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ABSTRACT: The potentials of recently developed indigenous dry process based palm kernel shell separation systems 

were analysed and compared to determine the best for adoption by small scale processors in Nigeria. The systems 

compared were developed and used in Nigeria while kernel/shell purity, recovery and separation efficiencies constitute 

the evaluation parameters. This review revealed that the efficiencies of angular projection separator, winnowing system, 

inclined table separator and rotary separator are less than 95%.  The kernel purity, kernel recovery, shell purity, shell 

recovery and separation efficiencies of improved palm kernel dual processing machine are 98%97.9%, 98.2%,98.6% 

95.9% and 98% respectively while those of the fragmentation unit enhanced palm kernel and shell separator are 97.9%, 

98.2%,98.6% 98.6% and 95.9%.  Hence, the fragmentation unit enhanced palm kernel shell separating and improved 

dual processing machines are most efficient for adoption by small scale oil palm fruit processors because all their 

performance indicators are over 95%.  
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I. INTRODUCTION 

Oil palm (Elaeis guineensis) bears fresh fruit bunch (FFB) which contains many small plumed fruits made up of the 

pericarp (fibrous oil matrix pulp) and a central nut. The pulp yields the palm oil while the nut consists of a shell and 

kernel which yields palm kernel oil [1]. Extraction of palm oil and kernel from oil palm fresh fruit brunches is based on 

two distinct processes, traditional and mechanical methods. Development of mechanized systems for effective 

processing of oil palm fruits remained the quest of stakeholders in this field due to high drudgery and post-harvest 

losses associated the traditional and existing mechanized processes respectively. Hence, the operations sequence 

modification of mechanized palm fruit processing (Fig. 1)and subsequent proposal of 23:20 as the optimal ratio for 

planting/processing of dura and tenera in this sector by [2] and [3]. This improved process involves separation of 

digested fruit mash into palm nut and pulp before pressing of the pulp only for palm oil extraction, thereby improving 

quality and quantity of palm oil and kernel output by eliminating nut breakage and reducing palm oil loss to pressed 

fibre[4].Although [4] showed that the novelty of nut-pulp separation reduced production time/cost, domination of hand 

picking method of kernel and shell separation among small scale processors plays down the benefits of the new 

process. This is why [5] directed for the adoption of wet clay-bath method of palm kernel shell separation by small 

scale holders due to high cost of hydro cyclone systems in order to reduce drudgery and increase the process 

speed/throughput. However, high cost of kaolin and sterilization of the separated kernel as well as product wastes 

associated with wet clay-bath method hinders adherence to this proposal. In addition, separation of kernels which are 

comparable in size with the broken shellsposes great challenge with this method [6].The clay-bath method also 

generates waste effluent that harms the environment [7]. Hence, the need to compare the potentials of recently 

developed indigenous dry process based palm kernel shell separation systems for proper recommendation and adoption. 
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Fig.1: Operation Sequence modified-mechanized palm oil and kernel extraction process [2] 

 

II. METHODOLOGY 

This study involves empirical survey of the claimed performance indicators of different mechanized palm kernel-shell 

separating systems developed in Nigeria. The evaluation parameters include kernel purity, shell purity, kernel recovery, 

shell recovery and separation efficiencies. Kernel and shell recovery efficiencies are respective percentage of the 

kernels and shells in the feed mixture recovered which are determined using the following relations [8]:  

 

 
 

Where is kernel recovery efficiency,  shell recovery efficiency, kis mass of the kernels recovered; s is mass of the 

shells recovered and e is mass of unseparated kernel and shells mixture. Kernel or shell purity are inverse of their 

contaminants. Kernel contaminant (Kc) refers to the percentage of shell, uncracked nuts and other impurities in the 

recovered kernels while shell contaminant (Sc) constitutes the percentage of kernels, uncracked nuts and other 

impurities in the recovered shell [8].  Thus;  

 
 

 
Where C is the mass of shells, uncracked nuts and other impurities found in the kernels whilefis the mass of kernels, 

uncracked nuts and other impurities contained in the shells. Separation efficiency ( ) constitutes the percentage of the 

recovered clean kernels and shells in feed mixture ( ). 
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III. RESULTS AND DISCUSSION 

This review revealed low separation efficiencies of 87%,78.5%, 82% and 94.17% for an angular projection separation 

[9], winnowing system [10], inclined table separator [11], and rotary separator[12] respectively (Fig. 2).Although the 

separation efficiency of the rotary separator of 94.17% is approximately within the acceptable 95%, its respective 

kernel purity, kernel recovery, shell purity, shell recovery and separation efficiencies of 73.12%, 91.89%, 73.66% and 

80.16% indicated high material waste associated with its usage. The kernel purity, kernel recovery, shell purity, shell 

recovery and separation efficiencies of improved palm kernel dual processing machine are 98%97.9%, 98.2%,98.6% 

95.9% and 98% respectively [13] while those of the fragmentation unit enhanced palm kernel and shell separator are 

97.9%, 98.2%,98.6% 98.6% and 95.9% [14]. Hence, the works of [13] and [14] are the most efficient system for 

adoption by small scale processor since all their performance indicators are above 95% 

 

Fig 2: Separation efficiencies of some palm kernel-shell separating machines in Nigeria [7-14] 

IV. CONCLUSION 

The work revealed that the improved palm kernel dual processing machine and palm kernel shell separator with 

fragmentation unit are most efficient systems for adoption by small scale oil palm fruit processors This because their 

kernel purity, kernel recovery, shell purity, shell recovery and separation efficiencies are over 95%. 

 

 

 

http://www.ijarset.com/


      
         

        
ISSN: 2350-0328 

International Journal of Advanced Research in Science, 

Engineering and Technology 

Vol. 7, Issue 5 , May 2020 

 

Copyright to IJARSET                                                           www.ijarset.com                                                                      13517 

 

 

ACKNOWLEDGEMENT 

Tertiary Education Trust Fund, Abuja Nigeria is highly valued for funding this study. 

REFERENCES 

[1] FAO. (2005) Small-scale Palm Oil Processing in Africa. Food and Agricultural Organization Agricultural Series 148. pp. 1-55. 

http://www.fao.org/document/(Accessed: 2005). 
[2] Nwankwojike, B. N., Odukwe, A. O. and Agunwamba, J. C. (2011). Modification of Sequence of Unit Operations in Mechanized Palm Fruit 

Processing, Nigerian Journal of Technology, Vol. 30 No.3. pp. 41-49 

[3] Nwankwojike, B. N. (2012).Determination of Optimal Dura/Tenera Ratio Required in a Modified Palm Oil and Kernel Extraction Process Using 
Linear Programming Technique. Journal of Emerging Trend in Engineering and Applied Science (JETEAS) 3 (4), pp. 695-698 

[4] Nwankwojike, B. N. Odukwe, A. O. and Agunwamba, J. C. (2012). Benefit Cost Analysis of Introducing Palm Nut-Pulp Separating Machine in 

the Mechanized Small Scale Palm Fruit Processing, Journal of Emerging Trend in Engineering and Applied Science (JETEAS) 3 (1), pp. 38-44.  
[5] Okoronkwo C. A., Ngozi-Olehi L. C. And Nwufo O.C (2013). The Adaptation of Clay-Bath and Hydro-cyclones in Palm Nut Cracked-Mixture 

Separation to Small-Scale Oil Palm Processing Industry. International Journal of modern Engineering Research, Vol. 3: 2023-2024 

[6] Koya, O. A and Olasumboye, A. T. (2013): Experimental Verification of a New Technique for the Dry Separation of Palm Kernel and Shell 
Mixture. Proceedings of the 2nd International conference on the role of Engineering and Technology Research in revamping the industrialization of 

the Nigerian economy, Vol. 2, pp 101 – 105. 

[7] Rohaya M. N., Ridzuan  R., Che Rahmat  C. M. and Nu'man  A. H. (2016). Dry Separation of Palm Kernel and Palm Shell Using a Novel Five-
Stage Winnowing Column System. DOI:10.3390/technologies4020013 

[8] Akusu O.M, Kiin-Kabari D.B, Barber L.I. (2017). Palm Kernel Separation Efficiency and Kernel Quality from Different Methods Used In Some 

Communities in Rivers State, Nigeria. Journal of Food Technology Research, 4(2): 46-53 
[9] Onaku E. C., Agulanna C. N, Edeh I. C. and Nwaphewihe H.U. (2013). Determination of Optimal angle of projection and Separation of palm nut 

shell and kernel using a designed cracker/separator machine. International Journal of Scientific and Technology Research, 2(10):289-292 
[10] Halim, R M; Bakar, N. A; Wahid, M B.; May C. Y; Ramli, Ridzuan; Ngan, Ma Ah; M, R (2009): Maximizing the Recovery of Dry Kernel and 

Shell via a Four Stage Winnowing Column. MPOB Information Series (MPOB TT No. 427). 

[11] Akubuo, C.O. and B.E. Eje, 2002. PH—Postharvest technology: Palm kernel and shell separator. Biosystem Engineering, 81(2): 193-199.  
[12] Adewale, O. and K. Olufermi, 2014. A rotary separator for the dry mixture of palm kernel and shell. Innovative Systems Design and Engineering, 

5(7): 32-42.  

[13] Adejugbe I. T., Oyegunwa O. A., Iliya D. D., Aigbogun J. O., Oyelami A. T. and Olusunle S. O. O. (2017). Design and Development of an 
Improved Palm Kernel Shelling Machine and Separator. Physical Science International Journal, 14(3): 1-9. 

[14] Okoko Paul, Anietie Akanga and Kingsley Umani. (2017), Design, Fabrication and Testing of a Fragmentation Unit to Enhance Palm Kernel 

Separation. International Journal of Agriculture Innovations and Research Volume 6, Issue 2; 2319-1473. 

 

 

     AUTHOR’S BIOGRAPHY 

Egwuagu Marcel Onyekachi of Enugu State University of Science and Technology Enugu holds B. 

Eng. M. Eng.  Degrees in Mechanical and Production Engineering and authored many articles in both local and 

international journals. He is a registered Engineer in Nigeria and member of many professional bodies. 

 

 

Bethrand Nduka Nwankwojike of Michael Okpara University of Agriculture Umudike holds B. 

Eng. M. Eng.  Ph. D degrees in Mechanical/Industrial Engineering and Management and authored 

over sixty articles and three patents. His research interests are systems analysis, design and 

management. Engr. Dr. Nwankwojike is a registered Engineer in Nigeria and member of many 

professional bodies. 
 

 

http://www.ijarset.com/
http://www.fao.org/document/show_edr.asp?urlfile=/DOCREP/005/Y4355E/Y4355E03.htm
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3390%2Ftechnologies4020013?_sg%5B0%5D=GFoxtBRxdmz2tgYyQrYTTTds-FxbOWDlH7izv9131WSBEbft2cDJ73tINHg04cTDcpTDg8nRtxV8SsViEgRdCdcuGA.0zAIlztCuZ4BiNfKqIZSkZsgQgly7TZK7is3HeLHEv03T_F95lHK2PxF6kZpQNPo0wARkdQxKQ4DcHyWdct3SA

