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1. INTRODUCTION
The main occupation of residents in rural areas in Nigeria 
is agriculture [1]. Processing of agricultural products into 
food items suitable for being consumed for a longer period 
without spoilage can prolong the useful life of such products 
and can also increase the net profit for farmers [2]. However, 
several tones of melon pods are gathered every harvesting 
period but the majority of the total harvest is processed using 
traditional/manual methods. Melon seed (Cucumis Melo) 
is a popular food source consumed mostly by Africans. It 
has been referred to in some texts as Citrullus Vulgaris [3] 
or Colocynthis Ecirrhosus [4]. In Nigeria, it goes by the fol-
lowing names ‘egusi’ (Yoruba), ‘ogili’ (Ibo), ‘ogi’ (Bini), and 
‘iguana agushi’ (Hausa) and ‘dènde’ (Fulani). The shelled see-
ds of egusi are usually coarsely ground and used in preparing 
soup, stew, and snacks. It is used preparing robo, a defatted 
fried cake obtained after the oil has been extracted from the 
melon seed. The seeds can also be fermented, boiled, and 
wrapped in leaves to form a favourite food seasoning ‘Ogi-
ri’. Melon seed contains about 314gkg-1DM crude protein, 
439.3 gKg-1DM crude fat, 31.4-90.6 gkg-1DM crude fibre, 
2.4-4.6 gkg-1DM phosphorus, 3.9-6.5 gkg-1DM potassium 
and 4.1-5.9 Mcalkg-1DM energy [5]. The seed also contain 
about 50% oil, 30% protein, 10% carbohydrate, 4% ash, 3% 
vitamin, and 3% fiber [6]. The melon seed is a rich source of 
amino acids like arginine, methionine, and tryptophan. Me-

lon seeds have found widespread use in the following areas: 
as a source of food, as a source of medicine in the healthcare 
industry, used in the skincare industries, and source of feeds 
for animals and as a source of income to farmers. Studies 
have shown that melon pods have an almost spheroidal ex-
ternal shape and an ellipsoidal seed cavity, sphericity of 1.03, 
an average density of 0.87 g/cm3, and seed content of 3.5% 
by weight. [7, 8]. 

In Nigeria, due to the sociology of different ethnic groups in 
the country, melon seeds (egusi) are now being transported 
all over the country where it is served as a meal. Egusi is 
commonly prepared as soup with vegetables, peppers, spi-
ces, palm oil, meat, fish, and other ingredients and some-
times eaten with pastes known as swallows, for example, 
pounded yam, fufu, wheat, amala, eba, etc. [9, 10]. 

The oil extracted from the melon seeds can be used in the 
manufacture of margarine, shortening, and cooking oils, 
while the residual cake is a useful source of protein for lives-
tock feed [11]. 

Melon seeds may account for up to 80% of dietary protein 
and may be the only affordable source of protein for some 
people [12, 13]. The need to increase and improve melon 
production in the farming system, human diets, and health 
cannot be overemphasized [14].

Processing of melon into eatable items involves depodding, 
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fermentation, washing drying, cleaning, and shelling [15]. 
The process of breaking melon pods to remove seeds is 
known as melon depodding. The traditional/manual proces-
sing of melon is time-consuming, unsanitary, and laborious. 
These include manual depodding of melon fruit and bio-de-
composition of the fruits in a heap. These techniques are 
not only energy-sapping and time-consuming, but they also 
yield low-quality products, while the rotten pods contribute 
to environmental pollution [16].

The mechanical method is an alternative processing option 
for melon seeds, as it improves the quality and quantities 
of the produce by eliminating pest infestation. The manu-
al depodding process of melon has various challenges such 
as bio-decomposition and fermentation of melon pods and 
challenges in scooping and washing of the melon seeds. 

Jackson et al. (2013) [17] investigated the effects of two va-
rieties of melon pod fermentation on the proximate and mi-
neral composition of the melon seeds. Comparing the seeds 
obtained from fermented pods and those from unfermen-
ted pods indicated negligible differences in the composition 
of the seeds. Results revealed that the moisture content for 
the fermented samples was between 5.3±0.1% and 5.8±0.3% 
while 5.3±0.1% and 5.6±0.3% were obtained from the un-
fermented seeds for the Bara and Sewere. The results also 
revealed that fermentation does not affect the mineral com-
positions of the melon seed and has no significant effect on 
the quality of the seed at the 5% significant level using the 
Duncan Multiple Range Test.

Using an impeller speed between 1400 and 1800 rpm at a 
moisture content of 16.47% ±2, Oriaku et al. [18] obtained 
a percentage breakage between 40 and 80%. However, with 
an optimum speed of 1000 rpm, the breakage percentage 
reduced to 12% for the impact approach and 1% for the att-
rition approach. Nwakuba [19] developed a melon depod-
ding machine with a maximum capacity of 25kg of melon 
per batch, powered by 1.5kW, 1140 rpm single-phase elect-
ric motor. The performance characteristics of the machine 
evaluated at six operating speeds (200, 250, 300, 350, 370, 
and 400 rpm) were: depodding efficiency, material discharge 
efficiency, and overall efficiency. The Depodding efficiency 
varied between 32% and 74%, the seed discharge efficiency 
varied between 22% and 70%, the pulp discharge efficiency 
varied between 0.6% and 2.1%, while the overall efficiency 
varied between 7.2% and 53.4%. In all, the maximum effi-
ciency occurred at the operating speed of 300 rpm. Oloko 
and Agbetoye [20] developed and evaluated a melon depod-
ding machine with average depodding efficiency were ob-
served to range from 65.6% at speed of 200 rpm to optimum 
level of 82.1% at speed of 300 rpm before reducing gradually 
to 31.8% at speed of 400 rpm. The overall efficiency of the 
depodding machine was reported to be 68.8%, at an optimal 
speed of 300 rpm.

Scooping and washing of fermented melon during proces-
sing are one of the main reasons why post-harvesting of me-

lon is considered difficult. Melon pods after fermentation 
cause serious environmental pollution and are exposed to 
various insects and flies, thereby, making the environment 
unconducive for human habitation. This is one major factor 
while melon crops are not being cultivated in gardens close 
to the residential apartment. 

Mechanical means of depodding fresh melon pods has be-
come a major concern in this study, as it can help eliminate 
the stress involved during scooping as well as washing of the 
melon, and can also reduce the time spent during decompo-
sition and fermentation. Therefore, a fresh melon depodding 
machine was designed, fabricated, and tested in this study 
for an optimum performance suitable in the Nigerian agri-
cultural sector.

2. MATERIALS AND METHOD
The major components of the machine are the frame, hop-
per, stationery knife, blades, circular plate, driving and 
driven shaft, speed reducer unit, electric motor, bearings, 
chain, and sprocket, separation chamber, switch box, pulp 
outlet, seeds outlet, and fasteners. Material specifications 
for the melon depodding machine are presented in Table 1.

Table 1. Material specifications for the melon depodding machine.

S/N Component Material Dimensions (Mm) Qty

1. Electric motor Copper coil 2.5HP 1

2. Gearbox Alloy steel Length 350mm breath 298mm 1

2. Bearing Stainless Steel  1

3.
 

Plate

Stainless Steel PL 2mm x 1219.2mm x 2438.4mm 1

Carbon steel PL 2mm x 1219.2mm x 2438.4mm 1

Carbon steel PL 2mm x 1219.2mm x 2438.4mm 1

Carbon steel PL 2mm x 1219.2mm x 2438.4mm 1

4. Chain Alloy steel Length 450mm, Breath 1.5mm 1

5. Big Sprocket Cast iron Dia.; 100 1

6. Small Sprocket Cast iron Dia.; 50 1

7. Solid Shaft
Stainless Steel
(ASTM A36)

Length: 320 
Dia: 35

1

8. Mild Steel Plate
Mild Steel

(ASTM A36)
Length: 5500

50x50x20
1

9. Circuit Breaker Ceramic L: 135, W: 78, H: 73.5 1

10. Bolt & Nut
Mild Steel

(ASTM A36) 
M12 and M18 1

11. Electrode Graphite D:2.5, L: 350, Current: 90-250A 3pck

For each major component used in the design of the melon 
depodding machine, a summary was provided to justify the 
material and reasons why such material is selected. Justifi-
cation of materials selected for the design is presented in 
Table 2.  Before the melon depodding machine was fabrica-
ted, SOLIDWORKS software, 2017 version was employed 
in representing the isometric and orthographic views of 
the major components, as well as the well-labeled assembly 
drawing represented in exploded view. SOLIDWORKS is a 
solid modelling Computer Aided Design (CAD) as well as 
Computer Aided Engineering (CAE) tool that runs mainly 
on Microsoft Windows. Modelling procedure of the melon 
depodding machine in this study started with 2D sketch, 
consisting of geometries such as arcs, points, conics, lines, 
splines and so on. Dimensions were added to the sketch to 
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Figure 1. Isometric and orthographic views of melon depodding machine

Figure 2. Isometric and orthographic views of Hopper in a melon depodding machine

Figure 3. Isometric and orthographic views of the Depodding chamber in the machine

Figure 4. Isometric and orthographic views of separation chamber in the machine
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Figure 5. Isometric and orthographic views of the main frame in the machine

Figure 6. Assembly drawing of the melon depodding machine

Table 2. Justification of materials selected for the design

Design Specification Function Material Justification

Shaft Transmission of torque. medium carbon 
steel

Good corrosion resistance, ability to absorb shear 
force and

Compressive force without exceeding the allowable 
torsional shear stress.

Sprocket Transmits rotary motion between a pair 
of shafts.

Cast iron Ability to reduce speed from the
electric motor  for effective operation 

Chain For power transmission from electric 
motor

Alloy steel Low speed and high torque
operation

Power For conversion of electricity to mechani-
cal power.

Low speed
motor

For effective power consumption at minimal cost.

Frame For support of machine parts, provides 
rigidity for the machine.

Mild Steel bar and 
Angle bar

High structural strength and rigidity.

Mechanical Bearings Allows rotational movement of the shaft, 
reducing friction and enhancing perfor-

mance to save energy.

Alloy steel High strength, ability to withstand wear and fatigue 
failure

Blades Sharp and capable of depodding the 
melon pods. 

Stainless steel High strength and toughness, Good corrosion resis-
tance ability, NAPDAC specification
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define the size and configuration of the geometry. Relations 
in the tool bar were used to define features such as paral-
lelism, tangency, concentricity, perpendicularity among ot-
hers. In the part assembly, sketches of individual parts were 
assembled together to form the intended solid model of the 
machine. Views were automatically generated from the so-
lid model; and dimensions and tolerances were added to the 
drawing as required. SOLIDWORKS software have been 
successfully employed in modelling of reciprocating piston 
[21], remotely controlled hydraulic Bottle Jack [22], vehicle 
compression springs [23], two stroke internal combustion 
engine [24], High Density Polyethylene Liner HDPL [25], 
weld bead penetration on AISI 1020 low carbon steel plate 
[26] etc. Design drawings of the melon depodding machine 
were carried out to determine the specific dimension to be 
selected for each of the machine components.  Figure 1-5 
represents the isometric and orthographic views with di-
mensions of the major components constituting the melon 
depodding machine. Figure 6 shows isometric views of the 
melon deponding machine assembly while Figure 7 shows 
the exploded view of labeled parts of the machine.

Design calculations were carried out to determine the para-
metric range suitable for optimum operation of the machi-
ne. The volume of the truncated pyramid hopper in Figure 8 
was calculated using Equation 1.

 (1)

In other to determine the cutting force of the machine, the 
pressure relation was used. This is given by Equation 2.

  (2)
where, p is the density of stainless steel blade material (7850 
kg/), g is the acceleration due to gravity and h is the distance. 
With the swept volume of the stainless steel blade given as 

0.000127 m3, the mass of the blade can be obtained using the 
density relationship in Equation 3b.

Figure 8. A truncated pyramid hopper with the dimensions4

  (3a)

   (3b)

 We know that torque is the turning force of the blades. This 
is determined by Equation 4.

Torque (T) = Force (F) * Radius (r)             (4)

Substituting values into Equation 4,

T = 222.2 x 0.07 = 15.55N-m         

To design for the power required to operate the machine, 
Equation 5 can be employed [27].

Power, (P) = Force, (F) x Velocity (V)   (5)

Recall that,

  (6)

Figure 7. Exploded view of labeled parts of the machine
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where N is the rotational speed of the driver sprocket

Substitute Equation (5) into Equation (6),

  (7)

But; 746watts = 1horse power (1hp)
This implies that; 1117watts = 1.5hp
Taking a service factor of 1.5
1.5 * 1.5hp = 2.25hp
Therefore, 2.5hp electric motor is required.

To design for the speed reducer unit, Equation 8 was emp-
loyed [28]. 

   (8)

were Electric motor speed (N1) is 1440rpm, driver sproc-
ket diameter (D1) is100mm, driven sprocket diameter (D2) is 
50mm and N2 is the rotational speed of the driver sprocket 
unknown.

  (9)

Using a speed reduction gear box of 60:1

  
The center to center distance between the driver and driven 
sprocket is given by Equation 10

  (10)
where D1 is the diameter of the driver sprocket = 100mm = 
0.1m, D2 is the diameter of the driven sprocket = 50mm = 
0.05m, C is the center distance between driver and driven 
sprocket. Therefore:

For a shaft subjected to combined bending and torsion, the 
equivalent twisting moment is given by Equation 11 while 
the equivalent bending moment is given by Equation 12.

  (11)

  (12)
where Te is the equivalent twisting moment, Me is the equi-
valent bending moment, Km is the combined shock and fati-
gue factor for bending, Kt is the combined shock and fatigue 
factor for torsion, T is the torque transmitted by the shaft, M 
is the bending moment. Recall that,

T = F x r = 222.2 x 0.07 

T = 15.55N-m 

Maximum bending moment of a simply supported shaft 
carrying a central load is given by Equation 13,

    (13)

But;

   (14)

Where the allowable shear stress (42 MPa) and d is is the 
shaft diameter

 
Using a service factor of 1.75

  

We know that the equivalent bending moment,

  

But;

    (15)

where  is the maximum tensile or compressive stress (84 
MPa) and d is the shaft diameter.

Using a service factor of 1.75

   
Figure 9 represents an isometric view of the depodding me-
chanism with bearings mounted on it while Figure 10 shows 
the bearing configuration diagram with the bearings positi-
oned at point A and B.

Figure 9. Pictorial view of the depodding mechanism

Figure 10. Bearing configuration diagram 

  (16)

Upward reaction (forces) = Downward reaction (forces)

This implies that:

Taking moment about point A; 
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Sum of clockwise moment is equal to sum of anti-clockwise 
moment

   

Therefore;

But;

Therefore; 

Determination of the loading factors on bearing A can be 
expressed as follows:

     (17)
where L10 is the basic dynamic life of the bearing, L is the 
life of the bearing

 
N = 1440rpm 

Therefore; 

Also; 

   (18)
where Fe is equivalent dynamic load, x is the rotational fa-
ctor, Cr is the radial factor, Fr is the radial load, Ct is the 
thrust factor, Ft is the thrust load, Sf is the safety factor, x = 
1 (inner raceway), Ft = 0 (bearing not carrying axial load). 
Equation 18 reduces to:

 (19)
  (20)

Equation 21 is applicable to rotating parts

   (21)
Cr = 1 and Ct = 0
However if;

   (22)
Cr = 0.56   

where Q is the determining factor, Ct is either is in-
terpolated or extrapolated for
But; 

Therefore,
Cr = 1 and Ct=0
Hence;

The basic dynamic load can be calculated from the equation;

   (23)

where C is the basic dynamic load, K is equal to 3 (Ball be-
aring)

Therefore,

Determination of the loading factors on bearing B can be 
expressed as follows:

Also;  

Average dimension of a melon pod from experiment was 
obtained from Equation 24, while average diameter of a me-
lon pod was obtained from Equation 25.

  (24)

 (25)
In order to calculate the performance efficiency of depod-
ding melon, it was necessary to determine the ratio or the 
percentage of extractable seeds per given mass of melon 
pods. The percentage seed depodded was calculated using 
Equation 26, percentage of undepodded seeds was calcula-
ted using Equation 27 while the percentage of damaged see-
ds was determined using Equation 28.

   (26)

 (27)

  (28)

The useful seeds are both the depodded seeds and undepod-
ded seeds, this accounts for the total number of seeds that 
are still usable i.e., it is the sum of the depodded seeds and 
the undepodded seeds. Though the undepodded seeds does 
not add to the efficiency of the machine but these seeds are 
still very much usable so long they can be recovered. This is 
calculated using Equation 29.

 (29)
Materials employed in the fabrication process of the melon 
decoding machine which came with different sizes, dimen-
sions and geometries were purchased from the open market. 
The fabrication process of the machine involved cutting of 
the materials into specific sizes and joining them together 
through welding method. The procedures are highlighted as 
follows:

• Measurement: The materials used in the fabrication 
process of the machine were measured to required 
dimensions using measuring tape and Vernier caliper. 

• Marking Out: After measuring the required dimension, 
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white chalk was used to mark out a line on the material 
to indicate the areas that are meant to be cut.

• Cutting: The marked out parts were cut according to 
the dimensions specified on the working drawings 
in Figure 1-5. Handheld cutting machine and sawing 
equipment was used to carry out the cutting operation.

• Drilling and Boring Operation: Drilling and boring 
operations are mainly used in making holes for 
temporary joints. On the other hand, boring is simply 
enlarging the drilled hole to the required dimension. 
Both operations were applied in fabrication of the 
machine especially in the parts/components where 
bolt and nuts were required during installation.

• Welding: Welding involves the joining of two or more 
metals together and this can be achieved either by gas 
welding or arc welding which is the most common 
welding operation. After cutting the various materials 
to required shapes and sizes, welding was used to join 
together. 

• Grinding and Filling operation: These methods were 
used to smoothen the surface of the welded and rough 
areas on the body of the depodding machine as well as 
removing unwanted parts and metals to achieve good 
surface finish.

• Finishing: After the welding operation, rough edges and 
entire body surface of the machine was smoothened 
using emery paper, afterwards, the machine was 
painted to prevent the surface from corrosion.

The melon depodding machine is composed of a set of bla-
des arranged in pairs and attached to a circular plate, with 
a rotating shaft passing through the center of the circular 
plate in the melon depodding chamber. The melon pods are 
fed into the machine through the truncated pyramid hopper 
where they contact with the blades in the depodding cham-
ber and are crushed. The crushed melon pieces are released 
into the separation chamber containing water, where the se-
eds are separated from the pulp. The whole unit is powered 
by an electric motor of 2.5hp with a speed of 1440rpm. In ot-
her to increase the torque, a speed reducer unit was attached 

to the electric motor to obtain the desired speed of 30 rpm. 
The speed reducer unit does the function of reducing the 
speed and avoiding the anticlockwise rotation of the electric 
motor while increasing the torque of the system. The elect-
ric motor was connected to the speed reducer unit through 
a chain and sprocket connection. Power is then transmitted 
to the depodding chamber through sprocket and chain dri-
ve. The depodding chamber had a configuration of stainless 
steel blade placed on a flat bar with alternate distance to 
each other. The design is composed of a set of the blade (two 
per bar) mounted on a rotating circular plate. The working 
mechanism is that of a hammer mill. The rotating blade cuts 
the melon pod against a stationary knife, the cut particles 
are released into the separation chamber containing water. 
The pulp floats while the seeds settle at the bottom of the 
separation pan. 

3. RESULTS AND DISCUSSION
The results obtained from the design calculation of the me-
lon depodding machine are tabulated in Table 3.

Table 3. Results of parameters calculated in this study

S/N. Parameters Calculated Values

1. volume of the hopper 0.1157 m3

2. Mass of stainless steel blade 0.997 kg

3. Torque (T) transmitted by the shaft 15.55 N-m

4. Power from electric motor 2.5 hp

5. N1 is the electric motor speed 1440 rpm

6. N2 is the rotational speed of the driver sprocket 2880 rpm

7. Using a speed reduction gear box of 60:1 N2 is 48 rpm

8. Centre distance between driver and driven sprocket 0.3 m

9. Driven sprocket diameter D2 50 mm

10. Driver sprocket diameter D2 100 mm

11. Maximum bending moment (M) on shaft 17.22 Nm

12. Equivalent twisting moment (Te) on shaft 69.6 Nm

13. Allowable shear stress τ 42 MPa

14. Shaft diameter 35 mm

15. Equivalent bending moment (Me) on shaft 60.63 Nm

16. Maximum tensile or compressive stress (σb) 84 MPa

17. Basic dynamic life of the bearing (L10)
1900.8 millions of 

revolution

18. Equivalent dynamic load on the bearing (Fe) 111.1 N

19. Basic dynamic load on the bearing (C) 1376.24 N

Figure 11. Pictorial views of fabricated machine and testing process
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Determination of the average diameter and mass of the me-
lon pod is very crucial in the development of the melon de-
podding machine. A total of twenty (20) melon pods were 
collected from the study area, measured using vernier cali-
per and weighing balance, and readings were recorded and 
presented in Table 4. The average mass of the pod was calcu-
lated to be 1.671kg and the average diameter as 139.25mm. 
The result indicates that the mass and diameter of the melon 
pod are directly proportional to each other, which implies 
that, as the mass of the melon pod increase, the diameter of 
the melon pod also increases.

Table 4. Experimental results obtained for mass and diameter of melon 
pod

S/N Diameter of Melon Pod (mm) Mass of Melon Pod (kg)

1 138 1.50

2 130 1.35

3 158 2.20

4 100 1.00

5 110 1.10

6 150 1.98

7 158 2.00

8 140 1.75

9 135 1.50

10 155 2.00

11 138 1.51

12 137 1.50

13 160 2.50

14 149 2.00

15 153 1.70

16 151 2.00

17 134 1.53

18 125 1.40

19 115 1.10

20 149 1.80

Average 139.25 1.671

Equation 24-28 was employed in the calculation of the mass 
of the melon pod, percentage of depodded seeds, percentage 
of undepodded seeds, percentage of damaged seeds, and the 
percentage of useful seeds. The results obtained from the 
calculation for 20 samples of fresh melon pods are tabulated 
in Table 5. From the averages calculated for each category 
of the result, it can be seen that for each sample of the fresh 
melon pod that is depodded using the machine, about 91% 
of the depodded seeds are going to be obtained with over 
1.5% damage.

4. CONCLUSION
A continuous melon depodding machine was successfully 
design and fabricated and this was aimed at solving an age-
long manual depodding of the fresh melon pod. Test perfor-
mance was carried out on the fabricated melon depodding 
machine to determine the average diameter and mass of a 
fresh melon pod as well as the percentage of depoded and 
undepodded seeds. The results obtained from the fabricated 
machine indicated that the problems associated with manu-
al depodding of fresh melon pods have been overcome and 
that the machine can perform optimally for both domestic 

and commercial sectors in Nigeria. With the average per-
centage of useful seeds of 98.4165%, the depodding machine 
developed in this study can greatly enhance the production 
of melon seeds, with 2.36% of the average seed damage. This 
can enhance the production process of melon seeds in me-
dium and large scale for domestic and industrial purposes.
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