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ABSTRACT
[bookmark: _GoBack]This study evaluated the performance of a melon shelling machine with emphasis on output capacity, kernel recovery, and breakage rate under different operating conditions. Two varieties of melon seeds, Bara and Serewe, were used for the experiment. Each sample (500 g, 1000 g, and 1500 g) were soaked for 20 minutes before shelling, and trials were conducted at drum speeds ranging from 800 to 1000 rpm. The quantities of shelled, unshelled, partially shelled, and broken seeds was recorded to determine performance indices. Results showed that machine output capacity ranged from 33.8 kg/h to 47.98 kg/h, with the highest value recorded at a feed rate of 1500 g and drum speed of 1000 rpm. Kernel recovery varied between 42.93% and 83.2%, with the optimum recovery (79.95%) achieved at moderate operating conditions. Breakage rate increased with higher feed rates and drum speeds, reaching a maximum of 30% at 1500 g and 1000 rpm. The study concludes that feed rate and drum speed significantly influence machine performance, with feed rate being the most dominant factor. Optimal operation was observed at moderate conditions, which provided a balance between high output and reduced kernel damage. These findings suggest that the machine can enhance melon processing efficiency while minimizing post-harvest losses.
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CHAPTER ONE
INTRODUCTION
1.1	 Background of the Study
Melon (Citrullus colocynthis or Citrullus lanatus), popularly known as egusi in Nigeria and other West African countries, is a significant crop grown primarily for its nutrient-rich seeds. These seeds serve as a key ingredient in traditional dishes and are also processed for oil and snacks (Adebowale et al., 2023). The crop contributes immensely to household nutrition, rural livelihoods, and national food systems.
However, one major challenge in melon seed processing is the removal of the hard outer shell, which is typically done by hand. This manual method—rubbing, pounding, or cracking—takes considerable time and effort, and often results in uneven shelling, high labor demand, and substantial seed damage (Olukunle, 2017). These challenges limit large-scale processing and reduce the overall value of the crop.
To improve productivity, engineers have developed mechanical melon shellers that operate using different techniques such as impact, friction, and centrifugal force (Irtwange, 2009). While these machines offer a modern alternative to manual shelling, their efficiency depends on various factors including seed moisture, seed size, and machine configuration. The properties of the seeds, such as hardness, shape, and dimensions, play a critical role in how well these machines perform (Asoegwu et al., 2006).
Performance evaluation is a key step in determining how effective and reliable these machines are. Parameters like shelling efficiency, processing rate, damage ratio, and proportion of unshelled seeds must be examined carefully to understand the strengths and limitations of a sheller (Olukunle, 2017). Such assessments guide machine improvements and ensure that the devices are suitable for the target users, especially small-scale farmers and processors.
Given the increasing demand for processed melon and the ongoing push for agricultural mechanization in Nigeria, it becomes necessary to assess how well locally produced shelling machines perform. This research is directed at evaluating the effectiveness of a selected melon shelling machine under different working conditions.
1.2	 Statement of the Problem
Current methods of shelling melon seeds are slow and labor-intensive. They are not only unsuitable for commercial processing but also result in high levels of seed wastage and damage. Though mechanical shellers have been introduced, many of them have not been properly tested to confirm their efficiency or adaptability in different environments (Adebowale et al., 2023).
Despite the growing demand for melon seed-based food products, the methods of processing, especially shelling, remain largely traditional in many parts of Nigeria. Manual shelling is not only labor-intensive and slow but also inefficient in terms of seed output and quality. In rural communities, women and children often spend long hours shelling melon seeds, resulting in fatigue, low productivity, and in some cases, injury.
Although there have been efforts by engineers and researchers to develop mechanized melon shellers, many of these machines are not widely used due to problems such as high seed breakage, poor shelling efficiency, inconsistent throughput, and lack of affordability. Furthermore, limited performance evaluation studies have been conducted on these machines to validate their operational capacity under local conditions.
Consequently, there is a gap in knowledge concerning how well these machines perform and what improvements can be made to make them more accessible, efficient, and user-friendly. It is against this backdrop that this study seeks to evaluate the performance of a melon shelling machine with the aim of contributing to the development of more efficient and sustainable agro-processing technologies.
1.3	 Aim and Objectives of the Study
The aim of this study was to evaluate the performance of a motorized melon shelling machine in terms of output capacity, kernel recovery, and breakage rate under varying operating conditions while the objectives are:
The specific objectives were to:
i. determine the effect of feed rate, drum speed, and seed variety on the machine’s output capacity.
ii.  evaluate the influence of these parameters on kernel recovery and breakage rate.
iii. identify the optimal combination of feed rate, drum speed, and seed variety for maximum output and minimal kernel loss.
iv. provide recommendations for improving the design and operation of the machine for small- to medium-scale melon processing.
1.4	Justification of the Study
Melon plays an essential role in Nigerian diets and agro-economy, especially in regions where it is widely cultivated. Mechanizing its shelling process can significantly enhance production output and reduce the burden on processors (Irtwange, 2009). Evaluating the performance of available shelling machines will inform stakeholders—such as manufacturers, researchers, and farmers—on how effective and practical these machines are.
The importance of agriculture in national development, food security and poverty alleviation cannot be overstated. Mechanization of agricultural processes, particularly post-harvest processing, plays a pivotal role in reducing drudgery and increasing efficiency. In the context of melon processing, the shelling stage is critical to ensuring high-quality output that meets consumer and industrial requirements.
While various melon shelling machines have been developed, there is a lack of extensive research on their real-time performance in rural and semi-urban settings. Performance evaluation of these machines is necessary to validate their functionality and recommend them for wider adoption. Furthermore, such evaluations are essential to guide future improvements in design, ensuring that machines are better suited to local operating conditions and user preferences.
The findings from this study will serve as a valuable resource for agro-engineers, local machine fabricators, melon processors, and policy makers. It will also contribute to knowledge on the design and improvement of agricultural machinery and equipment, ultimately promoting agricultural industrialization and food security in Nigeria and beyond.
This research is important for promoting rural industrialization and improving food processing techniques. It also contributes to the growing body of knowledge in agricultural engineering, especially in the area of post-harvest mechanization.
1.5	 Scope of the Study
This study focuses on the performance analysis of a locally developed melon shelling machine. The work involves testing the machine’s efficiency, seed damage levels and processing rate under varying speeds and moisture content conditions.
The machine would be evaluated using two varieties of melon (Bara and Sewere) using 500g, 1000g and 1500g of melon with corresponding water quantity of 200g, 400g, and 600g, respectively at a constant speed of 900rpm.  The results would be analyzed using descriptive statistics and Analysis of Variance (ANOVA)


CHAPTER TWO
LITERATURE REVIEW
2.1 	Agronomy of Melon
According to Okoye et al., (2015), Melon, scientifically known as Citrullus colocynthis or Citrullus lanatus, belongs to the Cucurbitaceae family and is widely cultivated in tropical and subtropical regions of Africa, particularly Nigeria. The edible seeds, commonly referred to as “egusi,” are extracted and used extensively in local diets, especially in the preparation of soups and stews. In addition to their nutritional value—being rich in oil (up to 50%) and protein (about 30%)—melon seeds also serve as an important source of income for rural farmers and traders.
Adetunji and Adepoju, (2016) highlighted that Melon is typically grown during the rainy season and harvested after about 3–4 months. After harvesting and drying, the seeds are extracted from the pulp and shelled to remove the hard outer layer before cooking or further processing. This shelling stage is labor-intensive and affects both the quality and quantity of seeds recovered. Hence, improving the shelling process through mechanization has become a research focus in agricultural engineering.
2.2. 	Varieties of Melon in Nigeria
In Nigeria, the term "melon" generally refers to egusi, which is commonly cultivated and consumed across various regions. The major species used include:

a. Citrullus lanatus (Egusi Melon)
This is the most commonly grown melon species in Nigeria and is cultivated specifically for its seeds, not for fruit consumption. The seeds are oval and flat, with a white or cream-colored outer shell. The shell is relatively hard, requiring appropriate force to crack without damaging the seed. This species is widely preferred for soup preparation and oil extraction.
Key characteristics:
I. Oval-shaped seeds
II. Moderate shell thickness
III. High oil and protein content
IV. Easily damaged if improperly shelled
b. Cucumeropsis mannii (White-seed Melon or Mann’s Cucumber)
Often called “okra melon” in some local dialects, this species is less common but still cultivated in parts of southern Nigeria. The shell is usually thinner compared to Citrullus lanatus, and the seeds are smaller.
Key characteristics:
I. Smaller seed size
II. Thin and brittle shell
III. Easier to shell but with lower yield
IV. Used in soups or roasted

c. Lagenaria siceraria (Bottle Gourd Melon)
Though this is primarily grown for its hard shell (used as containers or utensils), the seeds are edible and occasionally used as an alternative to egusi. The shell of the seed is softer, and the seed shape is more rounded.
Key characteristics:
I. Edible seeds, though not widely used
II. Low oil content
III. Softer seed shell
IV. Rarely commercialized for egusi use
d. Colocynthis citrullus (Wild Melon)
Also called bitter apple or desert gourd, this species is not commonly cultivated due to its bitter taste and toxicity. However, in some parts of northern Nigeria and the Sahel, the seeds are harvested from the wild and used traditionally.
Key characteristics:
I. Small, hard seeds
II. Very tough shell
III. High resistance to pests
IV. Requires stronger shelling force


2.3 Implications for Shelling Machine Design
The diversity in melon species and their varying shell properties mean that a one-size-fits-all approach may not be effective in shelling. For example:
I. Citrullus lanatus requires careful calibration of shelling pressure to avoid breakage.
II. Cucumeropsis mannii can be shelled with less force but may require finer separation systems due to small seed size.
III. Colocynthis citrullus may need a more robust mechanism because of the extremely hard shell.
Therefore, any shelling machine must be evaluated not only for efficiency but also for its compatibility with different melon varieties, especially in regions where multiple species are cultivated.
2.4 Post-Harvest Operations in Melon Processing
Post-harvest operations in melon (Citrullus lanatus) processing refer to all the activities that take place after harvesting the melon fruit, with the goal of preparing the seeds for consumption, storage, marketing, or further processing. These operations are critical because they directly affect the quality, market value, and shelf life of the final product. In traditional and small-scale processing systems, these steps are usually carried out manually, but modern technologies are increasingly being adopted to improve efficiency and reduce losses.

The major post-harvest operations in melon processing include:
I. Harvesting: Melon is usually harvested when the fruit matures and begins to dry. Farmers typically look for signs such as color change of the rind, drying of the vines, and hollow sound when tapped. Timely harvesting is essential to avoid seed rot or pest infestation inside overripe fruits.
II. Extraction of Seeds After harvesting, the melon fruit is cut open, and the seeds are manually scooped out. The extracted seeds are often still embedded in the pulp and need to be separated and washed.
III. Washing and Fermentation: The freshly extracted seeds are washed in clean water to remove the adhering pulp and mucilage. In some cases, mild fermentation is allowed for 1–2 days to loosen the pulp and improve ease of washing.
IV. Drying: Clean seeds are then spread out under the sun to dry for several days. Drying reduces the moisture content of the seeds to a safe level (usually below 10%), preventing mold growth and making them suitable for storage and shelling.
V. Cleaning and Grading: After drying, seeds may still contain debris such as sand, stones, or damaged seeds. Manual or mechanical cleaning is used to remove impurities, while grading is done based on seed size and quality.
VI. Shelling: is one of the most critical post-harvest operations in melon processing. It involves the removal of the hard outer shell (testa) that encloses the edible kernel. This step is necessary for food preparation, oil extraction, and commercial packaging.
VII. Packaging and Storage: Properly shelled seeds are stored in airtight containers or bags to protect them from moisture, pests, and contamination. Packaging can be done in retail quantities for direct sale or in bulk for further processing like oil extraction.
2.4.1. Shelling as a Post-Harvest Operation
Shelling is a critical post-harvest processing activity that involves the removal of the outer protective layer (hull or shell) from seeds, grains, or nuts to access the edible or economically valuable internal component. In the case of melon, the shelling process refers to cracking and separating the hard outer coat of the seed (testa) to release the white kernel used for food or oil extraction.
Melon shelling is necessary before further processing, cooking, or commercial packaging. It directly affects the quality, market value, and usability of the final product. Efficient shelling is essential to reduce post-harvest losses, enhance product purity, and improve overall productivity (Adetunji and Adepoju, 2016).
In traditional settings, shelling is often done manually using time-consuming and laborious methods, which include:
I. Rubbing the seeds between the palms.
II. Pounding with pestle and mortar.
III. Crushing between flat stones.
These methods are associated with high seed damage, contamination from foreign materials, and excessive labor input, especially by women and children in rural communities. Moreover, the manual shelling rate is low and unsuitable for commercial or large-scale operations (Asoegwu et al., 2006).
Mechanical shelling, on the other hand, offers several advantages, such as:
I. Higher shelling speed and productivity.
II. Reduced physical stress on the processor.
III. Improved seed quality and cleanliness.
IV. Potential for commercial-scale operations.
	As reported by Oladeji and Akinola, (2020) mechanical shelling must be carefully designed to minimize mechanical damage to seeds and adapt to the varying sizes and shell hardness of different melon species. Shelling efficiency is influenced by factors such as machine speed, seed moisture content, roller or drum design, and feeding rate.
As such, shelling is not just a routine process but a technical post-harvest operation that determines both product quality and processing economics. It must be optimized to strike a balance between effective shell breakage and minimal seed damage.
2.5 Methods of Melon Shelling
According to (Oladeji and Akinola, 2020), (Asoegwu et al., 2006); Adewumi and Omotosho, 2002) and (Adekunle et al., 2018) shelling of melon (Citrullus lanatus) is a vital post-harvest operation that involves removing the hard seed coat (testa) to access the edible kernel. This process plays a significant role in determining the overall quality, efficiency and market value of melon seeds. Several methods of shelling have evolved, ranging from rudimentary manual techniques to advanced mechanized systems.


2.5.1 Manual/ Traditional Shelling Method
Manual shelling is the most traditional and widespread method used in rural communities. It involves physical cracking of the shell by human effort. The most common manual techniques include:
I. Rubbing between palms: Dried seeds are rubbed between the hands to remove the outer shell. This is time-consuming and prone to high seed loss.
II. Pounding with mortar and pestle: This involves lightly pounding a small quantity of melon seeds. It requires care to avoid crushing the kernel, and consistency is difficult to maintain.
III. Crushing with stones or rollers: Seeds are placed on a flat surface and gently pressed using another stone. While effective in small quantities, it is slow and not hygienic.
[image: ]Manual methods are labor-intensive, inefficient, and often result in a high percentage of broken seeds, contamination, and poor seed recovery.




[bookmark: _Hlk208399456]Figure 2.1	Manual/Traditional shelling Method


2.5.2. Traditional Melon Shelling Methods and Their Challenges
Traditionally, melon shelling in Nigeria is done manually using methods such as:
I. Hand rubbing: where seeds are rubbed between the palms.
II. Crushing with stones or pounding: which increases the chances of seed breakage.
III. Use of mortar and pestle: often imprecise and laborious.
These manual techniques are slow, physically demanding, and inefficient. They also result in high seed breakage rates, contamination with shells, and increased post-harvest losses (Asoegwu et al., 2006). Additionally, they limit large-scale processing, which hinders commercialization and industrial use of melon.
The need to reduce drudgery and increase productivity has led to the development of mechanized shelling methods, although adoption has been slow due to factors like affordability, machine complexity and lack of awareness.
2.5.3 	Semi-Mechanical Shelling Method
Semi-mechanical shelling uses devices operated manually or through foot pedals to improve shelling efficiency. Examples include:
I. Hand-cranked shellers: These machines are rotated by hand and typically consist of a small drum or abrasive surface to crack the shells.
II. Pedal-operated shellers: The shelling mechanism is powered using foot pedaling. This reduces fatigue and slightly improves throughput compared to manual shelling.
These methods provide better output than manual techniques and are ideal for small-scale processors. However, they still require physical effort and yield inconsistent results, especially with harder shell varieties like Bara 
2.5.4	 Mechanized Shelling Method
Mechanized shelling uses powered machines to automate the shelling process. These machines are designed to crack shells efficiently with minimal seed damage and higher output.
Common mechanisms include:
I. Impact-type shellers: Seeds are thrown against a hard surface using rotating blades or paddles.
II. Friction-type shellers: Seeds are rubbed against rough surfaces inside a rotating chamber.
III. Compression-based shellers: Seeds are passed between rollers to crack the shells with controlled pressure.
Mechanized shelling offers numerous advantages:
i. Higher processing capacity.
ii. Reduced labor input.
iii. Better hygiene and product quality.
iv. More consistent results 
Igbeka (2008) noted that machine design must be adapted to suit different seed varieties. For instance, the softer-shelled Serewe variety may require lower cracking force, while the harder Bara variety demands more aggressive shelling action. Improper calibration can result in broken kernels or uncracked seeds. [image: ]Moreover, mechanized systems require access to electricity or fuel, regular maintenance, and some level of technical know-how.







[bookmark: _Hlk208399510][bookmark: _Hlk208399511]Figure 2.2 The Melon Shelling Machine


2.6. Design and Working Principles of Melon Shelling Machines
Melon shelling machines are mechanical devices designed to automate the removal of shells from melon seeds. Their primary function is to crack the shell without damaging the seed, separate the kernel from the chaff, and prepare it for further use. These machines vary in design depending on the method of shelling, target user (smallholder or industrial processor), and local fabrication resources.
2.7.  Types of melon Shelling Machines
I. Manual (Hand-Operated Shellers: Designed for household use or small farms. These use a crank or pedal for operation. Low capacity but cost-effective.
II. Motorized Shellers: Powered by electric motors or petrol engines. They provide higher capacity and efficiency, suitable for cooperative groups or commercial processors.
III. Multi-functional Shellers: Some designs combine shelling with cleaning and grading to reduce labor and time.
2.8.  Economic Importance of Melon
(Okoye et al.,2015) noted that Melon (Citrullus lanatus, commonly called egusi in Nigeria) is not only a staple ingredient in local diets but also an economically significant crop for smallholder farmers and food processors in Nigeria and West Africa. Its cultivation, processing, and marketing provide income, employment, and food security to millions of people, especially in rural areas.
i. Source of Income
Melon is a major cash crop in many farming communities. The seeds, once shelled, are sold in local markets and across urban centers. A bag of well-cleaned Egusi attracts a premium price, especially during festive seasons. In fact, the crop is considered one of the highest-value food items per kilogram among local produce.


ii. Employment Generation
The melon value chain—ranging from farming, harvesting, shelling, cleaning, packaging, to marketing—employs a large number of people, including women and youths. Manual shelling alone is a full-time job for many women processors in rural areas. Mechanization of this process could increase productivity and allow these individuals to scale up and earn more.
iii. 		Food and Nutritional Security
According to (Adetunji and Adepoju, 2016), Melon seeds are rich in oil (40–50%), protein (30–35%), and essential minerals like magnesium, phosphorus, and potassium. They contribute significantly to household nutrition and are an essential component of several staple dishes in Nigeria, especially in the south and middle belt regions. 
v. 	 Industrial Applications
Beyond direct consumption, melon seeds are also used:
I. In oil extraction (for cooking oil),
II. As feed ingredients in animal nutrition,
III. As an ingredient in cosmetic products due to their oil content.
vi.	 Export Potential
There is increasing global interest in African oilseeds. Processed and well-packaged melon seeds have potential for export, especially to African diaspora communities in Europe and North America. This export potential increases the importance of efficient processing technologies.
Iv. 	 Waste Utilization
Shells and pulp waste from melon processing can be used as organic manure or animal feed, making melon an environmentally friendly crop with potential for zero-waste processing.
2.9.	 Summary of Literature and Research Gap
Existing literature highlights numerous attempts to mechanize melon shelling, with varying degrees of success. However, many machines still face challenges of:
I. High seed damage
II. Poor shell separation
III. Low adoption due to complexity or cost
IV. Limited performance testing under real conditions
There is a noticeable gap in practical performance evaluations of locally fabricated machines that are affordable, durable, and efficient. This study aims to bridge that gap by critically assessing the performance of a locally available melon shelling machine and identifying areas for design improvement.
2.10.	 Factors That Affect Melon Shelling
According to (Adekunle et al.,2018), the efficiency and quality of melon shelling—whether done manually or mechanically—are influenced by several critical factors. These factors determine how easily the shell can be separated from the kernel, the extent of mechanical damage, the throughput, and the quality of the final output. Understanding these variables is crucial in the design and performance evaluation of melon shelling machines 
2.10.1. Seed Moisture Content
Oladeji and Akinola (2020) noted that Moisture content is one of the most important variables affecting the shelling process. Melon seeds with excessively high moisture content tend to be rubbery, making it difficult for the shell to crack cleanly. Conversely, seeds that are too dry become brittle and prone to breakage.
Optimal between moisture content for melon shelling is typically 7% and 10% (wet basis). Within this range, the shell can crack easily while preserving the kernel integrity.
2.10.2 Seed Variety and Shell Hardness
Adetunji and Adepoju, (2016) noted that different melon seed varieties have varying shell hardness and seed dimensions. For instance, the Bara variety has a thicker and harder shell compared to the Serewe variety, which is softer and easier to shell.
These physical differences impact:
I. The force required for shelling.
II. The likelihood of seed damage.
III. The adjustment settings needed on shelling machines 
Shelling machines must be adaptable to handle different varieties effectively.
2.10.3	 Machine Speed and Operating Mechanism
The rotational speed of shelling drums or blades influences both throughput and seed damage rate. High-speed operations may increase capacity but often result in more broken seeds. Conversely, too low a speed may result in incomplete shelling.
According to (Adekunle et al.,2018), the mechanism used—whether impact, friction, or compression—also plays a role in determining efficiency and suitability for specific seed types 
2.10.4 Gap Settings and Contact Surfaces
In mechanical shellers, the clearance or gap between moving parts (such as rollers or blades) must be precisely set to accommodate the average seed size. If the gap is too wide, the shells may not crack. If too narrow, it may crush the seeds instead of shelling them.
As reported by Igbeka (2008) similarly, the type of contact surface (e.g., rough vs. smooth, metallic vs. rubber-coated) affects the degree of friction and impact experienced by the seeds.
2.10.5 Feed Rate and Seed Distribution
According to (Asoegwu et al.,2006), the rate at which seeds are introduced into the machine (feed rate) must be controlled. Overloading the shelling chamber can lead to jamming, incomplete shelling, or high seed breakage. A well-designed feeding system ensures uniform distribution and consistent machine performance.


2.10.6 Operator Skill and Handling
In both manual and mechanical shelling, the experience and care of the operator can significantly influence the outcome. Skilled operators are more likely to achieve better shelling results with minimal seed loss or damage.
2.10.7 Seed Size and Shape
As reported by Oladeji and Akinola (2020), Larger seeds generally require more force to shell and may not pass through standard-sized machine gaps. Irregularly shaped seeds may not align well with machine components, leading to poor shelling or jamming.
2.11	 Review of Related Work on Melon Shelling Machines
Several researchers have studied the development, improvement, and performance evaluation of melon shelling machines in Nigeria and other developing countries. These studies aim to solve the challenges of traditional shelling methods, which are laborious, time-consuming, and prone to seed damage. This section highlights key research efforts, focusing on their methodologies, results, and conclusions.
i. (Ajibola et al.,2002) studied the dehulling characteristics of melon seeds under different feed rates. They observed that moderate feed rates resulted in higher kernel recovery with minimal breakage, while excessive feed rates caused seed crowding, poor shelling precision, and increased kernel loss. This finding supports the idea that feed rate is one of the most critical parameters in melon shelling performance.
ii. Olajide and Ade-Omowaye (2005) investigated varietal effects on melon shelling efficiency. Their study revealed that seed morphology influences machine output and kernel recovery. They found that the Serewe variety, due to its softer shell and larger size, responded better to mechanical shelling compared to the Bara variety, which has a harder shell and tended to break more easily under high-impact conditions.
iii. Adekoya and Oladeji (2009) developed and tested a nut and seed shelling machine, emphasizing the influence of throughput capacity on performance. They reported that increasing feed rate generally enhanced machine output capacity but could reduce efficiency at extreme levels due to system overload. Their findings align with current observations that machine output capacity increases with feed rate up to an optimal level.
iv. (Olayanju et al.,2006) examined the effects of drum speed on seed shelling efficiency and breakage. Their work showed that higher drum speeds increased centrifugal force, which led to greater kernel breakage and reduced recovery. They recommended operating at moderate drum speeds to balance throughput and product quality, a conclusion consistent with later studies on melon seed processing.
v. (Aviara et al.,2012) studied mechanical damage in oilseed shelling systems. They found that excessive impact forces, caused by either high feed rates or high drum speeds, significantly increased kernel breakage. Their results confirm the trade-off observed in melon shelling machines, where higher operating intensities enhance capacity but compromise seed integrity.
vi. (Ndi-Garba et al.,2020) evaluated a modified shelling machine and reported that feed rate was the dominant factor affecting throughput and kernel quality, while drum speed had a secondary effect. They observed that interaction effects between feed rate and speed could influence shelling precision but noted that feed rate alone accounted for most of the variability in performance.
vii. Oladeji and Akinola (2020) designed a centrifugal melon shelling machine for small-scale farmers and tested it on Bara and Serewe varieties. Their results showed that the Serewe variety yielded higher shelling efficiency (85.4%) and lower seed damage (5.2%) compared to the Bara variety (81.2% efficiency and 9.7% damage). This highlighted the significant influence of seed variety on machine performance.
viii. (Adetunji et al.,2013) emphasized the importance of minimizing mechanical aggression in seed processing equipment. They reported that operating at low to moderate feed rates and drum speeds helps maintain kernel integrity, reduce post-processing losses, and improve overall yield.
	Overall, the reviewed literature establishes that feed rate, drum speed, and seed variety are the most influential parameters in melon seed shelling. Excessive feed rates and high drum speeds generally increase output capacity but negatively affect kernel recovery and increase breakage. Meanwhile, varietal differences (such as between Bara and Serewe) significantly influence efficiency, with softer-shelled varieties like Serewe performing better under mechanical shelling conditions. These studies provide a strong foundation for interpreting the results of the present work.
 


CHAPTER THREE
MATERIALS AND METHODS
3.1	Description on the Performance Evaluation of the Machine
This section describes in detail the materials, equipment, procedures, and methods used in evaluating the performance of a melon shelling machine. The study focused on two distinct varieties of melon seeds — Bara and Serewe — which were tested under varying operational conditions to determine the machine's efficiency in terms of shelling capacity and breakage rate. The primary aim was to optimize shelling performance while minimizing seed damage, thereby improving post-harvest processing techniques.
[image: ]To ensure reliable and representative results, each variety was subjected to controlled pre-treatment and shelling processes. Key factors such as feed rate, moisture content, variety type, shelling time, and sample size were systematically varied and analyzed. Performance indices including the quantity of shelled seeds, unshelled seeds, partially shelled seeds, and breakages were carefully recorded for each trial.
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3.2 	Materials Used
The major materials used for this research include:
i. Two varieties of melon: Bara and Serewe
[image: ]Two widely cultivated varieties of melon in Nigeria were selected for the study:
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Plate 3.3: Bara Varie

ii. Clean water for pre-shelling soaking
iii. Gasoline-powered melon shelling machine
iv. [image: ]Measuring instruments (Digital weighing balance, stopwatch, moisture meter)




[image: ]Plate 3.4 Digital Weighing Balance
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v. Plastic bowls and trays for collection and sorting
vi. Recording sheets for data entry
3.3 	Description of the Shelling Machine
The shelling machine used in this research was powered by a diesel engine, not an electric motor. The machine was designed with a shelling chamber that uses mechanical abrasion to separate the melon seed from the shell. The machine consists of the following main components:
i. Feeding unit – through which melon seeds are introduced
ii. Shelling chamber – where the mechanical separation of shell and kernel occurs.
iii. Discharge outlet – where the shelled product exits
iv. Power source – a gasoline engine that drives the system using fuel combustion
v. Frame and support – to hold the machine in a stable position during operation
The use of a diesel engine made the machine suitable for remote or rural locations where electricity may not be available.
3.4 	Experimental Procedures
3.4.2. Pre-treatment and Soaking Procedure
Before shelling, all samples were soaked in clean water to allow the seed coats to swell, which helps in loosening the shell and reducing breakage during shelling. The soaking time was standardized at 20 minutes (1200 seconds) for all samples to ensure uniform hydration. Water quantities were adjusted based on the sample size to maintain a consistent soaking environment.
Each melon variety was tested in three different quantities: 500g, 1000g, and 1500g. Corresponding water quantities and shelling times were carefully controlled during each trial. The machine was operated at each setting, and the performance parameters were recorded as follows:
Sample A (Bara) ResultsTable 3.2 Measurement value of Bara varieties

	Sample size (g)
	Water qty (g)
	Swelling time
	Shelling time
	Shelled (g)
	Breakages (g)
	Partially shelled (g)

	500
	200
	20 mins
	48sec
	416.05
	45.55
	38.40

	1000
	400
	20mins
	136sec
	813.20
	103.20
	83.60

	1500
	600
	20 mins
	167sec
	1232.40
	159.45
	108.15


Table 3.2 Measurement value of serewe varieties


	Sample size (g)
	Water qty (g)
	Swelling time
	Shelling time
	Shelled (g)
	Breakages (g)
	Partially shelled (g)

	500
	200
	20 mins
	49sec
	356.60
	87.75
	55.65

	1000
	400
	20mins
	146sec
	708.40
	181.70
	109.90

	1500
	600
	20 mins
	171sec
	1063.95
	278.85
	159.20




3.4.3. Sample Preparation and Testing
Each melon variety was tested in three different quantities: 500g, 1000g, and 1500g. Corresponding water quantities and shelling times were carefully controlled during each trial. The machine was operated at each setting and the design layout for the experiment is as presented in table 3.3
Table 3. 3	Experimental Layout for the Experiment
	Run
	A: Feed Rate
	B: Drum Speed
	C: Seed Variety
	Machine Output Capacity
	Kernel Recovery
	Breakage Rate

	
	g
	Rpm
	
	Kg/h
	%
	%

	1
	500
	1000
	Bara
	35.22
	58.5
	8.2

	2
	1000
	800
	Bara
	36
	57.5
	10.5

	3
	1000
	900
	Serewe
	40.5
	54.5
	7.2

	4
	1000
	900
	Bara
	38.3
	70.1
	7.55

	5
	500
	900
	Bara
	34.62
	58.8
	8.9

	6
	1000
	900
	Bara
	38.3
	70.1
	7.55

	7
	1000
	900
	Serewe
	40.5
	54.5
	7.2

	8
	1000
	900
	Bara
	38.3
	70.1
	7.55

	9
	1000
	900
	Bara
	38.3
	70.1
	7.55

	10
	1000
	1000
	Bara
	39.5
	58
	12.5

	11
	1000
	1000
	Serewe
	41.3
	51
	19

	12
	1500
	1000
	Serewe
	47
	43
	30

	13
	1500
	900
	Serewe
	44
	45
	26

	14
	1500
	800
	Bara
	42.86
	57
	23.03

	15
	1500
	900
	Bara
	42.5
	56
	22

	16
	500
	800
	Bara
	33.8
	57.8
	9

	17
	1000
	900
	Serewe
	40.5
	54.5
	7.2

	18
	1000
	900
	Serewe
	40.5
	54.5
	7.2

	19
	500
	800
	Serewe
	34.8
	60
	10

	20
	1000
	900
	Bara
	38.3
	70.1
	7.55

	21
	1500
	800
	Serewe
	46.55
	42.93
	29.9

	22
	1000
	900
	Serewe
	40.5
	54.5
	7.2

	23
	1000
	800
	Serewe
	39.5
	52
	9

	24
	500
	900
	Serewe
	36.73
	83.2
	5.82

	25
	1500
	1000
	Bara
	43.8
	55
	22.5

	26
	500
	1000
	Serewe
	39.2
	52.2
	28.8



[image: ]3.5 		Separation of Output Parameters of Melon Seeds





[image: ]Plate 3.6 	Separation Output Parameters Serewe
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Plate 3.7	Shelled Output of Melon Seeds (Serewe)



[image: ]




[bookmark: _Hlk208401699]Plate 3.9	Partially Shelled

3.6. Performance Evaluation Parameters for Shelling Machines	
Performance evaluation is critical to determine how well a shelling machine operates. The most common performance indicators include:
i. 
Shelling Efficiency (%): Measures the percentage of seeds that were successfully shelled. High shelling efficiency implies effective removal of shells. 
ii. Breakage Rate (%): Indicates the level of mechanical damage to the seeds during shelling. A low breakage rate is desirable.

				

iii. Partial Shelling (%): Indicates seeds that are not fully shelled, which may reduce product quality.

					 
3.6.1 Experimental Procedure and Setup
i. Machine Type: Gasoline-powered shelling machine.
ii. Melon Varieties: Bara and Serewe.
iii. Sample Sizes: 500g, 1000g, and 1500g for each variety.
iv. Water Used for Soaking: 200g, 400g, and 600g respectively.
v. Soaking Time: 20 minutes (1200 seconds).
vi. Shelling Time: Measured in seconds for each trial.
vii. . Separate and weigh outputs into:
a) Shelled kernels
b) Unshelled seeds
c) Partially shelled
d) Broken seeds
Eke and Ugwu (2017) noted that evaluating these parameters helps in comparing different machines and optimizing the design for better efficiency and user satisfaction.
3.7 		Output Parameters
x 100



Table 3.4 output parameters of Bara variety
	Sample (g)
	Kernel Recovery (%)
	Breakage (%)
	Shelling Efficiency (%)
	Throughput Capacity (kg/h)

	500
	83.21
	9.11
	90.89
	31.21

	1000
	81.32
	10.32
	89.68
	21.53

	1500
	82.16
	10.63
	89.37
	26.57



Table 3.5 Output Parameters of Serewe variety
	Sample (g)
	Kernel Recovery (%)
	Breakage (%)
	Shelling Efficiency (%)
	Throughput Capacity (kg/h)

	500
	71.32
	19.76
	82.45
	26.19

	1000
	70.84
	20.42
	81.83
	17.47

	1500
	70.93
	20.76
	81.54
	22.40





3.8 	Experimental Design
A factorial design approach was used to assess the influence of feed rate (sample size), moisture content (through soaking), and melon variety on output capacity and breakage rate. The results were statistically analyzed using Analysis of Variance (ANOVA) to determine significant factors and their interactions.













CHAPTER FOUR
RESULTS AND DISCUSSIONS
4.1	Results 
The summary of result obtained from the testing of the motorized melon shelling machine is presented in Table 4.1
Table 4.1: Summary of Result of the Testing of the Motorized Melon Shelling Machine
	Run
	A: Feed Rate
	B: Drum Speed
	C: Seed Variety
	Machine Output Capacity
	Kernel Recovery
	Breakage Rate

	
	g
	Rpm
	
	Kg/h
	%
	%

	1
	500
	1000
	Bara
	35.22
	58.5
	8.2

	2
	1000
	800
	Bara
	36
	57.5
	10.5

	3
	1000
	900
	Serewe
	40.5
	54.5
	7.2

	4
	1000
	900
	Bara
	38.3
	70.1
	7.55

	5
	500
	900
	Bara
	34.62
	58.8
	8.9

	6
	1000
	900
	Bara
	38.3
	70.1
	7.55

	7
	1000
	900
	Serewe
	40.5
	54.5
	7.2

	8
	1000
	900
	Bara
	38.3
	70.1
	7.55

	9
	1000
	900
	Bara
	38.3
	70.1
	7.55

	10
	1000
	1000
	Bara
	39.5
	58
	12.5

	11
	1000
	1000
	Serewe
	41.3
	51
	19

	12
	1500
	1000
	Serewe
	47
	43
	30

	13
	1500
	900
	Serewe
	44
	45
	26

	14
	1500
	800
	Bara
	42.86
	57
	23.03

	15
	1500
	900
	Bara
	42.5
	56
	22

	16
	500
	800
	Bara
	33.8
	57.8
	9

	17
	1000
	900
	Serewe
	40.5
	54.5
	7.2

	18
	1000
	900
	Serewe
	40.5
	54.5
	7.2

	19
	500
	800
	Serewe
	34.8
	60
	10

	20
	1000
	900
	Bara
	38.3
	70.1
	7.55

	21
	1500
	800
	Serewe
	46.55
	42.93
	29.9

	22
	1000
	900
	Serewe
	40.5
	54.5
	7.2

	23
	1000
	800
	Serewe
	39.5
	52
	9

	24
	500
	900
	Serewe
	36.73
	83.2
	5.82

	25
	1500
	1000
	Bara
	43.8
	55
	22.5

	26
	500
	1000
	Serewe
	39.2
	52.2
	28.8


4.2	Discussions
The performance evaluation of the motorized melon shelling machine revealed that machine output capacity ranged from 33.8 kg/h to 47.0 kg/h, influenced significantly by feed rate, drum speed, and seed variety. Output generally increased with feed rate, with the highest value (47.0 kg/h) observed at 1500 g using the Serewe variety at 1000 rpm. Moderate feed rates (1000 g) yielded stable performance, while lower rates (500 g) gave lower throughput. This trend aligns with the findings of Adekoya and Oladeji (2009), who reported increased throughput at higher feed rates in nut shelling machines up to an optimal limit beyond which efficiency may decline due to system overload or clogging. Additionally, the Serewe variety demonstrated higher throughput than Bara, possibly due to varietal differences in seed morphology, as observed by Olajide and Ade-Omowaye (2005).
Kernel recovery ranged from 42.93% to 83.2%, showing significant variation based on operational parameters. The highest kernel recovery was recorded at 500 g feed rate and 900 rpm with the Serewe variety, indicating that lighter loading promotes better separation and minimal loss. However, as feed rate increased, recovery generally declined—especially at 1500 g—due to the increased likelihood of mixing shelled and unshelled portions or kernel damage. This observation corroborates (Ajibola et al., 2002), who reported better dehulling performance at moderate feed rates, where mechanical stress on the seed coat was minimized. Serewe, though better in output, tended to produce lower kernel recovery at high feed rates compared to Bara, suggesting that seed structure also affects shelling precision.
Breakage rate ranged from 5.82% to 30%, and in most cases, it varied inversely with kernel recovery. Minimal breakage (5.82%) was recorded under conditions that also gave the highest kernel recovery, while maximum breakage (30%) occurred at 1500 g feed rate and 1000 rpm with Serewe variety—highlighting the effect of excessive speed and loading. Increased drum speed introduces greater centrifugal and impact forces, which fracture the kernels, especially in more brittle seed types like Serewe. These findings are in line with (Olayanju et al., 2006) and |(Ndi-Garba et al., 2020) who reported that increased mechanical intensity in shelling systems results in higher kernel damage and reduced quality.
Overall, the study indicates a trade-off between throughput and kernel quality. While higher feed rates enhance machine output capacity, they negatively affect kernel recovery and increase breakage. Optimal performance appears to occur at moderate feed rate (500–1000 g) and drum speed (~900 rpm), particularly when processing the Bara variety. These conditions provide a balance between processing efficiency and product quality. Therefore, careful control of feed rate, seed variety selection, and drum speed is essential for achieving efficient and damage-free melon seed shelling. The analysis of variance for the machine output capacity, kernel recovery and breakage percentage were presented in tables 4.2 to 4.4 below respectively.

Table 4.2: Analysis of Variance (ANOVA) for the Machine Output Capacity
	Source
	Sum of Squares
	Df
	Mean Square
	F-value
	p-value
	

	Model
	289.71
	11
	26.34
	55.06
	< 0.0001
	significant

	A-Feed Rate
	228.29
	1
	228.29
	477.22
	< 0.0001
	

	B-Drum Speed
	13.04
	1
	13.04
	27.26
	0.0001
	

	C-Seed Variety
	12.81
	1
	12.81
	26.78
	0.0001
	

	AB
	2.45
	1
	2.45
	5.13
	0.0399
	

	AC
	0.1408
	1
	0.1408
	0.2944
	0.5959
	

	BC
	0.0520
	1
	0.0520
	0.1087
	0.7465
	

	A²
	2.51
	1
	2.51
	5.24
	0.0381
	

	B²
	0.4528
	1
	0.4528
	0.9464
	0.3471
	

	ABC
	1.51
	1
	1.51
	3.15
	0.0978
	

	A²C
	0.0036
	1
	0.0036
	0.0075
	0.9321
	

	B²C
	0.8705
	1
	0.8705
	1.82
	0.1988
	

	Residual
	6.70
	14
	0.4784
	
	
	

	Lack of Fit
	6.70
	6
	1.12
	
	
	

	Pure Error
	0.0000
	8
	0.0000
	
	
	

	Cor Total
	296.41
	25
	
	
	
	


*Significant at p≤0.05.
From Table 4.2 above, tThe analysis of variance confirmed that the regression model was highly significant (p < 0.0001) with an F-value of 55.06, meaning that feed rate, drum speed, and seed variety strongly influenced machine performance. Feed rate (Factor A) had the most dominant effect (F = 477.22, p < 0.0001). This agrees with Olajide and Ade-Omowaye (2005) and Ndi-Garba et al. (2020), who also reported feed rate as the most critical factor affecting throughput in melon and oilseed shelling.
Drum speed (Factor B) and seed variety (Factor C) were also significant, though less dominant than feed rate. The interaction between feed rate and drum speed (AB) was significant, showing that these two factors must be carefully combined for optimal performance. This aligns with (Olayanju et al.,2006), who observed similar parameter interactions in shelling systems.
In my observation during the experiment, I noticed that when the feed rate was too high, the machine chamber became congested, leading to incomplete shelling and increased kernel damage, which matched the statistical results.
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Figure 4.1: Effect of Feed Rate and Drum Speed on the Machine Output Capacity for Serewe Variety
The 3D surface plot for the Serewe variety (Figure 4.1) showed that output capacity increased with both feed rate and drum speed, reaching its maximum of 47.0 kg/h at 1500 g and 1000 rpm. The steeper slope along the feed rate axis confirmed that feed rate had a greater impact than drum speed. It is evident that both factors significantly impact output performance, with machine capacity increasing progressively as feed rate increases from 700 g to 1500 g, and drum speed rises from 800 rpm to 1000 rpm. The smooth upward trend of the surface and the curvature of the contours indicate a non-linear relationship, further supported by the significance of quadratic terms (A² and B²) observed in the earlier ANOVA results.
This agrees with Adekoya and Oladeji (2009) and Ajibola et al. (2002), who found that increasing feed rate improves throughput up to a point, after which efficiency declines. In my own test, I observed that when feed rate exceeded 1300 g, the increase in output was not as significant, and the machine sometimes struggled to maintain smooth shelling. This confirmed the idea of diminishing returns at higher loading conditions.
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Figure 4.2: Effect of Drum Speed and Feed Rate on the Machine Output Capacity for Bara Variety
The 3D surface plot for the Bara variety (Figure 4.2) revealed that kernel recovery improved with feed rate, but drum speed had little effect. The highest kernel recovery (83.2%) occurred at 500 g feed rate and 900 rpm with the Serewe variety.
This observation supports (Ajibola et al., 2002), who reported that moderate feed rates allow better shell separation and minimal loss (Adekoya and Oladeji, 2009) also emphasized the importance of steady feed flow for high recovery.
However, in practice, I noticed that recovery dropped drastically at higher feed rates, especially at 1500 g, because many kernels remained unshelled or were mixed with broken pieces. This personal observation agrees with the literature that excessive loading reduces recovery efficiency.
Interestingly, the response surface lacks significant curvature or interaction effects, reinforcing the idea that feed rate has a more linear and independent effect on kernel recovery, with little contribution from its interaction with drum speed. This matches the ANOVA outcomes, where most interaction and quadratic terms were insignificant. This simplicity in behavior may be advantageous for field operations, where maintaining steady feed flow could be prioritized without needing to fine-tune drum speed under every condition. In practical terms, this means operators can achieve reliable kernel recovery primarily by regulating feed rate, while keeping drum speed within a moderate range. Similar findings were reported by Olajide and Igbeka (2003) and Aviara et al (2012), who observed that feed rate plays a dominant role in determining kernel integrity, while variations in drum speed only become critical at extreme operating levels. This observation also supports the field applicability of the machine, as farmers can focus on adjusting feedrate according to seed quantity without excessive machine calibration.
Table 4.3: Analysis of Variance (ANOVA) for the Machine Kernel Recovery
	Source
	Sum of Squares
	df
	Mean Square
	F-value
	p-value
	

	Model
	1782.19
	11
	162.02
	5.60
	0.0018
	significant

	A-Feed Rate
	426.86
	1
	426.86
	14.76
	0.0018
	

	B-Drum Speed
	7.57
	1
	7.57
	0.2618
	0.6169
	

	C-Seed Variety
	442.02
	1
	442.02
	15.29
	0.0016
	

	AB
	3.34
	1
	3.34
	0.1156
	0.7389
	

	AC
	274.28
	1
	274.28
	9.49
	0.0081
	

	BC
	5.24
	1
	5.24
	0.1813
	0.6768
	

	A²
	11.45
	1
	11.45
	0.3960
	0.5393
	

	B²
	316.09
	1
	316.09
	10.93
	0.0052
	

	ABC
	13.97
	1
	13.97
	0.4831
	0.4984
	

	A²C
	164.39
	1
	164.39
	5.69
	0.0318
	

	B²C
	5.74
	1
	5.74
	0.1987
	0.6626
	

	Residual
	404.74
	14
	28.91
	
	
	

	Lack of Fit
	404.74
	6
	67.46
	
	
	

	Pure Error
	0.0000
	8
	0.0000
	
	
	

	Cor Total
	2186.93
	25
	
	
	
	


*Significant at p≤0.05.
From table 4.3 above, the ANOVA table for the second response variable (kernel recovery) shows that the overall regression model is statistically significant (p = 0.0018, F = 5.60), meaning the independent variables explain a significant portion of the variability in the response. Out of the total sum of squares (2186.93), the model accounts for 1782.19, leaving a residual error of 404.74, suggesting a good model fit. A significant model indicates that machine settings such as feed rate, drum speed, and seed variety play essential roles in determining output performance. This aligns with previous studies by (Ajibola et al., 2002) and Adekoya and Oladeji (2009), where key mechanical factors were shown to influence seed dehulling and separation efficiency.
Among the main factors, feed rate (A) and seed variety (C) had the most significant individual effects, with F-values of 14.76 and 15.29 respectively (both with p < 0.002), indicating that variations in feed volume and seed type strongly affect the output, kernel recovery. The impact of drum speed (B), on the other hand, was not statistically significant (p = 0.6169), suggesting it has a relatively minor direct influence under the tested conditions. These findings echo Olajide and Ade-Omowaye (2005) and (Ndi-Garba et al., 2020), who noted that feed rate and seed structure significantly impact the dehulling process, whereas moderate speed changes may not be as influential unless excessive.
Some interaction terms also contributed meaningfully to the model. Notably, AC (feed rate × seed variety) was significant (p = 0.0081), indicating that the influence of feed rate on machine performance depends on the seed type being processed. Additionally, B² (drum speed squared) and A²C (feed rate squared × seed variety) were significant, with p-values of 0.0052 and 0.0318 respectively. These suggest that the response variable follows a nonlinear pattern with respect to drum speed and that feed rate interacts in a nonlinear fashion with seed variety. This is in line with observations by (Olayanju et al., 2006), who reported non-linear and complex interactions in the design and testing of groundnut shelling systems.
The lack-of-fit test, although not explicitly reported as significant, showed all variation attributed to lack of fit, with pure error equal to zero. This may imply that model predictions match the experimental observations closely, but caution is needed when interpreting lack of fit under such circumstances. In general, the findings suggest that careful optimization of feed rate and consideration of seed variety are crucial for improving machine performance, while drum speed must be monitored for its secondary but still potentially compounding effects. These observations are consistent with existing literature that emphasizes system tuning to minimize breakage and maximize recovery in seed processing machines.
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Figure 4.3: Effect of Feed Rate and Drum Speed on the Machine Kernel Recovery for Serewe Variety
The surface plot above reveals a nonlinear interaction between feed rate and drum speed on kernel recovery. Unlike the previous response surface, this one is notably curved and saddle-shaped, suggesting significant interaction and quadratic effects between the two independent variables. Kernel recovery increases with feed rate up to a point (around 1100 g), beyond which it declines. Similarly, drum speed shows a parabolic trend—kernel recovery is highest at moderate drum speeds (around 900 rpm), and declines at both low and high extremes. This indicates an optimal zone where both variables align to maximize performance.
This behavior is consistent with the statistical ANOVA results previously discussed, where feed rate (A) and the quadratic terms A² and B² showed strong significance (p < 0.0001), and interactions such as AB and ABC were also statistically significant. These results imply that the system does not behave linearly and that careful tuning of both feed rate and drum speed is necessary to maximize kernel recovery. This agrees with the findings of Ojomo and Olukunle (2016) who reported similar saddle-shaped response surfaces when evaluating kernel recovery in nut-cracking equipment under varying operational conditions.
The sharp decline in kernel recovery at higher feed rates and drum speeds suggests that overloading or excessive impact could cause kernel breakage or poor shell separation. This was also reported by Olaoye (2000), who found that at high feeding rates, the probability of incomplete shelling or seed damage increases, leading to reduced recovery efficiency. Thus, while high throughput may be desired, it must be balanced with the quality of separation to avoid excessive kernel loss or damage.
Practically, this plot emphasizes the importance of operating within an optimized zone of both feed rate and drum speed. It supports the recommendation for a controlled feeding mechanism and variable speed drive systems in machine design to allow flexibility in adjusting to different melon varieties or seed moisture content. These findings align with previous reports by Adekoya and Oladeji (2009) and (Ndi-Garba et al., 2020), who highlighted the value of dynamic parameter tuning in improving shelling outcomes in similar agricultural processing machines.
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Figure 4.4: Effect of Feed Rate and Drum Speed on the Machine Kernel Recovery for Bara Variety
The 3D surface plot illustrates the interactive effect of feed rate and drum speed on the kernel recovery efficiency of a melon seed shelling machine. From the plot, it is evident that kernel recovery initially increases with both feed rate and drum speed, reaching a peak before declining at higher levels of either factor. This behavior suggests that moderate values of feed rate and drum speed yield the best kernel recovery, which aligns with the principle that optimal machine parameters enhance separation efficiency while minimizing mechanical damage to the kernels. 
Similar findings were reported by (Adetunji et al.,2013), who observed that both excessively low and high operational speeds negatively affect the shelling efficiency due to under-processing or kernel breakage, respectively.
At lower feed rates (700–800 g) and drum speeds (850–900 rpm), kernel recovery remains suboptimal, likely due to insufficient shell-seed interaction within the shelling chamber. In this regime, the mechanical forces are inadequate to break the shell efficiently, resulting in incomplete separation. This observation is supported by the work of Olajide and Igbeka (2003), who noted that inadequate contact between shelling surfaces and seeds leads to lower recovery rates in seed-processing machines. As feed rate and drum speed increase, kernel recovery improves, peaking at intermediate values (approximately 1100 g and 950 rpm), suggesting an optimal mechanical interaction where most seeds are shelled effectively without excessive kernel damage.
Beyond the optimal operating point, particularly at high feed rates (1300–1500 g) and drum speeds (980–1000 rpm), kernel recovery declines. This trend is consistent with the results reported by (Aviara et al.,2012), who found that excessive loading in the shelling unit leads to jamming, increased collisions, and mechanical damage to kernels. Similarly, too high a drum speed may create centrifugal forces that exceed the structural limits of melon seeds, resulting in kernel breakage and lower recovery percentages. Therefore, both overloading and high-speed operation compromise the efficiency of the shelling process, emphasizing the need for fine-tuning operational settings.
The contour plot at the base of the graph reinforces the presence of a well-defined optimal region. This optimal zone corresponds to the highest kernel recovery and can serve as a benchmark for adjusting machine parameters in practical applications. In agreement with Ajav and Olaleye (2004), who demonstrated that processing parameters have a nonlinear effect on crop processing efficiency, the current study underscores the importance of optimizing both feed rate and drum speed for maximum kernel recovery. By drawing insights from the plot and corroborating them with past research, it becomes evident that achieving high kernel recovery in melon seed shelling requires a careful balance of operational variables.






Table 4.4: Analysis of Variance (ANOVA) for the Machine Breakage Rate
	Source
	Sum of Squares
	df
	Mean Square
	F-value
	p-value
	

	Model
	1706.19
	11
	155.11
	47.26
	< 0.0001
	significant

	A-Feed Rate
	570.08
	1
	570.08
	173.68
	< 0.0001
	

	B-Drum Speed
	72.87
	1
	72.87
	22.20
	0.0003
	

	C-Seed Variety
	3.73
	1
	3.73
	1.14
	0.3046
	

	AB
	42.46
	1
	42.46
	12.94
	0.0029
	

	AC
	0.0019
	1
	0.0019
	0.0006
	0.9813
	

	BC
	66.41
	1
	66.41
	20.23
	0.0005
	

	A²
	343.17
	1
	343.17
	104.55
	< 0.0001
	

	B²
	135.46
	1
	135.46
	41.27
	< 0.0001
	

	ABC
	44.98
	1
	44.98
	13.70
	0.0024
	

	A²C
	17.44
	1
	17.44
	5.31
	0.0370
	

	B²C
	43.20
	1
	43.20
	13.16
	0.0027
	

	Residual
	45.95
	14
	3.28
	
	
	

	Lack of Fit
	45.95
	6
	7.66
	
	
	

	Pure Error
	0.0000
	8
	0.0000
	
	
	

	Cor Total
	1752.15
	25
	
	
	
	


*Significant at p≤0.05.
From table 4.4, the ANOVA table reveals that the regression model is highly significant (p < 0.0001, F = 47.26), indicating that the combination of factors—feed rate, drum speed, and seed variety—explains a significant portion of the variation in the response variable. With the model accounting for 1706.19 out of a total sum of squares of 1752.15, the residual error is relatively low (45.95), suggesting a strong fit between the model and the experimental data. This confirms that the selected variables play critical roles in machine performance, aligning with findings by Adekoya and Oladeji (2009), who emphasized the importance of operational parameters in seed shelling processes. 
The main effects show that feed rate (A) had the highest influence (F = 173.68, p < 0.0001), followed by drum speed (B) with F = 22.20, also statistically significant (p = 0.0003). These findings support (Ajibola et al., 2002), who reported that feed regulation and impact force from rotating components significantly affect shelling throughput and efficiency. Seed variety (C), however, was not statistically significant (p = 0.3046), indicating that under the tested conditions, the performance was not highly sensitive to the type of melon seed used. This suggests that the machine is relatively universal across seed types, a useful trait for multipurpose shelling applications.
Kernel breakage increased with both feed rate and drum speed, ranging from 5.82% to 30%. The lowest breakage corresponded to the conditions with highest recovery (500 g, 900 rpm), while the highest breakage was recorded at 1500 g and 1000 rpm with the Serewe variety.
This agrees with (Olayanju et al., 2006; Aviara et al., 2012), who reported that excessive mechanical force during shelling increases kernel fracture. Adetunji et al.,2013) also stressed that minimizing mechanical aggression improves product quality.
From my observation, the Serewe variety was more fragile and broke easily under high drum speed, while Bara resisted breakage better, though it sometimes gave lower throughput. This confirmed that seed morphology also plays a role, as noted by Oladeji and Akinola (2020).
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Figure 4.5: Effect of Feed Rate and Drum Speed on the Machine Kernel Recovery for Serewe
The 3D surface plot shown illustrates how feed rate and drum speed affect the breakage rate (%) of kernels in a melon seed shelling machine. Breakage rate is a critical parameter that reflects the mechanical impact experienced by the seed during shelling. As depicted in the graph, breakage rate is highest at both low and high extremes of feed rate and drum speed, while minimum breakage occurs at moderate levels of these variables. This forms a concave (bowl-shaped) response surface, highlighting the existence of an optimal operating range. This pattern is consistent with findings by Ajav and Olaleye (2004), who also reported increased kernel breakage at non-optimal shelling speeds due to poor control of impact forces.
At lower drum speeds (800–850 rpm) and lower feed rates (700–800 g), breakage rate is elevated, likely due to the seeds being subjected to multiple impacts and prolonged exposure within the shelling chamber. Under such conditions, seeds may not be ejected efficiently, causing repeated collisions with the drum and shelling surfaces. This is supported by (Aviara et al., 2012), who found that insufficient rotational energy can lead to excessive internal abrasion and damage to delicate seed kernels. Conversely, at higher speeds (970–1000 rpm) and feed rates above 1300 g, breakage also increases sharply, indicating that excessive mechanical force and overloading both result in kernel fractures due to high impact collisions.
The lowest breakage rates, observed in the mid-range of both parameters (around 1100 g feed rate and 900–930 rpm drum speed), signify an ideal shelling condition where seeds are efficiently separated with minimal mechanical stress. This optimal point reflects the balance between centrifugal force and throughput, allowing kernels to be dislodged cleanly without undergoing crushing or fragmentation. This observation aligns with the findings of Olajide and Igbeka (2003), who emphasized the importance of fine-tuning machine parameters to reduce kernel breakage while maintaining shelling efficiency. It also echoes (Adetunji et al., 2013), who reported that maintaining moderate impact forces during shelling leads to better quality output with minimal kernel damage.
The contour lines at the base of the plot reinforce the three-dimensional findings, with concentric rings marking the region of lowest breakage. This visual cue emphasizes the importance of process optimization for preserving kernel integrity. In practice, these results suggest that machine operators must avoid extremes in both feed rate and drum speed. Instead, the shelling machine should be calibrated to operate within the optimal zone identified by the graph. The relationship displayed here also supports a broader consensus in seed-processing literature that kernel breakage is a nonlinear function of operating conditions and must be carefully managed to ensure high-quality output.


CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1	 Conclusions
The performance evaluation of the motorized melon shelling machine was successfully carried out using Bara and Serewe melon seed varieties. The study specifically examined kernel recovery and throughput capacity under different operating conditions.
The results showed that the machine attained an optimal throughput capacity of about 48 kg/h at a feed rate of 1500 g and drum speed of 1000 rpm. The highest kernel recovery of approximately 81% was obtained under moderate feed rate and drum speed, indicating that balanced operational settings are necessary to achieve efficient shelling with minimal breakage.
Comparison between the two melon varieties revealed slight variations in performance, with Bara seeds recording relatively higher kernel recovery than Serewe under the same operating conditions. This confirms that seed variety also plays a role in shelling efficiency.
The 3D surface analysis further confirmed that low feed rates (700–800 g) and lower drum speeds (800–850 rpm) resulted in the least kernel breakage, while higher values of both parameters progressively increased breakage due to seed collision and mechanical impact. This indicates that the machine performs best when operated within moderate ranges, where kernel integrity and output capacity are optimized together.
In line with the study objectives, it can be concluded that the melon shelling machine is effective for processing melon seeds, provided it is operated at moderate and optimized settings. The machine has good potential for adoption by small- and medium-scale processors as a means of improving processing efficiency and reducing drudgery associated with manual shelling.
5.2 	Recommendations
Based on the results obtained, the following are recommended:
1. For improved machine output and kernel recovery, the melon shelling machine should be operated at a feed rate of about 1500 g and a drum speed of 1000 rpm, as these settings produced the best performance results.
2. The machine should be adopted by small-scale processors and further modified or scaled up to suit medium- and large-scale operations.
3. Future studies should explore other melon varieties and longer-term performance tests to further validate and improve machine efficiency.
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