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ABSTRACT 

A manually operated goundnut oil extracting machine was designed and constructed. The major components of the 
machine include the kneading chamber, stirrer shaft, transmission shaft, bevel gears and expelling unit. The expelling 

unit consists of pressure plate, perforated cylinder, collecting pan and hydraulic jack. The machine was tested and 

evaluated on the following parameters: oil yield, extraction capacity, extraction efficiency and purity of the extracted 
oil. The result showed that the oil yield, extraction capacity, extraction efficiency and percentage purity of 1.1%, 

2.58l/h, 63.8% and 94.1% respectively. The cost of production of the machine was about ₦20,000 (USD 50) as of 

August 2016.  
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1. INTRODUCTION 
 

The groundnut Arachis hypogeal also known as the 

peanut is a family of papillionaceae largest and most 

important member of leguminous crops (Hans-Jurgen 

and Frans 1989; Shankarappa et al., 2003). 

According to Anonymous (1994), groundnut is the 

13
th
 most important food crop of the world. It is the 

world's 4
th

 most important source of edible oil and 3
rd

 

mst important source of vegetable protein. The 

groundnut seeds contain high quality edible oil 

(50%), easily digestible protein (25%) and 

carbonhydrates (20%). It is a very important oil seed 

and crop around the globe and known for its 

nutritional and trade value (Shankarappa et al., 2003). 

It is almost exclusively processed in combination 

with the utilization of the residue for human 

consumption. In fact, often the by-product forms a 

kind of snack called by the Hausas in Nigeria as 

“kulikuli". According to Ajao et al. (2009) 

groundnuts are almost exclusively processed in 

combination with the utilization of the residue for 

human consumption. In fact often the bye-product, a 

kind of a snack called “kulikuli” in Nigeria and some 

other African countries, is usually the main product 

and the processing of the groundnut oil only as part 

of the process. Groundnut oil extraction in most 

developing nation such as those of the south Asia and 

Africa is usually done manually by hand, and like all 

other manual operations, it is drudgery and time 

consuming. Oil extracted from groundnut through 

either traditional means (mostly dependent on human 

energy with about 20% - 30%) or mechanical means 

(over 70% - 90%) of oil can be extracted (Ajao et al., 

2010). 

Oil extraction is the process of recovering oil from 

oil-bearing products through manual, mechanical, or 

chemical means. The oil as well as the by-product is 

also very useful as food and non-food material for the 

production of snacks, cake, margarine, biscuits, 

cosmetics, detergent, plastic etc. Oil production is 

important not only among small-medium scale 

industries but also to rural populace, employing quite 

a substantial workforce which serves as a source of 
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income to many communities engaging in the 

exercise (UNIFEM, 1987). 

Extraction of oil from oil-bearing products could be 

done in two major methods, these are traditional and 

improved methods. The traditional method is usually 

carried out by manual process. It is performed by 

hand after crushing the groundnut into paste and such 

operation is drudgery and time consuming. With the 

increasing world population, the traditional method 

become insufficient and rather slow process and 

cannot meet the demand. In traditional method of oil 

extraction, almost all the stages are manual and 

labour intensive. The improve method consists of 

chemical extraction and mechanical expression of oil. 

The chemical extraction method requires the use of 

organic solvent to recover the oil from the product. 

The mechanical method involves the use of screw 

and hydraulic presses (Aseidu, 1984). The 

mechanical methods employ the use of devices like 

screw and hydraulic presses as a means of applying 

the pressure (Gunstone and Norris, 1983). The screw 

press is more reliable than the hydraulic press, but is 

slower and produces less pressure. The hydraulic 

press is more expensive and need more maintenance 

and risk of contaminating the oil with poisonous 

hydraulic fluid. Which ever method is employed, 

Khan and Hanna (1983), reported that, the yield and 

quality of the oil extracted depend on the oil content 

of the crop, heating time, pressure application, 

operating temperature etc. Generally, the mechanical 

methods have relatively higher operating cost than 

the traditional method. However, they have higher 

efficiencies and are usually more adaptable for small 

and medium scale producers (Abubakar and Yiljeb, 

1996).  

The Institute for Agricultural Research (IAR) of the 

Ahmadu Bello University (ABU) Zaria, developed a 

traditional model for groundnut oil extraction in 

1995. The model was operated manually, but the 

mortar was installed and centred to ground for 

sterilely and the pestle was clamped on the mortar 

such that it could be ported on the casing as it kneads 

the ground pestle in the mortar (Eke and Maigida, 

1995). Another work done at National Agricultural 

Extension and Research Liaison Services (NAERLS), 

ABU, Zaria, attempted to replace the traditional 

mortar and pestle with manually operated drum 

chamber and a stirring shaft and finger mechanism 

(Abubakar and Yiljeb, 1996). The unit operations 

involved in extracting oil from groundnut is shown in 

chart 1 below: 

 

Roasting → Crushing → Winnowing → 

Grinding → Kneading → Pressing 

Chart 1: Unit operations involved in groundnut oil 

extraction 

 

In view of fact that mechanical extractors are 

virtually expensive for small-scale farmers, this work 

was therefore, aimed to design, construct and 

evaluate the performance of a manually operated 

groundnut oil extractor from locally available 

materials.   

 

2. MATERIALS AND METHODS 
 

2.1 Design of Machine Components 2.1.1 Design Considerations: In order to obtain 

high efficiency and reliability, the groundnut oil 

extracting machine was design based on the 
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following consideration: the machine should be 

relatively cheep; ability of the machine to extract 

oil from different varieties of groundnut; it should 

be made from the readily available materials; and 

the machine should be simply and easy to 

maintain. 

2.1.2 Design of the kneading cylinder: The 

design of this chamber was based on the principle 

of a rotational viscometer. The viscous flow drag 

of a rotating body immersed in a liquid is 

measured as a function of speed (Mohsenin, 1980). 

The minimum volume of the cylinder was 

determined from the density of groundnut paste. 

This was obtained using the equation: 

 𝑉𝑐 =
𝜋𝑑2

4
h  .....  (1) 

The weight of the can is 24.5g as determined from 

electric weighing machine. The height and 

diameter of the can is 6 and 6cm. 

Vc = 
3.142×(6)2

6
 = 169.7cm

3  

        
= 1.697 × 10−4𝑚3 

The can was filled with groundnut paste and 

weighed. The mass of groundnut and empty can 

was found to be 260 g. 

Mass of groundnut = 260 - 24.5 = 235.5g = 0.2355 

kg. 

Density of groundnut was determined as: 

 

𝐷 =
𝑚𝑎𝑠𝑠 𝑜𝑓𝑔𝑟𝑜𝑢𝑛𝑑𝑛𝑢𝑡

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓𝑔𝑟𝑜𝑢𝑛𝑑𝑛𝑢𝑡
   ......  (2) 

 =
0.2355

1.696×10−4  = 1388 kg/m
3 

 

Since the average human being can develop up to 

0.1 hp which is equivalent to 75 W and 7.5 kgm/s. 

This is less than 0.25 hp which is the normal rated 

output of an average man (Kawuyo, 1992). The 

mass of groundnut to be extracted at a time was 

considered to be less than 7.5 kg. Using a factor of 

safety of 2, about 3.8 kg of groundnut will be 

adequately mixed by a human developing 7.5 

kgm/s.  

So the minimum volume of the cylinder was 

determined to be 3.8/1388 = 0.003 m
3
. The mixing 

chamber is of cylindrical shape. The height of 

mixing chamber was assumed to be 0.3 m. 

The volume of a cylinder may be expressed as 

𝑉 =
𝜋𝑑2

4
h  .....  (3) 

 Therefore, 0.003 = 
3.142×𝑑2

4
× 0.3 

 d
2 
= 

0.003×4

3.142×0.3
  = 0.01273   

 then, d = 113 mm. 

170 mm diameter was selected by adding 50% of 

the determined size to avoid spillage.   

From (3), the volume of the cylinder is 

  V = 
3.142×172

4
× 30 = 6809.4cm

3
 = 0.068 m

3
. 

2.1.3 Pressure cylinder: The cylinder is a 

perforated sheet metal (sieve) developed into a 

cylindrical shape. The pressure cylinder is 

positioned inside a container. The groundnut paste 

is placed inside the cylinder (the extraction 

chamber). 

The maximum tensile stress ᵟh that will be 

subjected to failure is determined from the relation 

given by Spots (1988) as: 

 

ᵟh = 
𝑓

𝑡𝑙
 =

𝑃𝑟𝑡

𝑡𝑙
 =

𝑃𝑟

𝑡
   …  (4) 
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Where: P = intensity of internal pressure (N/m
2
), r 

= internal radius of the cylinder (m), l = length of 

the cylinder (m), t = thickness of the cylinder wall 

(m), and f = hoop force (N). 

 

𝑡 =
𝐷𝑐𝑜− 𝐷𝑐𝑖

2
    .......  (5) 

 

Where: Dco = external diameter of the cylinder, Dci 

= internal diameter of the cylinder. 

The yield strength for cast iron is given as 248 

MPa and allowable stress considering factor of 

safety of 2 is 124 MPa (Khurmi and Gupta, 2013). 

ᵟh =
2×𝑃×𝐷𝑐𝑖2

𝐷𝑐𝑜2−𝐷𝑐𝑖2    ........  (6) 

For pressure cylinder, diameter of 200 mm was 

considered so that all the paste mixed should be 

pressed in one operation and to get high pressure 

since pressure increase with decrease in cross-

sectional area. 

 From 𝑃 =
𝞭

𝑨
  

P  = 124 × 106 ×
(3.142×(200×10−3)2)

4
 

P = 3896080 N 

124 × 106(𝐷𝑐𝑜2 − 0.22)

= 2 × 3896080 × (0.2)2 

124 × 106𝐷𝑐𝑜2 = 311686.4 + 4960000 

Therefore, Dco = 204 mm and Dci = 200 mm 

So, 𝑡 =
𝐷𝑐𝑜−𝐷𝑐𝑖

2
= 2 𝑚𝑚  

Using equation (4): ᵟh = 
𝑓

𝑡𝑙
 =

𝑃𝑟𝑡

𝑡𝑙
 =

𝑃𝑟

𝑡
 

             = 
3896080×02

2
 =386.6 kPa 

Surface area of the cylinder,  

𝐴 =
𝜋d2

4
  .......  (7) 

𝐴 =
𝜋d2

4
=

3.142×(20)2

4
 = 314.2 cm

2
 

𝑉 =
𝜋d2

4
h =

3.142×(20)2

4
= 6284 cm3  = 0.063 m

3
 

2.1.4 Transmission shaft: Power transmitted 

by the shaft may be given by 

P = Tω  ……  (8) 

Where: T = average torque develop (Nm), ω = 

angular speed (rad/s) 

The machine was assumed to be operated at a 

minimum speed of 15 rpm. 

 

Ω=
2πN

60
  ........  (9) 

ω =
2 × 3.142 × 15

60
= 1.571 rad/s. 

 Maximum torque developed when the machine is 

operated at a speed of 15 rpm; 

T = 
74.6

1.571
= 47.5𝑁𝑚 

 

According to Khurmi and Gupta (2013), 

 

𝑑3 =
16×𝑇

π×τ
   ……  (10) 

 

Where: T = maximum torque (Nm), d = shaft 

diameter (m), τ =  allowable shearing stress 

(equals to 56 MPa). 

  

so, 𝑑3 =
16×47.5

3.142×56×106
=

760

175952×108d = 0.016 m = 

16 mm.  

Therefore, d was choosen as 20 mm. 
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2.1.5 Design of gear and stirrer shaft: Assuming 

that: minimum operating speed of driving gear, NG 

= 15 rpm; angle between shaft, ϴs = 90°; The 

number of teeth of the pinion used was Tp = 13; 

and the required velocity ratio, V.R = 3; then 

Number of teeth on gear is given by 

TG =V.R × TP  .......  (11) 

TG = 39 say 37 

The actual velocity ratio is determined thus 

𝑉. 𝑅 = TG / TP  ........  (12) 

V.R = 
37

13
= 2.8. 

Since the shafts are at right angle, pitch angle for 

pinion ϴp was determined as: 

ϴp = tan−1(
1

𝑉.𝑅
)  .......  (13) 

 = tan−1(
1

2.8
) = 200 

Pitch angle of gear TG = 90° – 20° =70
o 

The formative or equivalent numbers of teeth TE is 

given below; 

For pinion: 

TEP = Tp secϴp  .....  (14) 

= 13 × 𝑠𝑒𝑐20 = 13.8 

For gear: 

TEG = TG𝑠𝑒𝑐ϴG  .....  (15) 

= 37 × 𝑠𝑒𝑐70 = 108.2 

Tooth form factor for pinion 

y’p= 0.124 – 
0.686

𝑇𝐸𝑃
   ...  (16) 

                    = 0.124 – 
0.686

13.8
= 0.074 

Tooth form factor for gear 

y’G = 0.124 – 
0.686

108.3
= 0.118 

Since the pinion and the gear are the same material 

and y’p is less than y’G then pinion is weaker, the 

design was therefore based on pinion. 

Torque on the gear  

TP   =
𝑃×60

2×3.142×𝑁𝑃
  …  (17) 

=
47.5×60

2×3.142×42
 = 16.9Nm  

Using surface endurance limit of 630 MPa, and 

modulus of elasticity of cast iron as 84 N/mm
2 

(Khurmi and Gupta 2013),  

Torque on stirrer shaft = torque on pinion gear = 

16.9 Nm 

Using the equation (10), 

𝑑3 =
16×16.9

3.142×(56×106)
   

d = 0.012 m = 12 mm  

So d of 15 mm was used. 

2.1.6 Bearing selection: There are three bearings 

used in the machine. Two on the driving shaft and 

one on the stirrer shaft. Static and dynamic 

condition as well as design life requirement are 

considered in selecting the bearing. The bearings 

was selected based on load carrying capacity, life 

expectancy and reliability (Khurmi and Gupta, 

2013).  

2.1.7 The hydraulic jack; The jack is a 

mechanism that raises the container against the 

stationery pressure plate. Hydraulic jack of one ton 

was used in the machine. 

2.2 Fabrication and Assembly  

The machine consists of a mixing chamber where 

the groundnut paste is placed and mixed by 
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continuously rotating the hand drive lever of the 

stirrer. The speed ratio of te drive lever to the 

stirrer is 1:3. This gives a through mix up of the 

paste. The paste is there after transferred to the 

pressure cylinder. Hydraulic jack, which is placed 

below the collector and pressure cylinder, is then 

raised to press the paste in the pressure cylinder 

against the pressure plate that is attached to the 

frame at the top. As a result of the pressure 

developed, the oil is extracted from the paste.  

 

After various component parts were designed and 

constucted, the machine was assembled as 

presented in Plate A. The bill of materials required 

to fabricate the machine is presented in Table 1. 

 

 

Plate A: Constructed ground nut oil extraction machine 

 

Table 1: Bill of Engineering quantities 
 

Material Quantity Unit cost (N) Amount (N) 

Angle iron 2 2000 4000 

Sheet metal ½ 2500 2500 

Sieve 3 300 900 

Bearing 3 200 600 

Shaft 2 450 450 

Jack 1 800 800 

Flat bar 3 pcs 700 700 

Bolt and nut Assorted 250 250 

Pipe 1 200 200 

Spring 1 150 150 

Grease 1 200 200 

Pressure plate 1 100 100 

Differential 1 3000 3000 

Paint 

Labour and others 

Total 

1 1300 

1300 

4850 

20,000 

 

 

2.3 Performance Evaluation  

The machine was tested at the farm power and 

machinery laboratory, Department of Agricultural 

and Environmental Resources Engineering, 

University of Maiduguri, Borno State. Groundnut 

was used to test the performance of the machine. 
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The steps involved in evaluating the machine were 

cleaning, frying, and grinding. The machine was 

tested using three sets of groundnut paste as 

samples. The sets varied in terms of mass as 3.2, 3.6 

and 4.0 kg. Warm water (10%) of the mass of each 

sample was added to rupture the ground nut cells. 

Each set was replicated three times and the average 

values recorded. The following parameter were 

used in evaluating the performance of the machine: 

oil yield by mass, extraction capacity, extraction 

efficiency and purity.  

The oil yield was determined using:  

𝑌𝑜 = 𝑀𝑝 − 𝑀𝑐  … (18) 

Where: Yo = Oil yield, kg; Mp = Mass of paste, kg; 

Mc = Mass of cake, kg. 

 

The extraction capacity was determined by the 

relationship: 

𝐸𝑐 =
𝑉𝑜

𝑡
 … (19) 

 

Where: Ec = Extraction capacity, l/h; Vo = Volume 

of oil extracted, l and t = Time of operation, h. 

 

The oil extraction efficiency was determined using 

the relationship given by Oluwole et al. (2003) as: 

 

𝜂 =
(𝑀𝑜 /𝑀𝑔 )×100

45
   … (20) 

 

Where:  η = Oil extraction efficiency, % ; Mo = 

Mass of oil extracted, kg; Mg = Mass of groundnut 

paste, kg; 45 is the oil content in kg per 100 kg of  

groundnut (Wiermer and Korthalds, 1989). 

The oil was purified using separation ethod 

(evaporation method). The resulting pure oil was 

evaluated using the relationship: 

 

𝑃𝑝 =
𝑀𝑎𝑒

𝑀𝑏𝑒
× 100   … (21) 

 

Where: Pp = Percentage purity, %; Mae = Mass of 

oil after evaporation, kg; Mbe = Mass of oil before 

evaporation, kg 

 

At the end of the experiment, the mass of the oil 

extracted, mass of the groundnut paste, volume of 

the oil and time of operation were recorded in order 

to determine output capacity, purity of the oil, 

machine efficiency and extraction efficiency. 

Simple statistics was used to analyse the results 

obtained. 

 

3. RESULTS AND DISCUSSIONS 

3.1 Results 

The mass of paste used, time taken to extract the 

oil and the mass of cake obtained after test is 

recorded in Table 2. The parameters used in 

determining the performance of the extractor are 

also presented in Table 3.  

 

Table 2: Variation of cake obtained with time of test 

Trial No. Mass of groundnut paste 

(kg) 

Time of test 

(min) 

Mass of cake 

(kg) 

1 3.20 25 2.33 

2 3.60 27 2.49 

3 4.00 31 2.65 

Average 3.60 28 7.47 
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Table 3: Results of the test parameters 

Trial No. Oil yield (kg) Extraction 

capacity (l/h) 

Extraction efficiency 

(%) 

Purity (%) 

1 0.87 2.24 60.1 95.8 

2 1.11 2.67 68.3 94.5 

3 1.35 2.83 75.1 92.0 

average 1.01 2.58 63.8 94.1 

From Table 3, the average oil yield by the machine 

is 1.01 kg. At first trial (3.2 kg), it showed a value 

of 0.87 kg and this increased with increase in the 

quantity of paste used. This shows that, the more 

paste is introduced to the machine, higher oil yield 

is extracted. The machine yielded better as 

compared to traditional method of groundnut oil 

extraction which normally yielded average of 

0.640 kg to 0.700 kg at 3.2 kg of groundnut paste. 

This result is supported by the work of Onwuka 

(2013). He reported that, testing a groundnut 

extracting machine showed that, the performance 

of the machine is highly depended on the quantity 

of material passing through the machine.  

3.2. Discussion of Results 

Table 3 also shows the extraction capacity at first 

trial is 2.24 l/h and increase to 2.67 l/h at second 

trial. The extraction capacity further increases to 

2.83 l/h at third trial. This shows that an increase in 

mass of groundnut paste will result in increase in 

extraction capacity of the machine. The machine 

does better in terms of extraction capacity. This 

result agreed with the oral interview conducted 

with women engaged in manual groundnut oil 

extraction. They confirmed an average extraction 

capacity of 1.5 l/h using 3.2 kg of groundnut. 

The extraction efficiency also presented in Table 3 

shows an efficiency of 60.14%, and this increased 

to 68.3% at second trial and further increased to 

75.1 % at the third trial. Average extraction 

efficiency of 63.8%. A similar result was reported 

by Wiermer and Korthalds (1989) where oil 

recovery ranged from 73.3% to 77.8% from a 

spindle oil press. The extraction efficiency of the 

machine increased as the quantity of the paste used 

is increased. 

The extracted oil contains only 4.2% impurities at 

first trial, 5.5% at second trial and 8% in the last 

trial. The average impurities in the extracted oil 

contains 5.9% only. The percentage impurities 

increase with increased in the amount of materials 

fed into the machine. The test further shows that 

percentage impurities increased with increase in 

extraction capacity of the machine. This can be 

justified by the presence of more foreign materials 

as the mass of sample is increased.   

 

4. CONCLUSIONS 

 
Manually operated groundnut oil extracting 

machine was designed and constructed using locally 

available material. The machine was constructed in 

such a way that it can be easily operated and 

maintained. The machine was tested with 3.2 kg, 

3.6 kg and 4.0 kg of groundnut paste. The machine 

has oil yield of 0.87 kg, 1.1 kg and 1.35 kg when 

3.2, 3.6 and 4.0 kg of paste was used respectively. 

The machine can be used for small-scale oil 

extraction in both urban and rural areas. The 

machine production cost was ₦20,000.   
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