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Abstract: A combined roaster and oil expeller was developed with locally available and accessible materials and the 
efficiency of the machine was evaluated. The obtained result shows that the efficiency of the machine is a function 
of  the  roasting temperature, the roasting duration, the moisture contents of the processed seeds and the machine 
feeding rate. The expeller is movable, simple in design for local fabrication, is easy to operate, requires few repairs and 
little maintenance and is cost effective. It is powered using a gear reduction electric motor of 5.5 Hp, the expeller has 
an average oil yield of 25.77% and an extraction efficiency of 70.26% and is designed to work for 8 hours per day of opera-
tion. The shaft diameter was designed to be 30 mm, while the roaster heater capacity was 2.8 kW. The designed machine 
is good for castor oil expression for both small- and medium-scale processing among rural and urban communities.

Keywords: design and oil yield; extraction efficiency; extractor; process parameters

Castor plants normally grow over a  wide scope 
of geographical areas and may survive under severe 
physical and climatic conditions. The plant is, how-
ever, essentially a tropical crop, although it can grow 
in temperate regions. It has an oilseed which has nu-
merous uses. It would be of great advantage if these 
waste seeds, that contain about between 35% to 55% 
of the oil, are used for biodiesel production that runs 
on  a  compression ignition engine (single cylinder 
engine) to test the performance and emission char-
acteristics (Weiss 2000).

Increases in  the demand for fossil fuels with the 
increasing world population coupled with environ-
mental implications are the major factors for the 
increasing pressure on renewable energy. According 
to  the information available in  the open literature, 
over 80% of  the global energy consumption is  de-
rived from fossil fuels, while the remaining is  de-

rived from alternative sources of  energy (Ezugwu 
2015). The law of demand and supply on fossil fuels 
has resulted in  its cost skyrocketing over the year 
as the population in Nigeria keeps increasing. How-
ever, alternative energy sources are either at the de-
velopmental stage or come at a higher cost. Hence, 
there is  the need to expedite actions on scaling up 
the use of biofuels and their blends in  thermal en-
gines to  make the availability of  energy affordable 
and accessible. There is  no gainsaying! that energy 
is the driving force behind any nation’s economical, 
technological, and social prospects. Presently, the 
sources of energy in Nigeria are mostly non-sustain-
able and non-renewable because of the overdepend-
ence on dwindling petroleum-based fuels which are 
the chief contributor to  environmental pollution 
(Ezugwu 2015). Renewable energy offers a  chance 
to  reduce the emission levels of  exhaust gases and 
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to create a better sustainable environment. The use 
of biofuels and their blends in thermal engines helps 
to reduce the dependence on importing petroleum 
products, thereby providing a reliable market for ag-
ricultural produce especially for energy crops (Mu-
rugesan et al. 2008)

Vegetable oil from castor bean seeds is one of the 
best substances that can be used for biodiesel pro-
duction, due to its unique characteristics, such as it 
is  soluble in  alcohol and does not require energy 
and heat in  transforming it  into fuel, as  required 
by other vegetable oils (Sreenivas et al. 2011). Cas-
tor oil can be  used as  a  food additive, flavouring, 
a candy, and a mould inhibitor (Wilson et al. 1998). 
The oil from the seed can also be used to prevent 
wheat, rice, and pulses from rotting and is an im-
portant raw material in  the paint and nylon in-
dustries (Ogunniyi 2006; Mutlu and Meier 2010). 
Biodiesel produced from castor feedstock has a re-
markable merit regarding its lubricity due to  its 
high energy value and positive fuel properties (Ber-
man et  al. 2011). The oil expressed from the cas-
tor bean seed (Ricinus communis) is already known 
in the international market, with uses ranging from 
cosmetics, medicines, replacing petroleum in  the 
manufacturing of biodiesel, plastics, lubricants and 
so on (Weiss 2000).

Vegetable oil extraction in most developing coun-
tries is traditionally undertaken by hand, which makes 
the process labour intensive, unhygienic, and time-
consuming with a very low expression efficiency. The 
potential of castor bean seeds in producing oil and fat 
is far from being fully exploited, especially in Nigeria, 
due to the lack of appropriate processing equipment. 
Some of the conditions that can promote technology 
innovation in  the oil extraction industry, which in-
cludes safety, cost savings, environmental considera-
tions, are easily achievable by the development of an 
appropriate oil expeller (Fakayode and Ajav 2018).

The conventional techniques of roasting the seeds 
produces uneven roasted seeds due to  the absence 
of  correct temperature regulatory appliances, be-
sides exposing the seeds to  unhygienic conditions. 
Hand stirring and human exposure to excessive heat 
are tedious processes involved in the local or village 
ways of roasting seeds. Lawal et al. (1990) construct-
ed a manual groundnut roaster with a stirrer, where 
the roaster was powered by means of wood or char-
coal, but a temperature regulator was not included.

Hence, the objective of  this research work was 
to modify a combined roaster and expeller in order 

to  eliminate the drudgery associated with oil pro-
cessing for castor oil processors. Consequently, con-
trolled roasters exist (Olatunde et al. 2014), yet none 
of them are combined with an extractor.

MATERIAL AND METHODS

Operational process flow chart for the oil expression
The operational flow charts were developed for 

the expression of castor bean seeds. The charts sim-
plified the process involved in  the oil expression 
from the harvesting of the seeds to the oil extraction 
stage. The standard procedure as enumerated by the 
American Oil Chemists’ Society (AOCS 1998) was 
adopted. Also, the charts served as a guide for this 
research work, and it will assist other processors for 
the oil expression from the seeds. The other useful-
ness or benefits of the developed operational flow-
charts include the following:
– it helps in the communication flow process,
– it improves the consistency and process control,
–  the process can manage exceptions faster and 

in the best manner,
– it increases operational efficiency,
– it helps spot any required improvements and re-

duces the process duration,
–  it improves the productivity of  the existing re-

sources and labour; hence, it  permits the group 
to accomplish more work with less assets, and

– it includes better asset utilisation.
The developed operational flow charts are pre-

sented in Figure 1. The objective of this research pa-
per is to develop, modify and evaluate the machine 
performance in  pursuit of  knowing the optimum 
conditions for the oil extraction from castor seeds.

Design consideration
The knowledge of engineering properties of castor 

seeds is  very important in  the design and develop-
ment of agricultural machines for cleaning, harvest-
ing, conveying, material handling, sorting, separating, 
packaging, storing, drying and oil expressing. In this 
method of  oil extraction (mechanical), the physical 
properties of the seeds must be known. Olaoye (2000) 
reported the physical properties of  three different 
varieties of  the castor nut at  the moisture contents 
of 5.11, 5.62 and 4.94% (wet basis, wb) for the Ojji, 
Evahura and Asbowu varieties, respectively.

Also, to ensure the maximum oil expression in the 
oil-bearing seeds, it is necessary to consider the fol-
lowing, as reported by Poku (2002):

https://doi.org/10.17221/83/2020-RAE
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– the best maturity time of the seeds/fruits/crops,
– the optimum period to keep the fresh (harvested) 

seeds/fruits before further processing,
– the optimum temperature for the oil expression,
– the appropriate selection of  the material for the 

machine fabrication.
– the appropriate lagging of the barrel or extraction 

chamber to avoid heat loss.
– the adequate power selection to ensure the opti-

mum performance of the designed machine.
–  Should the roasting chamber be  incorporated 

to the expeller when considering the heat loss while 
transferring the roaster seeds or nuts from the ex-
ternal roasting compartment? Also, extra costs will 
be involved. So, will the combined roaster expeller 
(new design) guarantee better efficiency?

For the design of  the roaster compartment, the 
heat conducted through the materials is dependent 
on the following:
– the duration of the heat transfer,
– the type of material used for the construction,
– the material thickness,
– the temperature difference, and

Other criteria considered in  the design of  the 
roaster and oil expeller include:
– the ease of operation,
– the crushing capacity and oil output,
– the cost of operation /power consumption,

– the ergonomics of the machine operation,
– the availability of the materials,
– the ease of transportation

Description of the combined roaster and oil expeller
The screw expeller is comprised of a screw in a cy-

lindrical drainage cage with the main shaft which 
carries a  worm assembly and acts as  an oil press 
which is mounted on a bearing. The roaster is incor-
porated into the screw press via an  outlet opened 
to the hopper of the expeller. The roasting chamber 
has a provision for the heating element and a ther-
mostat for the temperature regulation. A shaft was 
designed to  run through the centre of  the roaster 
compartment and metal bars are attached to  the 
shaft to serve as a stirrer to create uniform heat dis-
tribution to prevent the roasting effect and burning 
of the castor seeds. An outlet was created at the base 
of the roaster and placed directly above the hopper 
of the screw press in order to maintain the seed tem-
perature. The screw expeller was powered by a  re-
duction gear motor. The power was transmitted 
from the electric motor via a v-belt to the expeller. 
A screw worm was welded to the shaft with an in-
crementally decreasing pitch along the shaft, where 
gradual pressure is built-up and presses and squeezes 
out the oil from the seed or nuts. The main compo-
nents of  the designed roaster expeller are: thermo-

Harvested castor seed

Storage

Decorticating

Sun drying

Cleaning

Conditioning

Extraction

Crude oil

Puri�cation

Puri�ed oil

Cake

Oil storage

Mechanical

(Varied moisture contents,
roasting durations and

Hulls

Plant debris,

Moisture
Preparation

Oil expression

(varied moisture contents, 
roasting durations,
and temperature)

Hulls
Shells

Moisture

Plant debris,
stalks and sand

Mechanical
expression
(screw pressing)

Figure 1. Block diagram showing the steps of  the 
mechanical oil expression
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stat, bevel and pinion gear, feeder gate, roasting com-
partment, electric gear motor (5.5 Hp), screw press, 
pulley and V-belt connection of the bevel and pinion 
gear to the reduction gear, and hopper (0.006 m3).

Design of the machine components
Hopper capacity. The hopper of  the expeller was 

designed based on the criteria from the engineering 
properties (angle of repose), which is the maximum 
slope which a heap of any loose or bulk material will 
stand without sliding (Ojolo et  al. 2012; Fadeyibi 
et al. 2014). While Avallone at al. (1996) refer to the 
angle of repose as the rest angle of agricultural ma-
terials. A  gravity discharge mechanism was adopt-
ed for the hopper as  recommended by Ojolo et al. 
(2012), in which they reported that, for agricultural 
materials whose angle ranged from 8° to 10°, is even 
lower than the angle of repose of castor seeds. The 
average angle of repose of the castor bean seed was 
taken to  be 28° (Olaoye 2000). The design hopper 
was based on  the volume of  a  frustum of  a  pyra-
mid. The volume of the pyramid was obtained using 
Equation (1) as reported by Ogundipe et al. (2011):

( )1 2 1 2
1
3

= + + +V A A A A h 	 (1)

where: V – volume of the pyramid (m3); A1, A2 – areas 
of the top and bottom base of the hopper (m2), respec-
tively; h – the hopper height (m).

Shaft design. The shaft design for the oil expeller 
uses a  worm. Applying the maximum shear equa-
tion, the shaft was designed using American Soci-
ety of Mechanical Engineers (ASME) code equation 
of a solid shaft relationship, as seen in Equation (2):

	 (2)

where: d – shaft diameter (m); Ss – shaft allowable 
shear stress (MPa); kb – combined shock and fatigue 
factor applied to the bending moment (dimensionless); 
Mb – bending moment (N∙m); Kt – combined shock and 
fatigue factor applied to the torsional moment (dimen-
sionless); Mt – torsional moment (N∙m).

Determination of  the belt length and belt speed. 
The belt length – L (m) and the speed – V (m∙s–1) 
were calculated using Equations (3) and (4) as  re-
ported by Khurmi and Gupta (2004):

	
(3)

( )23 216 ( )
ð

= +b b t t
s

d k M K M
S

1 1

60
π

=s
D NV 	 (4)

where: L – the total length of the belt (1.1 m); C – the 
pulley centre distance (m); N1 – the driving motor 
speed (rev·min–1); D1 – the driving pulley diameter (m); 
D2 – the driven pulley diameter (m); Vs – the belt speed 
(14.2 m·s–1).

Forces acting on the barrel. The screw worm also 
serves as a seed conveyor and is encased by a bar-
rel which is cylindrical in shape. The gap between 
the worm and the barrel was just 1.5 millimetre. 
The length of the barrel and screw thread are the 
same. The circumferential or hoop stress and lon-
gitudinal stress are given in Equations (5) and (6) 
(Lasisi 1997):

σ = = =h
f Prl Pr
tl tl t

	 (5)

2

2 2
π

σ = =
πl
r P Pr

rt t
	 (6)

where: P – the internal pressure intensity (N∙m–2); r – the 
cylinder radius (m); l – the cylinder length (m); t – the cyl-
inder thickness (m); f – the hoop stress (N).

Pitch of the thread is given as Equation (7):

− =co ciD D P 	 (7)

The thickness of  the thread is  calculated using 
Equation (8):

2
=

Pt 	 (8)

However, t can also be expressed as:

2
−

= cco iD D
t 	 (9)

where: Dci – the inner diameter of the cylinder (m);  Dco – the 
outer diameter of the cylinder (m).

Bending stress determination. The bending stress 
acting directly on  the shaft could either be  tension 
or compression.

= b
b

M r
S

I
	 (10)

However, I = πd4/64 for a  cylindrical shaft (Ola-
tunde et al. 2014).
where: I – the moment of inertia (m); d – the diameter 
of the shaft (m); Mb – the bending moment (N∙m); Sb – 
the bending stress (72.2 MN∙m–2).

( ) 2 1
1 22

2 4
−π

= + + +
D DL C D D

C

https://doi.org/10.17221/83/2020-RAE


5

Research in Agricultural Engineering, 68, 2022	 Original Paper

https://doi.org/10.17221/83/2020-RAE

Torsional stress. The torsional stress was deter-
mined using Equation (11):

τ = TM r
J

	 (11)

where: MT – the torsional moment (N∙m); r – the shaft 
radius (m); d – the shaft diameter (m); J – the area 
of  the polar moment (m2); τxy – the torsional stress 
(38.5 MN∙m–2); J = πd4/32 

Electric motor selection. The choice of  the electric 
gear reduction motor for the designed expeller was 
based on  the load the machine will be  subjected to; 
therefore, a  three-phase industrial electric motor 
(5.5 Hp, 50 Hz) was selected from the designed rela-
tionships. The selected electric motor was inculcated 
with a gear box for speed reduction. According to the 
work of Keyll et al. (2010), low speeds produce greater 
torque efficiency in the oil expression process and the 
machine power is equivalent to the power required for 
the conveyor, crushing, squeezing and roasting of the 
seeds and multiplied by the service factor that takes 
care of the loss during transmission. Using the power 
requirement given in Equation (12) (Singh 2005):

9 550
=

TNP 	 (12)

where: P – the developed power (kW); N – the speed 
of the machine (rpm); T – the machine torque (N∙m).

=
JGT

L
θ 	

where: L – the shaft length (mm); J – the polar moment 
(mm4); θ – the angle of  twist (θ°); G – the modulus 
of rigidity (N∙mm–2).

The polar moment of a solid shaft is given by Singh 
(2005). The diameter (d), of  the shaft was assumed 
to be 30 mm. Thus,

J = πd4/32	 (13) 
J = 251 360.00 mm4

G = 80 000 N∙mm–2

180
π

θ =

Also assuming the length of shaft to be 800 mm, 
the torque was found to be T = 438 705.96 N∙mm.

Substituting the obtained torque into Equa-
tion  (13), the power required was P  = 2 756.26, 
W = 2.76 kW (3.69 Hp).

For design purposes, the service factor was consid-
ered in order to take care of any losses during opera-
tion. The service factor (Ks) value was obtained from 
the standard table, which is 1.5 as reported by Ajav 
and Busari (2011) and Fadeyibi and Ajao (2020). 
Therefore, the maximum power was calculated from 
relationship in  Equation (14) as  stated by  Singh 
(2005).

( )
( )

Maximum rated power  
Actual power requirement 

= M
S

A

P
K

P
	 (14)

The actual power requirement is  the calculated 
power, Equation (15):

3.69
= M

S
PK 	 (15)

where: Ks = 1.5; PM = 3.69 × 1.5 = 5.5 Hp

A 5.5 Hp electric motor was required to power the 
designed machine.

Determination of  the heater capacity. The mini-
mum required temperature for the seed or nut roast-
ing is 80 °C for the easy and efficient extraction of the 
oil using the screw expeller according to  Olatunde 
et al. (2014). Going by Fourier’s law of conduction, 
Equation (16):

( )2 1 − −
=

KA t t
Q

x
	 (16)

where: Q – the rate of the heat flow through the cylin-
der (W or J∙s–1); K – the material thermal conductivity 
(W∙m–1∙k–1); A – the area (m2); t2–t1 – the temperatures 
difference at the contact surface of the walls (°C); x – the 
thickness of the wall (m).

Heat flow by conduction in a cylinder is calculated 
by Equation (17):

 = −
dtQ KA
dr

	 (17)

where: K – the thermal conductivity of  the material 
used (W∙m–1∙k–1); A – the area (m2); Q – the rate of the 
heat flow through the cylinder (W or  J∙s–1); dr – the 
radius of the cylinder (m); dt – the change in tempera-
ture (°C).

A 2.8 kW capacity heater was used for the roasting 
of the castor seed in the roasting compartment.

Design of the temperature control capacity.

Q = I × V		
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(18)

where: Q – the heating element capacity (kW); V – the 
voltage entering the control (V); I – the current (A).

Working principles of the combined roaster expeller
The machine was designed for continuous opera-

tion. The roasting of the seeds was conducted in the 
roasting chamber with the help of a heating element. 
The screw press received the roasted castor bean 
seeds from the roaster via an outlet opened to  the 
hopper and gradually moved them forward by  the 
aid of the screw threads. The decreasing screw pitch 
along the shaft and screw height provided the com-
pressing force needed to squeeze out the entrapped 
oil from the castor bean seeds. The residue (cake) 
from which the oil is  expressed was forced out 
of the cake outlet as flakes and the oil was collected 
at the bottom. Figures (2–4) show the fabricated ex-
perimental rig, orthographic views of  the designed 
roaster expeller and exploded view of the designed 
machine, respectively.

2.8 12
240

= = =
Q KWI A
V

Machine maintenance
Before the machine starts to  operate, the power 

source, belt arrangement, the roasting compart-
ment, expelling unit and temperature regulator were 

Figure 2. Schematic diagram of the designed experimen-
tal rig

Elevation Side view

Plan Section A.A
Figure 3. Orthographic views of the 
roaster expeller
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checked to  ensure for their optimal performance. 
During operation, the stirrer in  the roasting com-
partment was constantly checked to  ensure that 
the castor seeds were effectively mixed and the heat 
distribution was evenly distributed. If there is  any 
blockage in  the mixing chamber, it  slows down 
the expelling operation and a baffle may be needed 
to  improve the mixing performance. After opera-
tion, both the roasting compartment and the ex-
pelling unit were properly cleaned using a soft iron 
brush to  remove any residual particles and cake 
formed during operation. All the components and 
materials used for the designed machine were local-
ly available at affordable prices in the market, thus, 
worn-out parts can be bought and replaced.

Performance evaluation of the designed machine
Castor seeds were harvested from the wild in the 

Ilorin metropolis of Kwara State, Nigeria. The seeds 
were thereafter crushed, dehulled and cleaned of any 
foreign materials and dirt by handpicking (Fadeyibi  
and Osunde 2012). The seeds were consequently 

dried in an electric oven at 65 °C for 6 h to a constant 
weight to  remove the moisture content to  a  bone 
dry weight. The moisture content simulation for the 
conditioning of  castor oil seeds by  Olaoye (2000) 
was adopted. The Design Expert (Ver. 6.0.6) soft-
ware was employed for the analysis and the model 
equation was developed for the dependent vari-
ables. The linear and quadratic models were used 
and fitted to  the experimental data using the soft-
ware package. An  analysis of  variance (ANOVA) 
was performed to  check the effect of  the signifi-
cant individual terms and their interactions on the 
response. The variables and levels were fixed based 
on information from the literature and trial experi-
ments (Ajala et  al. 2016; Olaoye and Busari 2017). 
Three variables at five selected moisture content lev-
els (6.32, 7.00, 8.00, 9.00 and 9.68 % wb) and a heat-
ing duration (6.59, 10.00, 15.00, 20.00 and 23.41 min) 
were used for the evaluation at five temperature set-
tings (83.18, 90.00, 100.00, 110.00 and 116.82  °C) 
with the oil yield as a dependent variable. The vari-
ables and levels were fixed based on  information 

Figure 4. Exploded view of the roaster expeller
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from the literature and trial experiments (Ajala et al. 
2016). The oil expression was optimised by varying 
the independent variables. A central composite de-
sign (CCD) and ANOVA were used to determine the 
extent to which the roasting temperatures, roasting 
durations and moisture content affected the perfor-
mance indices. The roasting of the castor bean seeds 
was undertaken in  the roasting chamber attached 
to  the designed machine. A  shaft was design and 
pivoted through the centre of the roasting compart-
ment. Four stirrers were attached to the shaft to turn 
the products, distribute the heat and prevent the 
seeds burning during the roasting operation. A gate 
located at  the base of  the roasting compartment 
helped to maintain the castor seeds temperature and 
allow for the easy flow of  the roasted castor seeds 
into the extraction unit.

Oil extraction
The oil extraction from the processed castor bean 

seeds was undertaken using the mechanical expeller. 
The clean transparent liquid obtained was collected 
and poured into a separate container, weighed and 
the yield was calculated. The percentage oil yield was 
calculated using Equation (19):

	 (19)

where: Y – the oil yield (%); W1 – the weight of the un-
milled castor seeds (g); W2 – the weight of  the cake 
sample (after milling) (g).

Efficiency of the machine
The machine efficiency was calculated using the 

relationship in Equation (20):

	 (20)

where: E – the machine efficiency (%); Y – the oil yield 
in percentage (%); Co – the oil content of the nut (35–55% 
for castor bean seeds) (Busari and Olaoye 2017).

RESULTS AND DISCUSSION

Designed machine components
The designed machine specifications for the com-

bined roaster expeller are presented in Table 1.
The expeller capacity and heater capacity were 

4 kg per batch of each operation and 2.8 kW (12 A), 
respectively, while the power requirement was cal-

1 2–(%) 100= ×
W WY

W
1 2–(%) 100= ×

W WY
W

(%) 100= ×
o

YE
C

(%) 100= ×
o

YE
C

culated to  be 5.5 Hp (electric reduction gear mo-
tor), the shaft diameter was 30 mm and the volume 
of the hopper was 0.006 m2. The length of the belt 
for the designed machine was determined to  be 
1.1 m while the belt velocity was 14 m per second, 
designed bending stress, torsional stress and maxi-
mum tensile stress were 72.2, 38.5 and 71.0 MN∙m–2, 
respectively. The experimental barrel pressure was 
calculated to be 70.0 MN∙m–2 as presented in Ta-
ble  1. The obtained results are slightly differ from 
the work of Fakayode and Ajav (2018) who reported 
a  power requirement to  be 2.0 Hp and a  shaft di-
ameter of  39.7  mm, this could be  as result of  the 
differences in the size of the designed machine and 
expeller capacity. Even though the obtained results 
were similar to  the work of  Olatunde et al. (2014) 
who had a  belt length of  1.2  m and a  belt velocity 
of 11.78 m∙s–1. They also obtained designed a bend-
ing stress, torsional stress, and maximum tensile 
stress of  76.2, 39.4 and 70.0  MN∙m–2, respectively. 
The machine gave the optimum oil yield of 26.77%, 
an equivalent of 59.48% and an oil expression effi-
ciency of approximately 85% when compared to the 
45% average oil content of  the castor bean seeds 
at  the optimum conditions of  the variables under 
consideration.

Model equation for the oil expression
The desirability function was applied using the De-

sign Expert software (Ver. 6.0.6) in order to compro-
mise the response. In the optimisation analysis, the 
target criteria were set, in ranges and the response 
was set to be the maximum as reported by Olaoye 

Table 1. Designed machine specifications

S/N Parameter Formulae Value

1 expeller  
capacity 4 kg∙batch–1

2 temperature 
control capacity 12 A

3 heater  
capacity 2.8 kW

4 power  
requirement 5.5 Hp

5 shaft diameter 0.03 m

6 experimental  
barrel 70.0 MN∙m–2

S/N – specification/No.

=
QI
V

( )2 1− −
=

KA t t
Q

x

9 550
=

TNP

3 16
=
π c

s
d T

S

σ = = =h
f Prl Pr
tl tl t
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and Busari (2017). The regression model equation 
was developed for the oil yield with respect to  the 
moisture content (A), roasting temperature (B) and 
roasting duration (C), and their respective interac-
tions. The single and quadratic effects of the model 
revealed that B, C, and A2 are directly proportional 
to the oil yield. A negative effect was observed be-
tween A, B2, C2, AB, AC, and BC on  the oil yield. 
The optimum oil yield was validated using the data 
generated from the laboratory experiment. To con-
firm the accuracy of  the developed model, the oil 
expression was carried out under the optimum con-
ditions. The experimental oil yield was found to be 
26.77% while the predicted oil yield from the model 
was 27.50%. The percentage error was calculated 
to be 0.97 which confirmed the validity of the model 
equation. The coefficient of the response of the sur-
face model equation for the yield of  the castor oil 
is given in Equation (21), which describes the rela-
tionship between the percentage oil yield and actual 
values of the independent operating parameters.

Y1 = 12.68804 – 1.14776A + 0.34141B + 0.45270C +
       + 0.11051A2 – 1.0626E – 003B2 – 6.89348E – 	 (21)
       – 003C2 – 0.015000AB – 0.015000AC – 
        – 1.0000E – 003BC

where: Y1 – the response variable in terms of the castor 
oil yield (%); A – the moisture content over a range (6% 
≤ M ≤ 10%); B – the heat temperature over a range (80 °C 
≤ T ≤ 120 °C); C – the heat duration over a range (5 min 
≤ t ≤ 25 min).

The shaft diameter was designed for 30  mm and 
the roaster heater capacity was 2.8 kilowatts. While 
the machine was powered using a  5.5 Hp reduc-
tion gear electric motor, with an extraction capacity 
of 115 kg·h–1, designed to be operated for 8 working 
hours per day. The roaster expeller was designed for 
local construction, operation, repair/maintenance, 
and its cost-effectiveness. The roasting compartment 
was included in the design to help remove the drudg-
ery and reduce the time involved in roasting the cas-
tor bean seeds separately. This is  an improvement 
over the existing machines and appropriate tech-
nology for vegetable oil extraction processes where 
the operation is performed separately. The positive 
terms in  Equation (21) signify the direct relation-
ship between the independent variables and their 
interactions with the dependent variable, while the 
negative terms in  the equation signify an  inverse 
relationship between the variables. The maximum 

oil yield was achieved at  27.36% when the heating 
temperature was 80.96 °C with a 6.02% wb moisture 
content, while the minimum oil yield was at 26.23% 
when the heating temperature was 80.00 °C and the 
moisture content was 7.53% wb. This implies that 
as  the roasting temperature increased, more cell 
wall/membranes were broken as result of the heating 
which allowed the oil to move out from trapped cell 
walls as reported by Aniket and Singh (2016). Ache-
heb et al. (2012) reported an increase in the moisture 
content with a  decrease in  the oil yield due to  the 
decrease in friction and less crushing force applied 
on the seeds squeezed out of the oil. Olayanju et al. 
(2006) and Pradhan et al. (2011) reported that, for 
sesame seeds and jatropha, the presence of the opti-
mum oil yield is a function of the moisture content 
and roasting temperature.

The optimum conditions of  the variables were 
determined to  be a  moisture content of  9.96%, 
the heat temperature of  119.15  °C and heat du-
ration of  10.60  min at  a  corresponding oil yield 
of  26.77%.  The machine gave the optimum oil 
yield of 26.77%, which is the equivalent of 59.48% 
when compared to  the 45% average oil content 
of the castor bean seeds at the optimum conditions 
of  the considered variables. It  was observed that 
all the variables have a direct influence on the oil 
yield. This implies that the oil yields increase with 
the increasing independent variables. The roast-
ing temperature and moisture content were found 
to be the most significant factors affecting the castor 
oil yield. This agreed with the findings of other re-
searchers on oil extraction, viz: Olajide’s (2000) work 
on groundnut and shea nut oil expression, Akinoso’s 
(2006) research on  sesame seeds while Fakayode 
et al. (2016) investigated moringa seeds.

CONCLUSION

The development of any machine requires the criti-
cal design of its various components based on differ-
ent operating conditions. This will help the designer 
eliminate, to the barest minimum, any possible causes 
of machine component failure. The designed expel-
ler was simple enough for the local fabrication, ease 
of operation, low repair and maintenance costs and 
cost effectiveness. The roaster compartment that was 
incorporated in the design removed the drudgery and 
time consumed during the roasting of  castor bean 
seeds before the oil expression. This is an improve-
ment over the available machines and, thus, provides 
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appropriate technology for vegetable oil extraction. 
The choice of materials and the overall cost of  the 
machine would encourage mass production for lo-
cal consumption. The machine can be used for both 
small- and large-scale castor oil extraction among 
rural and urban communities. An individual can es-
tablish a cottage oil processing plant based on this 
available technology in  order to  be self-employed 
or employer of labourers. The machine gave an op-
timum oil yield of 26.77%, an equivalent of 59.48%, 
and an  oil expression efficiency of  approximately 
70.26% when compared to the 45 % average oil con-
tent of the castor bean seeds at the optimum condi-
tions of the variables under consideration.
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