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EXECUTIVE SUMMARY 

Processed melon seeds commonly known as Agushi, Egusi and Ogili in Nigeria is a widespread 

used ingredient for preparing traditional cuisine such as soup and stews. The demand for melon 

seed kernels on a commercial scale is on the rise for food, pharmaceutical, and cosmetic 

application. However, the traditional method of shelling and separating melon seeds is labor-

intensive, time-consuming, and often results to low-quality kernels owning to its inherent 

morphological characteristics such as hard shell, brittleness and fragility of seed kernels. Also, 

there is paucity of appropriate, effective and integrated melon seed processing machines. Thus, 

this project aims to develop a semi-automated and integrated melon seed kernels production 

system that can efficiently process melon seeds (condition, shell, separate un-shelled and shells, 

convey, re-shell, wash and solar dry) into high-quality kernels for commercial use. The study will 

also cover machine performance evaluation and dissemination to promote its adoption by the end 

users. There is optimism that the implementation of the proposed project will create descent jobs, 

increase productivity, reduce labor costs, and improve kernel quality, food security, and enhance 

economic growth in Nigeria in line with UN sustainable development goals. 
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1. INTRODUCTION 

1.1 Background 

Melon (Citrullus lanatus), commonly known as Agushi, Egusi and Ogili in Nigeria is an 

extensively cultivated and consumed oil seed crop in Nigeria and West Africa (Bankole et. al., 

2010; Egbe et. al., 2015). According to Ajibola et al. (1990), melon seed consist about 50% oil by 

weight, 37.4% protein, 2.6% fibre, 3.6% ash and 6.4% moisture. The presence of unsaturated fatty 

acid in melon oil according to him makes it nutritionally desirable due to its hypochlolestrolic 

(lowering of blood cholesterol) effect. The nutritional value of melon per 100g is reported by 

Adekunle et al. (2009) to be 7.6g carbohydrate, 0.4g dietary fibre, 0.2g fat, 0.6g protein and 8.0g 

vitamin C. The use and demand for melon seed for domestic use and industrial vegetable oil 

production cannot be over emphasized. But great fatigue and drudgery is associated with melon 

seed processing. The most critical aspect in melon seed processing is shelling operation since 

melon seeds usually becomes more valuable when shelled.  

1.2 Statement of the Research Problem 

Nigeria is a major producer in West Africa and accounts for 65 percent of the total melon seeds 

production. The demand for melon seed kernels on a commercial scale is on the rise for food, 

pharmaceutical, and cosmetic application. However, the dominantly practiced traditional method 

of shelling and separating melon seeds is labor-intensive, time-consuming, and often results to 

low-quality kernels owning to its inherent morphological characteristics such as hard shell, 

brittleness and fragility of seed kernels. Currently, there is paucity of appropriate, effective and 

integrated melon seed processing machine in Nigeria leading to insufficient supply of melon seed 

kernels for food, pharmaceutical, and cosmetic application. 

1.3 Objective of the Research 

The specific objectives of the research are to: 

i. Modify NCAM existing motorized melon seed sheller and separator in terms of capacity 

and automation, 

ii. Develop melon seed kernels and un-shelled seed separator, 

iii. Develop a conveyor for re-introduction of the separated un-shelled melon seed into the 

shelling machine, 

iv. Develop melon seed kernel washer, 

v. Synchronize the developed units of machines into a semi-automated integrated machine, 

vi. Test and evaluate the developed system, 

vii. Disseminate the outcome of the study through publications in reputable academic journals, 

and exhibition (trade and innovation fairs) for public awareness creation to promote its 

adoption by processors/ investors. 
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1.4 Justification of the Research 

The outcome of this research would: 

i. Arrest the drudgery and health hazards associated with traditional methods of shelling 

melon seeds, 

ii. Improve melon seeds kernel quality, supply volume, human nutrition and food security, 

iii. Create descent jobs and enhance economic growth in Nigeria in line with UN sustainable 

development goals. 

 

2. LITERATURE REVIEW 

Melon seeds shelling involves the removal of the outermost part (husk) from the melon kernel, 

where the seed (cotyledon) is made to be separated from the husk (Kassim et al., 2011). Melon 

shelling is a very important procedure in melon processing since melon shells are not edible. Melon 

seeds can be shelled manually (using hand to shell the melon) or mechanically (using machine 

which could either be electricity powered or fuel engine powered). Traditionally, manual melon 

shelling affects the rate of productivity as it consumes time, thus increasing drudgeries 

(Esenamunjor and Ubabuike, 2021). Due to inherent morphological characteristics such as hard 

shell, brittleness and fragility of seed kernels, melon seeds are usually conditioned by seed soaking 

to soften the shell edges and reduce the brittleness of the kernel. Conditioning of melon seeds 

before shelling operation reduces seed breakage and promotes wholeness of melon seed kernels. 

Quality kernels are obtained after shelling when there is no denaturing of the kernel to expose the 

oil cells. When oil cells of the kernels are exposed, it gives room to oxidation reaction leading to 

rancidity of the kernels. This is where hand shelling method has advantage over mechanical 

shelling method. Mechanical shelling systems seriously impacts already shelled kernels when re-

introduced into the shelling machine to cause denaturing of the kernels. Thus, melon seed kernel 

and un-shelled melon seed separator is of great importance to enhance 100 percent shelling melon 

seeds without denaturing melon seeds kernels. 

Several mechanical shelling systems for melon seeds were designed, constructed and tested by 

Odigboh (1979), Fadamoro (1999), Agberegha (2018), Iorpev et al. (2020), Esenamunjor and 

Ubabuike (2021) and others. Nevertheless, these works have limitations to be addressed. This 

project aims to bridge the gap by developing a semi-automated and integrated melon seed kernels 

production system that can efficiently condition, shell, separate un-shelled and shells of seeds, 

convey, re-shell, wash and dry melon seed kernels using solar drier. 

 

3. MATERIALS AND METHODS 

The research site will be located at the National Centre for Agricultural Mechanization Ilorin on 

Latitude 8.5°N and Longitude 4.55°E. Materials for fabrication of the machine will be locally 

sourced from material shops in Ilorin, Nigeria. The selection and procurement of materials for 
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fabrication of the machines will be based on their strength, suitability, accessibility and cost 

effectiveness. Stainless steel electrodes, sheets, rods, fasteners and flat bars shall be procured for 

the fabrication of food contact components while mild steel electrodes, angle bar, and metal sheets 

will be used for non-food contact components of the machines. Other materials such as electric 

motors, v-belt and pulleys will also be purchased.  

Equipment, tools, and machines at the workshops and laboratories of the National Centre for 

Agricultural Mechanization Ilorin will be used during fabrication activities and laboratory 

investigations. Equipment such as lathe, milling, drilling, angle grinder, welding, bending, rolling, 

and gluten machines will be used in the research. 

2.1 Design of Machine Parts 

Each component of the machines will be designed based on the values of relevant physical and 

mechanical properties of melon seeds in literature after validation. All the shafts will be designed 

by using ASME Code equation for solid shaft design (Hall et al., 1961), and the power requirement 

will be determined by the method reported in Ogundipe et al (2011), Hibbeler (2011) and Shittu 

and Ndrika (2012).  

2.2 Machine Description 

The integrated machine will consist of a control panel, melon seed sheller with separator, melon 

seed kernels and un-shelled seed separator, conveyor belts, melon seed kernel washer, and electric 

motors. The major unit machine will be the modified existing NCAM melon seed sheller and 

separator which will be connected in series with the other developed unit machines to form an 

automated process line. 

i. Control panel: The control panel will be an electric gadget for supplying electric current to 

the unit machines as well as regulating the operating speed of the unit machines. It will 

consist of variable frequency drives (VFDs) for speed and torque adjustment, start/stop 

buttons, sensors and transducers and the casing. 

ii. Melon seed sheller with separator: This machine (Figure 1) will be able to continuously 

and simultaneously shell conditioned melon seeds (soaked with water and aerated) and 

separate the seed kernels from the shells by a blower and vibrating screen. It will consist 

of a primary and secondary hopper, precise metering device, shelling chamber, blower/ 

shells exit chute, blower, vibrating screen, melon seed kernel chute, electric motor and 

frame. The difference between the existing machine and the proposed improvement include 

higher capacity of hoppers, shelling mechanism, and separation mechanism.  

 



5 
 

 
 

Fig. 1: Engineering drawing of proposed improved version of the existing motorized melon 

sheller with separator. 

 

iii. Melon seed kernels and un-shelled seed separator: This equipment will perform the work 

of separating un-shelled melon seeds from the seed kernels for the purpose of re-

introduction into the shelling machine during operation. The equipment will consist of a 

hopper, vibrating zig-zad- patterned-inclined plane, electric motor, and a frame.  

iv. Conveyor belts: Incline belt conveyors with baffles will be used for conveyance of melon 

seed materials in the process line for the safety of the melon seed kernels.  

v. Melon seed kernel washer: This equipment will be used for proper washing of melon seed 

kernels before drying. The equipment will be a rotating cylinder in a water bath for 

effective and gentle washing of the products.  

vi. Electric motors: Geared 3-phase electric motors with horse power ranging from 1 to 5 hp 

will be use to drive the process line. 
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2.3 Machine Evaluation 

All the integrated machines will be evaluated individually as well as the process line to ascertain 

it(s) performance parameters. During performance evaluation, moisture level of samples will be 

adjusted by using the method reported in Solomon and Zewdu (2008). The performance evaluation 

of the developed machines will be carried out to obtain its shelling efficiency, separation efficiency, 

seed breakage percentage and machine capacity using Equations 1 – 4 (Chougule and Gunale, 

2021) for extension and adoption purposes. 

Shelling Efficiency = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑎𝑠ℎ𝑒𝑤 𝑛𝑢𝑡𝑠 𝑠ℎ𝑒𝑙𝑙𝑒𝑑

𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑎𝑠ℎ𝑒𝑤 𝑛𝑢𝑡𝑠 𝑓𝑒𝑑
× 100      (1) 

 

Separation Efficiency = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑙𝑒𝑎𝑛𝑒𝑑 𝑘𝑒𝑟𝑛𝑒𝑙𝑠

𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑘𝑒𝑟𝑛𝑒𝑙𝑠 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑
× 100    (2) 

 

Percentage Seed Breakage = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑟𝑜𝑘𝑒𝑛  𝑘𝑒𝑟𝑛𝑒𝑙𝑠 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑘𝑒𝑟𝑛𝑒𝑙𝑠 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑
× 100    (3) 

 

Machine Capacity = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑘𝑒𝑟𝑛𝑒𝑙𝑠 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 

𝑇𝑖𝑚𝑒
      (4) 

 

4. RESEARCH GANTT CHART 

The research is scheduled to be completed in twenty-four (24) months as presented in the Gantt 

chart in Table 1. 

 

Table 1: Research work implementation Gantt chart 

Activities Duration in Years and Months 

First Year Second Year 

1 2 3 4 5 6 7 8 9 1 
0 

1 
1 

1 
2 

1 2 3 4 5 6 7 8 9 1 
0 

1 
1 

1 
2 

Literature search 

and review 
                        

Designing, 

drawing and 

simulation of the 

machines 

                        

Procurement of 

fabrication 

materials 

                        



7 
 

Fabrication of the 

machines 
                        

Testing of the 

machine and 

adjustment 

                        

Data analysis                         
Writing and 

publication of 

outcomes 

                        

Dissemination of 

research outcome 
                        

 

 

5. INNOVATION NOVELTY 

The novelty of this research will be the development of an appropriate and efficient semi-

automated integrated melon seed kernel production line with the capacity to carryout melon seed 

destoning, conditioning, shelling, separation in two stages, washing and drying using solar 

powered equipment. 

 

6. ESTIMATED RESEARCH BUDGET 

The estimated budget for the implementation of this research work is ₦63,463,500 (Sixty-Three 

Million, Four Hundred and Sixty-Three Thousand, Five Hundred Naira) only. The details are 

presented in Annex I for ease of reference. 

 

7. RESEARCH TEAM 

The research team comprises of a Principal Researcher and the other five (5) members. The list 

of the members is presented in Annex II. 

 

8. PROPOSAL ENDORSEMENT 

This proposal is endorsed by: 

 

 
………………………………………………………… 

 Engr. Dr. Kamal, A. R. FNSE, FNIAE 

NCAM Executive Director/CEO 
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9. RELEVANT EXISTING PUBLICATION  

A research paper relevant to this proposed research was published in respect to the existing 

NCAM motorized melon seed sheller with separator in an academic peer review journal. The 

journal published paper is attached in Annex III for ease of reference. 
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ANNEX I 

Estimated Research Budget 

S/N Description Quantity Unit Cost, ₦ Amount, ₦ 

A.  Cost of machine development 

1.  Control panel development 1 2,310,000       2,310,000  

2.   Melon seed sheller with separator 1 12,000,000 12,000,000 

3.  Melon seed kernels and un-shelled seed 

separator 

1 5,800,000 5,800,000 

4.  Conveyor belts 4 860,000 3,440,000 

5.  Melon seed kernel washer 1 2,500,000 2,500.000 

6.  Geared electric motor 6 650,000 3,900,000 

 Sub-total   27,452,500     

B.  Others / Miscellaneous 

7.  Engineering drawing of machines 8 200,000   1,600,000  

8.  Report writing, printing and binding 3 250,000           750,000  

9.  Paper publication  3 720,000       2,160,000  

 Sub-Total          4,510,000  

C.  Personnel Cost (conference attendance, dissemination / others) 

10.  Principal Researcher’s and Institution allowance 1 3,000,000       3,000,000  

11.  Conferences and Exhibitions participation 2 10,000,500 20,001,000 

12.  Other Team Members allowances 5 1,500,000        7,500,000  

13.  Craftsmen allowances 4 200,000           800,000  

14.  Data analyst allowance 1 200,000          200,000  

 Sub-Total       31,501,000 

 TOTAL COST   63,463,500 
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ANNEX II 

Research Team 

 

S/N Name Rank 

Highest 

Qualification 

Area of 

specialization 

Organization 

1.  Engr. Dr. Isaac 

Chinedu OZUMBA 

(Principal 

Investigator) 

Director of 

Engineering 

PhD Agricultural and 

Biosystem 

Engineering 

National Centre for 

Agricultural 

Mechanization, Ilorin, 

Nigeria. 

2.  Engr. Terhemba 

IORPEV 

Principal 

Research Officer 

M.Eng. Crop Processing 

& Storage 

National Centre for 

Agricultural 

Mechanization, Ilorin, 

Nigeria. 

3.  Engr. Dr. Abdufagar 

R. KAMAL 

 

Executive 

Director 

PhD Farm Power & 

Machinery 

National Centre for 

Agricultural 

Mechanization, Ilorin, 

Nigeria. 

4.  Engr. Dr. Segun 

Yinka ADEMILUYI 

Director 

Engineering 

PhD Agronomy Crop Processing & 

Storage 

5.  Engr. Dr. Olusola. A. 

OGUNJIRIN 

Director 

Engineering 

PhD Farm Power & 

Machinery 

National Centre for 

Agricultural 

Mechanization, Ilorin, 

Nigeria. 

6.  Engr. Dr. Christiana. 

Alami ADAMADE 

Professor PhD Agricultural and 

Biosystem 

Engineering 

National Centre for 

Agricultural 

Mechanization, Ilorin, 

Nigeria. 
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ANNEX III 

Relevant Existing Publication 
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