of the dryer was considered (Q). 7; and 7, were assumed to be the maximum
expected temperature and the ambient temperature, respectively (60°C and
27°C) and K;is the thermal conductivity of fiber glass. X] is the thickness of the
lagging and was calculated to be 5.2 cm.

K A(T-T,)

X, (1)

Galvanized wire mesh was used for the tray considering the capability to carry
3.5 kg of fish (with an average length and thickness of 30 + 1.46 cm and 4 * 0.15
cm, cut into fillets) without sagging and retain the fish after drying and the
aperture wide enough to allow free flow of heated air. 2 x 1 inches wire mesh

was joined together with chicken wire mesh of 50 pum was used.

2.3. Theoretical Analysis

The mass of moisture to be removed was calculated using Equation (2). A;is the
initial mass of fish, A/, is the initial moisture content and AM,is the final moisture
content.
MW:M,-(MO—M/.) )
(100- )

According to Bala and Mondol [10], fresh fish contains up to 80% of water
and to prevent mould growth during storage, moisture content must be reduced
to 15% (wet basis).

For simplicity, the quantity of air needed for the drying was calculated by
considering the drying process on the psychometric chart as shown in Figure 4.
If the average ambient air temperature 7, (27°C) and ambient relative humidity
RH, (75%) is heated to temperature 7, (60°C) then RH, will reduce to

a
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Figure 4. Illustration of the drying process on psychometric chat.

RH, . This heated air is used to remove moisture, until equilibrium (RH,) is
reached. The temperature of the drying air will reduce from 7, to 7 and the
humidity ratio W, will increase from Wjto W, with increment of AW, =W_.-W,.
It follows therefore that the mass of air required to remove moisture in the dry-
ing process is represented in Equation (3). n is the pickup factor. Using n value
of 0.2 (Considered appropriate for fish from literature).
MW

M -
‘(AW xn)

3)

The heat quantity required to evaporate the water is calculated using Equation
(4), Owolarafe et al [15]:

Q=m,xh, (4)

The latent heat of vaporization (%, ) is calculated using Equation (5), by
Youcef-Ali et al. [16]:

hy =4.168x10° x[597-T,, | (5)

where 7, is the product temperature, (7, = 26°C). The total heat energy, £ (KJ)
required to evaporate water is calculated using Equation (6). Where A,and A; are

the final and initial enthalpy, respectively.
E=m,(h,—h,) (6)

The enthalpy (/) of moist air in j/kg dry air at temperature 7'(*C) can be ap-
proximated using Equation (7) as given by Brooker et al. [17]:

h=1006.9T + w(2512131.0+1552.4T) (7)

Equilibrium relative humidity is calculated using sorption isotherms equation
given by Hernadez et al [18] in Equations (8) and (9). a, is the water activity

and M is the moisture content in dry basis.
ERH =100a,, (8)
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a, =1—exp[ —exp(0.914+0.56391n M )] 9)

The loss in weight of the fish samples was recorded using electronic digital
balance. The recorded losses in weight of drying fish were converted into cor-
responding moisture contents on wet basis using Equation (10), as reported by
Ekechukwu [19]. W, , is the moisture content on wet basis, W, is the weight
at a time interval, M, is the initial moisture content on wet basis and W, is

the original weight.

w,

b

=1 _[%} (10)

t

The drying rate is a fundamental parameter in the evaluation of drying
process and was calculated using Equation (11). AM is the change in weight and
Atis the time interval

AM

DR=——
At

(11)

2.4. Experimental and Drying Procedure

Solar drying was carried out in the dryer during the dry and wet season of the
year. Drying was done at different fan speeds [0 m/s (natural convention), 1.5
m/s, 2.5 m/s, and 3.5 m/s] during the dry season and comparison was made with
the traditional open sun method. Drying was only carried out at 1.5 and 3.5 m/s
fan speed to check how the dryer will perform with forced air during the wet
season.

Catfish and tilapia fish were procured from the local market at Ile-Ife. The av-
erage weight, length and thickness of the catfish were 353 + 15.67 g, 30 + 1.46
cm and 4 + 0.15 cm, respectively. The fish were beheaded and cut into fillets
[Head: 8 cm long, Middle (5 pieces): 3 cm x 3.5cm and Tail: 7 cm x 2 cm] for
effective drying and this made it easy to eviscerate. For the tilapia, the average
weight, length and thickness were 132 + 13.02 g, 14 + 0.5 cm and 3.5 cm, respec-
tively. The fish were also beheaded, descaled, cut into fillets [Head: 4 cm long,
Middle (3 pieces): 2.5 cm x 2.5 cm, Tail: 4 cm x 2 cm] and eviscerate. The initial
moisture content and weight after evisceration were measured using LCD, 0 -
1000 g weighing balance before the experimental run.

The drying parameters were monitored throughout the drying period between
9:00 am and 5:00 pm each day at two hours intervals. The air temperature was
measured using k type TP-01 thermocouple together with S220-T8 data logger,
the relative humidity and fan speed was monitored using Lutron LM-8010 mul-
timeter. The fish samples were taken out of the dryer at the end of the drying
process each day and spread on a table at room temperature because of high
humidity observed in the dryer at night which can lead to moisture reabsorption
but no appreciable moisture was lose to the atmosphere (about 4%) with the dif-
ference decreasing with increase in drying days and on the third and fourth day,

no significant difference was observed. The drying process of each of the expe-
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rimental run was ended when the change in weight was no longer significant.

2.5. Performance Evaluation of the Solar Dryer

The system drying efficiency of the dryer is a factor that describes how effective-
ly the input energy to the drying system was used by the dryer for product dry-
ing. The efficiency was calculated using Equation (12) given by Sengar et al [11].
W is the weight of water evaporated from the fish (kg), L is the latent heat of
vaporization of water, A, is the surface area of the collector, 7 is the incident
radiation (W/m?) and tis the time (hour).
w-L
A1t

n= x100 (12)

2.6. Proximate Analysis

The proximate composition was carried out for the fish samples dried during the
dry season at food science laboratory as described by AOAC [20]. Each analysis
was carried out in duplicate before and after the drying process. Moisture con-
tent was measured by weighing the differences before and after drying and this
was done at 105°C + 1°C until no constant weight was obtained. The total pro-
tein was determined using the Kjeldahl method. The ash content was deter-
mined by using drying ash procedures using muffle furnace (Carbolite
AAF1100, United Kingdom). Carbohydrate content was obtained by difference

between the addition of other proximate chemical components and 100.

2.7. Statistical Analysis

The design was randomized. Proximate composition analysis was replicated two
times (22 = 2). Results presented are means values of each determination * stan-
dard deviation. Analysis of variance was performed by using one way and two
way ANOVA procedures and the significance was defined at 95% confidence
level (P < 0.05).

3. Result and Discussion

3.1. General Observation

The variation of moisture content with time at different fan speeds during the
dry and wet season for the two fish species considered were presented in Figures
5-8. Fish samples dried using the dryer had initially high drying rates which de-
clined drastically as the drying process continued. This is due to water move-
ment controlling the drying rate from the beginning of the drying process [21]
and the initial moisture content of the samples also affecting the drying rate.
Consequent increase in drying time resulted in reduction in drying rate of fish
samples in the dryer and this is in conformity with previous study carried out on
drying of agricultural product [22] [23]. However, values obtained showed that
the drying rate of fish is affected by the natural characteristics of the fish, high
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Figure 5. Variation of catfish (a) moisture content (b) drying rate with time during dry
season.
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Figure 6. Variation of catfish (a) moisture content (b) drying rate with time during wet
season.
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Figure 7. Variation of tilapia fish (a) moisture content (b) drying rate with time during
the dry season.

drying temperature and low relative humidity which facilitates easy migration of
interstitial water to the surface of the drying fish. High relative humidity decreases
the moisture absorption potential of the air [9]. The plot of the drying rates also
reveals that fish like any other agriculture product exhibit falling rate drying period.
This confirms previous works done by Micheal et al [14] and Mujaffar [24].
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Figure 8. Variation of tilapia fish (a) moisture content (b) drying rate with time during
the wet season.

3.2. Effect of Fan Speed on the Dryer Performance

Fast removal of moisture was observed on the first day of the drying process and
was majorly due to drying of surface water in which air movement was by far the
greatest factor. The influence of air flow on the liquid water inside the materials
begins to diminish because movement of air was no longer in direct contact with
the evaporating water and the different fan speeds considered has no significant
effect on the drying time. During the drying process of catfish at 0 m/s, slow
drop in moisture content was observed on first two days which was as a result of
moisture lagging and high drying air humidity. Condensation moisture was ex-
perienced due to poor evacuation of moist air from the dyer. As the air inside
the dryer gets heated, it becomes denser and tends to move out of the dryer to-
wards the low pressure area, but not enough to speed up the drying rates. For ti-
lapia fish, moist lagging was very minimal and no moisture condensation oc-
curred and this can be attributed to the amount of crude fat in the fish sample,
measured before drying which was lesser compared to that of catfish. At 1.5, 2.5,
and 3.5 m/s, good evacuation of moist air was observed in the dryer, no moisture
lagging and condensation.

No convective cooling inside in the dryer at 0 m/s due to natural convective
mode of drying, so the air temperature recorded between 12:00 pm and 3:00 pm
were high (Above 60°C) and according to Ames et al. (1999), fish should not be
subjected to temperature as high as 60°C to avoid fish cooking and lose of amino
acid. The drying air temperature, solar radiation and relative humidity recorded
during the drying process of the fish species ranged between 34.2°C and 63.4°C,
321 and 990 W/m”® and between 18.6% and 60.1%, respectively. At 1.5 m/s, they
ranged between 35.2°C and 52.9°C, 213 and 929 W/m’ and between 18.1% and
68.8%, respectively. At 2.5 m/s, they ranged between 31.5°C and 54.5°C, 215 and
985 W/m* and between 19.5% and 55.8%, respectively. At 3.5 m/s, they ranged
between 35.5°C and 55.5°C, 219 and 981 W/m® and between 11.5% and 64.5%,
respectively. From these result it was observed that the higher the fan speed, the
more the convective cooling and the lower the drying air temperature. The fan
speeds has no significant effect on the drying time but when these results were
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compared with the solar radiation recorded it was observed that fan speed at 3.5
m/s has more effect on the drying rates.

3.3. Effect of Species of Fish on the Performance of the Dryer

In Figures 5-8, it was observed that the tilapia fish samples dried faster than cat-
fish despite higher initial moisture content using the dryer. These observations
can be attributed to the porosity level in the fish muscle which enhanced the rate
at which water was released from the fish, temperature sensitivity of the fish spe-
cies and slower rate of evaporation of bound water observed when drying catfish
samples compared to tilapia fish. From the result obtained the catfish samples
took an average of 32 hours intermittently before safe moisture content was
achieved while tilapia fish took an average of 20 hours intermittently. The dif-
ference was significant on the first day and the moisture content of catfish sam-
ples at the end of the drying process on the first day was averagely 38% from ini-
tial moisture content of 57.8% at solar radiation and drying air temperature
range, between 213 and 990 W/m® and between 34.2°C and 63.4°C, respectively
while for tilapia fish, it was averagely 28.1% from initial moisture content of 68%
at solar radiation and drying air temperature range, between 220 and 1106 W/m?
and between 32.5°C and 59.2°C, respectively.

3.4. Effect of Season on the Performance of the Dryer

In Figures 5-8, the performance of the dryer during the dry season was more ef-
ficient and safer for the fish samples than the performance of the dryer during
the wet season. High solar radiation and high drying air temperature in the dryer
were recorded during the dry season which enhanced the drying rate and the
values obtained shows that the designed solar dryer has the capacity of heating
air to 6°C - 35°C above ambient temperature depending on the value of intensity
of solar radiation while the solar radiation and drying air temperatures recorded
during the wet season were low due to rain that fell at the early hour of the first
day of the drying days but for subsequent days, similar readings as drying season
were recorded. Besides, high temperatures recorded correspond to the period
when the global solar radiation is maximum at day time and are in agreement
with several other authors [9].

During the dry season it took averagely 32 hours of intermittent drying for
catfish samples to reach safe moisture content, averagely 13.97% while it took
averagely 37 hours to reach moisture content of 15.4% during the wet season.
The average final moisture content achieved during the dry season was 1.77%
and during the wet season was 3.2% more compared with that achieved by Mi-
cheal et al. [14] (12.2% final moisture content with an electric kiln at 55°C with-
in 35 hours). Due to the poor weather condition on the first day during the wet
season, the head was almost spoiling and were removed from the experiment the
following day. The results obtained for both season were compared and it was
observed that to avoid any trace of fish spoilage the initial moisture content of
catfish should be reduced to at least 45% on the first day of the drying process
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and this is better achieved during the dry season. The drying air temperature,
solar radiation and relative humidity recorded during the drying process in dry
season ranged between 34.2°C and 63.4°C, 321 and 990 W/m’ and between
18.6% and 60.1%, respectively while during the wet season, they ranged between
30.3°C and 49.2°C, 290 and 895 W/m® and between 26.2% and 70.1%, respec-
tively. It took averagely 20 hours for tilapia fish samples during the dry season to
reach average moisture content of 13.35% while it took averagely 21 hours to
reach moisture content of 15.5% during the wet season. The drying air tempera-
ture, solar radiation and relative humidity recorded during the dry season
ranged between 37.5°C and 62.1°C, 220 and 980 W/m’ and between 20.1% and
59.2%, respectively while during the wet season, they ranged between 29.0°C and
50.9°C, 150 and 960 W/m? and between 26.8% and 70.3%, respectively. The ex-
perimental results show that the best time to use the dryer is the dry season to

avoid trace of fish spoilage.

3.5. Comparison of the Dryer Performance with That of Open Sun
Drying

The results indicates prospect for better performance of the dryer than open sun
drying and also shows that the solar dryer is a better alternative technology in
rural location in order to avoid disadvantages of convectional open sun drying
method. The open sun drying method was carried out on the same day with fish
samples dried at 2.5 m/s simultaneously during the dry season and the drying
process was ended when the drying weight of the dryer dried sample was no
longer significant.

The final moisture content and overall drying rate of catfish openly sun dried
was 20.5% and 4.09 g/hr, respectively while they were 14.8% and 6.96 g/hr, re-
spectively for the dryer dried sample. The ambient temperature ranged between
27°C and 38°C while the dryer temperature ranged between 31.5°C and 54.5°C.
The final moisture content and overall drying rate of tilapia fish openly sun
dried was 17.0% and 4.09 g/hr, respectively while they were 14.6% and 5.11 g/hr,
respectively for the dryer dried sample. The ambient temperature ranged be-
tween 28°C and 39.8°C. The low drying rate recorded was as the result of poor
air movement around the fish samples, low ambient temperature and high am-

bient relative humidity recorded compared to the dryer.

3.6. Drying Efficiency

Figure 8 shows the variation in drying efficiency of the dryer with time during
the dry season. Maximum drying efficiency of 74.3% for catfish and 65% for ti-
lapia fish was recorded at 3.5 m/s fan speed during the drying process. Figure 9
show the variation in drying efficiency with time for both catfish and tilapia fish
at 1.5 m/s and 3.5 m/s fan speed during the wet season. Maximum average dry-
ing efficiency of the dryer was 61% when drying catfish and it was obtained at
3.5 m/s while it was 52% when drying tilapia fish and was obtained at 1.5 m/s.
From the graph it was observed that the drying efficiency of the dryer decreases
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Figure 9. Variation in drying efficiency with time for both catfish and ti-
lapia fish at 1.5 m/s and 3.5 m/s fan speed during the wet season.

as the loss in weight of the fish samples decreases and as the drying time in-

creases.

3.7. Effects of Drying on the Proximate Composition of the Fish
Species

The proximate composition of the fish species before drying is presented in Ta-
ble 1 while the proximate composition after drying is presented in Table 2 &
Table 3 for catfish and tilapia fish, respectively. Protein and crude fat are the
major nutrients in fish and their levels help to define the nutritional status of the
particular fish species [25]. The proximate composition result before drying
shows that Catfish and tilapia fish examined belong to a high protein category
because their protein value was within the range of 30% - 38% and they both had
crude fat (lipid) greater than 5%. According to Stan by [26], fishes with lipid
content below 5% are lean. The observed range of ash content (A.C) indicated
that both species are good source of mineral such as calcium, potassium, zinc,
iron and magnesium and it should also be noted that the loss of lipid (Crude fat)
is due to lipid oxidation at high temperature [14]. It was observed that the ash
content, crude fat and crude protein reduces after the drying process while the
carbohydrate value increases and this was in agreement with Micheal et a/ [14]
which noted that the crude fat content, crude protein and crude ash decreases
due to increase in temperature. Using statistical approach, no significant differ-
ence in proximate composition of the two fish species at fan speeds considered
(P < 0.05) but there was significant difference in proximate composition before

drying and after drying (P < 0.05).

4. Conclusion

The moisture diffusion was the physical dominant mechanism that governs the

movement of moisture from within the fish species. Drying air temperature and
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Table 1. Proximate compositions of the two samples for the two species of fish consi-
dered.

Prox. Comp. Catfish Tilapia fish
Moisture content (%) 57.60 £ 0.90 69.50 £ 1.2
Crude fat (%) 25.48 £ 0.41 23.99 £ 0.06
Ash content (%) 27.80 £ 0.20 25.77 £0.43
Crude fiber (%) 0.75+0.01 0.55 + 0.02
Crude protein (%) 37.24 £0.30 39.10 £ 0.68
Carbohydrate (%) 7.34 + 0.08 7.68 £ 0.10

Table 2. Variation in% composition of the quality of the catfish samples.

M. C (%) C.fat (%) A.C (%) C. fiber (%) C. protein (%) Carb. (%)

Om/s 17.60+0.14 18.10+0.21 16.34+0.15 0.69+0.04 32.68+0.27 13.45+0.09
1.5m/s 11.99+0.25 18.55+0.24 16.99+0.10 0.76+0.01 33.15+0.31 10.98 +0.07
2.5m/s 13.17+0.10 19.15+0.31 17.28+0.13 0.81+0.01 33.85+0.28 11.55+0.09
35m/s 1235+020 1890+0.35 17.12+0.12 0.79+0.01 33.50+0.32 11.12+0.12

0.S 19.50 £0.23 19.31+£0.33 18.03+0.07 0.79+0.01 34.15+0.40 13.88+0.04

Table 3. Variation in% composition of the quality of the catfish samples.

M. C (%) C.fat (%) A.C (%) C. fiber (%) C. protein (%) Carb. (%)

0 m/s 157+0.11 1642+0.31 16.76£0.13 0.69 +0.04 3529+0.28 13.25+0.19
1.5m/s 12.1+0.22 17.05+0.41 16.02+0.08 0.66 +0.03 36.10£0.37 11.34+0.14
2.5m/s 11.28+0.15 17.52+0.21 16.24+0.24 0.77 £0.01 36.78 £0.21 12.10+0.24
35m/s 11.66+0.12 17.45+0.33 16.19+0.19 0.69+0.03 36.45+0.25 12.00 +0.20

0.8 16.0£0.09 17.94+0.10 15.94+0.10 0.53£0.06 33.94+0.21 1797 £0.37

*0.S—Open sun.

air humidity are the main factors controlling the drying performance and the
higher the drying air temperature the higher the drying rate. High drying rate
and high drop in moisture content were observed on the first day of each of the
drying process. To avoid moisture lagging in the dryer, forced convective drying
method should be employed. The experimental results show that the best time to
use the dryer is the dry season to avoid any trace of fish spoilage and at least 45%
of the initial moisture content of catfish should be removed on the first day to
prevent fish spoilage when using direct solar dryer without thermal storage and
this is better achieved during the dry season. Maximum drying efficiency
(74.3%) was recorded at 3.5 m/s fan speed during the dry season. From the
study, the solar dryer has proven to be a better alternative technology and a use-
ful tool for the preservation of the considered fish species to increase the shelf
life and market value in order to avoid disadvantages of open sun method of

drying fish.
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