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ABSTRACT

Oil palm (Elaeis guineensis) is a highly productive 
crop with the highest yield of oil per unit area and 
lowest cost of production of all vegetable oils. The 
continuous rise in global production and demand 
for palm oil is reflected by the increase in land area 
cultivated with oil palm across Asia, Africa and 
Latin America. Expansion of oil palm plantings has 
created awareness about sustainable practices in oil 
palm cultivation and land use in order to ensure the 
preservation of tropical forests. Green certification 
schemes such as RSPO and MSPO advocate 
transparency in demonstrating that the oil palm 
industry is in compliance with established practices 
that ensure the production of certified sustainable 
palm oil. This has enabled new initiatives in the oil 
palm R&D sector to establish scientifically sound 
analytical systems that can support the sustainability 
certification schemes which require traceability 
throughout the palm oil supply chain. A reliable and 
robust traceability system is required to determine 
the exact location and land use history of the palm 
oil originating from the supplying countries.

ABSTRAK

Sawit (Elaeis guineensis) adalah tanaman yang 
sangat produktif dengan hasil minyak tertinggi 
per unit kawasan dan kos pengeluaran terendah 
dibandingkan dengan minyak sayuran lain. 
Peningkatan pengeluaran global dan permintaan 
terhadap minyak sawit yang berterusan 
dipamerkan oleh peningkatan kawasan tanaman 
sawit di seluruh Asia, Afrika dan Amerika Latin. 
Perkembangan ini telah memberi kesedaran 
mengenai amalan kelestarian untuk penanaman 
sawit dan penggunaan tanah supaya hutan tropika 
terpelihara. Skim pensijilan hijau seperti RSPO dan 
MSPO menyokong ketelusan dalam menunjukkan 
bahawa industri sawit mematuhi amalan yang 
telah ditetapkan untuk memastikan pengeluaran 
minyak sawit lestari yang diperakui. Ini telah 
memungkinkan inisiatif baru dalam sektor R&D 
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sawit untuk mewujudkan sistem analisis saintifik 
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INTRODUCTION

Palm oil is a highly versatile oil with a wide 
range of properties and functions, making it one 
of the most extensively used vegetable oils. The 
oil palm is a highly profitable oil crop, producing 
ten times more oil per hectare than any other top 
vegetable oil-producing crop, and having a 20-year 
productive life span (European Palm Oil Alliance, 
2016). Based on world statistics, production of palm 
oil reached 72.27 million tonnes in the marketing 
year 2019/2020, accounting for 36% of global 
vegetable oil production (Statista, 2021). Malaysia 
is most prominent as the major exporter of palm 
oil, accounting for 18.3% of global oils and fats 
(17.37 million tonnes) and 34.3% of overall palm oil 
commerce (Parveez et al., 2021). The total oil palm 
area reaching maturity in Malaysia was recorded at 
5.22 million hectares in 2019, with the largest portion 
owned by private estates (61.1%), followed by 
independent smallholders (16.8%), and organised 
smallholder schemes, namely, the Federal Land 
Development Authority (Felda) (12.3%), the Federal 
Land Consolidation and Rehabilitation Authority 
(Felcra) (3.1%), the Rubber Industry Smallholders 
Development Authority (RISDA) (1.0%), and other 
state/government agencies (5.8%) (MPOB, 2020). 
Indeed, the oil palm industry is extremely appealing 
to small farmers as it offers consistent income to 
about a quarter million independent farmers who 
each cultivate less than 40 hectares of land. The 
oil palm business in Malaysia generates 5%-7% 
of the country’s GDP, with yearly export earnings 
averaging RM64.24 billion over the last five years 
(Nambiappan et al., 2018).
 Oil palm cultivation has shown significant 
growth in recent decades because of its relatively 
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low production cost, high yields and increasing 
global demand, particularly for crude palm oil 
(CPO). However, in recent years, palm oil has 
generated some controversy, especially in the 
European Union, where certain companies and 
consumer groups have made a call to avoid the 
use of palm oil, especially from unsustainable 
sources. The anti-palm oil campaign, at times 
with unsubstantiated information, has advocated 
banning the use of palm oil as an ingredient in 
all consumer products in the mass market, a 
campaign that was partly fuelled by claims that 
oil palm cultivation contributes to deforestation. 
Demonstrating that palm oil is produced sustainably 
in line with internationally accepted standards, e.g., 
the Roundtable on Sustainable Palm Oil (RSPO) and 
Malaysian Sustainable Palm Oil (MSPO) standards, 
and that oil palm cultivation does not contribute to 
deforestation appears to be a sensible strategy for 
oil palm stakeholders and food companies. Hence, 
traceability solutions that can track and certify 
that a particular consignment of palm oil comes 
from a sustainable source will be important for the 
industry’s future growth (Charlebois et al., 2014; 
Ramli et al., 2020).
 To achieve traceability, the Malaysian 
government currently enforces record-keeping 
along the supply chain. This is mostly based on 
paper trails which are documented and archived 
for reference, if needed, to show compliance to 
certification standards such as RSPO and MSPO. 
The industry also recognises the importance of 
tracing and tracking capabilities along its palm 
oil supply chain, from mills to refineries, and also 
all the way back to plantation. Traceability is also 
required for batches that are exported overseas from 
shipping ports. A traceability system is essential to 
meet the challenges of producing sustainable palm 
oil, and is frequently debated upon in national and 
international arenas as one of the most significant 
issues facing the industry in 2020 and beyond. In 
fact, to address this issue, the European sustainable 
palm oil conference organised by the European Palm 
Oil Alliance (EPOA), RSPO, and the Sustainable 
Trade Initiative (Initiatief Duurzame Handel, IDH) 
assembled a diverse group of industry players 
and consumer groups to collaborate, exchange 
knowledge, and debate over sustainability issues 
(Sustainable Palm Oil Dialogue, 2020). This suggests 
that numerous private agencies worldwide are keen 
to work with the oil palm industry in achieving full 
traceability across the supply chain, which will 
also help to meet the goals of MSPO and RSPO. 
However, the announcement by the European 
Union of their plans to start phasing out palm 
oil for use as a transport fuel in 2021 has raised 
further concerns in the industry. More recently, 
India, a major consumer of Malaysian palm oil, 
announced its intentions to purchase sustainable 
palm oil through a stepwise approach (Mishra and 

Tapsall, 2017). To overcome these challenges, more 
transparent and verifiable sustainable approaches 
for both the production and sourcing of palm oil, 
as well as its downstream products, are required. 
This also clearly suggests that it is important for 
the oil palm industry to increase collaboration with 
the relevant stakeholders in the oil palm industry 
and have a collective commitment in improving 
the current traceability system across the supply 
chain, as well as to promote an increased uptake of 
sustainable palm oil.
 As the custodian of Malaysia’s oil palm industry, 
the Malaysian Palm Oil Board (MPOB) has taken 
proactive measures in this area. Efforts are already 
underway to examine and develop technologies 
that can be used as traceability tools throughout 
the key supply chains, from harvesting to milling. 
The fundamental basis for the development of palm 
oil geographical traceability is described in what 
follows.

Traceability of Oil Palm 

Traceability in the palm oil supply chain is defined 
as the ability to follow a uniquely identifiable 
consignment through the supply chain (van 
Duijn, 2013; Goggin and Murphy, 2018). Stepwise 
traceability, in particular, refers to the ability to 
collect data from fresh fruit bunches (FFB) in the 
plantation to CPO produced in the mills, and 
subsequently to the refinery products, and all the 
way to the end users. It essentially refers to having 
information on the origin of the palm oil products, 
from both the upstream and downstream sources. 
It is also the first step towards gaining better 
knowledge of the vast and complex oil palm supply 
chains that frequently include numerous levels of 
suppliers and intermediaries. 
 The palm oil supply chain, as summarised in 
Figure 1, begins in the plantations and ends in the 
mills and refineries, where diverse palm oil products 
are produced. Ripe oil palm fruit bunches are 
collected from various plantations and smallholder 
collecting stations for transit to neighbouring mills. 
Plantation companies usually send the fruit bunches 
to their own mills or to nearby mills owned by 
other companies, whereas small farmers sell their 
harvested fruit bunches to dealers, or corporations 
which process the oil for consumer consumption. 
 At present, traceability in the context of MSPO 
guidelines is supported by electronic documentation 
and certification. MSPO certification is required to 
ensure that the Malaysian palm oil products are 
produced sustainably and are thus acceptable in the 
global market. To date, about 5.2 million hectares 
or 87.17% of the total oil palm planted area in the 
country have been certified (Table 1) according 
to MSPO standards, an impressive achievement 
towards ensuring that the whole industry adopts 
sustainable practices. The MSPO Trace website 
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hosted by the Malaysian Palm Oil Certification 
Council (MPOCC) provides information on 
Malaysia’s efforts at promoting MSPO in the 
country and to the rest of the world.
 MSPO Trace promotes traceability by recording 
key information throughout the supply chain 
management process, such as the mill that produces 
CPO that is sent to the refinery. In practically real-
time, MSPO Trace can map out the source of FFB 
in a mill to a specific oil palm plantation, using 
data from the Oil Palm Management Certification 
(OPMC) and Supply Chain Certification Standard 
(SCCS). MSPO Trace entails big data management 
and data-driven decision-making with the goal 
of achieving 100% traceability of MSPO-certified 
palm oil throughout the country by 2025. MPOB 
facilitates the entire process by collecting crucial 
information such as name, address (location), and 
area (in hectares) of plantings in order to promote 
traceability and ensure sustainable practices.

 MPOB developed the Smallholder Palm Oil 
Cluster (SPOC) to ensure that even smallholders 
can embrace practices governed by the MSPO 
protocols. SPOC groups smallholders in specific 
regions to make it easier for them to connect 
with MPOB officers who can assist them with 
appropriate agricultural practices and long-
term farm management (including adequate 
documentation). These efforts, if well-executed, 
have the potential to increase FFB production and, 
with it, the smallholders’ incomes. Additionally, 
MPOB, in collaboration with MPOCC and the 
Malaysian Palm Oil Promotion Council (MPOPC), 
promotes MSPO certification both domestically and 
internationally.
 Hence, it is critical that, in addition to paper 
trails, the industry develops and implements 
a robust, accurate and scientifically verified 
traceability system that employs relevant analytical 
instruments. This may be used to trace the source of 

TABLE 1. LIST OF CERTIFIED ENTITIES UNDER OIL PALM MANAGEMENT 
CERTIFICATION (OPMC)

Certified planted area 
(ha)

Certified area (ha)

Independent Smallholdings certified 
under MSPO Part 2

450 843.54 407 824.53

Organised Smallholdings certified under 
MSPO Part 3

730 586.76 811 708.03

Plantations certified under MSPO Part 3 4 077 520.09 4 739 436.53
Total 5 258 950.38 5 958 969.09

Number of units certified
Certified mills under MSPO Part 4 447

         Source: MSPO Trace (https://mspotrace.org.my/), as of 7 June 2021.

Figure 1. Traceability of the palm oil supply chain at each stage.
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CPO back to the mills and even to the plantations 
that supplied FFB. In 2020, the mills received a 
total of 116.81 million tonnes of FFB to produce 
CPO as raw material (Parveez et al., 2021), which 
was then transported to refineries to be refined into 
cooking oil or other products. In addition to being 
transferred to refineries, some batches of CPO are 
moved from the oil mills to big storage tanks in 
export terminals before being delivered overseas. 
In Malaysia alone, each refinery’s supply network 
often includes hundreds of mills that provide CPO 
and/or palm kernels (PK).
 In 2020, 457 palm oil mills were operational in 
Malaysia, with a total processing capacity of 116.81 

million tonnes of FFB per year (Table 2). In the 
same year, 50 palm oil refineries were operational, 
processing a total of 25.35 million tonnes of CPO 
and crude palm kernel oil (CPKO). In 2019, in terms 
of ownership, private estates accounted for 3.61 
million hectares of oil palm, or 61.1% of the total 
planted area (Table 3). Independent smallholdings 
came in second with 0.99 million hectares (16.7%), 
while Felda came in third with 0.72 million 
hectares (12.3%) (Parveez et al., 2020). These figures 
demonstrate the supply chain’s complexity, and 
that establishing full traceability is not an easy task. 
The industry must take the initiative in establishing 
better technologies to support existing processes 
that rely on recorded data in the supply chain.

TABLE 2. NUMBER OF OIL PALM MILLS, REFINERIES, PALM KERNEL CRUSHERS, 
OLEOCHEMICAL PLANTS AND BIODIESEL PLANTS, AND THEIR  RESPECTIVE 

CAPACITIES, IN MALAYSIA IN 2020

Facility Number of facilities Processing capacity
(million tonnes per year)

Palm oil mills

•	 Peninsular Malaysia

•	 Sabah 

•	 Sarawak 

242

132

83

58.16

34.65

24.01
Total  457 116.82
Palm oil refineries

•	 Peninsular Malaysia

•	 Sabah

•	 Sarawak

35

9

6

14.84

7.24

3.28
Total  50 25.36
Palm kernel crushers

•	 Peninsular Malaysia

•	 Sabah

•	 Sarawak

26

12

4

4.40

2.07

0.70
Total  42 7.17
Oleochemical plants

•	 Selangor

•	 Johor

•	 Others

8

7

5

0.80

0.68

1.16
Total  20 2.64
Biodiesel plants

•	 Selangor

•	 Johor

•	 Sabah

•	 Other states

6

6

3

4

0.67

0.85

0.40

0.32
Total  19 2.24

                   Source: MPOB (2021).
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TABLE 3. MALAYSIAN OIL PALM PLANTED AREAS, DISTRIBUTION BY OWNERSHIP

2019 2018
Million hectares % Million hectares %

Private estates 3 605 436 61.1 3 568 525 61.0
Independent 
smallholdings

986 331 16.7 979 892 16.8

Felda 723 545 12.3 717 512 12.3
Felcra 185 005 3.1 179 072 3.1
RISDA 72 444 1.2 65 512 1.0
State schemes/ 
government 
agencies

327 396 5.5 338 817 5.8

Note: Felda = Federal Land Development Authority.     
Felcra = Federal Land Consolidation and Rehabilitation Authority.   
RISDA = Rubber Industry Smallholders Development Authority.  
Source: MPOB (2020).

The Significance of Analytical Methods in 
Traceability 

 To aid traceability, researchers are now 
looking at developing analytical tools to detect 
the geographical and/or botanical origins from 
which edible oils are produced.  It is because 
oil composition is influenced by a number of 
interconnected factors, such as, in the case of 
palm oil, the genetic background of the planting 
material, the environment in which it was planted, 
the ripeness of the bunch at harvest, and the oil 
extraction technology used in the mill, identifying 
either discriminating markers or compounds is 
typically difficult.
 Research in attempting to authenticate edible 
oils has applied chromatographic fingerprinting 
techniques, which offer unbiased information on 
the components contained in the sample or extract 
(Tres et al., 2011). As a result, the application of 
multivariate data analysis has made it easier to 
determine the chemical features of the constituents 
in an oil extract, as well as to authenticate and 
identify them. Researchers have been exploring and 
testing several analytical approaches in restricted 
and small-scale trials to distinguish between 
CPO samples collected from mills in different 
geographical locations to ascertain the geographical 
origin of the oil. Table 4 summarises the analytical 
instruments used for distinguishing between palm 
oil samples based on geographical provenance, and 
aided by pattern recognition techniques. 
 As has been reviewed and summarised by 
Ramli et al. (2020), main chemicals such as fatty 
acids (FAs), triacylglycerols (TAGs), volatile organic 
compounds (VOCs), stable isotopes, and minor 
components, including carotenes, tocopherols, 
tocotrienols, and sterols, were all employed to 

identify palm oil fingerprints. The analysis of these 
chemicals allowed for some distinction between 
CPO samples based on their place of origin, as 
described in the section below. 

Chromatographic Techniques

 Fats in cooking oils are compounds with very 
high boiling points and are therefore well suited 
for analysis by chromatographic techniques. For 
the examination of major (triacyglycerols) and 
minor constituents of edible oils and fats, gas 
chromatography (GC) and, in particular, high 
performance liquid chromatography (HPLC) are 
two extensively used techniques (Christie, 1993; 
Cert et al., 2000).
 Analysing fatty acids (FAs) and other minor 
components of vegetable oils, such as VOCs, 
as chemical markers using chromatographic 
techniques has been explored for the geographical 
authentication of edible oil samples. For example, 
verification of the geographical origin of CPO was 
feasible by means of FAs fingerprinting. As reported 
by Tres et al. (2013), CPO from South America was 
found to have higher content of monounsaturated 
FAs like oleic acid. Saturated fatty acids such as 
lauric, myristic and palmitic acids were found to be 
higher in South East Asian palm oil, while alpha-
linolenic acid was found to be higher in African 
palm oil.
 More recently, gas chromatography ion 
mobility spectrometry (GC-IMS) has been used for 
the analysis of CPO to reveal the so-called VOCs 
fingerprints. The separation of charged particles 
under an applied electric field using GC-IMS is 
a relatively recent technology that depends on 
differences in their cross-sectional collision surface 
area and shape. To date, GC-IMS has been actively 
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employed for olive and palm oil analyses. It has 
proved to be a reliable and cost-effective approach 
for analysing VOC profiles of palm oil coming from 
the three continents (Othman et al., 2019).
 
Analysis of a Stable Isotope as a Palm Oil 
Traceability System

 Atoms with variable quantities of neutrons but 
with the same number of protons and electrons are 
called isotopes. As a result, their mass numbers 
differ, but their atomic numbers are the same 
as the ordinary element. Stable and unstable 
isotopes make up the two types of isotopes. There 
are around 300 stable isotopes found in nature. 
The stable isotopes 13C, 2H, and 18O are gaining 
popularity in vegetable oil provenance studies 
(Jiménez-Morillo et al., 2020). Different plant species 
have different ratios of these unstable isotopes, 
which are influenced by factors such as climate, soil 
type and fertiliser regime. Hydrogen and oxygen 
isotope ratios in plants are usually linked to water-
associated processes and provide information about 
water source acquisition. Carbon isotope ratios, on 
the other hand, show the effects of the environment 
on photosynthesis.
 Therefore, an intriguing technique for precisely 
determining the geographical origin of a product 
is to measure the concentration of elements and to 
determine the variation of the isotopes in the product. 
The preliminary results of a study on CPO collected 
from several Malaysian states using an isotope ratio 
mass spectrometer (IRMS) to analyse certain stable 
isotopes have been published (Muhammad et al., 
2018; Ramli et al., 2019). However, one of the major 
drawbacks in the method used is the high expense 
of procuring and maintaining such devices, which 

is exacerbated by the requirement for highly trained 
and specialised personnel to operate them.
 Nonetheless, isotope studies have added a 
new dimension to the efforts to undertake large-
scale research in further assessing the technology’s 
potential for use in palm oil supply chains.

Analytical Method for Detecting Adulterations in 
Palm Oil

 Because of high demand, edible oils are very 
likely to be adulterated. Adulteration usually 
occurs when high-cost ingredients are replaced with 
lower-cost substitutes, and when the composition 
differs from the mixture proportions recorded 
on the product label. Advanced techniques for 
detecting adulteration of edible oils are continually 
being developed, such as using analytical tools 
like HPLC-ESI-MS fingerprinting. These methods 
are used to certify edible oils to ensure that no 
additional oil sources (unless otherwise specified) 
and/or used cooking oil have been blended in. 
MPOB has also established proof of concept on the 
potential use of Gas Chromatography-Ion Mobility 
Spectrometry (GC-IMS) to detect adulteration 
through chemical fingerprinting of CPO (Othman 
et al., 2019). According to the study, only seven of 
the 16 distinct palm fibre oil (PFO) signals were 
identified in the lab-pressed CPO sample spiked 
with PFO. Sludge palm oil (SPO) fingerprints could 
easily be distinguished from the lab-pressed CPO 
sample as well as the CPO samples collected from 
different palm oil processing mills. The data show 
that SPO may be easily recognised when blended 
into CPO, with a detection limit of at least 1% 
SPO. This is the first study to demonstrate that 
GC-IMS may be used to analyse CPO spiked with 

TABLE 4. VARIOUS ANALYTICAL METHODS FOR DETERMINING THE 
GEOGRAPHICAL ORIGIN OF PALM OIL SAMPLES

Analytical method Functional group detected Reference
GC-FID and PTR-MS FAC and VOC Tres et al. (2013)

EA- and TC/EA-IRMS Stable carbon (δ13C), oxygen 
(δ18O), hydrogen (δ2H)isotopic 
compositions 

Muhammad et al. (2018)

UV-visible spectroscopy K extinction values (K270, K232), 
chlorophyll, colour, carotenoids 
content

Jolayemi et al. (2018)

HPLC–CAD/and 
HTGC–MS

TAG Ruiz-Samblás, et al. (2013); 
Bikrani et al. (2019)

GC-IMS VOC fingerprints Goggin and Murphy (2018)
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TABLE 5. VARIOUS ANALYTICAL METHODS USED IN DETERMINING 
ADULTERATION OF PALM OIL

Analytical method Parameter detected Reference
Dielectric spectroscopy Electric and magnetic energy 

storage and dissipation in oil
Hamdan et al. (2015)

A zNose vapour   
analysis system

Electric nose Che Man et al. (2005)

GLC, RP-HPLC, and 
DSC

TAG, FAC, DSC Marikkar et al. (2002)

FTIR and FT-NIR Mid-IR  
and NIR spectrum

Sheng et al. (2019)

GC-IMS VOC fingerprints Othman et al. (2019)

Opportunities for Geographical Traceability and Authenticity Testing of Sustainable Palm Oil

SPO and PFO for the presence of volatile organic 
compound (VOC) fingerprints. The findings 
further show that GC-IMS may be utilised for on-
site fast screening and is a robust and promising 
tool for detecting shows VOC signatures in SPO. In 
another study, Hamdan et al. (2015) used a different 
methodology to identify SPO in low quantities, 
relying on the dielectric characteristics of CPO at 
various temperatures and sludge contamination 
levels. Many research studies have also shown the 
application of GC-IMS in several fields such as food 
analysis, and testing for authenticity, adulteration, 
and safety (Hernández-Mesa et al., 2019). Other 
strategies were also investigated by different groups 
employing a combination of physical, chemical 
as well as chromatographic methods as a strategy 
for determining the presence of adulterants in oils 
(Table 5).

The Use of DNA Analysis for Traceability and 
Authenticity Testing

 The adoption of DNA-based technologies 
has proven to be more successful in geographical 
origin and authenticity studies. Development of 
and advancement in methods for extracting DNA 
from edible oils, such as those reported for olive oil, 
are making molecular traceability easier (Raieta et 
al., 2015).  Similarly, a DNA assay was successfully 
used to identify unique fingerprints of cold-pressed 
hazelnut oil (Lucchetti et al., 2018). Interestingly, 
DNA markers are also being used in vegetable 
oils that go through more stringent milling and 
refining procedures. The fact that the genome of 
one of the world’s key commercial crops, oil palm, 
has been sequenced makes DNA analysis easier. 
Yet, obtaining high-quality, pure DNA from CPO 
remains a challenge (Ooi et al., 2006). In order to 
acquire appropriate resolution to follow a sample 
across the supply chain, traceability necessitates 
the use of a variety of technologies. As a result, 
DNA analysis in combination with other analytical 

approaches, such as multi-dimensional data 
analysis, will likely be necessary to successfully 
trace palm and other vegetable oils around the 
globe.

CONCLUSION

The palm oil industry worldwide is expected 
to continue expanding throughout Asia, South 
America and Africa, to meet the demand of an 
ever-increasing global population, particularly 
the demand from the major importers of palm oil 
such as India and China. Palm oil also continues to 
have a strong presence in the European Union and 
North America. Nonetheless, there are indications 
that consumers, particularly in Europe, are seeking 
verification that palm oil comes from a sustainable 
source, and is genuine and unadulterated. The 
palm oil-producing countries must address these 
issues by reinforcing and enhancing the current 
certification systems. The supply chain’s complexity 
necessitates the advancement of analytical methods 
to supplement the current practice of relying on 
paper trails to prove that palm oil and its products 
are obtained from sustainable sources. Before such 
a strategy can be accepted as an authoritatively 
supported protocol, scientifically sound analytical 
techniques that are well-received by both the 
industry and the public must be developed. 
Although many exciting new solutions are being 
investigated, more research remains to be done to 
improve palm oil traceability across its long and 
complex supply chains. It is vital to encourage and 
carry out research on this subject to increase quality 
assurance and control (QA and QC) in palm oil 
supply chains. In this way, the enormous number 
of food products that use palm oil and its derivative 
goods will provide assurance of a more sustainable 
origin to boost consumer trust and confidence.
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