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ABSTRACT

An indirect, passive, wooden dryer, with a
galvanized steel panel (4.5 m2) and four wire mesh
shelves (2.62 m2 each), was constructed in
Kumasi, Ghana. The dryer was evaluated for its
capacity in drying of freshly-harvested in-shell
peanuts on a single layer (8.5 Kg), and then up-
scaled to four layers (4x18 Kg). Equal amounts of
peanuts, dried simultaneously on a concrete floor
under the open sun, served as comparisons. The
moisture content of solar dried peanuts decreased
from 35.85-5.25% and 32.00 %-4.25% in the
single-layer and four-layer drying, respectively, in
4 days. Faster drying rates were observed when
peanuts had relatively higher moisture contents
with R2 values ranging from 0.72-0.95. The
average daily solar radiation ranged from 360-
592.99 W/m2 and daily energies generated were
from 42.24-69.16 MJ. The drying efficiency
ranged from 1.50-6.47% in the single-layer drying
and 23.07-24.93% in the four-layer drying where-
as the thermal efficiency was 3.15-21.60% in the
single-layer drying and 3.08-24.93% in the four-
layer drying. Peanuts from the solar dryer had
lower free fatty acid and peroxide values but
higher germination percentage compared to open
sundried peanuts. The study suggests that solar
drying can be used effectively for improving
peanut safety and preserving peanut quality in
Ghana.
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Open sun drying is the most common and oldest
method of extending the shelf life of agricultural
products such as cereals, nuts, vegetables, and
spices by local farmers in developing countries (El-

Sebaii and Shalaby, 2012). It is inexpensive and
easy to adopt because practitioners simply spread
the commodity to be dried on a flat surface. The
drying may take place on a sheet of metal roofing, a
tarp, or directly on the ground. However, open sun
drying has many drawbacks including product
contamination (by dirt, dust, insects, rodents and
toxigenic microorganisms including Aspergillus
flavus) and uneven moisture distribution in the
end product (Pangavhane et al., 2002; Tsigbey et
al., 2003). Furthermore, it adversely affects product
quality and quantity which consequentially impacts
the economic value of the products (Sharma et al.,
2009). Other forms of drying require the use of
electrical energy which is not available in develop-
ing countries due to limited power generation and
affordability (Murthy, 2009).

Solar drying is also an old, but re-emerging
technology which is economical and affordable and
may avoid some of the problems associated with
open sun drying (Sharma et al., 2009). Although
the technology has been exploited in drying
agricultural products such as maize, spices (Con-
dori et al., 2001), and root tubers (Seidu et al.,
2012), limited research has addressed its applica-
tion on peanuts, a commodity of high economic
and nutritional importance in most developing
countries. Freshly harvested peanuts have moisture
contents between 35 and 50%, which makes them
susceptible for microbial growth and product
deterioration (Kryzanowski et al., 2006). To curtail
this problem, mechanical drying is used in devel-
oped countries to reduce the moisture content to
,10% (Butts and Lamb, 2009). These methods are
not feasible in developing countries due to high
equipment cost and fuel required to operate such
equipment (Chua and Chou, 2003; Murthy, 2009).

The purpose of this research project was to
evaluate the feasibility of employing solar drying
technology to dry freshly-harvested peanuts and its
impact on peanut and peanut seed quality.

Materials and Methods
Solar drying chamber and thermal collector. The

drying chamber (243 cm in length X 126 cm in width
X 246 cm in height) was built from smooth, 8 mm
thick plywood with two air outlets (9 cm X 236 cm)
at the top of rear and front side of the chamber (Fig.
1). The exterior of the chamber was painted black to
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protect the wood and to facilitate absorption of
solar radiation. A two-way door was located
beneath the air outlet at the rear side of the chamber
that could be opened for loading and unloading the
dryer (Fig. 2). The chamber had 4 equally spaced
wire mesh trays (230 cm in length X 114 cm wide X
9 cm in height) with wooden blocks (Fig. 2). The
wire mesh had openings (area; 19 cm2) to allow air
to pass through the drying peanuts. All the materials
used to construct the drying chamber were obtained
from Anloga wood market, Kumasi, Ghana.

The solar collector of the dryer consisted of 3
pieces of corrugated UT- Gauge galvanized steel
roof panel (241 cm X 214 cm per piece; Anloga
wood market, Kumasi, Ghana) that were painted
black. The solar collector was placed in a wooden
tray which was covered with 6 mm thick standard
clear greenhouse film (International Greenhouse
Company, Danville, IL, USA). The collector was
positioned to face south and was tilted at
approximately 30 8 from the ground to receive
maximum solar radiation during the drying period
(Fig. 1). The collector had an air inlet near ground
level with a dimension of 225 cm length X 20 cm in
width with a total area of 0.45 m2.

The solar radiation is transmitted through the
greenhouse film and impinges on the corrugated
metal roof panels in the solar collector, causing the
temperature of metal panels to increase. At the
same time, solar radiation is absorbed by the
exterior surface of the drying chamber, causing the
temperature of the drying chamber interior to
increase. The heated air inside the drying chamber
then begins to rise and exit the drying chamber
through the vents at the top. This results in a draft
pulling air in the bottom of the solar panel and
heating the air as it passes over the heated
corrugated metal, into the chamber, through the
peanuts on the drying trays, and finally exhausted
out at the top of the dryer.

Testing the solar dryer. Freshly-harvested, in-
shell peanuts from the Crop Research Institute

(Kumasi, Ghana) were loaded onto the wire mesh
trays inside the solar chamber. The capacity of the
dryer was evaluated by drying different amounts of
in-shell peanuts with varying number of trays. For
single-layer drying, 8.5 kg of freshly-harvested
peanuts were loaded in tray #2, from the bottom
of the dryer chamber. While for four-layer drying,
a total amount of 72 kg of freshly harvested
peanuts were dried, with each tray having 18 kg of
peanuts. For each of the two drying trials, an equal
weight of freshly-harvested peanuts was simulta-
neously dried on a concrete floor near the solar
dryer as comparison.

The temperature and relative humidity from
solar and open sun drying were collected at 15
minute intervals from 8:00 am to 4:00 pm on each
drying day using the SL4TH-A Button Tempera-
ture and Relative Humidity logger (Signatrol
LTD., Gloucestershire, UK). The loggers were
placed in the in-shell peanuts in the solar dryer or
those undergoing open sun drying. The air flow at
the inlet of the solar collector was measured with a
HHEM-SD1 Environment meter (Omega Engi-
neering Inc., Stamford, CT, USA). The incident
solar radiation, ambient temperature, and relative
humidity data were collected from the weather
station at Crop Research Institute in Kumasi,
Ghana where the solar dryer was located. In-shell
peanuts from both solar and open sun drying were
removed from the drying area at 4:00 pm each day,
stored overnight in an air-conditioned indoor
facility with ambient temperature and relative
humidity, and the drying process continued until
the moisture contents of all peanut samples
dropped to ,10%. The weight of the in-shell
peanuts was taken using an Ohaus CHAMPe

bench scale (Ohaus Corporation, Parsippany, NJ,
USA). Daily peanut weight change was determined
by subtracting the weight of dried peanuts at the
end of a particular drying day from the peanut
weight from the previous drying day. For moisture

Fig. 1. Front view of the solar dryer used in the study. Fig. 2. Rear view of the solar dryer used in the study.
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measurement, the air oven method was used
(AOAC, 2000) with modifications. Briefly, 2 g of
dried peanuts were collected at the end of a
particular drying cycle and the samples were dried
at 104 C for 18 hr. The moisture content was
determined by calculating the difference between
the weights of the peanut sample before and after
the drying step divided by the initial weight of
peanut sample. Two individual trials were per-
formed in Kumasi, Ghana from April to June,
2016. Prior to these, triplicate trials were conducted
at the University of Georgia Griffin Campus using
a replica dryer from August to November, 2015.
Because of the variation in weather conditions
during different drying trials and in different
geological locations, the results presented in this
manuscript are from trials of single- and multiple-
layer drying performed in Ghana.

Performance of the solar dryer. To evaluate the
performance of the solar dryer, drying rate (DR),
drying efficiency (np) and thermal efficiency (nc)
were calculated from the data obtained during the
drying process by following previously published
formula (Hubackova et al., 2014) with some
modifications. The DR was defined as the decrease
in moisture as reflected by change in overall peanut
weight (DS) during the time interval (Dt) between
two consecutive measurements divided by the time
interval and was calculated by:

DR ¼ DS=Dt ð1Þ
The energy used to remove water from the

peanuts (np) compared to the solar energy imping-
ing on the collector was calculated by:

np ¼W*L=ðAc*IÞ*100 ð2Þ
The energy used to heat the air entering the

drying chamber in relation to the total solar energy
impinging on the solar collector (nc) was calculated
as follows:

nc ¼M*CaðTo � TiÞ=ðAc*IÞ*100 ð3Þ
where,

M: mass flow rate of the air through the collector, kg/s,

Ca: specific heat of air, J/kg/C,

Ac: collector area, m2,

T0: outlet air temperature, C,

Ti: inlet air temperature, C,

I: Global solar radiation on the plane of the collector, W/
m2,

W: mass of water removed from the wet peanuts, kg, and

L: latent heat of vaporization of water, kJ kg�1

Peanut quality as affected by drying conditions.
Free fatty acid content, peroxide value, and

germination rate of solar dried vs. open sundried
peanuts were determined. The percentage of free
fatty acid was determined by passing a 150 g
sample of either solar or open sun dried peanut
kernels through a carver press (Carver, Inc.,
Wabash, IN, USA) at 2,500 psi for 15 min. The
extracted oil (7.05 6 0.05 g) was placed in a 125 ml
Erlenmeyer flask with 50 ml of neutral alcohol
(Fisher Scientific) and 1 ml of phenolphthalein
indicator (Fisher Scientific). The sample was
titrated with 0.25 M sodium hydroxide (Sigma-
Aldrich, St. Louis, MO, USA), amidst vigorous
shaking until a faint pink color, that persisted for
at least 1 min, was obtained (Rukunudin et al.,
1998). The percentage of free fatty acids (FFA) in
the oil sample was calculated using the equation
below:

FFA ¼ ðV*NNaOH*FÞ=Woil ð4Þ
where,

V: Volume of sodium hydroxide used, ml,
NNaOH: Normality of sodium hydroxide used, N
F: Equivalent factor for oleic acid, g/mol
Woil: Weight of oil sample, g.

For the determination of the peroxide value
(PV), 5.00 6 0.05 g of oil obtained from the
procedure described above was weighed into a 250
ml glass Erlenmeyer flask equipped with a stopper.
Subsequently, 30 ml of acetic acid-chloroform
mixture (480:320 v/v) (Sigma-Aldrich, St. Louis,
MO, USA) was added and the sample was mixed
until the contents in the flask were completely
dissolved. Next, 0.5 ml of saturated potassium
iodide solution (Sigma-Aldrich, St. Louis, MO,
USA) was added, and the sample was mixed for 1
min. Deionized water (30 ml) was subsequently
added, and the sample was shaken vigorously to
liberate iodine. The sample was then titrated
against 0.1 N sodium thiosulfate (Sigma-Aldrich,
St. Louis, MO, USA) using 1 ml starch solution
(Sigma-Aldrich, St. Louis, MO, USA) as an
indicator. Titration was continued until a blue
gray color disappeared in the aqueous phase of the
solution (AOCS, 2011).

The PV was calculated as follows:

P ¼ ðS*Nthiosulfate*1000Þ=Woil ð5Þ
where,

S: titrated volume of sodium thiosulfate, ml
Nthiosulfate : normality of sodium thiosulfate

Peanut seed germination test was performed
using the Ragdoll test (Newman and Vendramini,
2014). One hundred seeds were randomly selected
from each drying treatment for the germination
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test. For each type of dried peanuts, 6 replicates of
the germination test were performed. The seeds
were placed on a moistened brown paper towel and
kept in a Ziploc plastic bag at room temperature.
The first germinated seed count was collected after
four days and the germinated seeds were separated
from the un-germinated seeds. The final germinat-
ed seed count was made on day 8. The germination
percentage was calculated as the ratio of germinat-
ed seeds divided by the total number of seeds used
in each replicate of the germination study and
multiplied by 100.

Results and Discussion
Peanuts in the solar dryer underwent drying at

much lower temperatures than those dried under
the open sun (Table 1). Out of the total 132
temperature readings collected during the single-
layer solar drying process, 29 and 89 were in the
range of 20-30 and 30-40 C, respectively. Only 1
and 30 reading(s) was/were recorded in the same
ranges under the open sun drying. Table 1 also
shows that 65 out of the 132 temperature readings
were between 40 and 50 C under the open sun
drying and 47 of these readings were above 43 C.
During the solar drying, however, 14 readings were
found in the range of 40-50 C and none of these
readings were above 43 C. Furthermore, no
temperature readings from solar drying exceeded
50 C, but 36 temperature readings from the open
sun drying were between 50 and 70 C.

Similar to what was observed in the single-layer
solar drying, a few of the temperature readings (19-
33 out of the 132) from the four-layer solar drying
were in the range of 20-30 C and most of the
temperature readings (87-99 out of 132) were in the
range of 30-40 C (Table 1). Eleven to fourteen
temperature readings from solar drying were in the
range of 40-50 C but none of these values was
above 43 C. However, 46 readings from the

simultaneous open sun drying were in the range
of 40-50 C and 36 of these readings were above 43
C. The open sun drying also had numerous
temperature readings within the range of 50-60 C
(52 counts) and 1 was even in the range of 60-70 C
while none of the temperature readings from solar
drying were in the range of 50-60 C or 60-70 C.

Under the single-layer solar drying, 39 relative
humidity readings were in the range of 40-50% and
contrarily, only 16 readings were in the same range
under the open sun drying and most of the relative
humidity readings from the open sun drying were
in the range of 20 to 30% (Table 2). The number of
relative humidity readings in the range of 50-80%
from the single-layer solar drying was relatively
higher than from the simultaneous open sun
drying. The relative humidity readings from the
four-layer solar drying followed a similar trend as
what was observed in the single-layer drying and
were within the ranges of 30 to 80% whiles those
from the simultaneous open sun drying were in the
range of 10 to 60%. The average relative humidity
from the 1st to the 4th day in the single-layer solar
drying was 54, 50, 59, and 58%, respectively.
During simultaneous open sun drying the average
relative humidity was 36, 38, 37, or 38%. The
average relative humidity from the 1st to the 4th day
in the four-layer solar drying was 75, 74, 59, and
51%, respectively. Under open sun drying the
average relative humidity was 40, 45, 34, or 30%.

Peanut moisture content (Fig. 3A) and weight
(Fig. 3B) during both solar and open sun drying
declined with drying time, but peanuts under the
open sun had much more rapid moisture loss (Fig.
3). The change in peanut moisture content under
solar drying was gradual from the 1st day to the 4th

day but under the open sun drying peanuts
moisture content changed from 36% to 10% in 2
days (Fig. 3A). After 4 days of drying, the end
moisture content of peanuts dried under the open
sun was 5% compared to a peanut moisture
content of 9% in the solar dryer (Fig. 3A).

Table 1. Number of temperature readings within each range recorded by sensors for open sun, or solar, drying.

Number of temperature readings recoded

20-30 C 30-40 C 40-50 C .43 C 50-60 C 60-70 C

n¼132
Single-layer solar drying 29 89 14 0 0 0
Open sun drying 1 30 65 47 36 0

Four-layer solar drying (layer 1) 19 99 14 0 0 0
Four-layer solar drying (layer 2) 30 91 11 0 0 0
Four-layer solar drying (layer 3) 33 87 12 0 0 0
Four-layer solar drying (layer 4) 27 93 12 0 0 0

Open sun drying 0 33 46 36 52 1

n: Number of temperature readings taken during the entire process of each drying trial
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Similar to the single-layer drying, the average
moisture content of peanuts in the four-layer solar
drying process decreased steadily during the 4-day
drying period while open sundried peanuts had a
much more drastic reduction in moisture content

(Fig. 4A). Peanut moisture content changes under
solar and open sun were similar in the 1st drying
day (Fig. 4A). By the end of day 3, however, open
sundried peanuts had a moisture content of 6%
while the average moisture content of solar dried
peanuts was 12% and by day 4, moisture content
of open sundried peanuts was 4% while that of
solar dried peanuts ranged from 7% (Fig. 4A). The
peanut weight change curve did not illustrate any
obvious difference between solar dried and open
sundried peanuts (Fig. 4B).

The drying rates for both open sun and solar
drying processes were higher at the beginning when
peanut moisture content was higher, however, the
rates decreased when moisture content and weight
of peanuts decreased (Fig. 5 and 6). Although the
trends of the two drying methods were similar, the
initial drying rate in the solar dryer was lower than
that under the open sun (Fig. 5 and 6). The R-
square values, that show quality of fit of the
relationship between peanut moisture (weight) and
peanut moisture (weight) change, from the single-
layer solar drying and the simultaneous open sun
drying were both 0.95 (Fig. 5). The R-square value
for the four-layer solar drying was 0.71 which was
higher than the value from simultaneous open sun
drying but lower than the value from single-layer
solar drying (Fig. 6).

Fig. 7 shows the average solar radiation received
by the solar collector and total energy generated
during the 4-day single-layer solar drying. It was
observed that as average solar radiation decreased,
energy generated by the solar collector also
decreased. The 1st drying day had the highest solar
radiation of 501.61 W/m2 and simultaneously, the
highest solar energy was generated by the solar
collector. The solar radiations on 2nd and 4th day
were essentially the same (465.36 W/m2) and
comparative level of energy was generated by the
solar collector on these two days.

The drying efficiency during the single-layer
solar drying was from 6.47% in the 1st day of

Table 2. Number of relative humidity readings within each range recorded by sensors for open sun, and solar, drying.

Number of humidity readings recorded

10–20% 20–30% 30–40% 40–50% 50–60% 60–70% 70–80% 80–90% 90–100%

(n¼132)
Single-layer solar drying 0 0 23 39 26 12 25 7 0
Open sun drying 0 41 52 16 15 7 1 0 0

Four-layer solar drying (layer 1) 0 0 19 27 23 30 16 11 6
Four-layer solar drying (layer 2) 0 0 10 21 17 22 27 24 0
Four-layer solar drying (layer 3) 0 0 13 15 22 18 29 25 10
Four-layer solar drying (layer 4) 0 0 10 15 15 19 37 22 14

Open sun drying 10 38 37 28 9 9 1 0 0

n: number of relative humidity readings taken during the entire process of each drying trial.

Fig. 3. Moisture (A) and weight (B) of peanuts in the single-layer solar

drying and simultaneous open sun drying.
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drying to 3.50% in the 2nd of drying and 1.50% in
the last two days of drying (Fig. 8). The dryer used
more energy to remove moisture from peanuts
when they had relatively higher moisture contents.
In total, 12.97 % of the energy generated by the
solar collector was consumed on removing mois-
ture from peanuts in the single-layer solar drying.
The average thermal efficiency in the single-layer
solar drying ranged from 21.60% in the first day to
6.68%, 8.46%, and 3.15% in the last three days of
drying, respectively (Fig. 8). The highest thermal
efficiency recorded on the 1st day corresponded to
the highest solar radiation. On average, the dryer
spent 9.97% of the daily energy in raising the
temperature inside the solar chamber.

The average solar radiation during the four-
layer drying period was 478.81W/m2 on day 1,
360.90 W/m2 on day 2, 476.74 on day 3, and 592.99
W/m2 on day 4 (Figure not shown). Similar to what
observed in the single-layer solar drying, the level
of energy generated by the solar collector decreased
as solar radiation decreased, and the total energy
levels generated by the solar collector were 56.49,
42.23, 55.12, and 69.16 MJ on day 1 to day 4,
respectively (Figure not shown).

The daily drying efficiency in each of the four
layers was similar to that of the single-layer drying
ranging from 1.83 to 9.84% (Figure not shown). It
was calculated that the dryer spent 23.07 to 24.93%
of the daily energy in removing moisture contents
from the four layers of drying peanuts. The thermal
efficiency of the four-layer solar drying process
ranged from 3.08 to 24.73% depending on the
drying days. Similar to single-layer drying, the 1st

drying day had the highest thermal efficiency
(Figure not shown).

Free fatty acid contents and peroxide values
were lower in peanuts dried in the solar dryer as
compared to those that were dried simultaneously
under the open sun (Fig. 9). The free fatty acid
content of solar and open sundried peanuts was
0.18% and 0.39%, respectively. Similarly, solar
dried peanuts had a lower peroxide value of 0.31%
whiles open sundried peanuts had a peroxide value
of 1.16% (Fig. 9).

Open sundried peanuts had a 40% lower
germination rate on day 4 and 21% lower
germination rate on day 8 of the germination study
compared to peanuts from the solar dryer (Data
not shown).

Results of the present study show that open
sundried peanuts experienced much higher temper-
atures than solar dried peanuts (Table 1) although
the interior temperatures of dried peanuts were not
measured during the drying process. Dickens and
Pattee (1972) stated that the optimal temperature
range for curing peanuts was 35-38 C. Higher
drying temperature could adversely affect the
quality, especially the flavor, of peanuts (Dickens
and Pattee, 1972). Peanuts dried under the open
sun in the present study had relatively higher free
fatty acid content (0.31%) and peroxide value
(1.16%) than those from the solar dryer (0.18%
and 0.39%, respectively). A peroxide value of
0.60% was observed by Ayoola and Adeyeye
(2010) when peanuts were dried under the open
sun. Atasie et al. (2009) reported an even higher
peroxide value of 1.50% in open sundried peanuts.
Free fatty acid content of open sundried peanuts
from the study of Ayoola and Adeyeye (2010) was
0.89% while a value of 3.01% was reported by

Fig. 4. Moisture (A) and weight (B) of peanuts in the four-layer solar

drying and simultaneous open sun drying.
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Atasie et al. (2009). The higher peroxide value and

fatty acid content from open sundried peanuts

indicates a higher potential of lipid oxidation and

more rapid development of rancid flavor during

subsequent storage. Furthermore, drying peanuts

at higher temperature increases the tendency of

peanuts to de-skin and split during shelling and

handling (Dickens and Pattee, 1972). Exposure to

high temperature decreases peanut cell aerobic

respiration, a physical indication of cell damage

(Forbes and Watson 1992). Simultaneous increase

in anaerobic respiration resulted in the formation

and accumulation of lactate which causes cyto-

plasmic acidosis which finally leads to cell death
(Roberts et al., 1984, Chung et al., 1996).

Results of the present study indicate that open
sundried peanuts had a more rapid loss in moisture
content. Rapid drying is not always advantageous
for peanuts, since faster drying under higher
temperature may result in the loss of peanut
quality. Siddique and Wright (2003) observed that
pea seeds dried at 60 C for 36 h reached their
desired moisture content (10%) 1 day sooner than
those that were dried at 408C for 48 h. The faster
drying rate was however, at the expense of
germination percentage as seeds dried at 408C
had a germination percentage of 90-100% while at

Fig. 5. Drying rate of single-layer solar drying and simultaneous open sun drying.

Fig. 6. Drying rate of four-layer solar drying and simultaneous open sun drying.
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60 C, a germination percentage of 70-90% was
observed. Sveinsson and Blornsson (1994) found
that mildew grass seeds dried at 45 C were stressed
and had increased number of cracks with a
germination percentage of 52% but seeds dried at
25 C had germination percentage of 87%. Suresh et
al. (2012) reported that peanuts dried under the
open sun for 56 h had a germination percentage of
89% whereas those dried under the shade for 264 h
had a germination percentage of 94%. The
reduction in germination percentage could be due
to the extreme low moisture content (,5%) after
drying. Hu et al. (1998) observed a reduction in
germination percentage from 93% to 85% when

peanuts moisture content changed from 10 to
,5%. A higher drying rate causes the outer layer
of seed material to become rigid but the volume of
the seeds remains the same (Baker et al., 1999). As
drying proceeds, the internal tissue of the seed
splits and ruptures and consequentially shrinks and
pulls away from the outside layer of the seeds
(Baker et al., 1999). Furthermore, Kinman and
Ibert (1956) reported that peanut germination
percentage was inversely associated with increasing
free fatty acid contents.

The drying efficiency of the solar dryer ranged
from 1.50-6.47 in the single-layer drying (Fig. 8) and
23.07-24.93% in the four-layer drying (Data not

Fig. 7. Average solar radiation absorbed by the solar collector and daily energy generated by the solar dryer during the single-layer solar drying.

Fig. 8. Drying efficiency and thermal efficiency of the single-layer solar drying.
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shown). These values are in a close range as those
reported by Hubackoua et al. (1.50-34.62%; 2014)
and Fudholi et al. (13.00-45%; 2010) when fishes
and red pepper were dried, respectively. Ekechukwu
and Norton (1997) and Segal and Reuss (1987)
reported drying efficiencies ranging from 4.10-
22.80% and 15.00%, respectively when cassava
was dried. The thermal efficiencies reported by these
groups of researchers were however, in higher
ranges (13.12-53.6% and 60%, respectively) com-
pared to the thermal efficiencies of the dryer used in
the current research. The differences in thermal
efficiencies could be due to the design of the dryers
and the material used in building the dryers. The
solar chamber in the present research was made of
wood which has a thermal conductivity of 0.06-0.17
Wm�1K�1 (Summer, 2015) while Hubackoua et al.
(2014) and Fudholi et al. (2010) used a plastic
(thermal conductivity 0.61-1.19 Wm�1K�1; Summer,
2015) drying chamber equipped with a blower.
However, the two types of dryer both had black
galvanized steel plate collectors covered with green-
house film. Dasin et al. (2015) reported a thermal
efficiency of 60% for a wooden drying chamber with
a black aluminum plate collector covered with a
clear glass. The thermal conductivity of clear glass is
3.15 W m�1 K�1, which is higher than the thermal
conductivity of plastic film used in the present study.

The intensity of solar radiation at particular
drying times could also affect the thermal efficiency
of a dryer. The solar radiation in the current study
ranged from 360-592.99 W m�2 while Hubackoua
et al. (2014) and Dasin et al. (2015) reported a
higher radiation of 800 W m�2. Dasin et al. (2015)
stated that thermal performance of indirect solar

dryers is dependent on the intensity of solar
radiation and the difference between ambient
temperature and temperature in the dryer.

Although solar drying is a useful technology
relative to open sun drying and mechanical drying in
developing countries, challenges of implementing
the technology include dryer cost and drying
capacity (Weiss and Buchinger, 2012). The cost of
the solar dryer used in the present study was
approximately $300-400 US. Hollick (1998) report-
ed that solar dryers could cost a few dollars to
thousands of dollars depending on the capacity and
sophistication. Hollick (1998) stated that a direct
drying capacity of 50 kg can cost $100 while a solar
tunnel-dryer capable of drying 4,500 kg of fresh
fruits would cost $20,000. The maximum capacity of
solar dryers for peanuts is reported to range from
10-315 kg (Tiwari et al., 2013). The dryer used for
the present study dried 72 kg of peanuts but it could
accommodate approximately 250 kg based on the
area in the drying chamber at the same drying time.

Whitfield (2000) stated that farming coopera-
tives and private enterprises, in combination with
non-governmental organizations can assist in
sustaining solar drying of farm produce by farmers.
A strong standpoint is that peanut growers in
Ghana accept the technology; Kuwornu et al.
(2011) interviewed 225 farmers in Ghana and
94.5% were willing to adopt the technology and
88.2% were willing to pay for the technology.

Conclusions
Solar dried peanuts (single and four layers)

attained moisture content below 10% in four days.

Fig. 9. Free fatty acid content and peroxide value of peanuts from solar drying and open sun drying.
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In comparison, open sundried peanuts had a much
more rapid moisture loss hence a faster drying rate.
Peanuts in the solar dryer experienced much lower
temperatures than those dried under the open sun.
Faster drying rates were observed when peanuts
had relatively higher moisture contents. Total
energy generated by the solar collector positively
correlated to the level of solar radiation. The
drying and thermal efficiency observed in the
present study were comparable to those of similar
dryers reported in literature. Solar dried peanuts
had a lower level of lipid oxidation and a higher
percentage of germination compared to open
sundried peanuts. Thus, solar drying has the
potential for preserving peanut quality in Ghana.
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