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Abstract

This study presents the design and analysis of a process plant for the production of ripe plantain cake, commonly known
as dodo ikire, with a targeted production capacity of 25 kg/h. The plant is meticulously engineered to ensure efficient
processing from the peeling of ripe plantains to the final frying of the product. The process flow designed includes five key
sections: peeling, conveying, agitating, moulding, and frying. Each machine was designed to enable productivity and
quality of the dodo ikire. The design results demonstrated that the plant meets the necessary criteria for safe and efficient

operation.
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1. Introduction

Plantain (Musa paradisiaca) is a tropical natural
product that serves as a source of staple food crop in
West Africa. Plantain is one of the widely consumed
foods in the world due to it nutritional benefit. With
an annual production of 2.4 million metric tons,
Nigeria is one of the largest producers of plantain in
West Africa [60]. In Nigeria and in numerous places
in Africa, plantain (Musa paradisiaca) is a significant
staple food and is especially wanted for the fluctuation
in the phases of ripeness and in cooking stages [72].
As a result of the great tendency for plantain to perish
quickly, and relative insufficiency of processing
handling, and storage equipment in many nations that
grow the crops, about 5 — 50% of the crops are lost
after harvesting [3, 76]. Plantain is normally processed
into flour, value-added or storable products due to its
perishable nature and ease of transportation from one
location to another for commercial purposes [77, 82].
Although plantain and cooking bananas belong to the
Musa family and are very similar to unripe dessert
bananas in exterior appearance, the plantain is often
bigger and less sweet compared to cooking banana
[36, 38].

The frequent postharvest losses, increasing market
demand for plantain and its by-products, necessitated
that a plantain peeling machine be developed in
Nigeria for the crop [28, 61-71]. Peeling is a vital unit
process in the processing of plantain generally. The
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expanding market interest for plantain and its varieties
of products is an indication that it is important to
design and subsequently fabricate a machine for
peeling plantain efficiently and effectively to satisfy
this market need and to lessen or take out the drudgery
involved in the peeling process [73-75, 77].

Plantains are highly perishable, with a significant
proportion of the harvested crop being lost from the
farm gate to the market place. This is due to poor
handling, inadequate storage and transportation of the
fresh fruits [83, 85]. Additionally, losses may occur in
peak production periods when farmers do not harvest
the entirety of their production because of saturated
markets. Put together, an estimate of 35% loss of the
production of bananas was reported for developing
countries (FAQO, 2006) [78-81]. Post-harvest losses are
making Nigeria farmers poorer and for a very long
time, Nigerian farmers have lamented the situation
without getting meaningful assistance [1, 4-12]. Thus,
processing activities are undertaken to provide a
greater yield from raw farm produce by either
increasing the amount of finished product or to
improve the net economic value of the produce. The
losses are favored by secondary factors resulting
mainly from inadequate technology applications and
guality control. A high postharvest loss caused by
inadequate and inefficient postharvest handling
practices is reported to be one of the major problems
limiting the expansion of banana/plantain production
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in Africa [13-21]. Similarly, lack of postharvest and
marketing infrastructures such as packaging, cold
storage, prepackage and distribution, postharvest
treatment and washing facilities together with
production constraints are reported problems leading
to low productivity and considerable postharvest loss
of banana/plantain in Nigeria [22, 97].

This snack is popularly called dodo-ikire because the
indigenous technology of processing this local snack
originated from Ikire community in Irewole Local
Government Area (LGA) of Osun State, Nigeria
where the enterprise provides full time employment
for both young and adult women all year round [84,
87-95]. It was originally made from leftover plantain
but today, people prepare it from fresh ingredients
which are: over-ripe plantains, pepper, oil and salt.
Nutritionally, consumption of banana/ plantain-based
products like dodo-ikire promotes weight loss in obese
individuals and caters to the calorific need of many
developing countries [41-43, 52].

Despite the growing interest in plantain-based
products, there is a lack of literature on the process
plant design for the production of dodo ikire. This gap
in knowledge makes it difficult for entrepreneurs to
invest in the plantain processing industry, especially
in the Akure South local government of Ondo State
[29-35, 44]. Moreover, the few available studies on
plantain processing focus mainly on the proximate and
functional properties of the flour [40, 45-49, 86], with
little emphasis on the process plant design for dodo
ikire. Therefore, this research will focus on a process
plant design for the production of plantain cake (dodo
ikire) by considering factors such as plantain cultivar,
processing method, and recipe development. One of
the critical factors to consider in the process plant
design for dodo ikire is the choice of plantain cultivar
[2, 23-27, 51]. Several studies have evaluated the
effect of different processing methods on the
nutritional and phytochemical properties of plantain
products [57, 86]. In addition, there is limited
information on the effect of processing methods on the
quality of dodo ikire [37, 39, 96].

Recipe development is also a critical factor in the
process plant design for dodo ikire. The functional,
pasting, and sensory properties of plantain flour
products are influenced by the recipe formulation [40,
53-56, 58, 59].

2. Design Procedure and Material Selection

The process plant designed for the production of
plantain cake, popularly known as Dodo Ikire, is a
sophisticated facility organized into five distinct
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sections: peeling, conveying, agitating, moulding, and
frying. Each section is meticulously engineered to
ensure efficiency and consistency in the production
process.

Peeling Section: The journey of plantain cake
production begins in the peeling section. In this
section, over-ripe plantains are fed into the machine
equipped with sharp circular blades. These blades
efficiently peel off the outer skin of the plantains,
preparing them for the subsequent stages. The
precision of the blades ensures minimal waste and
optimal preparation of the plantain flesh.

Conveying Section: Once peeled, the plantains are
transferred to the conveying section. A conveyor belt
is employed to transport the peeled plantains
seamlessly from the peeling section to the agitating
section. This conveyor system is designed to handle
the delicate nature of the plantains, ensuring they are
moved without any damage or loss of quality.

Agitating Section: In the agitating section, the peeled
plantains are deposited into an agitating tank. The
primary function of this tank is to mash or grind the
plantains into a smooth paste. This process is crucial
as it lays the foundation for the texture and
consistency of the final product. During this stage,
additional ingredients such as blended pepper, salts,
onion are introduced into the mixture. The agitating
mechanism ensures that these ingredients are
thoroughly combined, resulting in a homogeneous
plantain paste.

Moulding Section: The next stage in the process is the
moulding section. Here, the plantain paste is shaped
into small, uniform balls. The moulding equipment is
designed to form the plantain balls with precision,
ensuring each piece is consistent in size and shape.
This consistency is essential for the even frying and
final appearance of the plantain cakes.

Frying Section: The final stage of the production
process is the frying section. The plantain balls are
deep-fried in hot palm oil or vegetable oil. The frying
process is carefully controlled to achieve the
characteristic golden-brown color and crispy texture
of plantain cake (dodo ikire). The use of high-quality
oil and precise temperature control ensures that the
plantain cakes are cooked to perfection, with a
deliciously crispy exterior and a soft, flavorful
interior.
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2.1. Materials Selection

Mechanical properties, physical and technological
behavior of materials were strongly affected by
production and joining parameters and microstructural
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changes [98-104]. For this reason; plant components
as stated before, material chosen and reasons behind
the choice are summarized in Table 1.

Table 1: Material Selection and the Criteria for selection

S/IN  Components

Material Selected

Reasons for Selection

1 Peeling blade Stainless steel

2 Conveyor belt Polyurethane

3 Conveying frame Mild steel

4 Agitating tank Stainless steel

5 Agitator’s frame Mild steel
6 Impeller shaft Stainless steel
7 Beaters Stainless steel

8 Moulding frame Mild steel

9 Moulding plate Stainless steel

10  Press cylinder Mild steel

11 Frying pan Stainless steel

12 Gas stove frame Mild steel

13 Bolts and nuts High carbon steel

Corrosion resistance, non-
reactivity, compliance with food
and drug administration

Food safety compliance, non-
toxic and odourless

High tensile strength,
machinability, availability
Corrosion resistance, durability
and strength, temperature
resistance, chemical inertness
High tensile strength,
machinability, availability
Corrosion resistance, non-
reactivity, compliance with food
and drug administration
Corrosion resistance, non-
reactivity, compliance with food
and drug administration

High tensile strength,
machinability, availability
Corrosion resistance, non-
reactivity, compliance with food
and drug administration

High tensile strength,
machinability, availability
Corrosion resistance, non-
reactivity, compliance with food
and drug administration

High tensile strength,
machinability, availability

High strength in shear and tension

2.2. Design Procedure
The following factors were taken into consideration
during plant design:

Workflow Optimization: The plant layout was
designed to make it easy to move materials from one
part to another. To reduce transport time and the risk
of contamination, each section was strategically
positioned.

Sanitation and Hygiene: All surfaces and components
were designed to be easy to clean and maintain. This
involves using materials that are resistant to bacterial

growth and ensuring that all regions are available for
routine cleaning.

Scalability: The designed plant also took into account
future scalability by modular components. This is
done to allow easy upgrade or expansion in the future,
thereby facilitating increase in production capacity
without the need for major modifications.

Compliance: The design also ensures strict
compliance with local and international food safety
standards. This ensures that the manufacturing process
meets regulatory requirements and results in safe,
high-quality products.
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Design of the Peeling Blade

Based on the findings of Ugwueke et al. (2014), the
diameter of plantain ranges from 30 — 70 mm and its
average diameter was taken to be 50 mm. The
thickness of banana peels depends on several factor
namely; the type of the banana, ripeness and other
factor. The outer layer varies between 0.5 — 1 mm
whereas the inner layer is less than 0.5 mm. Hence, the
overall thickness of the plantain peels is taken to be
2mm. For effective peeling, the blades have to
penetrate into the plantain with penetration equal to
the thickness of the peels.

Dhote = Dplantain — 2t 1)
Where;
Dy o1 is diameter of hole through which plantain pass
Dpiantain 1 Cross sectional diameter of the plantain
t is thickness of plantain peel

Dpore = 50-2(2)
Dhole = 46 mm

Conveyor design
Length of the belt, L can be expressed using equation
)

L=HXNXmw 2

Where;
L is the length of the belt (m)
H is the height of the centre core (m)
N is number of wrap of the belt
Hence;
L=0.955x 1 x 3.142
L=3m
Drum diameter
According to Dunlop (2009), the drum diameter of a
conveyor belt system can be determined using
equation (3).

D =./d%+ (0.001273 X L X G) (3)
Where;
D is overall diameter (m)
d is the core diameter (m)
L is the belt length (m)
G is belt thickness (mm)
Hence;
D = /762 + (0.001273 x 3000 X 3.2)
D =0.134 mor 134 mm

Belt tension determination

. t idl
Load due to idlers (M,) = Rassof asetof dlers
idlers spacing
5

(M;) = == 125 kg/m

2
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Load due to belt (M;) = 30.5 kg/m
Mp = = (5)
3.6 XV

Where;

M,, is the load due to conveyed materials
C is the conveyor capacity (36.5 tonnes/ hr)
V is the belt speed (0.25 m/s)

Hence;

=% - 40,6 kg/m
3.6 X0.25

My,

Belt tension at steady state:
Ty =137 X f XL Xg[2xM;+(2xM,+
M,,)cosS|+ H X g X M, (6)

Where;

Ty, is the belt tension at steady state

f is the coefficient of friction (f = 0.02 according
Dunlop (2009))

L is the conveyor length (Conveyor belt is
approximately half of the total belt length)

g is the acceleration due to gravity

M; is the load due to the idlers

M, is the load due to belt

M, is the load due to conveyed materials

6 is the angle of inclination angle of the conveyor
H is the vertical height of the conveyor

Hence;

T, =137 x0.02%x2x9.81 x[2 x12.5+

(2 x30.5 + 40.6) cos 20] + 0.7 X 9.81 x 40.6
T, = 343.56 kN

During the start of the conveyor system, the tension
in the belt will be much higher than the steady state.
Tension during the start is determined as follows

Tps =Tp X Ks (7)

Where;

T}, is the belt tension at steady state
T is the belt tension while starting
K, is the start-up factor

Hence;

Tps = 343.56 X 1.02

Tps = 350.43 kN

Determination of power requirement for the motor
The power required at drive pulley is expressed as

follows
_ TpxV
P 1000 (8)

Where;
P, is the power at drive pulley
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T, is the belt tension at steady state
V is the belt speed
Hence;

b 343.56 x 0.25 _ 0.09 kW
L 1000 o

The minimum motor power needed to drive the
conveyor system is given below
P

Prin = Ip €)]
Where;
Ppin is the minimum motor power
P, is power available at drive pulley
n is drive efficiency
Hence;

(=]

.0

0.85
Poin = 0.1059 kW

Pin =

Acceleration of conveyor belt is expressed as
— Tps —Tp
[L (2XMi+2Mp+ Myp,)]

(10)

Where;
a is the acceleration of the conveyor belt
Tps is the belt tension while starting
T, is the belt tension at steady state
L is the conveyor length
M; is the load due to the idlers
M, is the load due to belt
M, is the load due to conveyed materials

Hence;
350.43 — 343.56

a= =0.0271 m/s?
[2 (2X12.5 +2 X 30.5+ 40.6)]

Belt breaking strength: This parameter decides the
selection of the conveyor belt. The belt breaking
strength can be calculated as given by equation (11)

Cr X Py

B. =
S Cy XV

11)

Where;

B is the breaking strength

C, is the friction factor

P, is power available at drive pulley
C,, is the breaking strength factor

V is the belt speed

Hence;
15 x 0.09

_ Bs = 075 x 025
Design of agitator’s capacity
The agitator’s capacity can be expressed using the
equation (12)

=72 Nmm

TI.'DaZ
4

V="l (12)

Where;
V is the agitator’s capacity in m3
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D, is the diameter of the agitator vessel
H,, is the height of the agitator

Hence;
_ 3142 x2%2x2_

\Y — - 6.284 m3

The gravimetric capacity of agitator is the maximum
mass of the plantain that the agitator can accommodate
and it is calculated using the density mass-volume

M

p= v
Where;
p is the density of the plantain taken to be 1000
kg/m3

M is the total mass of the plantain
V is the volume of the agitator
Hence;

M = 1000 X 6.284

M = 6284 kg

Design of Beater
According to Obeng (2004), the force require to shear
a plantain pulp is 33.15 N and it reduces as the plantain
ripens. Therefore, the thickness of the beater require
to crush the plantain can be calculated from equation
(13)
F=PXA=Pxt? (13)

Where;
F is the crushing force exerted by the beater
P is the crushing pressure (0.0804 MPa according to
Afuwape et al, 2012)

A is the cross sectional area of the beater

t is the thickness of the beater
Hence;
33.15=0.0804x 10° x t?
t=0.020 m =20 mm

Motor Power Requirement

The grinding operation is powered with a one
horsepower (1 h.p.) electric motor at the speed of
1,400 rev/min (adapted from Ayodeji, 2016)

The torque transmitted to the shaft is calculated as

follows
__ P X60

21N

(14)
Where;

T is the torgque transmitted to the shaft

P is the power required to drive the electric motor

N is the number of revolution per minute of the shaft
Hence;

B 746 X 60
T 2 x3.142 x 1400

= 5.0878 Nm = 5087 Nmm
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Design for the Shaft of the Agitator
According to Khurmi and Gupta (2005), the polar
moment of the shaft can be expressed using equation
(15)

_TL _ md*
TG0 32

d_432>< Tx L
T |rxGx6
Where:

d is the diameter of the shaft

T is the torque transmitted

L is the length of the shaft (2m)

G is the modulus of rigidity of stainless material
(77.2 GPa)

0 is the angle of twist (0.25°)

Hence;

J (15)

Therefore;

4 32 %X 5.0878 X 2

025 x3.142
180 )

3.142 X 77.2 X 106 X (

d = 0.0235m or 23.5 mm
Therefore a 25 mm diameter was chosen

Determination of the beater’s weight
Wp = Npympg = NppVg (16)
V=Ixbxt

Where;

W, is the total weight of the beaters

m,, is the mass of each beater

g is the acceleration due gravity (9.81 m/s)

V is the volume of the beater

p is the density of shaft (according to khurmi and
Gupta (2005), density of steel is 7850 kg/m?)
Hence;

m,, = 7850 x 0.0008 = 6.28 kg

V =0.8 x 0.05 x 0.020 =0.0008 m3

W, =6 x 7850 % 0.0008 x 9.81 = 369.641 N

Determination of the Centrifugal Force Exerted by
the Beater

The centrifugal force of the beater can be calculated
using equation (17) [50].

_ mpX sz

Fb = = Nb mbT(x)bZ (17)

T

Angular velocity of the beater:
__2mN

60
Where;

F, is the centrifugal force exerted by the beaters
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my, is the mass of beater

o is the angular velocity

N is the number of revolution per min the beaters
make

r is the radius of the shaft

Hence;,
2 x3.142 x 1400
O=——

60

= 147 rad/s

F, =6 % 6.28 X 0.0125 X 1472 =10.178 kN

Design Calculation for the Moulding Machine

The moulding machine is a crucial component in the
production of plantain cake (dodo ikire), responsible
for shaping the mashed plantain mixture into uniform
balls. The design and operation of this machine
involve several key calculations to ensure efficient
and consistent performance. This section presents the
design calculations for the main components of the
moulding machine: the press cylinder, electric motor,
and the mould plate. Force Required for the Press
Cylinder

Design for the Press Cylinder

To determine the force required to press the plantain
paste through the perforated mould plate, we need to
consider the properties of the paste and the dimensions
of the mould holes.

Assuming the plantain paste has a viscosity similar to
a heavy dough, we can approximate the required force
using a simplified model of extrusion through circular
holes. The force required can be determined using
equation (18)

F=1X At (18)

Dbz
Ar=n X A=n Xm e

Where;
F is the force required press the plain paste

(19)

T is the shear stress of plantain paste (Pa)

A; is the total cross sectional area in the mould plate
(mm?)

A is the cross-sectional area of each perforated hole

n is the number of holes in the perforated plate

D, is the diameter of each holes in the perforated plate
(mm)

0.022

Thus, A, =100 x 3.142 x —,—=0.03142 m?
F =0.0804 x 10° x 0.03142=2.526 kN

The power required by the electric motor can be

estimated based on the force and the velocity v at
which the paste is pressed through the mould plate.

2575

Akinde et al / Design of a Plant for Production of Ripe Plantain Cake



Journal of Engineering Research and Applied Science

The power Prequired by the electric motor can be
estimated based on the force F and the velocity v at
which the paste is pressed through the mould plate.

P=Fxv (20)
Where;
P is the power required by the electric motor (W)
F is the force exerted by the press cylinder (N)
V is the velocity of the press (m/s)
Thus,

P =2526 x 0.3 =757.8 W

Electric motor with 0.9 efficiency is desired
Then, a motor with a power rating,

= 578_ga2 W
0.9

Pmotor

Using simple proportion

lhpis746 W

Thus, 846 W will be 1.2 h.p

The quantity of heat required to fry the plantain cake

(dodo ikire) can be determined using the basic

principle of thermodynamics, specifically from the

concept of specific heat capacity. From simple

physics, the heat required to raise the temperature of a

substance is given by the expression in equation (21)
Q = mcAT (21)

Where;

Q is the heat required (in Joules)

M is the mass of the substance (in kilograms)

c is the specific heat capacity of the substance (in
J/kg.°C)

The following assumptions were made during design
calculations.

Initial temperature of plantain is taken to be equal to
the room temperature

Temperature of the oil is maintained at 170°C
Quantity of plantain to be fried (m) is 30 kg

Specific heat capacity of plantain is 2606.5 J/Kg/K
(according to Imeh et al, 2016)

Hence;
q = 32 x 2.6065(170 — 25)=12094.16 kJ

The Fuel consumption is calculated based on heat
transfer rate and the efficiency of the gas stove.
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( Fuel ) _ q
consumption/ (Calorific value) ( gas Stove )
of cooking gas X efficiency

According World Nuclear Association, the calorific
value of cooking gas ranges between 46 -51 MJ/kg.
For the purpose of this calculation, the average value
is taken to be 49 MJ/ kg.

Gas efficiency = 80%

Hence,

. 12094.16
fuel consumption = ———

49 x0.80

= 308.53 kg

Thus, 308.53 kg of gas is required

Detailed engineering drawing of the plant is shown in
Fig. 1.

3. Results and Discussion

3.1. Performance Evaluation of the Design

In the efficiency (E},) of the designed process plant for
the production of plantain cake (dodo ikire) was
evaluated using percentage ratio of the expected
throughput (T,), 20kg to the designed throughput (T,),
25kg in the presence of losses (T,) 5kg as given in
equation 22.

Te Ta-T, 20
p == dT_d = —-x100% = 80% (22)

Peeling Blade Design:

The efficiency and effectiveness of the peeling
process depend on the blade design, particularly its
ability to accurately peel without damaging the
plantain pulp. The design provides a hole diameter of
46 mm, which is calculated to accommaodate plantains
of average diameter (50 mm) while accounting for
peel thickness (2 mm). This ensures that the peeling
process is efficient, minimizing waste and reducing
the risk of damaging the plantain pulp.

Conveyor Design:

The conveyor system's performance hinges on smooth
material flow, proper tension, and minimal downtime.
The calculated belt tension at steady state (343.56 kN)
and startup (350.43 kN) ensures that the belt operates
within safe limits. The power requirement (0.09 kW)
and minimum motor power (0.1059 kW) are adequate
for continuous operation. The system is designed to
maintain tension and provide sufficient power,
ensuring consistent plantain transportation with
minimal interruptions.
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Conveying section

Detailed plant

Agitator:

The agitator’s capacity and efficiency are essential for
mixing the plantain mixture uniformly. With a
volumetric capacity of 6.284 m® and a gravimetric
capacity of 6284 kg, the agitator is well-sized to
handle large batches of plantain mixture. This ensures
that the mixing process is thorough, leading to a
homogeneous mixture and improving the quality of
the final product.

Beater:

The beater's effectiveness is critical for crushing and
shearing the plantain pulp. The calculated thickness of
the beater (20 mm) ensures sufficient force to crush
the plantain pulp, and the weight (369.641 N) along
with the centrifugal force (10.178 kN) confirm that the
beater operates with enough energy to process the
plantain without excessive wear.

Motor Power and Shaft:

The motor and shaft must provide enough torque to
drive the agitator and beater without failure. The
motor power requirement (1.2 h.p.) and torque (5087
Nmm) are sufficient to ensure smooth operation. The
chosen shaft diameter (25 mm) is robust enough to
withstand the applied forces, minimizing the risk of
mechanical failure.

Moulding Machine:

The moulding machine’s efficiency is crucial for
shaping the plantain cake mixture into uniform pieces.
The required force for pressing the plantain paste
(2.526 kN) and motor power (842 W) are adequate to
ensure consistent operation. The machine is expected

to produce uniform plantain cakes with minimal
variation in shape and size.

Frying Process:
The energy efficiency and fuel consumption during
frying are key to cost-effectiveness.

The heat required for frying (12094.16 kJ) and
calculated fuel consumption (308.53 kg) indicate that
the process is energy-intensive. The efficiency of the
gas stove (80%) is reasonable, but there may be room
for improvement in reducing fuel consumption by
optimizing the frying process or using alternative
energy sources.

Overall System Performance

The design calculations show that the plantain cake
production system is capable of handling the required
load and operations efficiently. The equipment is
designed to operate within safe limits, and the power
and material handling systems are optimized for
smooth production. However, areas like fuel
consumption during the frying process might benefit
from further optimization for energy efficiency.

The performance evaluation of the plantain cake
(dodo ikire) production plant demonstrated the
effectiveness of each section in achieving high-quality
output. Key highlights include the efficient peeling of
plantains with minimal waste, gentle transportation
via a polyurethane conveyor belt, successful mashing
and mixing in the agitating section, precise shaping in
the moulding section, and consistent frying that
produced golden-brown cakes with the desired
texture. The use of durable, food-safe materials like

2577

Akinde et al / Design of a Plant for Production of Ripe Plantain Cake



Journal of Engineering Research and Applied Science

stainless steel ensured product safety and process
efficiency across all stages, underscoring the plant's
capability in producing consistent and high-quality
dodo ikire.

4. Conclusion

The design and development of a dodo ikire process
plant have been successfully executed, integrating
various sections including peeling, conveying,
agitating, moulding, and frying. The plant was
designed with careful consideration of material
selection, ensuring food safety, durability, and
efficiency throughout the process. The stainless steel
components, particularly in the peeling, agitating, and
frying sections, contributed significantly to corrosion
resistance and maintaining product quality. The use of
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