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ABSTRACT 
 

Groundnut, also known as peanut, is an important source of food and oil, with the seeds being high in 

protein, fibre, and healthy unsaturated fats which are consumed in large quantities in most parts of the sub- 

Saharan Africa and the world at large. The post-harvest processing of peanut, most-especially drying that 

involves dehydrating the crop to safe moisture content for home and commercial purposes still need more 

attention as local drying prevailed in the country. An existing hot-air cabinet dryer was improved and 

evaluated for the drying of peanuts under the humid rainforest climate of Akure, Nigeria. The dryer was 

tested using three varieties of groundnut (red, white and kampala varieties), three drying air temperatures of 

400C, 500C and 600C, two drying air velocities of 1.67 m/s and 2.78 m/s and two product loadings of 3 kg 

and 4.5 kg per batch. The thermal efficiency, drying rate, drying time and moisture loss were determined as 

the evaluation parameters of the dryer. The evaluation conducted revealed thermal efficiency range of 46% 

– 96% with average thermal efficiency of 71.31%. The drying rate of the dryer ranges from 0.36 kg/h – 0.21 

kg/h, with an average drying rate of 0.28 kg/h at maximum and minimum drying time of 10 h and 6 h 

respectively. The moisture loss by the groundnut in the dryer ranges from higher value to lower value of 

1.05 kg to 0.55 kg for the red variety; 5.4 kg to 1.01 kg for the white variety; and 1.02 kg to 0.55 kg for the 

kampala variety respectively. Results further revealed that the drying air temperature has the greatest effect 

on the thermal efficiency, drying rate, drying time and moisture loss as compared with the drying air 

velocity. It was further discovered that the drying rates of the three varieties were relatively equal. However, 

the drying rates were in the order: white > kampala > red variety. It can be concluded that the hot-air dryer 

handled the drying of the three varieties of groundnut optimally with higher performances and in conformity 

to standard practices. 
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INTRODUCTION 
 
Groundnut, also known as peanut, is a significant and widely cultivated crop globally. Groundnuts are 

important sources of food and oil, with the seeds being high in protein, fiber, and healthy unsaturated fats. 

The crops are grown mostly in the tropical and subtropical regions of the world, with major producers 

including India, China, Nigeria, and the United States. Peanut is grown in about 120 countries in the world 

in a total area of 24.6 million ha, with a world production of 38.2 million tons (Mt). The world’s average 

productivity in 2007 was about 1490 kg/ha. It is cultivated in as many as 90 countries. Groundnut is 

therefore an oilseed crop on a global scale (Prasad et al., 2011), with Nigeria ranked 3rd largest producer of 

the crop with annual production of 3.08 million tons (Atlas Big, 2022). 
 

The postharvest handling and processing of groundnut are essential to safeguard it from microbial attack, 

causing development of aflatoxins in groundnut due to high moisture content after harvest, which has 

greater impact on the shelf life and economical value of the crop. Drying is one of the most essential 

postharvest activities needed to keep the nutritional and economical values of the crop (Jonathan et al., 

2018). This involve dehydration of the moisture level of the crop to safe level either by sun drying or 

mechanical means. The dehydration of crop (drying) is a function of the heat source and heat distribution 

pattern (Ajuebor et al., 2017). A thin layer cabinet dryer has been reported as highly suitable for drying of 

groundnut for the purpose of its economical, qualitative and nutritive preservation, keeping the crop intact 

with prolonged shelf life (Munir and Asif, 2012). 
 

Common crop drying heat sources includes sunlight, fossil fuel, electricity, hydrothermal and biomass 

(Ibrahim et al., 2014). An hot-air cabinet dryer utilizes these sources to generate heat energy aided by 

pneumatic air drawn from the atmosphere (ambient air) to increase the temperature of air, providing hot-air 

that flows tangentially into stationary products (agricultural product to be dried) placed in the trays of the 

cabinet. This action leads into kinetic energizing of the moisture molecules present in the agricultural 

products, leading into thermal energy that drives away this moisture off the agricultural products, achieving 

dehydration of the crop, resulting into drying of the product for storage and further utilization. Nukulwar 

and Tungika (2020) conducted comprehensive review of research conducted on various solar dryers and 

their performances in different applications. The solar dryers reviewed in their research were evaluated by 

the use of moisture reduction, moisture removal rate, and different efficiencies as the parameters to evaluate 

the performance of the solar cabinet dryers. He identified that despite the advantages associated with these 

dryers, their commercial utilization has been highly limited due to high initial investment costs, long 

payback periods, and intermittent usage. He concluded by suggesting solar dryers as a source of cheap, safe, 

adaptive and economical means of food preservation, most especially in the rural areas. 
 

Owolarafe et al. (2021) conducted a research on the performance evaluation of a small-scale dryer designed 

for agricultural products. The dryer consisted of a heating chamber, heat exchanger, drying trays, a 3-phase 

blower, three 1800 W heating elements, and a control box with temperature control, contactor, 

thermocouple, and circuit breaker. The Performance evaluation conducted on the dryer revealed the energy 

consumed to vary for different agricultural products, with plantain chips, Moringa leaves, okra, and locust 

beans consuming 346.55, 55.92, 110.63, and 49.64 kJ respectively. It was reported that energy consumption 

increased with higher moisture removal and drying time in the dryer. The drying rate depended on the initial 

moisture content of the product and the air velocity, ranging from 34.80 g/h to 6.00 g/h for different 

products. The drying efficiency ranged from 62.1% – 65.5% and decreased with increased moisture removal 

and drying temperature. The findings indicated that the small-scale dryer demonstrated satisfactory 

performance for the tested products, making it suitable for small-scale applications. A mix-mode solar dryer 

was developed by Bukola and Olalusi (2008) while Ezekuoye and Enebe (2006) developed and evaluated 

the performance a of modified integrated passive solar grain dryer. Comprehensive review of the application 
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of solar drying technologies for agricultural products in Nigeria and elsewhere has also been reported (Ade 

et al., 2018; Udomkun et al., 2020) 
 

Improving the efficiency of groundnut drying is essential for reducing post-harvest losses and improving the 

quality of the final product. The evaluation of the performance of a groundnut dryer using a thin layer 

drying method for three different groundnut varieties under batch loading can have significant implications 

for smallholder farmers and groundnut-processing industries, which ultimately would improve the 

livelihoods of those involved in the production and processing of this important crop. The objectives of the 

research were to test and carryout performance evaluation of a hot-air groundnut cabinet dryer in the humid 

rainforest climate of Akure, Nigeria 

 

MATERIALS AND METHODS 
 
An existing hot-air cabinet dryer (Lawson et al., 2023) was improved and evaluated under the humid 

rainforest climate of Akure, South-western Nigeria. The performance of the machine was tested and 

analysed with necessary adjustments in order to improve the overall performance of the hot-air groundnut 

cabinet dryer. 
 

Principle of Operation of Hot-Air Cabinet Dryer 
 

The hot-air cabinet dryer shown on Figure 1, has the heat energy source, hot-air duct, plenum chamber, 

cabinet, trays and chimney as the components of the machine. Its principle of operation utilizes the process 

of drawing an ambient air from the environment with the aid of a centrifugal blower which has 3 kW heat 

elements embedded to it. This heat elements receive electrical energy and convert it to thermal energy, 

which in turn increases the temperature of the air inlet to very high level which are controlled to needed 

value by the aid of temperature control attached to the heat energy source. The pre-set heated air are 

conveyed tangentially through the hot-air ducts into the plenum chamber for the attainment of stable and 

uniform hot-air velocity needed in the drying chamber. The constant velocity heated air are further 

conveyed to the drying unit of the dryer. Groundnuts at an average of 19.1% moisture content of the three 

varieties, which includes red variety, white variety and kampala variety were loaded into the drying chamber 

by spreading each variety on the tray at an individual loading of 1kg per tray per variety per batch and 1.5 

kg per tray per variety per batch giving a total of 3 and 4.5 kg loadings of the three varieties in the cabinet, 

respectively. The perpendicular movement of hot air at a constant speed drives out moisture (which 

undergoes a phase change from liquid to vapour) from the groundnut placed in the cabinet until safe 

moisture level of an average of 8% is achieved. The velocity of the heated air, as controlled by the 

pneumatic centrifugal blower was selected as 1.67 or 2.78 m/s for the purpose of effective drying and 

evaluation exercise. The removed moisture and excess hot-air from the drying chamber exited the dryer 

through its chimney. 

 
Figure 1: Schematic diagram of the hot-air cabinet dryer 
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Testing of the Dryer 
 

The hot-air cabinet dryer was tested using three varieties of groundnut which are red, white and kampala 

varieties. The products were loaded in batches into the dryer with each variety loaded on each tray of the 

dryer subjected to drying variables of drying air temperature, drying air velocity and loading. The selected 

drying temperature were 400C, 500C, and 600C, with drying air velocity of 1.67 m/s and 2.78 m/s and 

product loading of 1 and 1.5 kg per variety per tray loading per batch of drying. At the point of loading the 

dryer, the ambient air temperature, relative humidity, duct air temperature, duct air velocity were recorded. 

During drying, the chimney air temperature was recorded. After every one hour, the cabinet is opened and 

product offloaded for weighing. The weight of the product were recorded at interval and the drying 

continued till the product attain safe moisture content and the total time taken to complete the drying process 

was recorded. After drying, the final weight of the product were recorded. The wet bulb temperature of the 

duct and chimney were obtained using psychometric chart for the drying process. These variables were used 

to determine the drying rate, drying time, moisture loss and thermal efficiency of the dryer with appropriate 

formula as presented below. 

According to Owolarafe et al. (2021), the mass of moisture released by the groundnut at interval of drying 

can be obtained using the expression: 

M.L=Mi-Mf 1 

Where, M.L is moisture loss (kg), Mi is initial mass of product and Mf is final mass of product. 

According to Ajuebor et al. (2017), the rate at which moisture leaves the groundnut being dried can be 

determined with the expression: 

D.R=(M.L)/t ` 2 

Where, D.R is drying rate and t is time taken for drying. 

According to Owolarafe et al. (2021), the percentage of total moisture content loss in the product can be 

estimated using equation: 

M.C=(Mi-Mf)/Mi 3 

According to Munir and Asif (2012), the thermal efficiency of the hot-air cabinet dryer can be expressed by 

the ratio of the temperature drop of the heated air in passing through a bed of groundnut to the temperature 

rise of the entering air, expressed as: 

D.T.E=b/d×100 4 
 

Where b is temperature drop of drying air and d is wet-bulb depression of the drying air. 
 

b=D.A.Tdb-C.A.T 

b=D.A.Tdb-D.A.Twb 

Where D.A.Tdb is duct air temperature (dry base), D.A.Twb is duct air temperature (wet base) C.A.T and is 

chimney air temperature (dry base). 
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Statistical Analysis 
 

The exit chimney and duct air temperatures, ambient temperature, chimney and duct air velocities, initial 

and final weight of groundnut, drying time, and relative humidity were obtained from the test of the machine 

and analyzed using graphical representations and statistical regression and correlation analysis using 

XLSTAT 2016 software. 

 

RESULTS AND DISCUSSION 
 

Effects of Drying Air Temperature and Air Velocity on Drying Rate of the Machine 
 

The graphical representation of the relationship between the drying air temperature and air velocity on the 

rate at which the dryer removes moisture from the product (drying rate) are presented in Figures 2 and 3. 

The drying rate of the machine increases as the drying temperature (duct air temperature) increases for both 

3 and 4.5 kg loading at drying air velocity of 1.67 m/s and 2.78 m/s, respectively. The coefficient of 

determination (r²) between the data and fit values were used to determine the quality of the fit. The degree of 

linearity between the two variables for 1.67 m/s, 3 kg loading and 2.78 m/s, 4.5 kg loading were 0.99 and 

0.91, respectively, which described the degree of change of drying air temperature to be exactly the same as 

the degree of change in the drying rate of groundnut. This agreed with Ajuebor et al. (2017), who reported 

that an increase in the drying air temperature of a cabinet dryer causes increase in the drying rate of plantain,  

okra and chili pepper. However, slight changes were recorded in the two variables for 1.67 m/s, 4.5 kg 

loading and 2.78 m/s, 3 kg loading with coefficient of determination (r2) as 0.66 and 0.68, respectively. This 

explained that an increase in the drying air temperature does not necessarily cause exact degree of increase 

in the drying rate of the groundnut. 
 

The coefficient of determination between the drying air velocity and drying rate of the groundnut at the 
three selected temperatures are graphically illustrated in Figures 4 – 6. It can be deduced that the increase in 
the drying air velocity causes increase in the drying rate of the groundnut. The coefficient of determination 

(r²) for the combination of the variable 40oC, 3 kg to 4.5 kg; 50oC, 3 kg to 4.5 kg and 60oC, 3 kg 

approached unity (r2 = 1), which implies that the level of increase in the drying velocity has exactly the 

same level of increase in the drying rate of the groundnut. However, the situation differs for 60oC, 4.5 kg 
that produced no increase in the drying rate as the drying air velocity increases. 

 

The statistical regression and correlation analysis presented in Tables 1 and 2 further described the extent 

and effects of the drying air temperature and velocity on the drying rate of the machine. It can be extracted 

from the statistical result that an increase in the drying air temperature and velocity had a positive increase 

on the drying rate of the groundnut with overall significant value (p-value = 8.43 x 10-51). The individual p- 

value for the drying air temperature and air velocity gave 0.0027 and 0.068, respectively, which determined 

the extent of the effects of selected variables on the drying rate. The result of the correlation analysis shown 

in Table 2 confirmed that the drying air temperature has greater effects on the drying rate than the drying air 

velocity. As such, the factors that influence the drying rate of the dryer mostly is the drying air temperature 

while the drying air velocity had minimal effect on drying rate as confirmed by Yadollahinia et al. (2008). 
 

Effects of Drying Air Temperature and Air Velocity on Moisture Loss from Groundnut Varieties 

 

The extent at which the three varieties of groundnut losses moisture at different drying air temperature and 
drying air velocity under different loading is represented graphically as shown in Figures 7-12. The 

coefficient of determination (r2) with the functions that described the graphical relationship between the 
drying air temperature and velocity on the moisture losses of the three varieties presented 0.8211 ≤ 𝑟21 with 
negative slopes. This explained that the increase in the drying air temperature and velocity at different 
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loading produced nearly perfect linear decrease in the moisture loss from the three varieties at almost the 

same level. However, it was observed that the relationship between the drying air temperature and moisture 

loss for 2.8 m/s at 4.5 kg loading is quadratic and not linear. This implies that at this dryer’s configuration,  

increase in drying air temperature has a geometric decrease in the moisture loss for the red variety. 
 

The extent and effect of these variables on the moisture loss were further described by the statistical 

regression and correlation analysis presented in Tables 3 – 8. The result of the correlation coefficient (r) 

gave 0.9623, 0.977 and 0.981 for the red, white, and kampala varieties, respectively. This established the 

fact that the moisture loss in the groundnut is a function of the drying air temperature and velocity with 

significant effect (p-value) of 7.14 x 10-5, 1.04 x 10-5 and 4.89 x 10-5 for the red, white, and kampala 

varieties, respectively. The individual significant value for the drying air temperature and air velocity gave 

0.0025, 0.056, respectively for the red variety; 0.00022, 0.082, respectively for the white variety; and 

0.00015, 0.071, respectively for the kampala variety. This explained that the effects of the drying velocity 

on the moisture loss is not significant, but air temperatures significantly affect the moisture loss. Comparing 

the result of the analysis of the three varieties, it can be concluded that the drying air temperature has the 

highest effect on the rate of moisture loss in the white variety as compared with both the red and kampala 

varieties as evident in its correlation value of -0.481, followed by the kampala variety correlation value of - 

0.466, and lastly the red variety with correlation value of -0.417. 

Effects of Drying Air Temperature and Air Velocity on Dryer Thermal Efficiency 
 

The graphical representation of the relationship between the thermal efficiency of the dryer and the drying 

air temperature and velocity for the two selected loadings is presented in Figures 13 – 18. The coefficient of 

determination (r2) with the linear function that described the graphical relationship between the drying air 

temperature and velocity on the thermal efficiency of the dryer at different loadings of the three varieties of 

groundnut presented 0.8812 ≤ r2 ≤ 1 with positive slopes. This explained that the increase in the drying 

air temperature and velocity at different loadings produced a perfect linear increase in the thermal efficiency 

of the dryer at the same degree. The extent and effect of these variables on the thermal efficiency were 

further described by the statistical regression and correlation analysis presented in Table 9 – 10. The result 

of the correlation coefficient (r) gave 0.8611, which described the thermal efficiency to be a function of the 

drying air temperature and velocity with an overall significant effect (p value=1.63×10-27). The individual 

significant value for the drying air temperature and air velocity gave p-values of 1.62 X 10-18 and 2.31 X 10 
-7, respectively. This confirmed the assertion that the thermal efficiency of the dryer is positively affected by 

the drying air temperature and velocity, according to Oseni et al. 2021. 
 

Considering the effects of the drying air temperature and the drying air velocity under the selected product 
loading on the thermal efficiency of the dryer, it can be deducted that the highest thermal efficiency of 96% 

was recorded at drying air temperature of 520C and drying air velocity of 2.78 m/s for the 4.5 kg loading 
(Figure 14) and the lowest thermal efficiency of 46% was recorded at drying air velocity of 1.67m/s and 

drying air temperature of 400C for the 3 kg loading (Figure 15). This implies that to operate the dryer at its 

peak thermal efficiency, the dryer should be operated at drying air temperature of 520C, drying air velocity 
of 2.78 m/s and product loading of 4.5 kg. 

 

Effects of Drying Air Temperature and Air Velocity on the Drying Time 
 

The graphical representation of the relationship between the drying time of the dryer and the drying air  

temperature and velocity for the selected product loadings were presented in Figures 19 – 21. The 

coefficient of determination (r2) between the drying air temperature and drying air velocity as they affect the 

thermal efficiency of the dryer, considering the three varieties of the groundnut, were obtained as 0.9643 ≤ 

r 2 ≤ 1 with negative slopes. This explained that the increase in the drying air temperature and drying air 

velocity at different product loadings produced a direct linear decrease in the drying time of the groundnut 
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varieties. This also agreed with the claim of Ajuebor et al. (2017), who reported that an increase in the 

drying air temperature of a cabinet dryer causes decrease in the drying time of plantain, okra and chili 

Pepper. 
 

The extent and effect of these variables on the drying time were further described by the statistical 

regression and correlation analysis presented in Tables 11 and 12. The correlation coefficient (r) gave 

0.9749, which described the drying time to be a function of the drying air temperature and velocity with an 

overall significant effect (p-value = 1.45 × 10-5). The individual significant value for the drying air 

temperature and air velocity gave p-values of 2.5 X 10-6 and 0.0082, respectively. This logically confirmed 

that the time taken to dry the groundnut products will decreases with an increase in the drying air 

temperature and drying air velocity. The correlation result established that the drying time is mostly affected 

by the drying air temperature (r = -0.98562) when compared with the drying air velocity (r = -0.27472), 

which had minimal effect on the drying time. It can be concluded that the time taken to dry the three 

varieties of groundnut used for this research is highest (10 h) at the drying configuration of 400C, 1.67 m/s 

and 3 to 4.5 kg for drying air temperature, drying air velocity and product loading, respectively and lowest 

(6 h) at the drying configuration of 600C, 2.78 m/s and 4.5 kg for drying air temperature, drying air velocity 

and product loading respectively. 

 

CONCLUSIONS 
 

A hot-air cabinet dryer was modified and evaluated in the Department of Agricultural and Environmental 

Engineering, Federal University of Technology Akure. The dryer was evaluated using a combination of 

variables, which include: three drying air temperatures values of 400C, 500C, and 600C, two drying air 

velocities of 1.67 and 2.78 m/s, three varieties of groundnuts and two product loadings of 3 and 4.5 kg per 

batch. The variables were used to determine the thermal efficiency, drying rate, drying time and moisture 

loss of the dryer. The evaluation conducted revealed the thermal efficiency of the machine with a range of 

46% at drying temperature of 400C, air velocity of 1.67 m/s and 3 kg loading to 96% at drying temperature 

of 520C, air velocity of 2.78 m/s and 4.5 kg loading respectively with average efficiency of 71.31%. The 

drying rate of groundnut ranges from 0.36 to 0.21 kg/h with an average of 0.28 kg/h at maximum and 

minimum drying time of 10 h and 6 h respectively. The moisture loss by the groundnut in the dryer ranges 

from higher value to lower value of 1.05 to 0.55 kg for red variety; 5.4 to 1.01 kg for white variety; and 

1.02 to 0.55 kg for kampala variety respectively. Results also revealed that the drying air temperature has 

the greatest effect on the thermal efficiency, drying rate, drying time and moisture loss as compared with the 

drying air velocity. It was further discovered that the drying rates of the three varieties were relatively equal. 

However, slight differences occurred with white variety having the highest drying rate, followed by the 

kampala variety and lastly the red variety. Data obtained from this study are useful for the development of 

mechanized groundnuts processing machines and methods for value addition in terms of drying to optimum 

moisture content required for roasting, dehulling, storage and other post-harvest processing operations. 

Further studies are suggested to investigate the effect of drying factors and conditions on the organoleptic 

and nutritional composition of the products. 
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