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Most drying equipment required constant electricity, which is rarely available in Sub-Saharan African
countries for local farmers. In order to reduce postharvest loss, it is important to develop and use
alternative equipment that is cheap and does not require electricity. The aim of this study was to
compare the charcoal kiln oven and microwave oven on the drying characteristics of tomato and yam
slices, as well as the effects of these different drying techniques on the chemical parameters of tomato
and yam slices. The experiment was laid out based on a completely randomized design. In the charcoal
kiln, the final moisture content of dried tomato and yam slices was 16.20 and 5.70%, while in the
microwave it was 12.25 and 6.60%. These differences were significant (p<0.05). The ash content was
higher in microwave-dried tomatoes (1.35%) and Kkiln-dried yams (3.15%) slices. The protein and
carbohydrate contents of kiln-dried tomato slices were significantly (p<0.05) higher than microwave-
dried ones, but microwave-dried yam slices were significantly (p<0.05) higher than kiln-dried yam
slices. The potassium and iron contents of kiln-dried yam slices were significantly (p<0.05) higher than
microwave-dried samples. The heat transfer in microwave-dried tomato and yam slices was
significantly (p<0.05) higher than in kiln-dried ones. The charcoal kiln oven was better at drying yam
than tomato. Local farmers could benefit from charcoal kiln dryers for the drying process since they do
not require power supply.
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INTRODUCTION

White yam (Dioscorea rotundata) is an important food effective, and healthy. Yam is one of the most significant
security crop in West Africa because it is nutritious, cost- sources of energy in the diet, consisting primarily of



starch but also containing some proteins, lipids, vitamin
C, vital minerals, anti-aging, and fertility-promoting
characteristics (Nugraheni et al., 2021). Tomato is also
one of the world's most significant fruits. It is easily and
widely cultivated, and can grow in a variety of soils and
temperatures. Tomatoes are also high in vitamins and
minerals (Arslan and Ozcan, 2011; Jorge et al., 2018).
Yam and tomato are perishable fruits due to their high
moisture content, high respiration rates, and lack of a
protective cuticle (Hattim et al., 2019; Okeke et al., 2020).
Postharvest losses of yam are estimated to be more than
20%, owing primarily to fungus-caused rot during
storage.

Postharvest losses have a severe impact on farmers'
and dealers' income, putting food security efforts in
jeopardy. As a result, yams must be consumed within a
few weeks of harvesting or processed into flour by
peeling, slicing, blanching, and drying (Okeke et al.,
2020). Because tomatoes have such a limited shelf life, it
is no surprise that a large amount of the harvest gets
consumed, cooked, or processed (Jorge et al., 2018).
Tomatoes, on the other hand, are highly perishable in
their raw state, resulting in waste and losses during peak
harvesting season (Bashir et al., 2014). It is critical to
avoid these losses and wastage, especially when there is
a supply and demand imbalance during the harvesting
off-season (Bashir et al., 2014; Hattim et al., 2019).
Tomatoes and yams can be dehydrated and sold as a
substitute for fresh produce. Tomatoes and yams have
been dehydrated for many years as a way of preserving
them (Arslan and Ozcan, 2011; Jorge et al., 2018).
Drying is one of the technologies that can be utilized to
generate high-quality goods while also reducing
postharvest losses in tomatoes and yams. Drying, a
typical food preservation technique, is an important part
of food processing and can be used to create a new type
of product (Mechlouch et al., 2012).

Microwaves have been widely used in food processing
technologies and offered significant energy savings, with
a potential reduction in drying times in addition to the
inhibition of the surface temperature of the treated
material (Celen and Kahveci, 2013; Figiel, 2009; Abano
and Amoah, 2015), but the microwave oven is costly and
required constant electricity. Electricity is rarely constant
in sub-Saharan African countries, especially Nigeria.
There is a need to develop and use alternative
equipment, such as charcoal kiln ovens, that is cheap
and cost-effective and could be accessible by farmers in
rural areas in order to reduce postharvest loss (Idi et al.,
2018). Charcoal kiln ovens have been used for drying all
kinds of fish (Idi et al., 2018; Issa et al., 2020). However,
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the aim of this study was to compare the charcoal kiln
oven and microwave oven on the drying characteristics of
tomato and yam slices, as well as the effects of these
different drying procedures on the chemical parameters
of tomato and yam.

MATERIALS AND METHODS
Procurement of the sample

Fresh plum tomatoes (Lycopersicon esculentum) at ripe stage,
uniform size, red colour and examined to exclude all virtual defects
were purchased from the modern market located in Makurdi
metropolis, Benue State, Nigeria. The mature white yam (D.
rotundata) used for the study was also purchased from the modern
market located in Makurdi metropolis, Benue State, Nigeria. Fresh
plum tomatoes (4 kg) and white yam (10 kg) were processed for
drying in the microwave and charcoal kiln oven, respectively,
immediately after purchase.

Drying methods
Kiln oven drying

The charcoal kiln oven used for drying was locally fabricated with
wrought iron (2 mm thickness) in the Department of Food and
Technology at the Federal University of Agriculture Makurdi, Benue
State, Nigeria. The charcoal kiln oven has three chambers: drying,
charcoal, and fan chambers. The operation was based on heat
supply by burning charcoal and air supply by a solar-powered fan.
The dimensions of the charcoal kiln oven cavity were 400, 400 and
400 mm, respectively.

Microwave drying

A programmable domestic microwave oven (Arcelik ARMD 580,
Turkey) with a maximum output of 700 W and 2450 MHz was used
for drying experiments. The dimensions of the microwave cavity
were 345, 6 340, and 6 225 mm, respectively.

Analytical methods
Sample preparation and analysis

Ripened and healthy tomatoes were sorted, washed and then
sliced with a stainless steel knife to thickness of 0.005 m and area
of 0.0013 m?. The yams was peeled with a knife to separate the
edible portion from the peel and then sliced uniformly to have
thickness of 0.005 m and surface area of 0.0013 m?. The tomato
and yam slices were dried in charcoal kiln and microwave oven,
respectively, thereafter the chemical characteristics of dried tomato
and yam in both charcoal kiln and microwave oven were
determined by AOAC (2010). Thermal conductivity and heat
transfer of the sample was determined according to Berk (2018).

Thermal conductivity (K) = 0.25Xc + 0.155Xp + 0.16Xg +0.135X, + 0.58Xw Q)
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Table 1. Chemical composition (dry basis) and thermal characteristics of dried tomato and yam slices.

Chemical composition (%) Tomato Yam

Fresh Charcoal kiln dried  Microwave dried Fresh Charcoal kiln dried Microwave dried
Moisture (%) 90.342+0.04 16.20°+0.06 12.25¢+0.03 66.302+0.06 5.70°£0.01 6.600+0.03
Ash (%) 0.54°+0.06 1.300+£0.08 1.352+0.03 1.58¢+0.05 3.1524£0.03 2.60°+0.03
Fat (%) 0.01¢+0.00 0.502+0.11 0.04°+0.03 1.00°+£0.00 2.102£0.03 2.102£0.06
Fiber (%) 0.01°£0.00 7.15°+0.04 9.75240.03 0.65°+0.03 2.35240.01 1.650+0.01
Protein (%) 1.65°+0.01 6.64240.03 5.69°+0.01 2.63°+0.04 4.38°+0.03 5.262+0.01
Carbohydrate (%) 7.45°40.12 49.21°+0.32 61.56240.13 28.84°+0.18 84.322+ 0.08 83.790+0.14
Pro-vitamin A (mg/q) 623.82+0.14 456.5¢4£0.14 608.60+0.28 623.7°+0.28 440.7°+0.28 717.62£0.14
Vitamin C (mg/g) 17.202+0.03 15.62°40.3 15.41¢+0.01 5.13°+0.4 8.632+0.04 8.632+0.01
Potassium (mg/g) 4.80°£0.14 6.00°+0.02 15.202+0.28 4.40°£0.28 7.602£0.14 5.00°+0.28
Magnesium (mg/q) 0.02°+£0.01 0.1524£0.03 0.17°£0.03 0.0324£0.03 0.02°+0.01 0.032+0.01
Iron (mg/g) 1.26¢£0.03 3.06240.03 2.57°+0.03 1.38¢10.01 1.962+0.01 1.59b+0.01
Thermal Conductivity (W/(m.°C) 0.54¢ 0.242 0.25° 0.46° 0. 25¢ 0.26°
Heat transfer (J) ND 66.950 92.062 ND 68.86° 207.662
Drying Efficiency (%) ND 82.1 86.42 ND 91.4a 90a
Drying time (g/min) ND 702 40° ND 502 240

Values are means + standard deviation of three determinations. Values on the same row with different superscripts are significantly different (p<0.05).

ND = not determined.

Where X represents mass fraction, ¢ = carbohydrate, p = protein, f
= fat, a = ash, w = water.

T1-T2
z

Heat transfer (q) = KA 2)
Where A = Area (m?); K = Thermal conductivity (W/(m.°C); z
Thickness of the samples (m); T, = Initial temperature (°C); T-
Final temperature(°C).

Then drying time, (g/min) was determined according to Adeboye
(2012);

. . .\ _ Initialmass(g)-finalmass (g)

Drying time (g/min) = Time () 3)
Drying efficiency was calculated according to Mercer and Eng
(2007) and Matuam et al. (2015) as the ratio of energy E; required
to evaporate all the water in the sample to the energy E, used to
evaporate water from the sample during drying.

E; =M, XL (4)

E, =M, XL (5)

DryingEfficiency (%) = ? x 100 (6)
1

Where M,(L/kg) = Massofwater contained in freshfood sample;

My (L/kg) = Mass ofwaterevaporated from fresh food sample

L (é) = Latent heat of vaporization of water.

RESULTS AND DISCUSSION

Chemical composition and thermal characteristics of
dried tomato and yam slices

Table 1 showed that the moisture content of tomato and
yam decreased significantly (p<0.05) after drying in a

charcoal kiln (16.20 and 5.70%) and a microwave (12.25
and 6.60%) ovens. The present observation agreed with
that of Nugraheni et al. (2021), who worked on the effect
of various drying methods on the physical characteristics
of purple yam powder. Lower moisture content is suitable
for extended shelf life (Nugraheni et al., 2021). Surendar
et al. (2018) reported that moisture content was not
significantly affected by the drying method, which was
contrary to the results obtained from this study. The ash
content of the dried samples was found to be high in
microwave dried tomato (1.35%) and charcoal dried yam
(3.125%). The low ash (0.54%) value for the fresh tomato
strongly suggested that the tomato is not a good source
of ash (Haile, 2013; Ramya et al., 2017).

The fat content of charcoal kiln and microwave dried
tomato and yam slices ranged from 0.04 to 2.10%. The
results obtained for both charcoal kiln and microwave
dried yam were similar to the reports of Falade et al.
(2007) and Nugraheni et al. (2021). The fibre content of
tomato slices was found to be 7.15% for charcoal kiln
ovens and 9.75% for microwave ovens. The same result
was reported by Surendar et al. (2018). The fibre content
of yam slices was found to be 2.35% for charcoal kiln
oven and 1.65% for microwave oven, respectively. The
higher fat and fiber content in dried tomato and yam
slices compared to fresh tomato and yam slices could be
attributed to the lower moisture content (Yusufe et al.,
2017; Surendar et al., 2018). The protein content of
tomato slices was 6.64% for the charcoal kiln oven and
5.69% for the microwave oven, while the yam slice was
4.38% for the charcoal kiln oven and 5.26% for the
microwave oven, respectively. The significant (p<0.05)
increase in protein content of tomato and yam slices may



be due to the concentration of nutrients because of a
significant (p<0.05) decrease in moisture content after
drying (Surendar et al., 2018).

The carbohydrate content of dried tomato increased
after drying with a microwave (61.56%) and a charcoal
kiln oven (84.32%). The pro-vitamin A content of microwave
dried tomatoes and yams was significantly (p<0.05)
higher than charcoal-dried tomatoes and yam slices. The
vitamin C content of microwave and kiln-dried tomato and
yam slices was not significant (p>0.05), but it is important
to note that drying with microwave and kiln oven affected
the vitamin C content of the tomato and yam slices when
compared to fresh tomato and yam slices. This could be
due to the destruction of ascorbic acid content by heat
(Dauda et al., 2019). Charcoal kiln dried tomato slices
had significantly (p<0.05) higher magnesium and iron
content than microwave dried tomatoes, but were low in
potassium content. Arslan and Ozcan (2011) and
Agoreyo et al. (2011) reported similar findings. Charcoal
kiln dried yam slices had significantly (p<0.05) higher
potassium and iron content than microwave dried yam
slices but were low in magnesium content. The oven
drying method's wave strength may cause damage to
these minerals (Arslan and Ozcan, 2011). The thermal
conductivity of fresh tomatoes and yams was significantly
(p<0.05) higher than microwave and charcoal kiln dried
tomato and yam slices. It was observed that the higher
the moisture content, the higher the thermal conductivity
and vice versa. A reduction in moisture content caused a
substantial reduction in thermal conductivity. This has
important implications for unit operations that involved the
conduction of heat through food to remove water
(Fellows, 2009). The heat transfer in microwave dried
tomato and yam was significantly (p<0.05) higher compared
to kiln dried tomato and yam slices. The microwave oven
has significantly (p<0.05) higher drying efficiency (86.4
and 90.00%) and less drying time (40 and 24 min) than
the charcoal kiln oven for both the tomato and yam slices,
respectively.

Conclusion

The two drying techniques showed a significant (p<0.05)
effect on the chemical composition and thermal
characteristics of tomato and yam slices. Charcoal kiln
driers were better at drying yams than tomato in terms of
chemical composition. The heat transfer in microwave
dried tomato and yam slices was significantly (p<0.05)
higher compared to kiln dried tomato and yam slices.
Although, the microwave oven has significantly (p<0.05)
higher drying efficiency and less drying time than the
charcoal kiln oven for both the tomato and yam slices, the
charcoal oven kiln dryer could be useful to local farmers
in terms of cost and accessibility to dry their produce and
reduce postharvest loss, especially in Sub-Saharan
African countries where there is no constant electricity to
use the microwave oven.
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