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ABSTRACT 

The quest for a drudge-free and sustainable technology that will be acceptable by the small and 

medium scale groundnut oil processors motivated the current study. An existing groundnut 

roasting, de-skinning, winnowing and kneading machines were modified by re-designing the 

various components involved and a suitable milling machine was also extensively designed and 

constructed. Detail drawing of the modified existing machines and developed milling machine 

were carried out using pro E engineering drawing software before constructing the machines. The 

constructed unit machines were assembled to form an integrated machine and the performance of 

the machine reported by previous studies reveals reduced drudgery involved in the groundnut 

extraction process. More so, the entire cost incurred in the construction of the machine (N173, 

543.50), the extraction efficiency and yield recorded reveals that the developed machine has 

suggested a sustainable technology for the small and medium scale groundnut oil processors.  

Keywords: Groundnut oil, Extraction, Roasting, De-skinning, Kneading 

1.0 INTRODUCTION 

Groundnut seed ( Arachishypogeal) is the 

most common oil nut grown as an annual 

crop on about 19 million hectares of land in 

tropical, sub-tropical and warm temperature 

regions of the world. It is grown because of 

its edible oil and protein rich seeds. It has oil 

content of around 45% and 55% depending 

on the variety (Woodroof, 1983; Young, 

1982). The process known as oil extraction is 

used in removing the oil content. Besides the 

traditional and chemical methods, 

mechanical method is also investigated by a 

number of researchers (Ewaoda et al, 2006). 

However, the existing mechanical methods 

consist of separate machines mostly focused 

on giving unit operation that is either; 

roasting, de-skinning, or kneading operation. 

Such available machines were reported to 

have some technical challenges (Lawan et al., 

2015).   
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For instance, Abdulsalam (2013) established 

that the existing groundnut roasting machines 

could benefit from modification of its present 

horizontal orientation of the roasting 

chamber that made feeding and removing the 

groundnut seeds very challenging before and 

after the roasting operation. More so, heat 

losses to other part of the machine and poor 

efficiency of the stove blower have also been 

reported (Abdulsalam, 2013). On the existing 

de-skinning machine studied, Abdulaziz, 

(2014) found that the machine is 

characterized with efficiency of 92.51% and 

high scatter loss 17.74%. With regards to the 

kneading machine, serious vibration was 

observed during the machine operation that 

was attributed to the action of the stirring 

shaft against thehighly viscous groundnut 

paste (Bashir, 2014). The frequent wobbling 

and wearing away of the bevel gears of the 

transmission unit and the fact the machine is 

electrically powered have also present 

another challenge (Bashir, 2014). These 

challenges will surely make the hitch-free 

utilization of the machine very difficult in a 

rural settlement of developing countries 

considering the low technical knowhow and 

unstable power supply. 

Therefore, the present study focused on; (i) 

the modification of the aforementioned 

existing roasting, de-skinning and kneading 

machines based on the recommendation of 

previous studies and preliminary study 

conducted, (ii) the development of a milling 

machine to produce the groundnut paste after 

the roasting operation, and (iii) the 

development of an integrated groundnut oil 

extraction machine from the modified 

machines and the developed milling machine. 

Interestingly, the performance of the machine 

as already reported in a previous study 

(Lawan et al., 2016) revealed that the 

machine has suggested an affordable 

technology that can holistically carry out the 

roasting, de-skinning/winnowing, milling 

and kneading processes which saves 

production time and increase efficiency of 

the entire groundnut oil processing activity, 

which could undoubtedly translate into 

improvements in terms of value addition to 

the groundnut oil and the rural economy.   

2.0 MATERIALS AND METHOD 

2.1 Materials 

The material selected for the machine 

components was based on the type of force 

that will be acting on them, the work they are 

expected to perform, the environmental 

condition in which they will function, their 

useful physical and mechanical properties, 
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cost, toxicity of the materials and their 

availability in the market. Table 1 shows the 

material selected for the main components. 

2.2 Modification of the Existing Machine 

2.2.1 Modification of roasting machine 

The existing roasting machine consists of the; 

crank handle, the stirrer shaft, roasting 

chamber, the charcoal tray, belt and pulley 

and centrifugal blower. The following 

considerations were used in modifying the 

existing roasting machine:  

i. The cylindrical shape of the roasting 

chamber was maintained, however it 

was positioned in a vertical orientation 

with the top left open as an inlet 

opening on the roasting chamber to 

enhance easy admission of groundnut 

in to the chamber. 

ii. The capacity of the roasting machine 

was increased to accommodate the 

maximum quantity of groundnut seeds 

(24kg/batch) usually processed by the 

small scale processors (Ibrahim, 2010). 

iii. The charcoal tray was cased with mild 

steel sheet lined with insulating 

material (fiber material) to prevent 

excessive  heat transfer to other parts 

not desired, and 

iv. A centrifugal blower was introduced 

for efficient blowing of the charcoal. 

Firstly, the drive used to operate the roasting 

machine consists of a 900 bevel gear, a 

cranking shaft and a cranking handle. The 

cranking will be about the horizontal plane, 

which will be converted to rotational motion 

of the stirrer shaft by the bevel gear. 

Experimentally, it was estimated that an 

average man can crank about 50 revolutions 

per minutes (Upahi, 2006), thus a maximum 

of 50 rpm was chosen for the cranking.  

While for the crank shaft, It is assumed that 

the power applied at the crank shaft is equal 

to the power delivered to the stirrer shaft, 

therefore, the diameter was made equal to 

that of the stirrer shaft. 

  Secondly, the charcoal stove was made in 

form of a trapezoidal shape with the two 

opposite sides having perforations for air 

flow to the charcoal. It was made from 3 mm 

mild steel because of its ability (Melting 

temperature; 14250C-15400C) to withstand 

the maximum temperature attained by the 

charcoal (10270C) (Garelic, 2014). Also, the 

casing of the stove was lined with insulating 

material (fiber) from outside to prevent heat 

transfer to other parts of the machine not 

desired.The roasting chamber, Stirrer shaft, 

belt and pulley,and centrifugal blower were 

designed using equations 1 to 17 presented in 

Table 2. 
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Table1 Materials Used for the Main 

Components 

 

S/N Components Material 

Selected 

1 Roasting 

chamber 

Mild steel sheet 

2 Shafts Mild steel shaft 

3 Centrifugal 

blower 

Mild steel sheet 

4 Pulleys Cast iron 

5 Belts Rubber 

6 Grinding plates Cast iron 

7 Kneading 

chamber 

Galvanized 

steel 

8 Charcoal tray Mild steel sheet 

9 Insulating 

material 

Fibre 

10 Scrubber Metallic drums 

and Carpet 

11 Rough surface 

plate 

Wood and 

Carpet 

12 Main frame Mild steel angle 

iron 

 

2.2.2 Modification of De-skinning Machine 

The existing de-skinning machine consist of 

the; polishing chamber, polishing clearance, 

belt and pulley and centrifugal blower and the 

following considerations were made in 

modifying the de-skinning and winnowing 

machine; 

i. The engineering properties of the 

groundnut seed. 

ii. The de-skinning chamber was made to 

be adjustable so as to suit different 

varieties of groundnut seeds for better 

de-skinning and cleaning efficiencies. 

iii. A centrifugal blower was introduced 

considering the terminal velocity of 

groundnut seed for efficient cleaning 

of the de-skinned groundnut seeds. 

iv. Belt and drums were used to replace 

the reciprocating shafts to prevent 

scatter losses and improve on the 

outlook of the machine and make it 

easy for operation. 

The polishing chamber was designed to 

carryout the de-skinning action, and it consist 

of two components; the scrubber and the 

rough surface plate. The scrubber consists of 

two drums hinged on a bearing carrying 

rough carpet while the rough surface plate 

has rough carpet. The space between the 

scrubber and the rough surface plate is the 

polishing clearance specified. While the 

polishing clearance, belt and pulley and 

centrifugal blower were designed using 

equations5 to 19 presented in Table 2. 

 

 

2.2.3 Modification of Kneading Machine 

The existing kneading machine consists of the 

kneading chamber, chamber holder, stirrer 

shaft, gear drive and belt and pulley and the 

following were considered in modifying the 

kneading machine; 
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i. A groove and holder (belt) was 

provided on the frame for the kneading 

chamber to prevent vibration. 

ii. Cased 900 bevel gears were used to 

prevent wobbling and wearing away of 

the gear teeth of the ordinary bevel 

gears. 

iii. A cover was provided to the kneading 

chamber to prevent splashing away of 

groundnut paste during kneading. 

The chamber holder was made from a flat bar 

and the shape of the holder was made to be the 

same with the shape of chamber (circular). 

The internal diameter of the holder was made 

to be the same with the external diameter of 

the kneading chamber for proper grip.In 

selecting the gear drive,it is considered that 

theprime mover to be used (diesel engine) 

usually provides power in the horizontal plane, 

whereas the stirrer shaft requires power in the 

vertical plane. Also, there is need to further 

step down the speed of the prime mover from 

800 rpm (Speed that can be achieved from 

2600 rpm of the prime mover using suitable 

pulley diameter on the input shaft of the bevel 

gear). Therefore, bevel gear with 4:1 ratio was 

selected. The selection of the cased type was 

also made to prevent wobbling, wearing away 

and misalignment that is usually experienced 

with the existing bevel gear used, more so, for 

ease of lubrication without contaminating the 

paste with lubricating oil. 

Finally, the kneading chamber, chamber 

holder, stirrer shaft and belt and pulley were 

designed using equations 3 to 6 and 20 to 24 

presented in Table 2. 

 

2.3 Development of the Milling Machine 

In developing a suitable milling machine that 

could be integrated, some design related 

properties of groundnut seed and power 

required for milling groundnut seed were 

considered. The milling machine consists of 

the; milling shaft, milling plate, belt and 

pulley and screw conveyor. The milling plate 

is selected from grinding plate classification 

presented by Nigerian Industrial Standard 

(NIS) which is approved by Standard 

Organization of Nigeria (SON). The milling 

shaft, belt and pulley and the screw conveyor 

were designed using equations 14, 5, 25 and 

26 presented in Table 2. 

 

 

2.4 Integrating the Unit Machines to Form 

the Integrated Machine  

To integrate the modified versions of the sub-

processing machines and form a single unit, 

the concept of plant design given by 

Sreenivasula (2010) was adopted and the unit 

machines were connected in-line in the 
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following sequence as guided by the 

traditional groundnut oil extraction process 

as shown in Figure 1; 

 

Figure 1: Connecting Sequence of the Unit Machines 

 

The chutes at the exit of the machines provides 

the interconnections between the machines, 

and each of the delivering chutes was inclined 

at an angle (400) that exceeds the angle of  

32.330-32.670  which is an angle of repose of 

groundnut seeds as given by Muhammad et al., 

(2015) so that there will be conveyance by 

gravity. However, the paste that will be 

produced by the milling unit will be fed to the 

kneading unit manually, because of the sticky 

nature of the meal which requires conveyance 

system considered not economical for the set 

up proposed in this study. 

A single prime mover was specified to power 

the integrated machine. Therefore, power 

required for de-skinning/winnowing 

(centrifugal fan), milling and kneading units 

were considered and a single prime mover 

(Diesel engine) was used. In specifying the 

prime mover, equation 27was used. 

27...............................................


T
M

P
P   

Where; 

PM = Power of the diesel engine to be used 

(kW), PT = Total power required by the units 

(kW)

.efficiency drive Assumed  0.75;  

The isometric drawing of the modified units 

and the integrated machine are presented in 

Figure 2. 
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   Table 2 Equations used in the Design of Components and the Dimensions achieved 

Unit Component Equation Equation 

No. 

Description  Reference 

Roasting Roasting 

chamber 4

2LD
V




 

1 V= Volume of the chamber 

(cm3), D= Diameter of the 

chamber (mm); L= Depth of 

the chamber (mm) 

- 

  

SV

M


 

2 ρ= Density of the groundnut 

paste;0.6 g/cm3- 0.73 g/cm3 

(Okaiyeto, 2012); M= Mass 

of groundnut seeds (kg); 24 

kg (Ibrahim, 2010), Vs= 

Volume of the seeds (cm3) 

 

- 

 Stirrer shaft
 

3
16













T
d

 

3 d=  shaft diameter (mm),τ= 

42MPa torsional shear stress 

of mild still, T=Torque on 

the shaft (Nm).
 

Khurmi  and 

Gupta 

(2005)
 

  

60

2 NT
P




 

4 P=0.07 4kW (Average 

power of provided by 

human effort), N= 50 rpm 

(Average speed of stirrer 

shaft) 

 

Khurmi  and 

Gupta 

(2005)
 

 Belt and 

pulley
 1

2

2

1

d

d

N

N


 

5 N1= 50 rpm; Speed of the 

crank shaft (rpm), (Upahi, 

2006), N2= 250 rpm; Speed 

of the Centrifugal fan (rpm), 

(Selected), d1= 300 mm; 

Diameter of the crank shaft 

pulley (Selected), d2= 

Diameter of the blower 

pulley (mm) 

Khurmi  and 

Gupta 

(2005)
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x

dd
xddLx

4
2)(

2

2

21
21





 

6 Lx= Length of belt (mm), 

d1= 300 mm: Diameter of the 

driver pulley (mm), 

d2= 60 mm: Diameter of the 

driven pulley (mm), and 

x= 800 mm:Center to center 

distance between the pulleys 

(mm) (Assumed based on 

design dimensions). 

 

Khurmi  and 

Gupta 

(2005)
 

 Centrifugal 

blower
 

xVAQ .
 

7 Q= Air flow rate (m3/sec), 

Vx= 6.0 m/s; Selected 

velocity of air required, A= 

Crossectional area of the 

duct.
 

Joshi (1981)
 

  

4

3

H

QN
NS   

8 NS=Specific speed (per 

min), N=250 rpm  Selected 

speed of the fan, Q= Air 

flow rate (gpm)  

 

Hem (1981)
 

  

g

V
H

2

2

  
9 V= 6.0 m/s; Selected 

velocity of air required, 

g=9.81 m/sec 

Hem (1981)
 

  
3

2

240

N

Q
DO




 

10 DO= Diameter of the 

impeller (m), 

,0.1 Q= 0.279 m3/sec: 

Air flow rate as obtained 

above,N= 250 rpm: Selected 

speed of the fan 

 

Yan and 

Pingyuan  

(2010).
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2

175

OND

Q
W




 

11 W= Width of the impeller 

(in) 

 

Sahay and 

Singh 

(2007)
 

  

a

b
V

q
N 

 

12 Nb = Number of blades, q = 

actual flow rate (m3/sec),Va= 

Volume of air displaced per 

sec
 

Mohammed 

(2009) and 

Hem (1981)
 

   
 ba

ab
De




2

265.1
 

13 De= Equivalent diameter of 

air flow duct (m), a and b are 

selected length and width 

respectively.
 

Mohammed 

(2009) and 

Hem (1981)
 

 Blower shaft 

diameter     223 16
ttbb

allowable

MKMKdx 
  

14 dx= blowershaft 

diameter(mm), Kb= 

Combined shock and fatigue 

factor applied to bending 

moment; 1.5 to 2.0 for load 

suddenly applied with minor 

shock, Kt = Combined shock 

and fatigue factor applied to 

torsional moment; 1.0 to 1.5 

for load suddenly, Mt and Mb 

are tortional and bending 

moments respectively.
 

Khurmi  and 

Gupta 

(2005)
 

 Blow duct
 

A= 1.7 ×DO 
15 A= Overall height of the 

blower (mm), DO= Diameter 

of the impeller( mm)
 

Sahay and 

Singh 

(2007)
 

  B= 1.5 ×DO 
16 B = Diameter of the round 

duct (mm)
 

Sahay and 

Singh 

(2007)
 

  C= 1.25 W + 0.1 DO 
17 C= Length of the 

rectangular duct (mm), W= 

Width of the blade (mm) 

 

Sahay and 

Singh 

(2007)
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De-

skinning 

Polishing 

chamber 
 tblC 

3

1
 

 

18 C= Polishing clearance 

(mm), l= Average length of 

groundnut seed sample 

(mm), b=Average depth of 

groundnut seed sample 

(mm), t= Average thickness 

of groundnut seed sample 

(mm)
 

Umar 

(2012) 

 Blower 

power 102

hM
P


  

19 P= Power required to 

operate the blower (kW), 

M=  Mass flow rate(kg/sec), 

h= Pressure head of air (m) 

Sahay and 

Singh 

(2007)
 

Kneading chamber 

holder
 

tDDCh  2  20 DCh=Diameter of the 

chamber holder (mm), 

D=Diameter of the kneading 

chamber (mm) 

- 

 Kneading 

power 
LFT   21 T= Torgue(Nm), F= Force 

(N)  

- 

  gmF   22 m= Length of the blade, g= 

9.81m/sec2 

- 

  FFFF  21  23 F1, F2 and F3are forces on 

the blades (N) 

- 

 Stirrer shaft 
d= 3

16



T
 

24 d= Shaft diameter (mm), 

T=Torque acting on the 

shaft (Nm), τ=Torsional 

shear stress (42 MPa of 

steel) 

Khurmi  and 

Gupta 

(2005)
 

Milling Screw 

conveyor
 

 
185,21

22

AAAA NPdD
Q


  

25 Q= Theoretical capacity of 

the screw conveyor (m3/hr),  

PA= Theoretical power 

requirement (hp),  

DA=Outer diameter (m),  

dA=Shaft diameter (m),  

Hem (1981)
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NA= Speed of the milling 

shaft (rpm) 

 

  

000,270

FLQ
P A

A





 

26 LA=Distance to which 

material is to be conveyed 

(m),F= Material factor for 

groundnut, ρ= Bulk dnsity of 

groundnut seed (kg/m3) 

Hem (1981)
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 Figure 2: (a) Orthographic  Drawing of the Roasting Machine (b) Orthographic Drawing of the De-skinning/winnowing Machine (c) Orthographic 

Drawing of the Milling Machine (d) Orthographic Drawing of the Kneading Machine (e) Isometric Drawing of the Integrated Machine 

 Scale: 1: 0.1 

 Unit: All dimensions are in mm 
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3.0 RESULTS AND DISCUSSION 

Table 3 presents the dimensions obtained 

after the re-designing roasting, de-

skinning/winnowing, kneading machines and 

designing the milling machine. The 

orthographic drawings of the modified 

roasting, de-skinning/winnowing, kneading 

and the designed milling machines in 

appendix (a), (b), (c) and (d) respectively 

while the integrated machine is depicted in 

appendix (e). Figure 3 depicts the integrated 

groundnut oil extraction machine developed 

and the production cost of the machine as at 

1st May, 2014 was approximately N173, 

543.50, the breakdown of the production cost 

is outlined in Table 4.The developed 

integrated machine (Figure 3) consists of four 

units namely; roasting, de-

skinning/winnowing, milling and kneading 

units respectively. 

 

Figure 3: The Integrated Machine (Lawan et al. 2016) 

 

 

 

Table 3 Dimensions of the Components  
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Unit Component Dimension (s) 

Roasting Roasting chamber D= 550.30 mm, L= 500.00 mm 

 Stirrer shaft d=20.00 mm 

 Belt and pulley d2= 60.00 mm, L= 218349 mm, 

x= 255.67 
 Centrifugal blower D0=300.51 mm, W=496.15 

mm, Nb=4 

 Centrifugal Blower shaft d=20.00 mm 

 Blower duct A=51087 mm, B=35106 mm, 

C= 65024 mm,  

De-Skinning/winnowing Polishing clearance C=8.4 mm 

 Belt and pulley d2=179.31 mm, x=836.94 mm, 

L=247662 mm 

 Centrifugal blower D0=234.04 mm, W=77.31 mm, 

Nb=4 

 Centrifugal blower shaft d=20.00 mm, P= 0.041686029 

kW 

 Blower duct A=397.87 mm, B=351.06 mm, 

C=120.04 mm 

Kneading Kneading chamber D=400 mm, L=550 mm 

 Kneading chamber holder Dch=408 mm 

 Stirrer shaft d=35.00 mm, P= 1.77kW 

 Belt and pulley d2=325 mm, L=2680.24 mm, 

x=1130.69 mm 

Milling Belt and pulley d1= 100 mm, L=1586.57 mm, 

x= 434.66 mm 

 Milling shaft d=35.00 mm 

 Screw conveyor Q= 8.05×10-5 m3/hr, PA= 

6.68×10-7hp 

 

Table 4: Machine Production Cost  

 

Components Material Specification Qty. Unit Price 

(N) 

Total Price 

(N) 

Frame 

 

2” x 2”  Mild steel angle iron 4 3,500.00 14,000.00 
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Roasting unit’s 

stirrer shaft 

24” length of 25mm diameter of 

carbon steel shaft 

1 4,000.00 4,000.00 

Roasting 

chamber 

2mm thickness of mild steel 

sheet 

3/2 

sheet 

9,800.00 14,700.00 

Roasting unit’s 

gear drive 

OMAC 1:1 gear ratio 1 4,000.00 4,000.00 

Charcoal tray 1.5mm thickness of mild steel 

sheet 

¼ sheet 6,500.00 1,625.00 

Stove insulating 

material 

- - - 2,000.00 

Roasting unit’s 

conveyor 

   1,500.00 

Polishing 

chamber’s 

scrubber 

- - - 2,000.00 

Polishing 

chamber’s rough 

surface plate 

- - - 1,500.00 

Centrifugal 

blower 

1.5mm thickness of mild steel 

sheet 

¼ sheet 6,500.00 1,625.00 

De-skinning 

unit’s conveyor 

1.5mm thickness of mild steel 

sheet 

¼ sheet 6,500.00 1,625.00 

Milling shaft 

 

20” length of 35mm diameter 

carbon steel 

1 4,000.00 4,000.00 

Milling plates 78mm diameter of 10mm 

thickness 

2 1,000.00 2,000.00 

Kneading 

chamber and 

cover 

1.5mm thickness of galvanized 

steel sheet 

½ sheet 12,000.00 6,000.00 

Kneading unit’s 

stirrer shaft 

33” length of 35mm diameter of 

carbon steel shaft 

1 4,000.00 4,000.00 

Kneading unit’s 

bevel gear 

OMAC 4:1gear ratio 1 6,000.00 6,000.00 

Oil drain valve Plastic one way valve 1 300.00 300.00 

Pulleys Cast iron 6 2,800.00 16,800.00 

Belts V-Belts 6 400.00 2,500.00 

Bearings  

 

6 250.00 1,500.00 

Bolt and nuts M17 24 25.00 600.00 

 M19 24 25.00 600.00 

 M24 24 30.00 720.00 

Welding 

electrode 

G12 electrode 2 

packet 

1,700.00 2,400.00 

Paint Glossy 1 

Gallon 

4,000.00 4,000.00 
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Prime mover 6.5 hp of Shinlon R175A diesel 

engine 

1 35,000.00 35,000.00 

Sub-total    133,495.00 

Miscellaneous 

and Labour 

30% of the sub-total   40,048.50 

Total    175,043.50 

 

 

4.0 CONCLUSION 

 

The existing groundnut roasting, de-

skinning/winnowing, kneading machines 

were modified based on the 

recommendations of previous studies and 

preliminary evaluations carried out. Also, a 

suitable milling machine that could produce 

groundnut paste from the roasted de-skinned 

groundnut seeds was developed. Furthermore, 

the modified machined and the developed 

milling machine was successfully integrated 

to provide a machine that can carry out all the 

unit operations required for groundnut oil 

extraction process.  

 

5.0 RECOMMENDATION 

The performance evaluation and effects of 

some experimental factors have been carried 

out and reports published in Lawan et al. 

(2016) and Lawan et al. (2016) of volume 11 

(1) and volume 11 (2) of this journal 

respectively. However, there is the need to 

carry out mathematical modeling and 

optimization of the machine processes to 

provide optimum conditions for efficient and 

more profitable extraction process. 
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