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Editorial

A process contaminant in refined 
palm oil, known as 3-monochloro-
propanediol esters (3-MCPDE), are 
possibly carcinogenic to humans.  It 
causes reduced sperm motility and 
kidney tubular hyperplasia based on 
experiments conducted on rats by 
the European Food Safety Authority 
(EFSA).  The 3-MCPDE is found in 
all major edible oils but unfortunately 
refined, bleached and deodorised 
(RBD) palm oil was reported to have 
the highest content. Due to increasing 
consumer health consciousness 
worldwide, the finding no doubt 
would pose serious threat to the palm 
oil industry and Malaysia’s economy.  
Palm oil was the eighth largest 
export earner for Malaysia in the 
year 2019. Before any dire economic 
consequences from implementation 
of revised stringent 3-MCPDE 
content limits by the European Union 
(EU), serious mitigation actions 
need to be identified. The ester 
formation is due to heat treatment 
in the presence of chloride during 
the palm oil refining process. 
Heat treatment is unavoidable for 
purposes of removing volatile free 
fatty acids and deodorisation. Thus, 
a feasible solution is chloride content 
reduction in crude palm oil (CPO). 
Various approaches have been 
studied such as trash removal prior 
to the milling process, ionic wetting 

agent application and CPO rinsing 
prior to refining. Experiments on 
each approach have shown positive 
results in reduction of chloride 
content. Acidic conditions also 
favour the formation of 3-MCPDE 
during refining. Therefore, enzymatic 
degumming has been suggested 
as an alternative to phosphoric acid 
degumming during refining. Under 
experimental enzymatic degumming, 
the formation of 3-MCPDE was 
shown to be lower.

Oil palm estates and plantations 
rely heavily on human workforce.  
In the past, labour was cheap and 
abundant. However, due to rapid 
industrialisation worldwide, labour 
is this is no longer so. Estates and 
plantations in Malaysia have become 
dependent on foreign workers, and 
the problem of labour shortage has 
become more acute. Thus, adoption 
increment of oil palm mechanisation 
is imperative in order to decrease 
dependence of human labour and 
increase the land to labour ratio.  
Forth Industrial Revolution (IR4.0) is 
transforming all industries including 
the agriculture domain.  Agriculture 
4.0 is a technological revolution 
leveraging sensors, big data 
analysis, artificial intelligence and 
several other components embedded 
in farm machinery known as smart 

machinery. It has the potential to 
transform the oil palm plantation 
sector and reduce reliance on labour.  
To date MPOB has developed 
various mechanisation technologies 
and the government has provided 
various incentives, such as the Oil 
Palm Industry Machinery Ownership 
Incentive Scheme (OPIMIS) 
and CANTAS Discount Scheme 
(SKIDIC), to further advance the 
national agriculture industry.

Palm kernel cake (PKC) is the 
solid residue from palm kernel 
oil extraction. Currently PKC is 
mostly traded globally as animal 
feed. However, imported maize 
and soya meal are widely used in 
local poultry diets. Aware that PKC 
acceptance level varies depending 
on its chemical compositions and the 
digestive system of different animals, 
PKC application for livestock animals 
needs to be further explored in 
order to increase local consumption. 
Studies have been conducted to 
establish maximum PKC inclusion 
tolerance levels in feed formulations 
for various livestock animals such as 
cow, chicken, goat, fish and swine. 
Results showed that most livestock 
animals were able to consume PKC 
at respective maximum tolerance 
levels without negative impact on 
growth performance. PKC can thus 
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Researchers are cordially invited to 
submit articles related to the palm oil 
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that have improved the mill 
performance.
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enhanced oil extraction rate 
(OER) and product quality.
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be used to substitute conventional 
feed ingredients such as maize and 
soya.  The potential use of PKC can 
also be extended to pets.

Succinic acid is an organic 
acid used as intermediate for 
synthesis of various chemical 
compounds. Since palm biomass 
is abundantly available and is a 
non-food component, it could be 
used as fermentative substrate to 
produce succinic acid without food 
chain competition or interference. 
Experimental results showed that oil 

palm biomass could be converted 
into sugar efficiently, then further 
fermented to produce succinic acid. 
The emerging technology could 
protect the environment via efficient 
oil palm waste management while 
stimulating economic growth.

Hopefully the featured articles 
published in this issue of Palm Oil 
Engineering Bulletin are beneficial 
to all readers. Together we can 
shape the sustainability of the 
national oil palm industry for a 
better future.



PalmitEco Engineering Sdn Bhd



Taner Industrial 
Technology Sdn Bhd
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Options for Mitigating the Formation 
of 3-MCPD Esters in Palm Oil

TABLE 1. MAXIMUM LEVEL OF 3-MCPDE IN VEGETABLE OILS PROPOSED BY EU

3-MCPDE content, 
mg kg-1 maximum Type of vegetable oils

1.25 Unrefined oils, refined oils and fats from coconut, maize, rapeseed, olives (except olive pomace 
oil), sunflower, soyabean and palm kernel and mixtures of oils and fats from this category only

2.50 Other refined oils (including olive pomace oil), fish oil and oils of other marine organisms and 
mixtures of oils and fats from this category only

INTRODUCTION

3-monochloropropanediol esters (3-MCPDE) are classified 
as food processing contaminant which are formed due to 
heat treatment in the presence of chloride. The presence 
of the esters in food posed health risk to human since when 
consumed, they are converted into free 3-MCPD in the 
gut, which has been classified as ‘possibly carcinogenic 
to humans’ (IARC monographs, 2012). A recent report 
concluded that the esters could induce reduced sperm 
motility and kidney tubular hyperplasia (EFSA Journal, 
2018). The findings were based on experiment conducted 
on rats by the European Food Safety Authority (EFSA) 
Panel on Contaminants in the Food Chain. 

Refined vegetable oils contain higher amount of 
3-MCPDE than crude oils due to refining process 
(Hoenicke, 2009).  Among the refined oils, palm oil was 
reported to contain the highest amount of 3-MCPDE 
(Hrncirik, 2009). The European Union (EU) is in the 
process of implementing the maximum levels of 3-MCPDE 
in vegetable oils and fats and fish oil as shown in Table 
1 (OFI, 2019). Palm oil falls under the ‘other refined 
vegetable oils’ category. This could jeopardise the palm oil 
industry if remedial action is not taken to address this issue 
since EU was the second and third largest importer of palm 

oil in 2018 and 2019 respectively (MPOB, 2018 and 2019). 
Even though the date of the permissible level has yet to be 
announced, our industry must be ready to comply with the 
maximum level that will be imposed through modification 
of the current milling and refining practices.

In 2019, the export revenue of palm oil generated 
RM38.03 billion (Parveez et al., 2020), which placed it as 
the eighth largest earning for Malaysia (MATRADE, 2020). 
Ever since the emergence of 3-MCPDE issue in refined 
vegetable oil was published in scientific journals, MPOB 
realised that this would pose a serious threat to the local 
palm oil industry and Malaysia’s economy. 

Several studies on chloride sources identification and 
mitigation measures have been conducted in MPOB. 
This article discusses mitigation strategies based on 
experiments conducted in MPOB.

TRASH REMOVAL SYSTEM

It is common practice by planters to use inorganic 
fertilisers enriched with nitrogen (N), phosphate (PO4

3-) 
and potassium (K) of which some of them are chloride-
based (Murdi and Haron, 2019). The sources of these three 
important elements are normally urea, rock phosphate 
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and potassium chloride (KCl). As an example, nitrogen is 
supplied in the form of ammonium chloride (NH4Cl). Trace 
amount of chloride-based fertiliser is carried over to the 
palm oil mill (POM) in the form of embedded dirt on the 
oil palm fresh fruit bunches (FFB). The FFB that fall to the 
ground during harvesting will collect dirt and are processed 
without prior cleaning which caused the contaminants to 
be processed together with the detached fruitlets at the oil 
extraction stage. Based on current practice, the average 
total chloride content in 15 crude palm oil (CPO) samples 
from Peninsular Malaysia was between 5.04-9.28 mg kg-1 
(Che Rahmat, unpublished data).

MPOB has developed a trash removal machine to 
remove dirt from FFB as shown in Figure 1. Its function 
is similar to spraying FFB with water prior to processing 
for removal of embedded contaminants which is being 
practiced in a mill, except that the former is a dry method. 

For this trial, two trash removal machines were 
installed at a mill. One machine was installed before the 
conventional steriliser and the other was placed after 
thresher drum. CPO samples were drawn from crude oil 
tank (COT) after the mill has started its operation for 6 hr. 
The COT temperature was maintained at 90oC. Figure 2 
shows the level of total chloride in CPO extracted from 
clean and dirty FFB. The unremoved dirt is the controlled 
sample. 

Figure 1. First stage trash removal system.

Figure 2. Total chloride content in clean and dirty
 fresh fruit bunches (FFB).
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Results showed that the levels of chloride in CPO were 
reduced after dirt removal from FBB consignment, from 
6.92-8.21 mg kg-1 to 1.35-2.96 mg kg-1. This showed that 
the presence of dirt contributed to higher level of chloride 
in CPO. Elimination of dirt prior to processing by trash 
removal shows very promising result since it could bring 
down the level of total chloride in CPO. 

The machine is capable to remove about 80%-90% of 
trash from FFB consignment (Figure 3). The trash consists 
of stones, sand, soil, mud, wood, grass, leaves and twigs 
that come along from oil palm plantation as shown in Figure 
4. In addition to monitoring total chloride level, study on the 
effect of dirt embedded in FFB on CPO quality has also 
been conducted. Results showed that FFB consignment 
containing dirt produced CPO with higher free fatty acid 
(FFA) content (4.26%-4.38%) compared to oil extracted 
from dirt free consignment (3.63%-3.78%). Similar result 
also applies to deterioration of bleachability index (DOBI) 
value where oil extracted from dirt embedded FFB has an 
average DOBI value of 2.38 compared to 2.78 in CPO from 
dirt free consignment. Result indicates that CPO quality 
starts to deteriorate due to the presence of dirt especially 
sand, mud and stones during milling. During FFB handling, 
dirt aggravated the bruising of the fruits which enhanced 
the lipase activity and caused rapid increased in FFA. FFA 
is formed due to the catalytic action of lipase enzyme in the 
mesocarp to hydrolyse the triglycerides into glycerol and 
FFA upon bruising of the oil palm fruitlets.

Figure 3. Foreign material and debris collected after 
trash removal system.

Figure 4. Dirt mixed with fresh fruit bunches (FFB) 
consignment at hopper.
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Removal of dirt prior to milling could improve the 
quality of CPO in terms of FFA, DOBI and total chloride 
content (from fertiliser and soil).  Furthermore, clean FFB 
would also reduce the wear and tear of the machinery 
in POM and consequently, reduces the down time and 
maintenance cost.

IONIC WETTING AGENT

Recent study showed that the average chloride content 
in raw water that is used in POM is about 22-26 mg kg-1 
(Ng and Vincent, 2017). The presence of chloride in raw 
water could be either inherent or due to water run-off from 
plantation or mill’s proximity to the sea. Most mills get their 
water supply from nearby rivers or ponds. The raw water is 
treated prior to usage without addition of chlorine. Chloride 
ions are highly soluble in water; thus, they can easily enter 
the oil during milling process.

One of the possible solutions to minimise chloride 
content in CPO is by removing the contaminants in the 
intermediate oil product such as crude oil (pressed liquor) 
using ionic wetting agent (IWA). IWA is a class of chemical 
compound called surfactant, which is commonly used in 
herbicide formulation. Surfactants have many other uses 
depending on their specific chemical properties. Each type 
of surfactant has one or more characteristics in common, 
but all of them possess the common feature of a water-
soluble (hydrophilic) group attached to a long, oil-soluble 
(lipophilic) hydrocarbon chain. FFA and chloride, which 
are highly soluble in polar solutions, could be removed 
using various hydrophilic surfactants such as the IWA as 
shown in Figure 5. 

Laboratory study to quantify the efficiency of selected 
IWA has been intensively carried out. The aim of the 
study was to evaluate CPO’s quality in terms of chloride 
reduction, FFA, DOBI and moisture. Crude oil sample 
was taken from COT and the controlled parameter for this 
study was similar to POM operation.

Table 2 shows the results of total chloride content 
and the quality of CPO based on temperature controlled 
at 90oC, which is similar as the temperature at COT. The 
sample was added with 1.0% (v/v) selected IWA and 
mixed for 2 hr on a hot plate. The crude oil was centrifuged 
to separate water and sludge. The top layer of crude oil 
was analysed for several parameters as depicted in Table 
2. The treatment led to 26% reduction of chloride, from 
2.19 mg kg-1 in the untreated oil to 1.61 mg kg-1.  The FFA 
and moisture content also showed reducing trend, with a 
slight increase in DOBI. 

CRUDE PALM OIL RINSING

The presence of chloride was found to be the cause for 
the formation of 3-MCPDE when vegetable oil is heated 
to extreme temperatures (Hrncirik and van Duijn, 2011). 
CPO was rinsed with equal volume of water prior to 
refining to remove water soluble or inorganic chloride. 
The rinsed CPO was then refined by using a laboratory 
apparatus simulating the actual refining process except 
for steam stripping. The dosages of phosphoric acid and 
bleaching clay in the trials were 0.1% and 1% (w/w of oil), 
respectively. The oil was deodorised at 260°C and 230°C, 
standard practice and modified respectively, to monitor the 
formation of the esters.

Figure 6 shows the effect of rinsing CPO on the 
formation of 3-MCPDE in refined palm oil. The unrinsed 
CPO is the controlled sample. Each experiment was 
conducted in duplicate and the average values were 
obtained. Total chloride content in unrinsed CPO samples 
were 5.2 mg kg-1 and 6.0 mg kg-1 and after rinsing, the 
total chloride level dropped to 1.6 mg kg-1 and 0.9 mg kg-1 

respectively. This consequently led to the reduction in the 
formation of 3-MCPDE in refined oil samples, from 1.81 

TABLE 2. COMPARISON OF CHLORIDE CONTENT AND QUALITY OF CPO

Sample name Total Chloride (mg kg-1) FFA (%) DOBI Moisture (%)

CPO produced with IWA treatment 1.613 3.77 3.12 0.28

CPO produced without IWA treatment 2.193 4.52 3.08 0.26

Figure 5. Reaction of ionic wetting agent (IWA) with 
crude palm oil (CPO).
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mg kg-1 and 3.22 mg kg-1 in unrinsed CPO to 0.45 mg kg-1 

and 1.51 mg kg-1 in rinsed CPO respectively. Rinsing of 
CPO provided better reduction effect at both deodorisation 
temperatures but the effect is more prominent at lower 
deodorisation temperature. 

Rinsing CPO prior to refining is a possible mitigation 
measure to reduce formation of the ester in refined palm 
oil. It removes certain amount of water-soluble chloride, 
which subsequently reduces the level of total chloride in 
CPO and led to less formation of 3-MCPDE in refined palm 
oil samples. Greater effect could be achieved by adopting 
CPO rinsing and deodorising the oil at 230°C. Since CPO 
rinsing prior to refining could reduce the formation of ester, 
the number of rinsing was studied to see its effectiveness. 
Figure 7 shows that single rinsing is enough since the 
reduction in ester formation was not significant after 
double rinsing.

ENZYMATIC DEGUMMING

Previous study on formation of 3-MCPDE during CPO 
refining showed that acidic condition due to phosphoric 
acid degumming influenced the formation of 3-MCPDE 
in refined palm oil. Therefore, enzymatic degumming was 
applied as an alternative to phosphoric acid degumming to 
make refining condition less acidic. 

Laboratory experiments were conducted to study the 
effectiveness of a commercial phospholipase A1 enzyme, 
known as Lecitase Ultra (LU),  in removing phospholipids 
from CPO and subsequently the formation of 3-MCPDE in 
refined oil. In the presence of water, the enzyme converts 
phospholipid into lyso-phospholipid, which is more 
hydrophilic than the former, and generated FFA as shown 
in Figure 8.

Optimisation study was conducted to determine the 
best enzymatic degumming condition by monitoring the 
least amount of phospholipid left in the CPO by varying 

Figure 6. Treatment of crude palm oil (CPO) prior to refining at 
230°C and 260°C deodorisation.
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enzyme dosage and reaction time. Temperature was 
fixed at 50°C. It was found that 0.1% LU (w/w of CPO) 
and 1 hr reaction time were the optimum condition for the 
degumming process. At the end of degumming process, 
hot water (80°C) was added into the reaction vessel 
to inactivate the enzyme and also to remove the lyso-
phospholipid. The degummed oil was then subjected to 
further refining to monitor the 3-MCPDE level in the refined 
palm oil.

Table 3 shows the amount of phospholipids (expressed 
as phosphorus) and total chloride in CPO and refined palm 
oil samples, and an additional 3-MCPDE analysis for the 
latter. The control refers to phosphoric acid degumming 
while LU is for degumming by LU enzyme. The formation 
of 3-MCPDE in enzymatically degummed CPO was less 
than the control due to non-acidic condition, i.e. 1.3 mg kg-1 
and 5.2 mg kg-1 respectively. Furthermore, the addition of 
hot water provided a rinsing effect which removed some 
chlorides from the oil.

CONCLUSION

This article provides several options for the industry 
players in mitigating the formation of 3-MCPDE in refined 
palm oil. Those mitigation measures could be adopted 
either individually or in combination with a few methods 
during oil extraction or refining process. Adoption of trash 
removal and treatment with IWA would lead to low total 
chloride content in CPO. Another advantage of the former 
is that it prolongs the lifetime of screw presses. Rinsing 
CPO with water would also remove some of the inorganic 
chloride from the oil. LU enzyme could replace phosphoric 
acid as degumming aid to make the process less acidic 

TABLE 3. AMOUNT OF PHOSPHORUS, TOTAL CHLORIDE AND 3-MCPDE  IN REFINED PALM OIL

Sample/Type of degumming
Composition, mg kg-1

Phosphorus Total chloride 3-MCPDE

CPO* 17.4(±0.63) 3.12(±0.21) Not analysed

RBD PO (control) 
RBD PO by LU

1.5(±0.13)
5.6(±0.39)

0.57(±0.06)
0.32(±0.01)

5.2(±0.60)
1.3(±0.30)

Note:* FFA and DOBI of CPO: 3.8% as palmitic acid and 2.32 respectively.
Values in parentheses show standard deviation of three replicates.

to suppress the formation of the esters. The last stage of 
refining is deodorisation and it is highly recommended to 
be carried out at temperature less than 260°C.
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INTRODUCTION

Agriculture mechanisation is a field activity that combines 
technology as a prime power and human operator as 
the manipulator. Improving the worker’s productivity by 
increasing  speed of work is a significant to agricultural 
practices. The implementation of farm mechanisation in 
Malaysian oil palm plantation has increased the land to 
labour ratio. The ratio represents the requirement of human 
labour to operate the palm area.  Currently, overall land to 
labour ratio for Malaysian oil palm plantation is 1:10 ha  
(Kushairi et al., 2019). However, the figures for individual 
operations such as harvesting and evacuation are typically 
higher, such as 1:20 ha or 1:30 ha, which are similar for 
estates that practice total  mechanisation. The system 
which employs field operation also determined the land to 
labour ratio. The tasking work system could usually reach 
higher percentage of land to labour ratio as compared to 
communal work system (Ludin et al., 2014). In the tasking 
work system, labour is assigned with specific work. Thus, 
the endeavour could achieve better productivity since the 
labour focused on only specific job. Similarly, This is similar 
for mechanisation practice, where usually a machine or a 
tool focuses on a specific job. This makes mechanisation 
much more productive.

Several factors are used to consider machinery or tools 
selections for the oil palm plantation applications, such 
as age of palms, type of soil, terrain conditions, and also 
arrangement of the planted plot (Muhamad and Aziz, 2018). 
Strategic planning is also required, such as preparation 
of the mechanisation path, shelter for machinery, fuel 
bay, and also support in place before commencing the 

practice. These factors are essential to ensure successful 
implementation of mechanisation practice in the field. 
Therefore, mechanisation practice is not just about owning 
the machinery in the field but also managing the system 
properly for typical plantation operation in Malaysia.

The efficiency of  mechanisation practice is measured 
by how much the field area could be covered. It reflects 
the productivity of the operator and the assistant. Thus, 
labour requirement is reduced. Since Malaysia is highly 
dependent on imported labour for manual labour operation, 
hence, reducing the requirement for imported labour could 
subsequently create a positive microeconomic condition 
locally (Azwan et al., 2016). 

Besides direct economic impact on utilisation of 
machinery or farm tools in the field, mechanisation could 
also produce other economic impacts for Malaysia such 
as creating new specialised jobs, i.e skilled operator, field 
technician, operation analyst and many more. Many new 
businesses such as manufacturing of farm machinery and 
its spare parts, service providers, sales and distribution, 
consultations and many more could also emerge. Other 
than that, engineering university graduates could also 
involved in this sector by utilising high technology 
equipments for field mechanisations such as drones, 
robotic and other mechatronic technologies. The positive 
impact of embracing Forth Industrial Revolution (IR4.0) 
technologies in farm mechanisation is huge.

Agriculture 4.0 is a technological revolution that 
involves sensors, big data analysis, artificial intelligence 
and several other components embedded in farm 
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machinery or  also refers to as smart machinery (King, 
2017). The smart machinery in the field will provide 
advantages such as lesser chemical used, precise input 
to the field requirement, tracking and tracing capability, as 
well as more environmentally friendly field practice due to 
overall integrated decision and application process. Even 
though smart machinery is expensive,  it is viable for oil 
palm plantation practices in the long run. Thus, research, 
development and commercialisation of local oil palm 
mechanisation technologies should incorporate these 
advanced technologies (Rose and Chilvers, 2018).

RESEARCH AND DEVELOPMENT IN OIL PALM 
MECHANISATION

Malaysian Palm Oil Board (MPOB) as a custodian of the 
oil palm industry in Malaysia, has embarked in research 
and development (R&D) of oil palm mechanisation and 
automation engineering (Shuib et al., 2018). Since 1980s, 
more than 48 technologies and services have been 
produced, as depicted in Table 1. Figure 1 illustrates the 
technologies in the list. The products and services availed 
are not limited to the list but also on similar products 
researched and commercialised by other parties. To-
date, almost 50 products of the oil palm utility vehicles are 
available in the market. 

TABLE 1. LIST OF TECHNOLOGIES PRODUCED 

FROM MPOB’S R&D

No. Year Technology or Service

1. 1987 Harvesting pole.

2. 1991 The Grabber [mechanical fresh fruit bunch 
(FFB) loader].

3. 1995 Super Crawler (track type machine).

4. 1995 Automatic Grabber.

5. 1995 Loose fruit collector.

6. 1995 Wakfoot (the infield machinery with halftrack).

7. 1999 Mechanical loose fruit collector (MK II).

8. 1999 Soil stabiliser for plantation roads.

9. 1999 Oil palm mechanical cutter.

10. 1999 Mobile ramp (for mainline loading of oil palm 
FFB).

No. Year Technology or Service

11. 2000 Wakfoot MK II (an infield FFB transporter for 
peat area).

12. 2000 Hi-Reach harvesting pole.

13. 2001 Motorcycle cart for smallholders.

14. 2001 Motorised wheelbarrow for in-field FFB  
evacuation.

15. 2001 Sprayer for young palms.

16. 2002 Mechanical fertiliser spreader for young 
palm.

17. 2002 Half-track machine for in-field FFB collection.

18. 2003 Hand-held mechanical cutter.

19. 2004 Mechanical trunk injection for control of 
Ganoderma.

20. 2004 Development of  machine for harvesting tall 
palm.

21. 2004 Cableway system for oil palm FFB evacua-
tion.

22. 2005 Air-assisted loose fruit separating machine.

23. 2006 Hovercraft for in-field operation in oil palm 
estates with soft ground.

24. 2006 Compact transporter for in-field activities.

25. 2007 High reach oil palm motorised cutter
(CANTAS 7).

26. 2008 CT-spray (compact transporter for field 
spraying operation).

27. 2008 Otowey (in-field FFB transporter with an elec-
tronic weighing mechanism).

28. 2008 C-kat (motorised chisel for short palm har-
vesting).

29. 2009 Loose fruit picker.

30. 2009 Six wheel drive (6WD) with four-wheel steer-
ing (4WS).

31. 2009 Evaluation of vehicle performance for R&D 
(service).

32. 2009 Diesel vehicle and engine gas emission as-
sessments for R&D (service).

33. 2010 CANTAS MK III.

34. 2011 Prime mover for soft ground area.
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No. Year Technology or Service

35. 2011 Application of traction aid for transporter in 
peat.

36. 2011 Evaluation of fuel performance for research 
and development (service).

37. 2012 Beluga (track-type transporter for oil palm 
field activities in peat area).

38. 2012 Oil palm loose fruit collector (MK III)

39. 2013 Rhyno (multipurpose wheeled transporter for 
oil palm activities on undulating terrain and 
soggy areas).

40. 2014 Tractor mounted trunk injector for control of 
basal stem rot (BSR) disease.

41. 2015 Quality testing laboratory for the oil palm mo-
torised cutter (services).

42. 2016 Hydra-porter (hydraulically powered 4WD 
FFB transporter for soft structured soil and 
steep terrain).

43. 2017 Loose Fruit Collecting Mark IV (oil palm 
loose fruit collecting machine with elevated 
discharge mechanism).

44. 2017 Battery powered harvesting tool.

45. 2018 Vibration isolator for the oil palm motorised 
cutter.

46. 2018 EVO2 (oil palm motorised cutter).

47. 2020 Hybrid power herbicide sprayer vehicle.

Realising the fact that automation engineering could 
increase the efficiency of mechanisation practices, MPOB 
is currently embarking on high technology application. 
Among the research carried out are, ultrasonic transducer 
and laser for fresh fruit bunches cutting, application of 
drones for chemical spraying, robotic arm, radio controlled 
vehicle, smart vehicle with sensor and data analysis, 
exoskeleton and others. A few projects are conducted in a 
collaborative effort with other institutions to produce better 
research outcome. Even though the outcome can only be 
obtained few more years to come, the initiative has been 
put forward for the betterment of the industry. Besides 
R&D, other initiatives have been carried out to increase 
mechanisation adoption in the industry. This effort is made 
since labour scarcity is becoming more rampant.

INITIATIVES TO INCREASE OIL PALM 
MECHANISATION ADOPTION

The implication of low mechanisation adoption in the 
country could be devastating due to labour sources scarcity 
and could jeopardise overall operation in the field (Azwan 
et al., 2017). Reason for lack of mechanisation adoption 
has been identified as due to the high cost of machinery 
ownership as well as maintenance costs. In this regard, 
the government has provided various incentives to further 
increase the ownership of mechanisation technology to 
the industry, such as the Machinery Ownership Incentive 
Scheme (OPIMIS) and CANTAS Discount Scheme 
(SKIDIC). 

OPIMIS is an incentive scheme in the form of grant 
implemented in the 11th Malaysia Plan (11th MP) from 
2016-2020. It is aimed to increase the ownership of oil 
palm machinery to plantation operators in Malaysia. A total 
budget of RM4.5 million has been approved in the 11th MP. 
This has funded up to 20% of the machinery production 
price, and has funded almost 1780 units of farm machinery 
and equipments by June 2020. These farm machinery and 
equipment can increase worker’s productivity and reduce 
dependence on foreign labour which is estimated to 
amount to up to 5000 people. OPIMIS applications consist 
of 80% estate, and 20% are smallholders, contractors and 

Figure 1. MPOB R&D products.

Grabber - hydraulic arm 
implement

Rhyno - articulated and 
hydrostatic machine

Hydra porter - hydrostic 
machine with grabber

Motorcycle Trailer - 
goose neck link

All terrain vehicle with 
bucket bin

Utility vehicle with hybrid 
power sprayer

Beluga - track type 
transporter

Harvester machine - Korea

Loose fruit collecting 
machine - vacuum type suction

Roller picker - loose 
fruit collector

Motorised Cutter - 
CANTAS



Palm Oil Engineering Bulletin No. 135   [ 19 ] 

MPOB Initiatives in Oil Palm Mechanisation 
Adoption Increment and Towards Agriculture 4.0

cooperatives as depicted in Figure 2. Machinery applied 
is mostly utility type vehicle, such as three-wheeler, track 
type mover and also farm maintenance equipment’s such 
as  sprayer and spreader.

SKIDIC, on the other hand, was implemented to 
encourage the industry to use motorised palm fruit 
harvesting machines (CANTAS) to reduce labour 
requirements. A total of RM5.3 million is allocated for 
the implementation of this scheme. The grant provides 
the assistance of RM1000 for each unit of CANTAS     
purchased. The use of CANTAS has been proven to 
increase labour productivity and oil palm harvesting 
efficiency with almost double the harvest productivity from 
1.8 t to 3.2 t per bunch per worker compared to manual 
harvesting (Jelani et al., 2008). Since its launch in 2010 
until March 2020, the total number of CANTAS units that 
have been funded through this scheme is almost 4500 
units to date.

Besides ownership grants to the industry, the 
government also created special farm mechanisation 
research fund known as ‘Mechanisation Fund’. RM15 
million funds from government were set in place since 
2018 to ensure the industry could involve directly in the 
research programme. Selected industry players were 
selected to participate in the assessment process and 
monitor work progress. A technical committee (TC) was 
established, comprising experts from government and 
industry sectors to evaluate the fund applications. Included 
were representatives from Sime Darby Plantation Berhad, 
United Malacca Berhad, Sawit Kinabalu Sdn. Bhd., 
Genting Plantations Bhd., Sarawak Oil Palm Bhd., FGV 
Holdings Berhad as well as from MPOA, MPOB and MPIC. 

The TC meeting is held quarterly. To date, 23 
submissions have been received and evaluated, in which 
13 projects were rejected, seven projects were approved, 
and another three projects are being evaluated. It is 
envisaged that the mechanisation fund focuses on the 
latest technology. The implementation of the Mechanisation 
Fund is managed based on several approaches, terms 
and conditions. It includes acting as a matching grant that 
requires a 60% financial commitment from successful 
applicants to fund the project.

Besides financial initiatives, MPOB also conducts 
information dissemination and technical training activities 
to encourage broad adoption on farm mechanisation.  It 
includes bi-annually seminar of mechanisation, operators 
training course, short term training course and also several 
other engagement activities. The activities started since 
ten years ago and received enormous support from the 
industry. However, customised training for the industry 
is still required as the industry is still reluctant to pursue 
full mechanisation adoption due to several factors. Most 
technologies are only suitable or applicable to certain 
plantation conditions. Thus, it imposes a challenge for 
broader mechanisation adoption.

CONCLUSION

Due to  prolonged issues and challenges, mechanisation 
technologies are introduced into the oil palm plantation. 
With the additions of mechanisation elements, the number 
of imported labour workforce can be significantly reduced. 
This, in turn, will lead to less social problem associated with 
foreign  workers. Also, the lack of foreign workers flooding 
the workforce market will enable locals to fill in the void left 
by these foreign counterpart. Hence, the issue of currency 
outflows can be tackled as well. The other benefits that the 
plantation industry gains from mechanisation are increase 
in productivity, reduction of operational cost, achieving 
operational sustainability and improved working timeline. 
Mechanisation could also provides benefit to the workers, 
such as higher take-home pay due to higher expertise 
needed, hasten  fieldwork and increase safety and limit 
hazardous elements in the plantation. Due to vast plantation 
sector, the market for mechanisation is proportionally vast 
as well. With the addition of the IR4.0,  mechanisation can 
be further improved, and its effectiveness and efficiency 
can be increased as well.

Figure 2. Status of OPIMIS application in 2020.
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INTRODUCTION

Palm kernel cake (PKC) is the residue left after oil 
extraction from palm kernel through mechanical process 
using screw press, which is abundantly produced 
throughout the year in kernel crushing plant. In 2019, the 
amount of PKC produced from 19.86 million tonnes of 
crude palm oil (CPO) was 2.59 million tonnes (Ghulam et 
al., 2020; Malaysian Palm Oil Board, 2020). Hence, PKC 
is mostly traded globally as animal feed but its acceptance 
level varies due to chemical compositions and animal 
digestive system. For example, cow can accept up to 60% 
PKC, while layer and broiler chicken can tolerate up to 
50% and 30% PKC, respectively. However, pigs have the 
least tolerance for PKC as it can only consume 5% PKC 
in their diet formulation. This articles provides an overview 
and potential application of PKC as part of raw material in 
animal feed formulation.

CHEMICAL COMPOSITION OF PALM KERNEL CAKE

Utilisation of PKC as feed for livestock animals mostly 
depending on its chemical composition, which is most 
likely varies according to type of oil palm fruits, palm 
kernel sources and extraction process (mechanical or 
solvent). According to Nuzul Amri (2013), PKC produced 
in Malaysia typically contains 7.9% oil, 14.8% protein, 
16.7% crude fibre, 6.4% moisture, 3.9% ash and 50.3% 
carbohydrate as depicted in Figure 1. PKC also contains 
15% dirt and shell content (Rohaya et al., 2017) and the 
metabolisable energy of PKC is in the range of 1479–1792 
kcal kg-1 as reported by Alimon (2004) and Sundu et al. 
(2005). Although PKC supplies both protein and energy, 
it has low metabolise energy for poultry due to high fibre 
content (Kperegbeyi and Ikperite, 2011).

APPLICATION OF PALM KERNAL CAKE IN CHICKEN 
FEED

PKC could be used to substitute conventional feed 
ingredients such as maize and soyabeans in poultry 
diets owing to their low cost and availability (Onuh et al., 
2010). However, the use of commercial PKC for chicken 
feed is currently limited due to the high fibre and shell 
content (Rohaya et al., 2017), where fibre is accounted 
for 18%-21% (Lawal et al., 2010). The insoluble mannose-
based polysaccharide (mannan) in the fibre is not 
favourable for nutrient digestibility (Saenphoom et al., 
2013) for monogastric animals. Mannan possesses anti-
nutritional property which hinders full nutrient utilisation 
of PKC, resulting in feed conversion ratio depression and 
reduction in weight gains by 20%-25% in monogastric 
animals (Dusterhoft and Voragen, 1991). Other factor that 
influences the limitation is lignin content (15%) originated 
from shells in PKC (O’mara et al., 1999; Cervero et al., 
2010). 

Source: Nuzul Amri (2013)

Figure 1. Chemical composition of palm kernel cake.
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Nevertheless, a few researchers have delved into the 
potential of PKC to be utilised in chicken feed. According 
to Ezieshi and Olomu (2004; 2008), the broiler chickens 
can be fed with 30% PKC in the starter diet to replace up 
to 50% corn without any negative effect on their growth 
performance. Besides, the feed intake and feed ratio to 
chicken growth was found to be higher in the PKC diet 
and this factor could increase feed cost per kg weight 
gain. Furthermore, broiler chickens could consume 
30% PKC in finisher diet at 21 days age, substituting 
50% soya as protein source (Ezieshi and Olomu, 2004; 
Okuedo et al., 2006; Ezieshi and Olomu, 2008) (Figure 
2). Besides, insignificant difference was reported between 
diets incorporated with PKC and without PKC on sensory 
analysis such as juiciness and meat texture (Okuedo et 
al., 2006).

Figure 2. Broiler chicks can tolerate up to 30% palm kernel cake 
(PKC) in the diet.

A study by Perez et al. (2002) indicated that the layer 
chickens aged 18 weeks were fed with PKC up to 50% and 
surprisingly there were no differences observed in feed 
intake, mortality, feed conversion ratio (FCR) and weight 
of eggs in all PKC diets. However, 50% PKC inclusion in 
the diet exhibited adverse effect on egg production which 
could be due to high fibre content in PKC. Thus, it can be 
inferred that the inclusion of PKC in layer chicken diets 
should not be more than 50%. In another study, probiotics 
were included in the diets containing PKC for layer chicks 
and the results were promising as inclusion up to 1.0 g 
kg-1 probiotic has increased the body weight, haemoglobin 
concentration, leucocyte and lymphocyte (Ezema et al., 
2011). Moreover, layer chicks which consumed probiotics 
have laid eggs earlier at 18 weeks age compared to the 
chicks consuming control diet that laid eggs starting at 
week 20. The study also showed that the inclusion of 

probiotic has induced cell immunity mechanism in the 
layer chicks as the monocyte and eusinophyl counts were 
higher in the control diet than the diet with PKC.

On another note, Abiola and Adekunle (2002) utilised 
PKC from 18%-27% together with water melon skin to 
substitute 30% corn in the rooster chicken diets of 120 
days old. It was found out that the diet containing 18% 
PKC and 10% watermelon skin gave negative results in 
terms of body weight gain, feed intake and feed efficiency 
as compared to the control diet (18% PKC only). This 
was because the increment of high polysaccharide in the 
chicken due to the inclusion of watermelon seed skin led 
to the decrease in the body weight gain. The presence of 
non-starch polysaccharide (NSP) contributes to the low 
digestibility of nutrient by poultry. To break down the NSP, 
supplementation of poultry diets with specific enzyme will 
facilitate the process (Joziefak et al., 2004). Several studies 
have shown that enzyme inclusion on diets containing PKC 
could improve its nutritive quality and make it more available 
to poultry (Daud et al., 1997; Chong et al., 2008; Sekoni et 
al., 2008). Supplementation of complex multienzymes at 
0.05% had successfully increased weight, feed gain, total 
tract dry matter, fat and NSP digestibilities, and ileal fat 
digestibility in broilers chicken and rooster chicken (Meng 
and Slominski, 2005; Tisch, 2005; Slominski et al., 2006). 
The enzymes contained 63 600 U/g xylanase, 48 300 U/g 
glucanase, 10 000 U/g pectinase, 10 900 U/g mannanase 
and 340 U/g cellulose. The enzymes were included up 
to 0.05% in broiler chickens and 1% in rooster chicken 
diets that contained soyabean of 32% (w/w) and 15% 
(w/w), respectively, in feed formulation (Slominski et al., 
2006). The enzyme complex also successfully increased 
true metabolise energy from 2717-3751 kcal kg-1 and fat 
digestibility in the rooster chicken.

In addition, fermented PKC through biological pre-
treatment could lower the fibre content in PKC and thus 
could be given to broiler chicks up to 30% Noraini et al., 
2009; Mohd Firdaus 2014. Fermented PKC was included 
in the broiler chicks’ diet and was given to the chicks for 
21 days. However, it was found that the body weight gain 
(BWG), average daily gain (ADG), feed intake and FCR of 
broiler treated with 30% fermented PKC diet were 308.9 
g per bird, 22.07 g per bird per day, 382.3 g per bird and 
1.24, respectively, without significant difference relative to 
the broiler fed with the control diet (without PKC) which 
were 319.2 g per bird, 22.8 g per bird per day, 388.3 g per 
bird and 1.22, respectively.
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APPLICATION OF PALM KERNEL CAKE INRUMINANT 
FEED

Nutritionally, PKC is an ideal feed for most ruminants due 
to the protein and crude fibre content in the range of 15%-
20% (Chong et al., 2008). Cows showed higher tolerance 
towards PKC compared to other livestock animals at 60% 
without deleterious effect on growth, average daily feed 
intake, body score and nitrogen digestibility (Umunna et 
al., 1980).  Daily body weight gain (DBWG) for calf that 
received 60% PKC basal diet was 0.41 kg higher than 
the control (0.31 kg). The FCR was 6.29, lower than the 
control (9.29) which indicated good acceptance on PKC 
(Umunna et al., 1980). In contrary, goats and sheeps 
could not consume up to 90% PKC. The studies carried 
out on sheeps and goats fed with PKC up to 90% for 20 
weeks showed fatality of animals due to copper toxicity 
(Hair-Bejo and Alimon, 1995; Akpan et al., 2005). Anatomy 
analysis had been carried out and it was found out that 
high copper in the blood had led to enlargement of kidney, 
hepatic fibrosis on periportal and nicrosis inside epithelial 
tubule cell in cortex renal of the goat. According to Akpan 
et al. (2005), high level of copper was detected in the blood 
(3.02 µg ml-1), heart (1058 µg g-1) and cortex renal (430.5 
µg g-1) of lamb that was fed with 90% PKC. High copper 
level was also detected in heart (1089 ppm), testis (10.6 
ppm) and blood plasma (0.63 ppm) of the Sumatran serow 
that was fed only with 60% (w/w) PKC and palm frond 
(Yaakub et al., 2009).

To reduce copper toxicity in sheeps and goats, an 
addition of zinc with or without ammonium molibdate, i.e. 
23 ppm ammonium molibdate with 600 mg kg-1 natrium 
sulphate, could reduce copper level to half in the organs 
and blood plasma (Hair-Bejo and Alimon, 1995; Yaakub et 

al., 2009). Unfortunately, continuous usage of zinc could 
lead to increase in zinc concentration in the heart and 
kidney. Akpan et al. (2005) proposed a solution to eliminate 
zinc accumulation and to reduce copper through phytase 
inclusion. Phytase is important to increase phosphorus, 
protein, amino acid, carbohydrate and energy adsorption 
(Rani and Ghosh, 2011). Their study proved that the 
enzyme reduced copper level in the goat’s blood by 1.97 
µg ml-1, inside the heart by 627.7 µg g-1 of copper and 
inside the renal cortex by 396.3 µg g-1 copper. Moreover, 
the phytase enzyme increased more body weight gain than 
PKC diet with zinc and the control diet which had corn, fish 
meal and grass in the formulation. The ADG for PKC diet 
with enzyme was 55.3 g, while PKC diet with zinc and PKC 
only were 50.3 g and 40.1 g, respectively (Akpan et al., 
2005). Figure 3 shows feed formulated with PKC given to 
cow and Boer’s goat.

APPLICATION OF PALM KERNEL CAKE IN OTHER 
ANIMALS FEED

Apart from poultry and ruminant, there were several 
studies conducted to evaluate the effect of PKC inclusion 
in other animals feed formulation. A study by Orunmuyi 
et al. (2006) reported that PKC could be given up to 30% 
to rabbits weighing an average of 922 g. PKC based 
diets were prepared from 0% to 40% and formulated 
isonitrogenusly with 20% crude protein. The findings 
showed that the daily feed intake and daily body weight 
gain of rabbits fed with PKC up to 30% did not differ from 
the control diet. In fact, there was no difference in carcass 
weight among all treatments. In another study carried out 
by Carrion et al. (2011), the inclusion of 20% PKC did not 
adversely affect the feed intake and energy digestibility 
for rabbits aged 35 days. Moreover, no mortality was 

Figure 3. Feed formulated with palm kernel cake (PKC) given to (a) cow and (b) Boer’s goat.

(a) (b)

,
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recorded throughout the study. On the other hand, Ng 
and Chong (2002) studied the application of PKC in fish 
feed formulation to completely substitute soy. It was found 
that only 20% PKC could be included in the diet of small 
fish (Oreochromis sp.) with average weight of 8 g. Final 
body weight, weight gain and FCR for fish fed with 20% 
PKC were 30.5 g, 280.4% and 1.73 g, respectively, and 
there were no significant differences with the control diet 
(without PKC) in terms of final body weight (32.1 g), weight 
gain (300.3%) and FCR (1.63). In the study, 1.6% of 
enzyme was added into 40% PKC diet but the inclusion of 
the enzyme did not alter  the growth and feed intake.

In contrary, pigs are among the animals that are less 
tolerant towards PKC than other livestock animal. In fact, 
pigs with average body weight of 25 kg could not consume 
0.4% PKC as they showed low ADG and high FCR (Rhule, 
1996; Adesehinwa, 2007). For pigs with the average body 
weight of 36.5 kg, they could tolerate up to 0.3% PKC 
inclusion only when the corn was fully substituted with 
PKC in the formulation (Adesehinwa, 2007). Although 
PKC reduces the feed cost per day and feed cost per kg 
live body weight, it only works on starter diet. 

Finisher pigs with average body weight of 50.5 kg 
exhibited low acceptance of 5% PKC as the final body 
weight, ADG, growth performance and nutrient digestibility 
decreased (Ao et al., 2011). Although Rhule (1996) stated 
that the ADG between control diet and PKC diet indicated 
no significant difference and the lowest FCR was obtained 
by PKC diet, the study only used a small quantity of PKC 
by 0.4% or 400 g kg-1. In addition, there was no significant 
difference on pig’s meat quality, meat color, sensory test 
and pH between the control diet and diet with 5% PKC 
(Ao et al., 2011). The digestibility energy of pigs weighing 
between 40 kg and 76 kg did not increase although palm 
kernel oil was added up to 120 g kg-1 (Agunbiade et al., 
1999; Ao et al., 2011). Nevertheless, enzyme could be 
added in PKC-based diet for pigs. In a study by Ao et al. 
(2011), cocktail carbohydrase enzymes were introduced 
between 0.1% and 0.2% in 5% PKC diet and the result 
showed that the final body weight, ADG and nutrient 
digestibility did not differ with the control diet without PKC. 
It was also found that there was no difference between 
PKC diet with without enzymes in terms of lymphocytes, 
white blood cells and red blood cells. Overall, the maximum 
tolerance level of PKC inclusion in livestock animals feed 
formulation is summarised in Figure 4.

CONCLUSION

In conclusion, numerous studies have been conducted 
on the effect of PKC on livestock animals and proved that 
most of livestock animals were able to consume PKC at 
their maximum tolerance level without negative impact on 
the growth performance of the animals. The potential use 
of PKC can also be extended to pets as there are several 
studies conducted on pets such as rabbits. 
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INTRODUCTION

Succinic acid [International  Union of Pure and Applied 
Chemistry (IUPAC) systematic name: butanedioic acid; 
historically referred to as amber acid] is a dicarboxylic acid 
with a C4H6O4 molecular formula that can naturally be found 
in microorganisms, plant and animal tissues (Nghiem et 
al., 2017). This organic acid consists of four carbon and 
two functional carboxyl groups (-COOH) which forms 
colourless and odourless crystals with a distinctive acid 
taste (Goldberg and Rokem, 2009). Succinic acid is a well-
recognised chemical platform used as an intermediate in the 
industrial synthesis of various chemical compounds (Luthfi 
et al., 2017). Since 1877, scientists conducting work on the 
geological sources of amber from several archaeological 
findings have recognised the ability of succinic acid as an 
antibiotic and natural remedy (Matuszewska, 2016). It has 
been commonly used as an alternative to salicylic acid to 
treat illnesses such as diabetes acidosis, Alzheimer’s and 
Parkinson’s diseases, cerebral ischemia and neurological 
damage (Odin et al., 2002; Pomytkin, 2010). It is believed 
that the use of succinic acid in medicine increases cellular 
respiration and glucose metabolism which enables the 
optimal functioning of the body. Therefore, succinic acid 
is also known as the ‘Spirit of Amber’ or the ‘Amber of the 
Modern Age’ (Sauer et al., 2008).

Succinic acid was isolated from microbial fermentation 
for the first time by Georgius Agricola in 1546 (Putri et 
al., 2020). Large-scale microbial fermentation for the 
production of bio-succinic acid is currently expected, 
as the highest production of bio-succinic acid can be 
achieved by anaerobic microbial fermentation (Putri et 
al., 2020). In order to establish a bio-based industrial 

production of succinic acid, the microbes must be able 
to use a wide variety of sugar feedstocks in order to 
make use of the cheapest raw materials available (Liu et 
al., 2013). Furthermore, oil palm biomass are the most 
abundant renewable resource and have great potential as 
fermentation substrates (Bukhari et al., 2019b).

SUCCINIC ACID PRODUCTION PROCESS

Succinic acid is produced from sugar by microbial 
fermentation or by traditional petrochemical processes 
(Chang et al., 2016). Some of the commercially available 
petrochemical-based methods include paraffin oxidation, 
catalytic hydrogenation of maleic acid from butane, and 
processing of acetylene, carbon monoxide, or water 
catalysed by cobalt tetracarbonyl hydride in an acidic 
medium at high pressure and temperature (Xu and Guo, 
2010). Some limitations of the conventional petrochemical 
pathways are the high energy consumption and greenhouse 
gas emissions which lead to relatively limited use of 
succinic acid for the development of various applications. 

Figure 1. Petrochemical and bio-based succinic 
acid production processes.
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In recent decades, the production of bio-based succinic 
acid by carbon dioxide-utilising bacteria is considered the 
best alternative to the petrochemical route (Bukhari et al., 
2019b; Liu et al., 2013). Bio-production of succinic acid is 
in line with the mission of the United Nations Framework 
Convention on Climate Change (UNFCCC) to reduce 
carbon footprint using green technology in the synthesis of 
chemical products (Tan et al., 2017).

Realising this reality, the world’s leading chemical 
companies such as Myriant Corporation (USA), 
Succinity (Spain), Reverdia (Italy), Michigan Institute 
of Biotechnology (USA), Mitsubishi-Ajinomoto (Japan), 
MBEL-KAIST (South Korea), Agro-Industrie Recherches 
et Developpements (ARD, France), Mitsui and Co. 
(Japan), China National BlueStar Co. and PTT Public 
Company Limited (Thailand) are emerging and actively 
engaged in exploring alternative white biotechnological 
routes for the commercialisation of bio-based succinic 
acid and its derivatives as new commodity (Chang et al., 
2016). Succinic acid has been identified as one of the 12 
chemical building blocks that could potentially be produced 
commercially by biological process, according to the US 
Department of Energy in 2004 (Tan et al., 2014).

On the basis of succinic acid applications, the global 
market for succinic acid can be segmented into the following 
sectors (and their respective market share percentages): 
industrial applications (57.1%); pharmaceuticals (15.91%); 
food and beverages (13.07%), and others (13.92%) 
(Figure 2) (Chang et al., 2016). Its production capacity 
now reaches about 30-50 ktons per annum at a compound 
annual growth rate of 28% (between 2016 and 2021) with 
global volumes exceeding RM640 million, assuming that 
the price of succinic acid production will be drastically 
reduced in the future (Cheng et al., 2012; Tan et al., 2017). 

BIOMASS PROCESSING

The use of agro-industrial waste for the production of 
renewable chemicals results in a substantial reduction 
in the cost of biorefinery and thus supports the current 
agricultural industry (Bukhari et al., 2019b). Fermentation 
method that uses bacteria to produce succinic acid 
from renewable biomass is potentially a more efficient 
alternative in terms of greenhouse gas savings and 
optimal energy consumption, while at the same time 
reducing dependence on limited mineral resources (Tan 
et al., 2014). Waste or biomass from the palm oil industry 
is an example of renewable resources in Malaysia and 
is considered the best fermentative substrate due to its 
abundant supply and does not compete or interfere with 
the food chain (Luthfi et al., 2017; Zahari et al., 2012).

The oil palm tree (Elaeis guineensis) generally bears 
fruit within 2.5 years of planting and has an economic 
life of 25-30 years before replanting. In Malaysia, the oil 
palm trees are planted in a total area of approximately 
5.9 million hectares (Parveez et al., 2020). In line with 
the unprecedented growth of the palm oil industry, the 
estimated oil palm waste generation reaches approximately 
76 million metric tonnes per year, including oil palm fronds, 
oil palm trunks, empty fruit bunches, mesocarp fibres, 
and oil palm shells. Previous work indicated that the total 
carbohydrates in oil palm solid biomass comprise around 
33.00%-68.00% of the total dry weight of biomass (Table 
1), consisting of repeating monomeric units of glucose, 
xylose, arabinose and mannose, among others (Chong et 
al., 2013; Okoroigwe et al., 2014).
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Carbohydrate molecules present in the plant cell walls 
are protected by lignin bound by chemical bonds (Iberahim 
et al., 2013). Huge quantities of carbohydrates can be 
obtained when lignin is successfully removed. Therefore, 
the liberalised sugar monomers from oil palm biomass can 
be used as a carbon source for succinic acid-producing 
bacteria (Bukhari et al., 2019a). Monomers are obtained 
by two bioprocess steps, i.e. by (i) pre-treatment, and (ii) 
hydrolysis with enzymes or acids (Luthfi et al., 2017). In 
this regard, enzymatic hydrolysis offers advantages such 
as low energy consumption, non-corrosive, minimal by-
products, and higher sugar yields than acid hydrolysis 
(Alvira et al., 2010). The production of hydrolytic enzymes 
is now dominated by two major companies; Novozymes 
(Denmark) and DuPont/Genencor (USA), with a market 
share of 47% and 21%, respectively (Rodrigues et al., 
2015). Some widely used industrial enzymes include 
Accellerase-1500 and GC-220 from DuPont. Celluclast 
1.5 litre, Cellic CTec2, and Cellic CTec3 were produced 
by Novozymes in collaboration with Sigma-Aldrich/Merck, 
which helped to further expand the product marketing 
network (Ioelovich, 2016).

Succinic acid production from oil palm biomass 
involves a pre-treatment process followed by hydrolysis of 
carbohydrates into simple sugars and then fermentation 
to convert sugars into succinic acid (Luthfi et al., 2016). 
Alkaline pre-treatment with sodium hydroxide, potassium 
hydroxide, calcium hydroxide (traditionally called slaked 
lime), and ammonium hydroxide is commonly used to 
remove lignin as well as alter the inherent recalcitrant 
structure of the cellulose-hemicellulose matrix (i.e. complex 
carbohydrate structure) to facilitate the accessibility of 
enzymes to the targeted substrate (Zakaria et al., 2015). 
Pre-treatment with sodium and potassium hydroxides 
have proven to be stereo-specific and selectively reduces 
a minor part of hemicelluloses without significant loss of 

TABLE 1. CARBOHYDRATE CONTENTS IN OIL PALM SOLID BIOMASS

Biomass

Oil palm fronds Oil palm trunks Empty fruit bunches Mesocarp fibers Oil palm shells

Carbohydrate
contents

65.5% 56.7% 68.0% 56.0% 33.1%

Reference
(Luthfi et al., 

2016)
(Bukhari et al., 

2019)
(Chong et al., 

2013)
(Iberahim et al., 

2013)
(Okoroigwe et al., 

2014)

biomass components (Luthfi et al., 2017). Nevertheless, 
lime is the cheapest among other alkaline pre-treatments, 
with an average cost of RM294 t-1 hydrated lime as 
compared to RM1342 t-1 NaOH (50%) and KOH (45%) 
without taking into account recovery costs (Brodeur et al., 
2011; Luthfi et al., 2017).

Three groups of enzymes that play a major role in 
converting cellulose to simple sugars include: (i) endo-
1,4-β-glucanase; (ii) exo-1,4-β-glucanase; and (iii) 
β-glucosidase. The three groups of enzymes described 
above act synergistically to release cellobiose and 
cellodextrin from cellulose structures, which are then 
converted to monomeric sugars (Ioelovich, 2016). The 
resultant sugar is then used in fermentation for the 
production of succinic acid.

OIL PALM SOLID BIOMASS AS A PROMISING 
CARBON SOURCE

In Malaysia, the palm oil industries are the major 
contributors to the generation of agricultural biomass. 
Studies have been conducted to allow efficient use of 
biomass, such as the conversion of empty fruit bunches, 
oil palm trunks and oil palm fronds into fermentable 
sugars and the subsequent production of succinic acid. 
Table 2 outlines the available pre-treatment, hydrolysis 
and succinic acid production technology involving oil 
palm biomass. Fermentation of empty fruit bunches 
using Actinobacillus succinogenes ATCC 55618 was 
previously studied (Akhtar and Idris, 2017; Pasma et al., 
2013). Prior to fermentation, biomass was pre-treated 
and enzymatically hydrolysed to produce 0.4–0.7 g g-1 of 
sugar conversion. This variability in sugar conversion was 
due to the various types of pre-treatment and hydrolysis 
employed. Microwave-assisted acid or alkali, followed by 
multiple enzymes (cellulase and Novozyme 188) showed 
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TABLE 2. OIL PALM BIOMASS PRE-TREATMENT, HYDROLYSIS AND SUCCINIC ACID PRODUCTION 

Biomass Pre-treatment type Hydrolysis type
Sugar conversion 

yield (g g-1)
Succinic acid 

yield (g g-1)
Reference

Empty fruit 
bunches

Autohydrolysis + 
hydrogen peroxide 

Enzyme: cellulase 0.73 0.33
(Pasma et al., 

2013)

Empty fruit 
bunches

Microwave-assisted 
acid/alkali

Enzyme: cellulase + 
Novozyme 188

0.45 0.47
(Akhtar and Idris, 

2017)

Oil palm trunk Dilute organic acid Enzyme: Cellic CTec2 0.33 0.47
(Bukhari et al.,

 2020)

Oil palm frond
Sodium hydroxide + 

autohydrolysis
Enzyme: Cellic CTec2 + 

Cellic HTec2
0.53 0.71

(Luthfi et al., 
2016)

lower conversion of sugar but higher yield of succinic acid 
(Akhtar and Idris, 2017). On the other hand, oil palm trunks 
hydrolysed with organic acid yielded similar succinic acid 
(0.47 g g-1) due to the low formation of by-products (Bukhari 
et al., 2020). The highest succinic acid yield of around 0.7 
g g-1 could be attained with alkaline and autohydrolysis 
pre-treatment with water, followed by enzymatic hydrolysis 
using Cellic CTec2 and Cellic HTec2 (Luthfi et al., 2016).

METABOLIC PATHWAY IN THE PRODUCTION OF 
SUCCINIC ACID

Researchers looked at how cells create energy from 
carbon source, by digesting simple sugars in a series of 
chemical reactions (Tan et al., 2018). This cycle is almost 
the same for every type of cell, including animals, plants, 
and bacteria. Rumen-type bacteria such as Actinobacillus 
succinogenes have been identified as the best succinic 
acid-producing host due to their potential for using various 
carbon sources as well as carbon dioxide (Song and Lee, 

2006). Sugars used by the rumen bacteria are converted 
to phosphoenolpyruvate (PEP) by glycolysis (Luthfi et al., 
2016).

PEP is then converted to pyruvate with the formation 
of acetic acid, formic acid, and ethanol as the final product 
(C3 pathway) or oxaloacetate followed by the formation 
of succinic acid as the final product (C4 pathway), as 
shown in Figure 3 (McKinlay et al., 2007; Tan et al., 2018). 
Carbon dioxide is required to shift the key intermediate 
PEP from C3 (acetic acid and formic acid) to C4 (succinic 
acid) pathways with a by-product-to-succinic acid ratio of 
approximately 1.0 based on redox balance (McKinlay et 
al., 2007). The presence of carbon dioxide could inhibit 
the decarboxylation of oxaloacetate and malate. The 
decarboxylation of C4 to C3 intermediate was sufficiently 
high to have a major effect on the yield of succinic acid (Tan 
et al., 2018). Thus, the addition of carbon dioxide leads to 
an increase in cell activity and to the production of succinic 
acid as a final product. Since the biological route utilises 

Source: Tan et al., (2018).

Figure 3. Metabolic pathway in the production of succinic acid.
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carbon dioxide, the beneficial effect of carbon dioxide on 
the production of succinic acid can be translated into an 
environmentally friendly and sustainable solution for the 
sequestration of greenhouse gas emissions while, at the 
same time, allowing better utilisation of oil palm biomass.

CONCLUSION

It is therefore clear that oil palm biomass can be efficiently 
utilised by converting it into a sugar solution and then by 
fermentation for the production of succinic acid. The oil 
palm solid waste management system can be implemented 
more effectively by improving biochemical processes for 
conversion into highly profitable products, such as succinic 
acid. Indeed, the production of fine chemicals from oil palm 
biomass can benefit various sectors, thereby stimulating 
the country’s economic growth and, ultimately, protecting 
the environment with green technology. Complete 
utilisation of oil palm biomass in large-scale development 
of valuable fine chemicals would be an ambitious agenda 
but nonetheless a laudable goal.
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