
1

Journal of Oil Palm Research Vol. 33 (1) March 2021 p. 1-11
DOI: https://doi.org/10.21894/jopr.2020.0069

INTRODUCTION

Oil palm planted area in Malaysia has reached 
5.85 million hectares since it was first planted as a 
commercial crop in 1917 (Kushairi et al., 2019). The 
RM 67.74 billion industry is still relying extensively 
on foreign labour especially in the plantation  
sector. Mechanising field operation seems to be 
the best approach to minimise foreign labour 
dependency by providing greater output per  
hectare. However, the acceptance and the 
implementation of mechanisation in the industry 
can still be considered very low. Azman et al. (2017) 
rated the level of mechanisation in the oil palm 
plantation at 1.9% for the harvesting and 16.2% for 
the in-field collection operations. Workers remain 

using either the manual or semi-mechanised tools. 
To overcome these issues, improvement on the 
human-machine connection is required during 
product design and product manufacturers need 
to play a role to disseminate information and to 
provide training to the workers (Nur Syazwani  
et al., 2015).

Two areas needing major changes in terms of 
technology adoption are harvesting and loose fruits 
(LF) collection. The introduction of a motorised 
cutter (Cantas) can be considered as a breakthrough 
in mechanising harvesting operation (Abdul Razak 
et al., 2008). However, it is limited by height (less 
than 5 m palm height). Numerous on-going studies 
are being conducted by the Malaysian Palm Oil 
Board (MPOB) to increase the reachable height and 
its performance. Nevertheless, for LF collection, 
the industry is still counting on manual method 
although several technologies were introduced by 
research institutes and universities, together with 
trials conducted by the industry itself. 
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ABSTRACT
The presence of oil palm loose fruits (LF) on the ground is one of the indicators that the fresh fruit bunch 
(FFB) is ready to be harvested. LF are also present when the bunch falls to the ground during the cutting 
operation, and these fruits need to be collected together to maximise the oil content during processing. Even 
after a century since this crop was first planted commercially in Malaysia, no major changes have been 
made in terms of how LF are being collected in the plantation. The collection is done manually by hand 
picking or by using a raking device and the LF are eventually placed into a bag or directly into a container or 
trailer. This activity involves frequent bending movement which causes backache to the worker. To minimise 
this problem and to increase the collection productivity, various tools and machines, from using a simple 
mechanical picking mechanism to vacuum-type collecting machines were developed. Recently, the focus 
was concentrated towards the unmanned collection concept. This article reviews most of the developing 
technologies related to mechanised oil palm LF collection and their technical limitations. Design, working 
system and cost considerations for the future development of LF collecting machine are also described.
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LOOSE FRUITS

LF generally have the highest oil content than most 
of the attached fruits in the bunch. The presence 
of LF in the field are from two sources: first, those 
naturally detached when the fresh fruit bunch (FFB) 
is ripe and ready to be harvested,  and second, 
those that are scattered  on the ground during the 
harvesting activity. It is a common practice that 
when there are 1-10 LF on the ground, the cutting 
activity can be performed immediately as the 
bunch is already ripe. A study by Azali et al. (2015) 
revealed that during harvesting, the majority of LF 
are scattered in a radius of 1.5-2.5 m from the FFB 
impact point. 

Depending on their variety and palm age, the 
weight of the FFB ranges between 10-40 kg and 
the fruitlet ranges from 6-20 g (Razali et al., 2012). 
The average length, width and thickness of fruitlets 
vary from 30-35 mm, 20-27 mm and 17-24 mm, 
respectively (Owolarafe et al., 2006; Mohd Hafiz 
and Abdul Rashid, 2011; Renel et al., 2013). They 
also stated that oil palm fruit has about 70%-80% 
of sphericity which indicates that the fruitlet has a 
spherical shape.

Years ago, LF were neglected by plantations, 
being left in the field due to the perception of 
their small size, hence, not worth to be collected. 
Nowadays, thanks to intensive research works, 
uncollected LF is considered as losses to the oil 
palm industry due to its maximum level of oil 

content. The majority of the detached LF are from 
the outer diameter of the bunch. The fruits are huge 
and contain the highest oil. Studies showed that 
fruits from the outer diameter of a bunch contribute 
up to 40% of palm oil compared to the middle and 
inner regions of spikelet, i.e. 35% and 29% (Henson, 
2012). Hence, there will be a significant reduction in 
oil extraction rate (OER) if LF are not collected and 
processed. A study by Gan et al. (1993) indicated 
that if 20 LF per bunch are not collected, there will 
be a reduction on OER by 0.92%, 0.46% and 0.37% 
for palm aged 1-5 years, 6-15 years and above 15 
years (years after the first harvesting), respectively. 

Many plantations are now realising this fact 
and efforts are geared towards ensuring that all 
LF are collected from the field to maximise their 
profits. Sime Darby Plantation Sdn Bhd reported 
that the company would make an additional RM 30 
million in net profit if estate workers collect six LF 
per palm (Seedlink, 2008). Unfortunately, studies by 
Afroza et al. (2015) and Nurul Fadilah et al. (2019) 
revealed that there are still between 10%-30% of LF 
which are not being collected by the independent 
smallholders. The uncollected LF will eventually 
grow and turn into weeds or volunteer oil palm 
seedlings (VOPS) (Maizatul-Suriza and Idris, 2012). 
There are also possibilities that the VOPS will be 
taken by irresponsible individuals, to be sold as 
planting materials. It is, therefore, vital that LF are 
fully collected. The typical LF collection system can 
be summarised as in Figure 1.

Figure 1. Flow chart of loose fruit collection system.
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Manual Collection of Loose Fruit

LF must be collected and gathered with other 
bunches. Currently, conventional methods are 
being widely practised in plantations with the 
productivity ranging from 200-250 kg per worker 
per day (Abd Rahim et al., 2018). LF are normally 
picked up by hand and collected in a bucket or 
bag. Besides that, there are also different options 
like using rakes, planks and scoops (Figure 2). It is 
estimated that the time taken to collect LF is about 
30%-60% of the total FFB handling time (Mohd 
Zohadie, 1992; Henson, 2012; Nizaroyani Saibani et 
al., 2015). 

Depending on the estate’s standard practice, 
the collection of LF is done either by the harvesters 
themselves or by a separate group of female 
workers (Martin et al., 2016). To accomplish the job, 
the worker has to frequently bend down to collect 
the scattered LF and move from palm to palm. 
Although this activity is performed within a short 
period, it is however being repeated daily, which 
indirectly promotes an incorrect body posture (Ng 
et al., 2013; Ezrin et al., 2016). The worker is prone 
to fatigue and back pain which may lead to poor 
productivity (Nur Syazwani et al., 2016).

The presence of debris that accumulate together 
with LF during collection is one of major problems. 
A study by Darius and Fairulnizam (2014) revealed 
that a manual method of using sack or wheelbarrow, 
about 27%-38% debris was accumulated within the 
collected LF. These trashes are potential to contribute 
for lower OER as the trash will absorb oil during 
processing. Hence, there is a need to remove the 
debris before the LF are sent for processing. Several 
potential cleaning or segregating machines are 
available for the industry (Ahmad Zamri and Mohd 
Zulfahmi, 2017; Gemka, 2017; Mohd Ramdhan and 
Abd Rahim, 2017).

Mechanised Methods

A practical and cost-effective mechanised LF 
collection system is still one of the primary targets 
of the oil palm industry. There is a need to increase 
the efficiency of the LF collection but at the same 
time, the cost is kept at a minimum. Efforts to 
lighten and improve the method of collecting LF 
were initiated in the late 1980s as conducted by 
Muhammad Salih and Razak (1988). Abd Rahim 
et al. (2011) reported that several designs to collect 
LF have been invented, but most have never 
been commercialised due to the various technical 
limitations and constraints. 

Two approaches were tested to assist LF 
collection activity, i.e. mechanical and suction 
systems. Both of these approaches have their 
advantages and disadvantages, which will be 
discussed.

Mechanical type. Among the earliest works on 
mechanical LF collecting devices were invented by 
students from the Universiti Putra Malaysia (UPM), 
Selangor, Malaysia which employed the sweeping 
or brushing mechanism and discs as the collecting 
device (Rimfiel and Abadanjumi, 2007). They further 
concluded that the development of a chain and rake 
type oil palm LF collector was found satisfactory in 
picking LF on uneven ground and grass area.

Later, realising the need to come up with 
different approaches, other researchers have 
initiated student’s projects related to the mechanical 
type collectors such as studies by Muhammad Azam 
(2011) and Muhamad Khairul (2013) by using tiny 
spike or nail type collector (Figure 3). Even though 
these devices can collect LF, however they are less 
preferred by the industry as they tend to bruise 
the fruits. High level of bruised fruits will lead to 
an increase of free fatty acid (FFA) during storage 
(Fatin et al., 2014; Hadi et al., 2009).

Figure 2. A typical body posture of worker using basket 
and scoop for collecting loose fruits.

Figure 3. Nail type collector.
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A utility innovation by Zainuddin (2014) 
revealed that instead of using nails to punch into 
the LF, the invention used flexible ‘fingers’ to entrap 
the LF between the ‘fingers’. The entrapped LF were 
then ejected using a spring mechanism attached 
to a handle. A similar concept of a mechanical LF 
collector is the segmented multiple wheels, with 
each wheel having many synthetic rubber tines that 
can pick the oil palm fruit during rolling motion as 
developed by Ahmad Zamri et al. (2016). The device 
can be manually operated or motorised and with 
this type of mechanism, it does not bruise the fruits 
(Figure 4). A comparable concept was developed 
earlier by Mohd Amir (2009) that utilised the 
deflecting ‘fingers’ concept to collect LF in rolling 
motion. Again, the ability to be operated on uneven 
terrain and how much productivity gained still 
need to be further studied in the real oil palm 
environment.

Another method is an adaptation of the nut 
collector principle for oil palm LF collection, 
comprising of a roller-type, cage mechanism to 
collect LF. The oval-shaped cage is made of several 
flexible rods that will split open once being pushed 
towards the LF. Once the LF is entrapped in the 

cage, the rods will return to their normal position, 
hence, leaving only clean LF inside. It was claimed 
that around 30-60 kg hr–1 of LF can be collected 
using this device (Mohd Solah et al., 2009). However, 
based on observations, the roller picker was found 
not effective for use in soft and wet soils as the LF 
will tend to further sink into the soil rather than 
going into the cage.

Some limitations on the mechanical collectors in 
oil palm plantations are the terrain condition, the 
vegetation and the various residues at palm circle 
(Rimfiel and Abadanjumi, 2007). Hence, for effective 
LF collection, the field must be well prepared to 
accommodate any machines or equipment.

Although the mechanical type collectors offer a 
simple and low-cost solution, the total productivity 
is still uncertain. Furthermore, at one collection 
point, a longer time is required to collect the 
scattered LF, with limited amount of LF collected 
during a single roll. An effective device should be 
able to overcome all these conditions. If successful, 
smallholders and small-medium plantations 
would probably be the main users for this type of 
collection. Some commonly available mechanical 
type LF collectors are summarised in Table 1.

TABLE 1. SUMMARY OF AVAILABLE MECHANICAL TYPE LOOSE FRUITS (LF) COLLECTING CONCEPTS

Source Collecting concept/technique Operation methods Productivity
(kg min–1)

Cost 
indicator*

Rimfiel and Abadanjumi (2007) Chain and rake Forward/backward push n.a. Medium 

Mohd Solah et al. (2009) Rotating cage Roll 1 - 6 Low

Zainuddin (2014) Nail Downward push 2 Low

Muhammad Azam (2011) Nail Downward push n.a. Low

Muhamad Khairul (2013) Nail Downward push n.a. Low

Mohd Amir (2009) Segmented wheels with tines Forward/backward push n.a. Medium

Ahmad Zamri et al. (2016) Segmented wheels with tines Forward/backward push n.a. Medium

Mohd Izmer (2018) Rotating brushes and screw type 
conveyor

Tractor mounted 5-6 High 

Note: *Low <RM 10 000; RM 10 000 <Medium <RM 50 000; High >RM 50 000 (including prime mover).
 n.a - not available.

Figure 4. Roller type with flexible ‘finger’ collector: (a) manual and (b) motorised.

(a) (b)
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One of the promising machines that is currently 
available in the market is the tractor-mounted LF 
collecting machine known as Scavenger 3 which 
employs a rotating brush at the rear of a mini tractor 
to sweep the LF into its container (Mohd Izmer, 
2018). It also has a cleaning mechanism where the 
collected LF will be conveyed into a series of parallel 
rods that will filter the debris. With a properly 
working system, it was claimed that the machine 
is able to collect LF up to 5 million tonnes per day 
with debris content of less than 5%.

Suction type. A typical LF collecting machine uses 
an air blower to create a partial vacuum to ‘suck up’ 
LF from the ground. Similar to a vacuum cleaner, 
the machine utilises the same principle where a 
vacuum suction is created by making pressure 
differential between the inside and outside of 
the machine. The LF entering the hose are being 
pushed into the machine by the outer atmospheric 
pressure when the blower reduces the pressure 
inside the barrel. There are two types of vacuum 
system which are the venturi (open system) and 
the closed vacuum system (Figure 5). Both systems 
were tried by numerous researchers to collect the 
LF and Table 2 shows the comparison between the 
two systems.

Among the earliest LF collection machines 
is the one developed by Ahmad et al. (1995) in 
a joint collaboration between MPOB and UPM.
The machine uses a wheelbarrow frame to place 
two containers; one for LF, while the other is for 
trash. Using petrol engine as a power source, LF 
are sucked up through a flexible nozzle. The LF 
together with trashes go through a separation box, 
where the heavier LF go into the LF container while 
the lighter trash goes into the trash container. This 
machine, on average is capable of collecting 300-400 
kg per day of clean LF, with less than 10% trash. 
However, the need to be pushed from palm to palm 
and limited storage capacity are the weaknesses of 
this machine.

TABLE 2. VENTURI TYPE vs. CLOSED VACUUM

Suction system Advantages Disadvantages

Venturi •  Loose fruits (LF) 
can be directly 
transferred 
into a bin or 
container.

•  The kinetic energy 
per volume of 
air is low, hence, 
less efficient.

•   No injuries to 
the LF as no 
direct contact 
with the fan.

•  Higher blower rate 
is needed thus 
increasing power 
consumption.

Closed vacuum •   Higher suction 
can be 
generated.

•  Maintenance issue 
– e.g. need access 
to the suction 
tank.

•  Mud could easily 
coat in the 
suction tank and 
hoses.

Improvements were made later by Ahmad Zamri 
and Ahmad (1999) where the suction mechanism 
was mounted to a three-wheeled vehicle. It was able 
to collect and carry LF from palm to palm, suitable 
for uneven and terraced ground, easy to operate 
and can be handled by just one person. The use of 
this machine minimised damage to the LF, but the 
percentage of damage was not stated. This ride-on 
type machine was capable of collecting LF between 
40-60 kg hr–1 with a single operator. The only 
drawbacks were the dirt’s clogging issues especially 
during wet condition and limited storage capacity.

Patent owned by Anthuan (1996) claimed that 
his invention uses the suction power of a vacuum 
mechanism to pick up loose fruitlets with ease. It 
is powered by the power take-off (PTO) from the 
tractor that also tows the entire assembly. It is also 
equipped with a rotating separator drum to separate 
the debris from the LF.

Several attempts have also been conducted 
by students at UPM where they have developed 
and tested different suction methods to collect LF 
(Rimfiel and Abadanjumi, 2007). 

Figure 5. A typical concept of venturi suction (a) and closed vacuum system (b).
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An upgrade version of LF collecting machine 
that utilises vacuum cyclone concept was developed 
by Abd Rahim et al. (2012). Using the advantages 
of cyclone in the barrel, the machine is able to 
separate debris, hence producing clean LF at the 
bottom of the barrel. With the capability to collect 
LF around 4.2-5.1 kg min–1, this machine is capable 
of collecting 1200-1500 kg of clean LF in a day with 
less than 15% debris. Abd Rahim et al. (2018) later 
made an improvement by integrating the elevated 
discharge mechanism to enable the collected LF to 
be discharged directly into a bin or lorry.

An integrated LF collecting machine was 
developed by Mohd Zulfahmi et al. (2020) with 
a combination of vacuum, double layer rotating 
drums and a tipping bucket. Mounted to a three-
wheel transporter, it was found that the output was 
around 600-1000 kg clean LF in a day with a total 
operation cost of between RM 73.90-RM 113 per day. 
Additionally, it was claimed that the debris content 
was around 5%-10% by weight and with the tipping 
ability, the clean LF was able to be transferred into a 
3 t bin once the bucket was full.

Based on the above inputs and Table 3, it is clear 
that the suction method is the best option for the 
plantation industry, because of its greater output. 
A study by Mohd Ramdhan et al. (2019) found that 
the minimum air velocity that is required to lift up 
a single loose fruit is approximately 22.4 m s–1 or 
airflow of 0.21 m3 s–1. However, to collect groups 
of LF effectively, airflow of between 0.28-0.33 m3 
s–1 (air velocity of 30-35 m s–1) is required. Hence, 
more works need to be done to further improve the 
technology so that it can be commercially used by 
the industry.

Cost Considerations

Before introducing a machine to the market, 
the inventors or machine manufacturers need to 
understand the situation and expectations from the 
industry. One of the important factors that need to 
be emphasised is the working system. It is agreed 
that collecting individual LF scattered around the 

palm base is inadequate to improve collection 
productivity. Therefore, there is a need to improve 
the system by using a separate gang consisting of 
three persons (one driver, one collector and one 
helper to heap the LF). The LF scattered on the 
ground are first gathered into piles by one dedicated 
person before the machine performs its task. In this 
way, however, more workers are needed, making 
it less appealing to estate management. Therefore, 
the productivity of the total system must be greater 
than the manual method to make it economically 
viable.

Apart from the selling price, the output of the 
machine is also crucial to be cost-effective. Hence, an 
estimation of cost per tonne with varying machine 
costs and productivity was developed as shown in 
Table 4.

Manual labour cost with assumptions of:
Average productivity: 20 bags per day (20 kg per 
bag)
Labour cost :  RM 2.50 per bag
Labour cost : RM 50 per man per day or RM 150  

 per day for three workers

To calculate the operational cost of machine, 
straight line depreciation is used with assumptions 
of:

Machine’s economic life: 5 years
25 working days per month
Labour cost : RM 50 per man per day or RM 150 per 
  day for three workers
Fuel cost :  RM 15 per litre per day @RM 2.20 

 per litre
 :  RM 33 per day
Repair and maintenance cost: RM 30 per day

Hence, to introduce LF collecting machine in 
the oil palm plantation, the machine must be able to 
produce at least 600 kg LF per man per day or 1.8 t 
per day for three workers to be economical (below 
RM 150 per day). This means that productivity must 
be at least three folds than the manual method. 

TABLE 3. SUMMARY OF AVAILABLE VACUUM TYPE LOOSE FRUITS (LF) COLLECTING CONCEPTS

Source Collecting concept/technique Prime mover Productivity  
(kg min–1)

Cost indicator*

Ahmad et al. (1995) Direct suction Wheelbarrow 1-1.2 Medium

Anthuan  (1996) Direct suction with rotating 
separator

Tractor n.a High

Ahmad Zamri and Ahmad (1999) Direct suction 3-wheeler 1.13 Medium

Abd Rahim et al. (2012) Direct suction with cyclone Tractor or 3-wheeler 4.2 – 5.1 High

Mohd Zulfahmi et al. (2020) Direct suction with rotating 
separator

3-wheeler 1.3 – 2.1 Medium 

Note: *Low <RM 10 000; RM 10 000<Medium<RM 50 000; High >RM 50 000 (including prime mover).



7

MECHANISING OIL PALM LOOSE FRUITS COLLECTION – A REVIEW

FUTURE DESIGN CONSIDERATIONS

The design criteria of suction type LF collectors, the 
machine must have, among others:
a) The ability to collect at least 600 kg per man 

per day as a new benchmark. 
b) Maximum of three persons to run the system 

but preferably a single operator. The operator 
does not need to move from his seat to collect 
the LF.

c) Having adequate temporary storage capacity 
(at least able to cover four rows of palm before 
the compartment is fully loaded with LF).

d) Operated with a minimum cost of materials 
and maintenance and has a high commercial 
value.

e) Suited to various types of ground conditions.
f) Ergonomically designed and easy to move 

along the collection areas in the field.
g) Does not physically injure or damage the 

collected LF. 
h) Having the capability of isolating trash and 

foreign materials is an advantage to the system.
i) User-friendly, where the operator does not 

need special skills to operate the machine.

A study indicates that by using the harvesting 
machine, the amount of detached LF produced 
during harvesting was reduced by 45% compared 
to manual harvesting as the bunch does not hit 
the ground (Mohd Ramdhan and Rahim, 2014). 
Perhaps, alternatively, inventors and users should 
now consider eliminating the task of LF collection 
by preventing the bunch from falling and hit the 
ground. Such work has already begun with the 
development of bunch catcher machine by Azali 
et al. (2015) where the harvested FFB and LF will 
drop into the catchment head and then later 
dropped down into a bucket. Harvesting machine 
that incorporates the catching mechanism such as 
grapple to hold the bunch after cutting should be 
the way forward. This concept of cut and catch has 

been developed by Abd Rahim et al. (2005; 2010) to 
minimise the amount of LF during the harvesting 
process. 

Works on exploring the potential of robotic 
technology to be integrated with LF collecting 
machine have also been initiated. The possibility of 
having day and night operation with fewer workers 
is an interesting opportunity. The presence of open 
source with affordable cost microcontroller in 
today’s markets has paved the way for an innovative 
and cost-effective breakthrough. 

Most of agricultural autonomous robotics 
research has been performed in controlled 
environments such as for fruits picking (Reid et 
al., 2001; Van Henten et al., 2003; Scarfe et al., 2009). 
These robots were designed using either vision, 
global positioning system (GPS), laser and sensor-
based navigation control system (Jayantha et al., 
2005) and integrated with the manipulators to 
perform their  functions (Christoph et al., 2014). 
Hence, to suit the concept of autonomous robotic in 
oil palm plantation environment, more studies need 
to be conducted.

Siti Nur Amalina et al. (2018) has explored the 
concept of having incorporated automation features, 
which involved the elastic cage auto feeding and on 
a tracking system to track the motion of the loose 
fruit collector. Nevertheless, this work is still in the 
early stage.

A robot was developed by Muzakkir and Afandi 
(2016), with the combination of an embedded 
platform (Arduino Mega) with robotic mechanism, 
which revealed convincing results, in terms of 
its movement, quantity and the quality of the 
collections as well as stability. Although these works 
can be considered as still in the infancy stage, the 
efforts need to be supported. However, we are of 
the opinion that the highest priority right now is to 
design an effective collecting mechanism first. Once 
achieved and proven to work well, this mechanism 
can be further integrated with available robotic 
technologies to further enhance its capability. 

TABLE 4. ESTIMATED TOTAL OPERATION COST (R t–1*) AT VARYING MACHINE COST  
PER UNIT AND PRODUCTIVITY

Machine cost 
(RM)

Estimated productivity (kg per man per day)

200 400 600 800

20 000 377.22 188.61 125.74 94.31

30 000 388.33 194.17 129.44 97.08

40 000 399.44 199.72 133.15 99.86

50 000 410.56 205.28 136.85 102.64

60 000 421.67 210.83 140.56 105.42

70 000 432.78 216.39 144.26 108.19

Note: * Using three workers.
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Another area that is worth exploring is the 
self-propelled harvester for collecting (harvest) 
shell fruits such as hazelnuts, chestnuts, almonds, 
walnuts, olives, coffee, etc. Few machines were 
successfully developed and marketed by foreign 
companies. As for example, Facma Srl, an Italian 
company, has produced a vacuum collecting 
machine with rotating sweepers (Figure 6). These 
sweepers could collect and gather the fruits before 
being sucked by vacuum into the rear container. 
With some modifications, this type of machine can 
be used to collect LF with proper field preparation 
(Mohd Ramdhan, 2018).

Additionally, various types of unmanned 
tracked prime mover are available in the overseas 
market. These transporters have the intelligent 
system installed where the machine can be remotely 
operated (Figure 7). Having navigation and camera 
system, this labour-saving technology has the 
potential to be utilised in oil palm plantation for 
various operations from collecting LF to field 
maintenance activities.

CONCLUSION

Conventionally, the technique for collecting LF is by 
the manual method or hand picking whereby the 
collected LF are transferred into a bucket or bag. This 
technique is not only labour demanding and time-
consuming but is also tedious. A cost-effective loose 
fruit collection system remains the main requirement 
of oil palm estates. Currently, there are several types 
of LF collectors such as roller picker, mechanical LF 
collector and disc plate collector. However, several 
design concepts that can be improved in terms of 
the surface condition during operation, minimum 
damage towards the fruits, quantity of the LF 
and cost for the tool. In practice, the method of 
collections should be suitable to operate in various 
field conditions. In addition, the operator should be 
comfortable when operating the implement without 
incurring back pain. Therefore, the criteria of the 
new design of the collector should work well in 
various types of field condition, ergonomic for the 
operator, leading to higher productivity.

Apart from machine performance, other 
factors such as working system, payment scheme, 
machinery incentive and workers and management 
acceptance are among the key components that 
need to be carefully structured for successful 
implementation of the mechanised operation.
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