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Abstract  
Arable farming of maize is the most common of all crops in Sub-Saharan Africa. Most often, the processing is done domestically using 

manual effort, but on few occasions some part are done visiting commercial mechanized processors. This work presents the evaluation 

of the performance of a maize sheller scaled for domestic use. Three set of maize input (2kg, 3kg and 5kg) were each tested at different 

shelling speed of 2500 rpm, 2600 rpm and 2800 rpm respectively. The output parameters measured were; shelled maize, unshelled 

maize, cylinder loss and spilled loss. Subsequently, shelling capacity, cylinder loss (%) and spilled loss (5) were determined. It was 

however discovered that the 5kg shelling at 2600 rpm gave the highest shelling capacity at 24. This is in agreement with the 

assessment of the machine when 10kg maize was shelled at 2600 rpm. 
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1.0 INTRODUCTION 

Maize is the most common of cereals to arable 

farming [1, 2] as well as large scale farming. It is a major 

raw material for livestock farmers used as feedstock and 

also for many processed foods such as custard, pasta, pap 

among others. Maize shelling is the most tedious stage of 

maize processing and it consumes energy and time [3, 4]. 

The manual process of shelling by hand or hitting a bag of 

maize with stick is the oldest and most common method in 

the major producing countries. This method has adverse 

effect on the fingers and palms of the shellers [4]. 

The use of wet shelled maize is restricted mainly 

to domestic use in very small quantity [5], though 

mechanization of this process is still in the developmental 

stage, there is less effort in this direction. The dry maize 

however accounts for over 95% of the shelling need, 

because it’s in this form that the maize is converted or 

mixed with other ingredients for other food and industrial 

products [5, 6]. 
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However, with recent clamor for increased food 

production [4] and awareness on arable farming [1, 2], 

arable farmers are beginning to acquire agricultural 

products processing machines individually and in clusters. 

Maize shellers have been developed over the years to meet 

immediate needs [7] and there is continuity in the 

modification to meet various geographical locations need 

as well as available technology [8-10]. Performance 

evaluation has been reported for various work to determine 

the influence of input parameters into machines and 

processes and their effect on the output [11-12]. This work 

considers the effect of quantity of maize shelled at once 

using different shelling speed on the shelling capacity and 

shelling efficiency of a maize sheller reported by [13]. 

  

2.0 METHODOLOGY 

This section talks about the evaluation of the 

performance of a maize sheller (Fig. 1a) designed and 

fabricated by [14] and the design and assessment reported 

by [13]. This work presents the testing of the machine 

using two input variables of weight of maize and speed of 

the prime mover. Fig. 1 b & 1c shows the unshelled maize 

samples and total shelled maize respectively. The 

measured outputs were; weight of shelled maize, weight of 

unshelled maize, cylinder loss, and spilled loss as 

presented in Table 1. 
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Table 1: Description of measured output parameters to be measured. 

Output Description  

Shelled maize This was the quantity of maize that was shelled and passed through the machine outlet 

Unshelled maize This refers to the unshelled maize left in the cylinder and those that passed out through the chaff 

outlet 

Cylinder loss These are the grains left in the barrel 

Spilled loss These are grains that spilled out of the machine during shelling operation. 

 

 

 

 

 

(a) Maize sheller  
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(b) Maize test samples in 2 kg, 3 kg and 5 kg for 2500 rpm, 2600 rpm and 2800 rpm.  

 

 
(c) Total shelled maize. 

Figure 1: Picture of maize sheller during testing 

 

2.1 Kernel and moisture content 

As reported by Ajayi et al., 2016 [13], the maize 

samples were weighed, and then oven dried in an electric 

oven at 1050C for 24 hours before being weighed again.  

 

 

This procedure is necessary because the drier the seed, the 

more effective the shelling [6, 12]. The moisture content 

was determined thus; 
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𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑀𝐶)

=
𝑊𝑤 −  𝑊𝑑

𝑤𝑤
× 100 %             (1) 

 

Where;  

𝑊𝑤 − 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑒𝑡 𝑚𝑎𝑖𝑧𝑒 (10 𝑘𝑔) 

𝑊𝑑 − 𝑤𝑒𝑖𝑔𝑡ℎ 𝑜𝑓 𝑑𝑟𝑦 𝑚𝑎𝑖𝑧𝑒 (8.4 𝑘𝑔) 

 

Therefore, the moisture content was determined to 

be 15 %. 

 

The performance criteria as reported by Ajayi et 

al. (2016) [13] are expressed in equations 2 - 5, while the 

values are presented in figure 2. 

 

Shelling Capacity 

=
𝑊𝑘

𝑇
 × 60                                                               (2) 

 

 𝑊𝑘 = 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 𝑘𝑒𝑟𝑛𝑒𝑙 (𝑘𝑔), 𝑇
= 𝑅𝑒𝑐𝑜𝑟𝑑𝑒𝑑 𝑡𝑖𝑚𝑒 (𝑚𝑖𝑛) 

 

 

 

Throughput capacit

=
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤ℎ𝑜𝑙𝑒 𝑐𝑜𝑏

𝑇𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛
 

× 60                         (3) 

 

Cylinder loss =  
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 𝑙𝑜𝑠𝑠 𝑘𝑒𝑟𝑛𝑒𝑙

𝑇𝑜𝑡𝑎𝑙 𝑘𝑒𝑟𝑛𝑒𝑙
 

× 100                                                 (4) 
 

While,  

Spilled kernel loss: 𝑃𝐿

=  
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑝𝑖𝑙𝑙𝑒𝑑 𝑘𝑒𝑟𝑛𝑒𝑙

𝑇𝑜𝑡𝑎𝑙 𝑘𝑒𝑟𝑛𝑒𝑙
 

× 100             (5) 

 

3.0 RESULTS AND DISCUSSIONS 

3.1 Results 

The testing of the performance of the machine was 

done with 2 kg, 3 kg and 5 kg unshelled maize. At the end 

of the complete shelling, the outputs are presented in Table 

3, but the result of the 10kg testing was presented for 

comparison in Table 2 [13]. 

The total weight of the cob tested was 40 kg; 10 

kg as a whole and 30 kg divided into 2 kg, 3 kg and 5 kg 

under 2500 rpm, 2600 rpm and 2800 rpm shelling speeds 

respectively. 

 

𝑇ℎ𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑏 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒𝑑 𝑡𝑜 𝑏𝑒 ;
=  (𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑚𝑎𝑖𝑧𝑒 –  𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 (𝑜𝑢𝑡𝑝𝑢𝑡 
+  𝑏𝑟𝑜𝑘𝑒𝑛 𝑔𝑟𝑎𝑖𝑛 +  𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 𝑙𝑜𝑠𝑠 +  𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛 𝑙𝑜𝑠𝑠 
+  𝑠𝑝𝑖𝑙𝑙𝑒𝑑 𝑙𝑜𝑠𝑠);                             (6) 

= 8.4 – (7 +  0.2 +  0.3 +  0.1 +  0.6) 
=  0. 2 𝑘𝑔 

This represents 18% of the total maize. 

 

 

 

Table 2: Output parameters for the testing of the shelling machine for the 10kg input [13] 

Factors considered Weight (kg) Value (%) Rate (kg/hr) 

Unshelled maize 8   

Broken grains 0.2   

Cylinder loss 0.3   

Output grain 7   

Spilled loss 0.6   

Shelling capacity   270 

Throughput capacity   300 

Cylinder loss  3.75  

Spilled grain loss  7.5  

 

 

The shelling efficiency was determined using equation 7; 

 

 

𝑆ℎ𝑒𝑙𝑙𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦: =  
(𝑆ℎ𝑒𝑙𝑙𝑒𝑑 − 𝑢𝑛𝑠ℎ𝑒𝑙𝑙𝑒𝑑)

𝑇𝑜𝑡𝑎𝑙 𝑘𝑒𝑟𝑛𝑒𝑙
 × 100              (7) 
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Table 3: Results of output parameters for 2 kg, 3 kg and 5 kg shelling 

Mass 

(kg) 

Speed 

(rpm) 

Shelled 

(kg) 

Unshelled 

(kg) 

Cylinder 

loss (kg) 

Spilled 

(kg) 

Shelling               

capacity 

Cylinder 

loss 

Spilled 

kernel loss 

Shelling 

efficiency 

2 2500 0.7 1.28 0.020 0.000 11 1.00 0.00 -29 

2 2600 0.8 1.18 0.017 0.017 12 0.85 0.85 -19 

2 2800 1.3 0.49 0.210 0.017 20 10.5 0.85 41 

3 2500 1.6 1.23 0.170 0.210 24 5.67 7.00 12 

3 2600 1.8 1.16 0.040 0.210 27 5.67 7.00 21 

3 2800 2.1 0.86 0.040 0.030 32 1.33 1.00 41 

5 2500 2.5 2.29 0.210 0.100 38 4.20 2.00 4 

5 2600 2.7 2.09 0.210 0.210 41 4.20 4.20 12 

5 2800 4.0 0.80 0.210 0.000 60 4.20 0.00 64 

 

 
Figure 2: Evaluation at 2 kg Maize quantity 

 

 
Figure 3: Evaluation at 3 kg Maize quantity 
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Figure 4: Evaluation at 5 kg Maize quantity 

 

3.2 Discussions 

Figs. 2 – 3 shows the effect of maize sheller 

variable speed on the performance indictors including 

shelled, unshelled, cylinder loss and spilled quantity of 

maize when 2 kg, 3 kg and 5 kg maize were processed for 

4 secs each. The maize sheller speed increased the amount 

of shelled maize and decreased the amount of unshelled 

maize for all the weights, but differently. In Fig. 2), 

increase in maize sheller speed increased the maize 

cylinder loss and does not seem to have any effect on the 

maize spilled. The crossing of trends or curves of shelled 

and unshelled responses and curve of cylinder loss and 

spilled responses may signify an optimum point (best 

process setting or specification) for the interacting pair. 

Although the cylinder loss response increased undesirably, 

this increment is minimal and can be considered as not too 

significant to impair the overall performance of the 

developed maize sheller. 

From Fig. 3, the increase in shelled maize does not 

have much significant increase with increase maize 

quantity with increase sheller speed. However, the cylinder 

and spilled losses declined throughout the speeds unlike in 

the other two weights. In Fig. 4, the shelling efficiency 

was highest, because the unshelled maize, cylinder loss 

and spill losses were lowest for the three speeds compared 

to other weights. Significantly, 80% of the maize was 

shelled while 16% was unshelled, 4% was lost in the 

cylinder and there was not spilled loss.  

The logarithmic model fitted to each of the 

responses in Figs. 2 & 3 showed that significant model 

occurred for shelled, unshelled and cylinder loss responses 

because their coefficient of determination (R2) value is 

greater than 0.7 while insignificant model occurred for 

spilled response because of its R2 value that is less than 0.7. 

Significant models can be used for prediction while the 

insignificant models cannot be used for the same purpose. 

However, in Fig. 3, the coefficient of determination (R2) 

value was greater than 0.7 for both shelled and unshelled 

only, whereas it is less than 0.7 for both cylinder and 

spilled losses. Therefore, wider range of data collection is 

needed to accurately derive a model for spilled response in 

this study.  

From Table 2, shelling capacity and shelling efficiency of 

was highest for the 5kg at 2800 rpm, but lowest for 2kg at 

2500 rpm. More importantly, considering the high value 

recorded for the whole 10kg test, where 87.5% of the 

maize was shelled, it can be deduced that more maize in 

the barrel results in better shelling by the maize sheller. 

 

4.0 CONCLUSIONS 

Analytically, the performance evaluation observed 

in Fig 3 seem to be the most desirable performance of the 

evaluated developed Maize sheller because the effect of 

speed increment when 3 kg of Maize was shelled on all the 

performance evaluation indicator was desirable where 

quantity of shelled maize constantly increased, unshelled 

maize constantly decrease, cylinder loss constantly 

decreased and spilled constantly decreased. However, the 

values of the 5 kg for shelling capacity (60%) and shelling 

efficiency (64%), depicts that the more the maize in the 

shelling barrel, the greater the shelling efficiency as 

compared to 10kg testing by [13]. 
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