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Abstract – Palm oil production plays a crucial role in 

Nigeria's agricultural sector and economy. With favorable 

environmental conditions and fertile land, Nigeria has 

emerged as a leading palm oil producer in Africa. Derived 

from the oil palm fruit, palm oil is a versatile commodity 

widely utilized in various industries, including food, 

cosmetics, and biofuels. However, the expansion of the palm 

oil industry in Nigeria has brought forth a range of 

challenges. The primary concern associated with palm oil 

production lies in the extraction process. Despite the 

increasing demand for palm oil, a significant portion of 

Nigeria's population still relies on traditional or semi-

mechanized methods for processing palm fruit, which is 

labour-unfavourable tensive and less efficient. To meet the 

escalating demand for palm oil, it becomes imperative for 

developing nations like Nigeria to embrace enhanced 

processing technologies. This study focuses on optimizing a 

locally manufactured palm fruit digester using Response 

Surface Methodology (RSM). The study employed a 4-

factor, 3-level experimental design to investigate variables 

such as motor speed, number of blades, the weight of cooked 

palm fruit, and digestion time, aiming to determine the 

optimal values for two key responses: capacity throughput 

and machine efficiency. The coefficient of regression (R2) 

values demonstrated a meaningful agreement between the 

experimental and predicted response values. The optimized 

performance values obtained were a capacity throughput of 

0.133 kg/min and an efficiency of 81%. 

 

Keywords — Palm fruit, Palm oil, Digester, Response 

Surface Method (RSM), Optimization. 

 

I. INTRODUCTION 

The demand for palm oil for domestic and industrial 

purposes has been consistently rising. It was estimated that in 

the year 2022 alone, palm oil production in Nigeria achieved a 

volume of 1.4 million metric tons. Over the period from 2009 to 

2022, the production quantity generally exhibited an upward 

trajectory, with the most substantial growth observed in 2010, 

with an increase of approximately 14 per cent (Sasu, 2022). 

According to Sasu (2022), Nigeria was projected to consume 

approximately 1.8 million metric tons of palm oil during the 

2021/2022 crop year. This consumption level marked a peak 

compared to the preceding decade, underscoring the significant 

role of palm oil as one of the country's major crops with rising 

domestic demand. Most palm oil is used for industrial purposes, 

while a smaller proportion is consumed by households (Sasu, 

2022). 

 

Nonetheless, palm oil, obtained from palm fruit, plays a 

critical and versatile role as a raw material in various industries, 

spanning both the food and non-food sectors. Palm oil is utilized 

in the manufacturing of a wide range of products, including 

margarine, soap, candles, bases for lipstick, condensed waxes 

and polishes, confectionery items, pharmaceuticals, tin plating, 

lubricants, biodiesel, fat spreads, ice cream, coffee whiteners, 

whipping creams, the formulation of fatty acids, palm-based 

cheese, micro-encapsulated products, filled milk, mayonnaise, 

salad dressings, and red oil/olefin.  

 

Additionally, as Nigeria's population continues to grow, 

accompanied by an increased number of households and 

communities, there will be a greater need and consumption of 

oil palm products, especially red oil for daily cooking and 

consumption. Therefore, there is an urgent requirement for local 

technology that can effectively handle palm fruit processing. 

The implementation of such technology would not only alleviate 

the labor-intensive process of palm oil production for both local 

and industrial users but also boost productivity by substantially 

reducing the time and energy expended in processing, as 

highlighted in the study by Oghenevwaire, (2019). 

 

According to Poku, (2002), the processing of fresh palm 

bunches (FFPB) for edible oil has been a longstanding tradition 

in Africa, spanning thousands of years. The resulting oil, known 

for its vibrant colour and rich flavour, holds a crucial position as 

a fundamental element in the traditional cuisine of West Africa. 

The key process in the production of palm oil is known as palm 

fruit digestion, which involves the release of the oil from the fruit 

through the rupture or breakdown of the oil-bearing cells, as 

mentioned by Aideloje et al. (2018). Digestion and oil extraction 

are considered vital and labor-intensive operations in traditional 

palm fruit processing. The traditional method of processing 
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palm fruit oil is widely practiced among the population in 

Nigeria, with a focus on the pounding (digestion) and extraction 

stages, as highlighted by Kwaski (2002). These tasks have been 

the primary area of early efforts in the field. Within the realm of 

small-scale producers, traditional or semi-mechanized methods 

are predominantly employed for palm oil processing (Omereji, 

2005). 

 

The commonly utilized digester machine comprises a 

cylindrical vessel equipped with a central rotating shaft that 

carries multiple stirring arms, known as beaters. The fruit is 

pounded through the motion of these rotating beater arms, driven 

by a prime mover such as a fuel-powered diesel engine or an 

electric motor. Digester machines are available in two types: 

vertical and horizontal digesters. 

 

The optimization process will play a critical role in to 

improving the performance of palm fruit digesters by identifying 

the key factors that influence their efficiency and determining 

the optimal conditions for maximum oil extraction. Response 

Surface Methodology (RSM), a statistical technique, offers a 

systematic approach to optimize complex systems with multiple 

variables and their interactions. By employing RSM, researchers 

can design experiments, collect data, and analyse the results to 

model and optimize the performance of palm fruit digesters in 

Nigeria.  This research focuses on investigating the optimization 

of a locally made palm fruit digester using RSM. The study aims 

to identify the optimal combination of variables such as motor 

speed, digestion time, weight of the cooked palm fruit, and 

number of blades to maximize oil extraction efficiency and the 

capacity throughput.  The findings of this research are expected 

to have significant implications for the Nigerian palm oil 

industry. By optimizing the palm fruit digestion process, the 

study aims to enhance oil extraction efficiency, reduce labour 

requirements, and promote sustainable practices within the 

sector. Improved palm oil extraction methods will not only 

contribute to increased productivity but also support the 

economic growth and development of rural communities 

dependent on palm oil production. 

 

Furthermore, the results of this research can guide the design 

and operation of locally made palm fruit digesters, facilitating 

the adoption of efficient and cost-effective technologies in palm 

oil mills across Nigeria. Overall, this research holds great 

potential to contribute to the advancement of palm oil extraction 

methods in Nigeria. By optimizing locally made palm fruit 

digesters using the powerful tool of Response Surface 

Methodology (RSM), this study aims to address the challenges 

faced by the Nigerian palm oil industry, leading to increased 

efficiency, sustainability, and economic prosperity. 

 

II. LITERATURE REVIEW 
 

 

The demand for palm oil in Nigeria has significantly 

increased in recent years compared to the previous decade, as 

pointed out by Sasu (2022). Despite this growing demand, a 

considerable portion of the Nigerian population still relies on 

traditional or semi-mechanized methods for processing palm 

fruit. These methods have been proven to require a lot of labour 

and are less efficient. However, for developing countries like 

Nigeria to meet the high demand for palm oil, it is necessary to 

adopt improved processing technologies.  

 

Several researchers have conducted studies in this area. 

Aideloje et al. (2018) developed a vertical palm fruit digester 

that demonstrated a capacity of 740 kg/h and an efficiency of 

92.31% in performance tests. Asoiro & Udo (2013) explored the 

development of a motorized oil palm fruit rotary digester, which 

achieved a throughput capacity of 117.93 kg/hr and a 

performance efficiency of 64.88% at an optimal operating speed 

of 621.4 rpm. Durodola et al. (2017) conducted a study on the 

development and performance evaluation of an oil palm fruit 

digester. Additionally, Okafor (2015) worked on the 

development of a palm oil extraction system, specifically a 

vertical oil palm digester designed to feed the screw press 

through gravity. The performance test results indicated a 95.7% 

oil extraction efficiency for the screw press at an optimal 

temperature of 98°C.  

 

Therefore, this study aims to optimize a locally made palm 

fruit digester using Response Surface Methodology (RSM). 

 

III. MATERIALS AND METHODS 

Material Specification: 

From the design, the palm fruit digester is comprised of the 

following components; (1) The feeder (Inlet Channel), (2) 

Digester Drum, (3) Stirrer, (4) Frame, (5) Cover, (6) Outlet, (7) 

Prime mover (8) Sieve. The overall height of the palm fruit 

digester is 1250mm, width of 720mm and length of 450mm. The 

digester drum has a height 600 mm and diameter 450 mm. The 

feeder has a height of 190mm, width of 150mm and length of 

150mm. the frame has a height of 908mm, width of 370mm and 

length of 370mm. the sieve has a diameter of 430mm. the stirrer 

has a height of 450mm, diameter of 30mm and a sweep 

clearance of 5mm. Fig. 1 shows the 3D CAD model done on 

SOLIDWORKS Software version 2021. 
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Fig. 1: 3D CAD Model of the Palm Fruit Digester 

 

The material description of the machine is shown in Table 1 for 

each component part of the machine. 

 

Table 1: Materials used for the palm fruit digester. 

 
 

Machine Fabrication 

The palm fruit digester was fabricated locally at 

NUTABOLTS TECHNOLOGIES LTD workshop in Enugu 

State, Nigeria. Fig. 2 shows the pictorial view of the machine 

assembly while Fig. 3 shows the fully fabricated palm fruit 

digester. The technical specification of the locally manufactured 

palm fruit digester is show in Table 2. 

 

 
Fig. 2: Assembling the component parts of the machine 

 

 
Fig. 3: Locally fabricated Palm Fruit Digester 

 

 

Table 2: Technical Specification the machine 

 

20

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV12IS070009
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

www.ijert.org

Vol. 12 Issue 07, July-2023

www.ijert.org
www.ijert.org
www.ijert.org


 

Machine Testing and Sample Testing Procedures:  
 

Palm fruit bunches were purchased from New Market 

located in Enugu State, Nigeria. Manual threshing was 

employed to separate the palm fruits from their respective 

bunches. This involved using a machete to cut the fruit-laden 

spikelet from the bunch stem and manually separating the fruit 

from the spikelet. Subsequently, the palm fruits underwent a 

cooking process lasting approximately one hour. This cooking 

process aimed to weaken the pulp structure, resulting in its 

softening and facilitating the detachment of fibrous material and 

its contents during the digestion phase. The elevated temperature 

during cooking partially disrupted the oil-containing cells in the 

mesocarp, allowing for easier oil release. The cooked palm fruits 

were then weighed using a digital balance and loaded into the 

digester machine for oil extraction.  

 

It may be noted that throughout the experiment, various 

process parameters such as the number of blades, motor speed, 

and digestion time were systematically adjusted based on 

predetermined measures outlined in the design table to attain 

optimal values for throughput and efficiency. 

 

Experimental Design: 
 

For the purpose of this study, an optimal design was 

achieved using I-optimal design, a specialized form of 

randomized design derived from the Response Surface Method 

(RSM). The primary objective of the study was to investigate the 

optimal performance of the digester machine. Four specific 

machine parameters that affects the general performance of the 

machine were considered, namely; the weight of the cooked 

palm fruit, number of blades, digesting time, and motor speed. 

The goal was to determine the optimal settings for these 

attributes to maximize the capacity throughput and machine 

efficiency. To this effect, an experimental design table 

consisting of 28 runs was developed using Design Expert 

version 13. This design table enabled a systematic exploration 

of the parameter space and facilitated the collection of data 

required for analysis and optimization purposes.  

 

The design table was constituted through the four primary 

factors that affect the performance of the machine vary as shown 

during the mathematical formulation below: 

 

5 ≤ A (Number of blades) ≤ 7 ….@ (3 levels) 

500RPM ≤ B (Motor speed) ≤ 700 ….@ (3 levels) 

8Kg ≤ C (Mass of boiled PF) ≤ 10Kg ….@ (3 levels) 

    2 mins ≤ D (Digestion time) ≤ 5 mins ….@ (3 levels) 

 

While two (2) performance parameters were used as the 

Response in the Design of Experiment Table. 

  

 Response 1: Throughout (Kg/Sec.) 

 Response 2: Efficiency (%) 

 

Table 3: Summary of the Design of Experiment table 

 
 

IV. RESULTS 

Predicted and Actual Results for the two (2) Responses:  

 

Throughput; 

Utilizing the design expert software, optimization was 

conducted on experimental design table. The coded equations 

were generated on each case and utilized to calculate the 

predicted values of the experiment. Fig. 4 shows the graphical 

representation of the predicted and actual values of the 

experiment for throughput. The graph confirms a high similarity 

for the predicted and actual values for the throughput 

investigation.  

 
Fig. 4: Graph showing the predicted and actual values for the 

machine throughput 

While the actual and predicted data sets of the physical tests for 

Palm Fruit Digester throughput were tabulated in Table 4. See 

below; 

 

Table 4: Actual and predicted data sets of the physical tests for 

Palm Fruit Digester Throughput 
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Efficiency; 
 

Fig. 5 shows the graphical representation of the predicted and 

actual values of the machine efficiency during experiment. 

Again, the graph confirms a high similarity for the predicted and 

actual values for the machine efficiency during the experiment. 

The actual and predicted data sets of the physical tests for 

machine efficiency were tabulated in Table 5. 

 

 
Fig. 5: Graph showing the predicted and actual values for the 

machine efficiency 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Actual and predicted data sets of the physical tests for 

Palm Fruit Digester Efficiency 

 
 

 

Effect of the investigated Machine parameters on the 

Response: 

 

Throughput; 

From the result generated, Figure 6, showing the contour 

diagram of relationship between four (4) machine variables, i.e., 

number of blade (A), motor speed (B), mass of boiled palm fruit 

(C) and digestion time (D), and the palm fruit digester 

throughput. The result shows that number of blades (A) and 

mass of boiled palm fruit contribute more in terms of throughput 

for the machine developed. Figure 7 shows the 3D diagram of 

relationship between four (4) variables to the throughput of the 

Palm Fruit Digester 

 

 
Fig. 6: Contour diagram showing the relationship between the 

variables and throughput 
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Fig. 7: 3D diagram of relationship between four (4) variables to 

the throughput of the Palm Fruit Digester 

 

 

Efficiency; 

Again, the result generated in figure 8 shows the contour 

diagram of relationship between four (4) machine variables, i.e., 

number of blade (A), motor speed (B), mass of boiled palm fruit 

(C) and digestion time (D), and the palm fruit digester 

efficiency. The result shows that motor speed contributes more 

to the machine efficiency while the number of blades shows less 

effect to the efficiency of the developed palm fruit digester. 

Figure 9 shows the 3D diagram of relationship between four (4) 

variables to the Efficiency of the Palm Fruit Digester 

 

 
Fig. 6: Contour diagram showing the relationship between the 

variables and Efficiency of the machine. 

 

 

 
Fig. 9: 3D diagram of relationship between four (4) variables to 

the Efficiency of the Palm Fruit Digester 

 

 

Desirability Plot 
 

From the solution of the combination of the 3 categoric factor 

levels, the selected or optimal values was found to be number of 

blades (5.885), Motor speed (560.570RPM), mass of the boiled 

palm fruit (9.745Kg) and digestion time (5minutes) will give a 

throughput of 0.133Kg/min and an Efficiency of 81%. Fig. 10 

shows the desirability plot as generated from the software. 

 

 
Fig 10: Optimal Desirability plot 

 

 

V. CONCLUSION 

 

This study focused on investigating the impact of various 

machine parameters (motor speed, boiled palm fruit, number of 

blades, and digestion time) on the throughput and efficiency of 

an improved palm fruit digestion machine. The I-optimal design 

(RSM) was used for the optimization process and the following 

conclusion is reached;  

• The regression coefficient (R2) values indicated a 

meaningful agreement between the experimental and 

predicted values for the optimization.  

• The optimal performance values obtained were a capacity 

throughput of 0.133 kg/min and an efficiency of 81%. 

 

VI. RECOMMENDATION 

Further study should be done on blade angle to see if it can 

increase the performance of the machine. 
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