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CALL FOR ARTICLES

Researchers are cordially invited to 
submit articles related to the palm oil 
industry for publication in Palm Oil 
Engineering Bulletin.

 The topics of interest are:

1.  Plant modifications or innovations 
that have improved the mill 
performance.

2.  Research findings that have 
enhanced oil extraction rate 
(OER) and product quality.

3.  Current issue facing by the 
industry and solution experience.

The published articles will be 
circulated throughout the industry and 
MPOB offices worldwide.

For enquires and submission, please 
email to: milling@mpob.gov.my / 
rohaya@mpob.gov.my / fidos@mpob.
gov.my

Editorial

Waterproofing related issues posed 
practical challenges in tropical 
countries owing to lack of products 
with true resistance to water 
permeability. However, a locally 
developed polyaspartic elastomeric 
coating known as Aqua PUR® has 
shown excellent performance in 
waterproofing and in many other 
surface coating applications such as 
lining and seamless flooring. Although 
waterproofing is currently not critical 
in palm oil mills, it is anticipated 
that the growing demand for food 
safety compliance and environment 
protection will require millers to seek 
durable, long lasting, robust and safe 
coating material suitable for harsh 
and rugged environments in the very 
near future.

Malaysian palm oil mills have 
traditionally used biological ponding 
systems to treat effluent.  However, 
such conventional systems are no 
longer able to comply with the new 
stringent legislation requirements. 
A microbial enzyme system known 
as Revolutionary Organic Onsite 
Treatment System (ROOTS) has 
shown promising results based on 
performance monitoring. Besides 
enzyme dosing system, diffusers and 
biomedia installation, no major pond 
modification is required.

Harmful 3-monochloropropanediol 
esters (3-MCPDE) and glycidyl 
esters (GE) are formed during 
high temperature refining process. 
The Codex Alimentarius (Codex) 
adopted by Codex Alimentarius 
Commission is recognised by World 

Trade Organization (WTO) as the 
international reference point for food 
safety and consumer protection 
disputes resolution. Codex has 
established a code of practice 
encompassing three strategies, 
namely good agricultural practices, 
good manufacturing practices, and 
refined oils selection and uses in food 
products. However, although codex 
has not implemented any permissible 
3-MCPDE and GE levels, the oil 
palm industry should proactively take 
action to reduce these contaminants 
in refined palm oil. To this MPOB has 
launched the code of good practice 
voluntary certification scheme for the 
whole palm oil industry supply chain. 
Some of the Codex code of practice 
recommendations have been duly 
implemented while others could be 
adopted with some adjustments and 
modifications.

The Ministry of Health has 
introduced the Food Safety is the 
Responsibility of the Industry (MeSTI) 
free certification scheme based on 
the requirements of the Food Hygiene 
Regulations 2009. Malaysian palm 
oil mills are urged to implement food 
safety assurance programmes such 
as MeSTI as crude palm oil (CPO) 
is mainly used for edible purposes. 
Since most of the palm oil mills 
were established way before the 
introduction of  food safety assurance 
scheme, existing establishments 
may not be able to comply with 
the certification requirements. A 
pre-certification evaluation was 
executed on a selected conventional 
palm oil mill in order to identify the 

gaps. Observations showed that 
the evaluated mill needs various 
enhancements in order to meet the 
general requirements.

Today, the palm oil industry must 
leverage cutting edge technologies 
and embrace Industry Revolutionary 
4.0 (IR 4.0) in order to improve 
productivity and operational efficiency 
to remain competitive with other 
vegetable oil industries. Hopefully 
the articles published in Palm Oil 
Engineering Bulletin No. 136 would 
serve as a catalyst for innovative 
ideas to propel the industry to the 
next level.
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Existing Malaysian Palm Oil Mill 
Hygiene Evaluation Based on MeSTI 
Guidelines

ABSTRACT

Crude palm oil (CPO) is a commodity mainly used for 
edible purposes after further processed to refined, 
bleached and deodorised (RBD) palm oil. Thus, Malaysian 
palm oil mills are required to implement food safety 
assurance programs in order to fulfil food supply chain 
traceability. Ministry of Health (MOH) has introduced Food 
Safety is the Responsibility of the Industry (MeSTI) free 
certification scheme based on Food Hygiene Regulations 
2009 requirements to assist Malaysian small and medium 
enterprises (SME) to fulfil the minimum regulation 
requirements. Since most of the Malaysian palm oil 
mills have been established way before MeSTI scheme 
introduction, existing palm oil mills establishments may not 
be able to comply with MeSTI certification requirements. 
In the effort to portray the gaps, a conventional palm oil 
mill has been identified to perform a pre-certification 
evaluation. Observation showed that the evaluated mill 
needs various enhancement in order to meet the general 
MeSTI requirements. The evaluation results could be 
useful to other mills as reference to strive for food safety 
assurance certification.

Keywords: Food safety assurance, MeSTI certification scheme 
and traceability.

INTRODUCTION

Edible refined, bleached and deodorised (RBD) palm 
oil is produced from crude palm oil (CPO) refining. Due 
to consumer health consciousness, Food Hygiene 
Regulations 2009 mandatorily demand all edible product 
producers to implement food safety assurance programs. 
In order to fulfil the supply chain traceability, Malaysian 
palm oil mills are inevitable to strive for such assurance 

certification. Food Safety is the Responsibility of the 
Industry (MeSTI) introduced by the Ministry of Health 
(MOH) is a free certification scheme to assist Malaysian 
small and medium enterprises (SME) fulfil the minimum 
regulation requirements. Thus, as the expenditures 
requirement would be minimum, palm oil mills are urged 
to implement MeSTI in the initial stage even though the 
standard is lower than other international recognised food 
safety assurance systems.

In the effort to portray the gaps between existing palm 
oil mill establishment conditions with MeSTI requirements, 
a conventional palm oil mill has been identified to perform 
a pre-certification evaluation. 

EVALUATION METHODOLOGY

The evaluation has been carried out by observation based 
on current practices and staff behaviour pertaining to food 
hygiene and food safety during a mill visit when fresh fruit 
bunches (FFB) were delivered and processed in steady 
state. Conclusions were made from available physical 
evident examinations including documentations and data 
made available during the visit. The evaluation objectives 
were:

a) To evaluate the existing palm oil mill hygiene practice 
and condition establishment based on the Food Act 
1983 requirement and Food Hygiene Regulations 
2009.

b) To provide improvement recommendations for 
hygiene conditions and practices that impact the CPO 
and palm kernel (PK) food safety produced in the 
existing palm oil mill.

Feature Article
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c) To establish standard operating procedures on food 
hygiene and safety for palm oil mill based on the 
guidelines set by the MOH for MeSTI certification.  

The findings and recommendations will focus on:

1. Premise and facilities including plant layout and 
immediate surrounding condition, equipment and 
machineries including monitoring equipment, FFB 
handling, intermediate products and finished products 
storage, cleaning and sanitation facilities, and workers 
attire changing facilities.

2. Important processing steps and control parameters 
that posed high risk of food hazards contamination 
and need to be addressed as soon as possible.

3. Personnel hygiene and hygienic practice during 
production processes.

4. Documentation regarding food safety rules and 
hygiene policy, quality monitoring procedures, 
workers’ training records etc.

EVALUATION FINDINGS

Several major non-conformances have been observed 
during the evaluation that needed immediate management 
attention in order to fulfil MeSTI certification requirements. 

1. No food safety management system was 
implemented.

Food safety management system basically is a group 
of practices and procedures to be put in place to 
ensure regulatory compliance in risks and hazards 
control throughout the processing so that the food 
products are safe with prescribed quality. The palm 
oil did not implement any food safety management 
system at the time the of evaluation visit.

2. No clear policy and objectives on food safety and 
hygiene.

Food safety objectives are the goals established by 
respective food manufacturer to produce safe food 
products. The evaluation revealed that clear food 
safety and hygiene policy was not available thus, 
crucial food safety and hygiene elements, especially, 
contamination control have been inconsistently 
implemented.

3. Inadequate chemical contamination prevention 
actions.

Observation showed that chemical contaminations 
might occur at various processing points in the 
evaluated palm oil mill. FFB in the consignments 
from plantation or estate may be contaminated with 
pesticide residues. Heavy metals, rust, paint chips 
and non-food grade grease from cages, tipper and 
hopper, conveyor and storage tank were potential 
chemical contaminants for CPO as shown in Figure 
1. Appropriate prevention actions and relevant 
precautions should be imposed to ensure chemical 
contamination is under control, as low as reasonably 
achievable. 

Figure 1. Fresh fruit bunches (FFB) are loaded into rusty cages in open 
holding area.

4. Improper premise and process design to support 
hygienic processing.

Most of the Malaysian palm oil mills are using open 
concept design which is not fully protected and are 
partially exposed to surrounding environment as 
shown in Figure 2. Pests such as rats and birds 
may come into the premises and contaminate the 
respective facilities with droppings, hairs, feathers 
etc. Thus, such design fails to prevent food safety 
hazards and contamination can occur at any point 
along the food production chain, especially at kernel 
plant and digesters station where the surrounding was 
dirty and may promote pest infestation due to poor 
management as shown in Figure 3. 

Figure 2. Roof and beams were rusty and dirty with cobwebs.
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5. Inadequate process control, premise cleaning 
and sanitation control measures.

Food processing premises and facilities hygiene 
maintenance is a universal requirement to prevent 
contamination risk. Cleaning and sanitation 
program are food safety integral part that support 
contamination control. However, they are often 
neglected in mill operations as shown in Figures 4 and 
5. Pest control program which could be contracted to 
esteemed service providers should be established 
and implemented to prevent pest entrance and 
infestations.

Figure 3. The premise compound was poorly maintained with 
oil clogging drain.

Figure 4. Dead rat and loose fruits were on the floor in processing area. 

DISCUSSION

Under the provision of Food Hygiene Regulations 
2009 sub-regulation 3, premise involves in preparing, 
preserving, packaging, storing, distributing, and selling 
food shall register with the MOH where such registration is 
valid for three years and must be renewed. Furthermore, 
food manufacturing premise is required to implement a 
food safety assurance program and establish a traceability 
system as stipulated in sub-regulation 9 and 10.

In general, all food manufacturing premises are required 
to be designed and constructed in such ways that facilitate 
cleaning and sanitation tasks. This includes physical 
separation of building and facilities from unfavourable or 
harmful environment that can contribute to contamination 
such as flood-prone area or waste disposal area, separate 
storage for raw materials and finished product, food and 
non-food, critical and non-critical process as well as 
production and non-production area.

Effective solid barrier construction structures such 
as walls and partition can be built to achieve physical 
separation that prevent dust, pests, dirt and other harmful 
elements from contaminating raw materials, equipment, 
conveyors and other food contact surface. Others such as 
netting on the roof or any opening can prevent entrance of 
birds, bats, rats and other small wild animals.

Food manufacturing premises building materials 
should be made of sturdy, non-contaminating and 
chemical resistant such as high-quality stainless steels 
and concrete. However, scheduled maintenance is crucial 
to keep the premises in good condition for extended time.

Food manufacturing personnel are responsible for 
food safety and hygiene control. Thus, adequate training 
is necessary to ensure efficient food safety and quality 
management and monitoring. Sub-regulation 30 and 31 
stated that food handlers are required to attend recognised 
food handling training program and should be vaccinated 
with anti-typhoid vaccine. However, the Food Hygiene 
Regulations 2009 definition is unclear whether palm 
oil mill workers are considered as food handlers hence, 
further clarification and confirmation from relevant health 
department need to be referred.

Figure 5. Premise and equipment were generally dirty without 
proper maintenance.
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Nevertheless, training is an important tool to enhance 
knowledge and increase awareness among the mill workers 
on issues regarding food safety, basic hygiene practice, 
pest control, cleaning and sanitation maintenance, etc.

Preventive maintenance is prerequisite in food safety 
management for effective and assured production. Well-
maintained premise and equipment will extend the facility 
lifespan ensuring smooth and proper operation that 
enhances overall performance and produces good quality 
products.

Preventive maintenance inventory ensures the 
program covers all vital production areas. The inventories 
master list can be listed according to process or production 
area that should consist of information relevant to the 
equipment such as name or identifier (ID), respective 
description, location, manufacturer and warranty 
information, maintenance schedule, authorised vendor 
and person in charge.

General facility maintenance work can be carried out 
internally by qualified technicians and designated workers. 
However, specific maintenance jobs for complicated 
equipment are usually outsourced to respective 
manufacturers or authorised vendors. Each equipment 
maintenance schedule and procedures should be duly 
established according to the operation and maintenance 
manual (O&M) recommendations such as service 
procedures, lubrication specifications, tool reconciliation, 
emergency repairs, spare part inventory, operation training, 
task hand-over and maintenance work verification.

The maintenance frequency can be decided based 
on area risk assessment, equipment O&M manuals, and 
process vitality. Critical food safety production process 
usually demands for more frequent maintenance work. 

Cleaning and sanitation contribute to major parts of 
maintenance that ensures the facility remains in working 
condition. Whilst washing the premises and equipment 
with water and chemicals detergent is impractical, mill 
management must endeavour to plan for daily clean up 
activity to keep the facility in acceptable hygiene level. 
Conveyors for fresh fruit bunch and crude oil must be free 
from contaminant that may deteriorate the quality and 
safety of CPO or PK.

FFB are the main raw materials for palm oil mill which 
are sourced from MSPO certified plantations or estates to 
ensure palm oil sustainability compliance with national and 
international requirements.

FFB should be handled with care to minimise bruises in 
order to produce quality crude palm oil containing less than 
5% free fatty acids as specified in MPOB specifications. 

All FFB consignments are weighed and graded by 
qualified graders according to MPOB Fresh Fruit Bunches 
Grading Manual (Third Edition).  Loading ramp and 
weighbridge areas should be free from muds, debris, 
stagnant water, grease and loose rotten fruits as required 
in Code of Practice (COP). Weighbridge and all measuring 
devices used in processing should be calibrated 
periodically to ensure accurate measurement. All 
calibration and inspection reports should be documented 
and kept according to ISO9001:2015 guidelines.

Further milling process should be proceeded according 
to the process flow with prescribed parameters. Sterilisation 
is critical due to the effect on the downstream processing 
efficiency. According to written standard operation 
procedures (SOP), the steriliser condensate oil should not 
be recovered into CPO. Sterilisers are pressured vessels 
that need to be inspected periodically by Machinery 
Department officers to ensure safe operation.

Thresher used for sterilised fruit bunches threshing 
should be free from lubricating oil. Oil leakage due to 
worn oil seals could be prevented by effective preventive 
maintenance program. 

Digester should be loaded up to quarter full and 
temperature should be maintained between 90°C to 
95°C during steady state operation. Digester should be 
completely emptied at the end of the processing.

Clean hot water instead of steriliser condensate should 
be used for CPO dilution in order to deduce oil viscosity. 
Sieving screen should be inspected to ensure good working 
condition and torn free prior to daily mill operation. Diluted 
crude palm oil (DCO) temperature should be maintained 
between 90°C-95°C. Precise clarifier desludging standard 
operation procedures should be made available and fully 
understood by respective station operators. Immediate 
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and appropriate remedy actions should be taken if 
spillage occurs during clarification. Crude oil tank should 
be regularly cleaned and inspected to avoid product 
contamination or leakage.

Both sludge tank and pure oil tank temperatures 
should remain between 90°C-95°C as clogging will occur 
at low temperature due to solidification while product’s 
quality deteriorate at high temperature due to oil oxidation. 
Regular tanks cleaning and inspections are good practice 
recommendation.

CPO should be stored at temperature between 
50°C-55°C for short term (less than a month) while heating 
element should be switched off for long term storage to let 
the storage tank to be at ambient temperature. Whenever 
tank heating is necessary, localised heating and tank 
pressure build up must be avoided.

CPO despatch is on first-in-first-out (FIFO) basis and 
representative samples should be taken for analysis 
prior to delivery. Dedicated CPO tankers, usually in 
orange colour, used to transport the consignment should 
be properly cleaned, dried and emptied during loading 
process. Finally, all tanker access points must be sealed 
with dedicated seal number. The consignment particulars 
such as oil quantity, seal number, transport vehicle 
registration number, departure date, etc should be duly 
recorded and documented. The loaded oil weight is 
determined by the difference in transport vehicle weight 
recorded by weighbridge before and after loading.

Leakage and spillage will cause profit loss to the 
mill thus, need to be minimised in the entire process. 
Leakage or spillage at any points should be effectively 
managed and the affected area needs to be appropriately 
cleaned. Food grade grease is highly recommended to 
prevent product contamination. All process and important 
parameters should be precisely documented and kept for 
future traceability and review purposes.

Press cake from mechanical screw presses consists 
of fibre and nuts which break up mechanically when 
passing through cake breaker conveyor (CBC). Kernel 
recovery starts with proper fibre-nut pneumatic separation. 
However, small nuts are often lost. The nuts are polished 

to remove fibre that adhered on the shell in an air blowing 
rotating polishing drum. The blowing air cools the nuts 
while carry away the fibre so that nut shell become brittle 
and ease the nut cracking process.

The objective of nut cracking process control is to 
minimise uncracked nuts while avoiding excessive broken 
kernels. Crack mixture from nut cracker is fed into clay 
bath to separate palm kernel from nut shell fragments 
based on density difference. Thus, clay solution’s specific 
gravity should be monitored at intervals in order to 
maintain it at 1.12 so that shells sink into bottom whereas 
kernels float on the surface. Certificate of analysis should 
be obtained from supplier to ensure the clay used in the 
process is heavy metals free. Palm kernels recovered from 
clay bath should be thoroughly rinsed with clean water. 
Thus, kernels are wet and need to be dried. The external 
surface moisture evaporates easily but internal moisture 
outward diffusion to surface is needed prior to evaporation. 
Palm kernels are dried and stored in silos fed with warm 
air. High temperature drastic drying should be avoided to 
prevent palm kernel oil from leaching out. General palm 
kernel specification allows 7% moisture content with 6% 
dirt.

Palm kernel silos should be clearly identified and 
maintained in good and clean condition, well-ventilated, 
covered and protected from foreign matters and pest 
infestation. An effective cleaning program should be 
established. Mould rotten palm kernels discovered during 
inspection need to be segregated and disposed according 
to documented protocols.

Traceability is knowing all sources within a supply 
chain all the way to the origin level. Sustainable palm oil 
traceability enables regulators and consumers to trace 
respective palm oil product until the origin, showing that the 
source is legal, ethically produced and comply with national 
and international requirements. Traceability in food safety 
involves documenting the production and distribution of 
food products at every process stage so that in case of 
food safety incidents, respective food products can be 
traced back to a common source or through all distribution 
channels. A proper and effective documentation system is 
needed to trace and track any identified problem or issues 
related to the product or process. 
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Comprehensive procedure and protocols include 
recording important data and parameter crucial to the 
safety and quality of product. It allows complete and up-
to-date information of a product from source to destination.

CONCLUSION

Existing palm oil mill premise and facilities require 
improvement to produce quality crude palm oil and palm 
kernels that comply with MeSTI certification requirements. 
A food safety management system is essential to ensure 

the food product is safe with prescribed quality through 
systematic and structured control procedures and 
protocols. 
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INTRODUCTION

The 3-monochloropropanediol esters (3-MCPDE) and 
glycidyl esters (GE) are processed food contaminants 
formed when vegetable oil is heated to 180oC  (Hrncirik and 
van Duijin, 2011). The precursors are chlorine or chloride 
for the former and diacylglycerol for the latter (Destaillats, 
2012a and 2012b). When consumed, 3-MCPDE will 
be hydrolysed to 3-MCPD whilst GE to glycidol in the 
gastrointestinal tract (JECFA, 2016). Both hydrolysed 
products are reported to be potentially carcinogenic to 
human (IARC Monographs, 2000 and 2012). A study by 
European Food Safety Authority (EFSA, 2018) concluded 
that 3-MCPDE could induce reduced sperm mortility and 
kidney tubular hyperplasia. 

The Codex Alimentarius (Codex), or ‘Food Code’ 
is a collection of internationally recognised standards, 
guidelines and codes of practice adopted by the 
Codex Alimentarius Commission (FAO, 2020). The 
Codex Alimentarius is recognised by the World Trade 
Organization as international reference point for the 
resolution of disputes concerning food safety and consumer 
protection.  Due to the harmful effects of the 3-MCPDE 
and GE, Codex has established a code of practice (CoP) 
for reducing the formation of the contaminants in refined 
oils, which is applicable to all oils and fats (Codex, 2019). 
The recommendations are shown in Tables 1 and 2. The 
CoP covers three strategies, namely, good agricultural 
practices, good manufacturing practices, and selection 
and uses of refined oils in food products.

Sectors that are covered under the agricultural practices 
are cultivating, harvesting, transporting and storing. The 
scope for good manufacturing practices are divided into 
two categories, i.e. milling and refining. The processes 
involved for milling are sterilisation and oil extraction while 
for refining are degumming, neutralisation, bleaching and 
deodorisation.

Even though Codex has not implemented any 
permissible levels of 3-MCPDE and GE in oils and fats, 
our industry should be proactive by taking the necessary 
procedures to bring down the level of these contaminants in 
refined palm oil. Once the maximum level is implemented, 
it will be globally accepted as Codex is internationally 
recognised. The CoP developed by Codex is a guideline 
for the industry players to address these issues. This 
article discusses only those practices that are relevant to 
oil palm and palm oil industries.

MPOB had launched a voluntary certification scheme 
known as code of good practice for the whole supply chain 
of palm oil industry namely nursery, estate, palm oil mill, 
kernel crusher, refinery and bulking facilities. Participants 
were audited based on the requirements of the scheme and 
awarded with relevant certificates if all the requirements 
were complied. The information in this article is based on 
general observation during the audit exercises of estates, 
palm oil mills and refineries.

GOOD AGRICULTURAL PRACTICES

Table 1 provides a guideline for the agriculture sector in 
addressing the formation of the two contaminants. The 

Feature Article
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a b

Figure 1. Beneficial plants, (a) Cassia cobanensis and 
(b) Turnera subulata.

Figure 2. Barn owl (Tyto alba).

recommended mitigation measures began with practices 
for agriculture sector because this is the starting point 
for oil palm industry. As the first step, planting oil palm 
with low lipase activity if it is available was suggested. 
Unfortunately, such oil palm planting material is not 
yet available because this issue is relatively new to the 
industry. It might take several years to produce such 
seedling. All this while, breeders have been concentrating 
on producing planting materials that could give high yield, 
dwarf trees and resistant to ganoderma attack, namely 
GenomeSelect (Sime Darby, 2020), PS 1 (Kushairi et 
al., 1999) and YangambiGT1 (FGV, 2020) respectively. 
Therefore, this option is not possible in the near future. 

TABLE 1. POTENTIAL MITIGATION MEASURES FOR 

REDUCING 3-MCPDE AND GES FOR AGRICULTURE

Sector Mitigation measures

Agriculture • Select oil palm plant varieties with low 
lipase activity, if available.

• Minimise use of substances such as 
fertilisers, pesticides and irrigation wa-
ter that contain excessive amount of 
chlorine-containing compounds during 
oil plant/tree cultivation.

• Harvest oil palm fruits when they are 
at optimal ripeness. Minimise handling 
of the fruits. Avoid using damaged or 
overripe fruits.

• Transport oil palm fruits to oil mills as 
soon as possible.

Source: CODEX Alimentarius, CXC 79-2019.

The rest of recommendations for good agriculture 
practices are being implemented by planters. All plantations 
have adopted integrated pest management technique by 
planting beneficial plants such as Cassia cobanensis and 
Turnera subulata (Figure 1). Predators are attracted to the 
flowers of the plants for the nectar and become a biological 
agent in controlling bagworm population (Norman et al., 
1996). Some plantations use barn owl (Tyto alba) (Figure 
2) to control rats’ population instead of chemical-based 
pesticide and combining the application of chemical 
fertilisers with compost, which would reduce the use of 
pesticides and chemical fertilisers respectively. These 
practices would minimise the application of chlorine-
containing substances during cultivation.

Harvesters are trained and constantly reminded to 
harvest only fresh fruit bunch (FFB) of optimal ripeness 

to avoid being penalised by palm oil mills for delivery of 
unripe or under-ripe bunches. All FFB should be delivered 
to palm oil mills within 24 hr and will be graded according 
to MPOB Grading Manual (MPOB, 2015) by qualified 
grader to ensure that the mill processes only good 
quality fruits. The delivery of FFB should not be delayed 
so as to minimise the formation of free fatty acid (FFA). 
The liberation of FFA by hydrolysis from glycerol led to 
an increase in diacylglycerol (DAG), a precursor for GE 
formation. Therefore, suppressing the formation of FFA 
would inadvertently minimise the level of DAG.

Many plantations have stopped using intermediate 
ramp for FFB collection to minimise fruits handling. As an 
alternative, harvested FFB are loaded onto large steel bins 
and transported to palm oil mills. Elimination of intermediate 
ramps at plantations cause less FFB handling, thus 
minimise bruising of the fruits and consequently reduce 
the formation of FFA which inadvertently suppresses the 
formation of DAG. Lipase would speed up hydrolysis, 
especially on bruised fruit (Swoboda, 1980). Prompt 
delivery of undamaged FFB to mills would control the 
formation of FFA and consequently keep DAG at the 
lowest possible level.
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GOOD MANUFACTURING PRACTICE

i. Milling

FFB are delivered to palm oil mills for mechanical 
process oil extraction. The processes involved are 
sterilisation, stripping, digesting, oil extraction, screening, 
clarifying, purifying and vacuum drying. During sterilisation, 
steam is supplied at temperature around 130°C to inactivate 
lipase and loosen the fruits from the spikelets. This process 
generates steriliser condensate which contains small 
quantity of oil which are usually recovered and put back 
into production line together with empty fruit bunch liquor 
as diluent. This practice would negatively affect the quality 
of crude palm oil (CPO) since the condensate contains 
high amount of chloride (Rahmat et al., 2019). In order 
to comply with Codex’s guideline as mentioned in Table 
2, the recovered and other residual oils should be sold 
separately as industrial grade oil. FFA, DOBI, moisture 
and impurities are regularly monitored as these are part 
of sales contract. With the emerging 3-MCPDE and GE 
issues, chloride and DAG contents most likely would be 
included as part of quality parameter in the future.

Several CPO washing trials using municipal water 
conducted at MPOB managed to bring down the level 
of total chloride in the washed oil. This has prompted 
industrial scale washing trials where the total chloride was 
successfully reduced from 10 to less than 1 mg kg-1. It is 
not necessary to use chlorine-free water as recommended 
by Codex since washing with chlorinated water has been 
proven to be an effective control measure to reduce the 
total chloride content, which is a precursor for formation 
of 3-MCPDE. Figure 3 illustrates a typical CPO washing 
process flow.

Figure 3. Typical crude palm oil (CPO) washing process flow.
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ii. Refining

CPO delivered to refineries will be analysed for 
FFA and DOBI upon receipt to ensure conformity to the 

contract and also for setting the refining condition. The 
amount of phosphoric acid for degumming ranged from 
0.05% to 0.2% while bleaching earth ranged from 0.8% 
to 2.0% of the CPO feed (Basiron, 2005). The quality of 
CPO would determine the applied dosage; good quality 
oil requires lower amount of acid and bleaching earth. 
The feed oil could also be firstly degummed with water, 
followed by acid to remove hydratable and non-hydratable 
phosphatides respectively. This degumming technique 
would require lower acid dosage and make the process 
less acidic as recommended in Table 2. 

The second stage of refining is bleaching where 
impurities and acid are removed from the feed oil by 
bleaching earth. Acid activated clay is commonly used 
for bleaching because it has better absorption efficiency 
as compared to natural clay. It was recommended to 
use greater amount of bleaching earth with neutral pH. 
However, this will lead to higher oil loss which refiners 
have to bear in order to produce refined, bleached and 
deodorised palm oil (RBD PO) containing low 3-MCPDE 
and GE. Neutral clay can only be used on exceptionally 
good quality CPO, i.e. with very low FFA and high DOBI.

Extreme temperatures have been reported to influence 
the formation of 3-MCPDE and GE. Deodorisation 
temperature for physical refining is within the range of 
260°C to 270°C. Therefore, temperature has to be lowered 
to bring down the level of the contaminants provided that 
the deodoriser has very strong vacuum and most likely, 
the residence time has to be prolonged. Refiners can also 
use dual deodorisation (two-stage deodorisation), i.e. a 
combination of shorter (e.g. 5 min at 250°C) and longer 
(e.g. 120 min at 200°C) deodorisation period. The purpose 
is to reduce thermal load in the oil as a control measure for 
the formation of contaminants.

Even though physical refining is most common 
practice in Malaysia, some companies have built small 
scale chemical refineries to cater for European customer’s 
requirements for low 3-MCPDE content in refined palm oil. 
The latter has extra neutralisation process where alkali 
is added to the feed oil to neutralise the FFA followed by 
addition of hot water to remove soap from the oil phase as 
shown in Figure 4. This provides a kind of washing effect 
to the oil where inorganic chloride and other water soluble 
impurities are removed together with the soap.
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TABLE 2. POTENTIAL MITIGATION MEASURES FOR REDUCING 3-MCPDE AND GES FOR MILLING AND REFINING

Production stage Mitigation measures

Milling • Sterilise oil palm fruits at temperature at or below 140°C. Clean, dry and heat 
oilseeds to inactivate lipases.

• Wash crude vegetable oil with chlorine-free water.
• Avoid using residual vegetable oil recovered from solvents or extractions.
• Assess precursors (e.g. DAG, FFA and chlorine compounds) in crude vegetable 

oil batches to adjust refining parameters.
• Preferentially refine crude vegetable oil with low concentrations of precursors.

Refining Degumming
• Use milder and less acidic conditions (e.g. either degumming with low concentra-

tion of acid or water degumming).
• Lower the degumming temperature.

Neutralisation
• Use chemical refining (i.e. neutralisation) as alternative to physical refining.

Bleaching
• Use greater amount of bleaching clay.
• Use more pH-neutral clays to reduce acidity.

Deodorisation
• Conduct deodorisation at reduced temperature. The temperatures will vary de-

pending on oil’s residence time.
• Conduct dual deodorisation (two-stage deodorisation) as alternative to traditional 

deodorisation.
• Use stronger vacuum to facilitate evaporation of volatile compounds and to lower 

deodorisation temperatures.
Source: CODEX Alimentarius, CXC 79-2019.

CONCLUSIONS

Some of the recommendations by Codex have been 
implemented by our industry players while others are 
possible to be adopted with some adjustments and 
modifications especially for manufacturing sectors. CPO 
washing, use of high dosage of bleaching earth and dual 
deodorisation are the new norm for palm oil processing 
sector to bring down the level of 3-MCPDE and GE in 
refined palm oil. This is to ensure the safety of palm oil 
by complying with the maximum limit set by the European 
Union (EU), enhance its image and sustain its position in 
the highly competitive global market as the way forward. 
A general observation was that local planters, millers and 
refiners are ready to adopt most of the Codex guideline.
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INTRODUCTION

Urbanisation and industrialisation across the world 
demand for cutting edge technology. Commercial 
markets are always in search of one-stop total solutions 
for common industrial problems and this has brought 
about inventions that are able to handle multiple issues 
while being economical and high in quality. Even the 
global powerhouse nations are always able to rise up with 
innovations to fill the gaps; Malaysia could also presently 
join this benchmark with a revolutionary solvent-free 
polyaspartic elastomeric coating which has undergone 
international standard testing to ensure its outstanding 
quality.  

Practical experience shows that there is no single 
product available in the market that has true water 
permeability resistance to handle waterproofing related 
issues with high success rate warranty even when utilised 
properly. Many internationally accredited products that 
were claimed to be effective in other countries somehow 
failed to fulfil the expectation when applied in Asian 
climates. However, a Malaysian organisation undertook 
the challenge to develop their own polyaspartic elastomeric 
coating known as Aqua PUR® as shown in Figure 1.  
Aqua PUR® has been proven to perform excellently for 
waterproofing and in other surface coating applications 
such as lining, seamless flooring and many others. 

In a growing health-conscious community,  demand 
for food safety has increased steadily. As a result, almost 
all edible product manufacturers have pursued to comply 
with the mandatory Food Hygiene Regulations 2009 (Kim-
soon et al., 2017). As one of the elements in the palm oil 
products supply chain, palm oil mills are currently urged 
to acquire relevant certification schemes such as Skim 
Pensijilan Makanan Selamat Tanggungjawab Industri 
(MeSTI) introduced by the Ministry of Health, Malaysia. 
Seamless flooring such as the one shown in Figure 2 is 
an example of a common requirement in all food safety 
assurance certification schemes including MeSTI (Food 

Figure 1. Aqua PUR® Polyaspartic elastomeric 
coating chemical compound.
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Hygiene Regulations, 2009). It is to prevent contamination 
due to the growth and spread of bacteria in food handling 
processes. Practically, for palm oil mills, the mill flooring 
must able to handle high abrasion and harsh conditions 
to meet daily operation requirements. This is where a 
polyaspartic elastomeric coating can play a role in helping 
the industry meet this standard. 

Figure 2. Example of application of seamless flooring using Aqua PUR®.

Palm oil mills generate palm oil mill effluent (POME) 
at an average of 25 000 ppm biological oxygen demand 
(BOD). The POME needs to be treated to reduce the 
BOD level to below a relevant standard requirement set 
by the Department of Environment Malaysia (Muzzammil 
et al., 2021). Almost all Malaysian palm oil mills adopt 
earthen biological treatment ponding system because 
of the low operating expenditure (OPEX) and capital 
expenditure (CAPEX) (Mohd Ali Hassan et al., 2006). 
Earthen treatment ponds promote direct contact between 
the untreated POME and the soil, thus posing a potential 
risk of contaminating nearby ground water via seepage 
in the long run (Suratman, 2010). In addition, the exact 
sludge levels at the bottom of the ponds are unable to be 
determined during de-sludging due to the uncertainty of 
the pond’s base level. Thus, most mills estimate the sludge 
content using primitive methods making a practically 
complete sludge removal unlikely to occur.

An alternative option by using concrete pond 
construction as treatment ponds is an expensive as well 
as labour-intensive endeavour. Furthermore, concrete 
ponds may develop hairline cracks after merely months 
of service life due to uncontrollable shear stresses caused 
by earth movement. Other critical structures in a POME 
treatment facility are bund walls and slopes. Excessive 
rainfall during the monsoon season causes effluent 

Figure 3. Unlined pond (above) and lined ponds using 
Aqua PUR® (below).

Before slope protection After slope protection

Figure 4. Polyaspartic elastomeric coating slope protection.

levels to rise and bund walls to crack which could lead 
to environmental contamination. Again, application of 
concrete and embedded beams to make the soil firm on 
the slope is an expensive solution.

There is a huge potential to benefit from the application 
of Aqua PUR® for these important structures in palm oil 
mills. Lining of the POME treatment pond and its bund 
wall as well as slopes around the POME treatment facility 
has become more relevant today for environmental and 
structural advantages. A demonstration of its application 
is as shown in Figures 3 and 4. Aqua PUR® in such 
application has the potential to reduce the construction 
cost drastically and makes the structure long lasting with 
minimum maintenance costs.
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PRODUCT TESTING AND ANALYSIS 

The formulated preparation of Aqua PUR® has been sent 
to SIRIM QAS International Sdn. Bhd. for multiple testing 
to establish a set of parameters conforming to various 
industrial requirements and applications (Tables 1 and 
2). The testing was focused on the physical properties 
of the product. This is to confirm its durability, strength, 
robustness and other physical features that will make it 
suitable for harsh and rugged environments. Additionally, 
a microbiological study (cytotoxicity test) was also included 
to analyze its effect upon human contact with regards to 
water quality.

TABLE 1. ANALYSIS TO ESTABLISH PHYSICAL 

PROPERTIES OF AQUA PUR®

Test Standard

Tensile strength ASTM D 412 -13

Elongation at break ASTM D 412 -13

Tear strength ASTM D 624-12

Water tightness resistance BS EN 1928:2000

Water absorption BS 1881-122:1983

Water vapour transmission rate ASTM E 96 /E96M-16

Pull-off adhesion ASTM D 4541:09

TABLE 2. MICROBIOLOGICAL ANALYSIS

 (CYTOTOXICITY TEST) OF AQUA PUR

Test Standard

Suitability of non-metallic   
product for use in contact with 
water intended for human con-
sumption with regards to their 
effect on the quality of the water

BS 6920-1: 2014

Suitability of non-metallic      
materials and products for use 
in contact with water intended 
for human consumption with 
regards to their effect on the 
quality of the water

BS 6920-2.1:2014

Suitability of non-metallic    
product for use in contact with 
water intended for human    
consumption with regards to 
their effect on the quality of the 
water: the extraction of sub-
stances that may be of concern 
to public health

BS 6920-2.5:2000+A2:2014

Results (Table 3) showed that Aqua PUR® has high 
water permeability resistance. Water tightness test 
indicated that the material is good for waterproofing as no 
water penetration occurred after the material was subjected 
to 60 kPA for 24 hr. Furthermore, water absorption test 
showed there was no absorbed water present in the cement 
specimen that was coated with Aqua PUR®. Water vapor 
transmission rate analysis also showed that an extremely 
low level of water vapour permeated through the material. 
Aqua PUR® also exhibits good elongation property. With 
a sample thickness of only 0.68 mm, the elongation at 
break of the material was measured at 242.1% with tensile 
force measured as high as 21.3 MPa. This means that the 
material can be stretched to more than twice of its original 
length at a very high force. The material also showed high 
resistance to tearing or shearing forces as it can withstand 
192.6 N/mm before it breaks. The material proved to have 
high adhesive properties where 714 psi was needed to 
detach the material in the pulled-off adhesion analysis.

A screening procedure (simple cytotoxicity test) to test 
leachates from the polyaspartic elastomeric coating of a 
biologically active compound was carried out according to 
BS6920. Leachates from the sample after a 24 hr extraction 
at 23 ± 2°C was used to prepare the growth medium. The 
morphology of a mammalian cell line following a 24 hr 
culture in the growth medium was observed. Cell cultures 
in the extract of sample pieces showed healthy confluent 
monolayer, which indicate a non-cytotoxic response 
(Table 4). Monolayer of cell culture was not present in the 
validation solution.

CONCLUSION

On the basis of the results from various tests performed on 
the material, the Aqua PUR® sample showed outstanding 
features with respect to providing a durable, long lasting, 
robust and safe coating suitable for harsh and rugged 
environments. Its excellent waterproofing ability would 
be beneficial in facilitating the management of POME 
treatment in palm oil mills with respect to environmental 
and structural aspects. The material also complied with 
all the requirements of MS 1583: Part 1: 2003, Clause 7 
implying that it is safe to be used in a strict food grade 
environment. To conclude, the application of Aqua PUR® 
in palm oil mills is highly recommended especially for pond 
lining treatment to avoid ground water contamination due 
to leaching and floor coating for food safety assurance 
compliance.
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TABLE 3. SUMMARY OF PHYSICAL PROPERTIES RESULTS FOR AQUA PUR®

Type of Tests Test Methods Results

Tensile Strength

Speed : 500mm/min
Dumbbell type : Die C
Sample thickness : 0.68 mm

ASTM D 412 -13 21.3 MPa

Elongation at Break

Speed : 500mm/min
Dumbbell type : Die C
Sample thickness : 0.68 mm

ASTM D 412 -13 242.1 %

Tear Strength

Test specimen : Type C
Thickness : 0.58 mm

ASTM D 624-12 111.7 N
(192.6 N/mm)

Hydrostatic Water Pressure /
Water Tightness Resistance

Method A - Water tightness at low pressure

BS EN 1928:2000 No water penetrated through
the upper filter paper above
the surface of the specimens
at the applied water pressure
60 kPa during the total test
period of 24 hr.

Water absorbtion

Drying in oven: 72 ± 2 hr at 105 ± 5°C
Duration of Immersion: 30 ± 0.5 min
Dimension: 100 mm x 100 mm x 100 mm

BS 1881-122:1983 Measured absorption: 0%
Corrected absorption: 0%

Water Vapor Transmission Rate

Temperature: 23 ± 1°C
Relative Humidity: 50 ± 2% RH
(1). Water vapour transmission rate
(2). Water vapour permeance
(3). Water vapor permeability

ASTM E 96 / E96M - 16
(Procedure B - Water 
Method)

(1) = 0.41 g/h.m2
(2) = 2.05 x 10-8 g/Pa.s.m2
(3) = 9.32 x 10-12 g/Pa.s.m2

Pull-Off Adhesion

Condition: 26.3°C, 65%RH

ASTM D 4541:09 Pulled-off strength= 714 psi
(Average)

TABLE 4. CYTOTOXICITY EFFECTS OF AQUA PUR®

Replicates Effects on cell culture

Extract of sample piece 1 A Healthy confluent monolayer.

B Healthy confluent monolayer.

C Healthy confluent monolayer.

Extract of sample piece 2 A Healthy confluent monolayer.

B Healthy confluent monolayer.

C Healthy confluent monolayer.

Validation solution A Cell rounding off and floating. No monolayer.

B Cell rounding off and floating. No monolayer.

C Cell rounding off and floating. No monolayer.

Blank A Healthy confluent monolayer.

B Healthy confluent monolayer.

C Healthy confluent monolayer.
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ABSTRACT

Biological treatment pond system has been adopted 
by Malaysian palm oil mills to treat palm oil mill effluent 
(POME). Conventional treatment pond system is no longer 
able to comply with the new legislation requirements as 
implemented and enforced by Department of Environment 
(DOE) recently. Various tertiary POME treatment 
technologies have been introduced, they are not without 
disadvantages such as sludge generation. Revolutionary 
Organic Onsite Treatment System (ROOTS) is a microbial 
enzyme system specially formulated for organic based 
effluent treatment. ROOTS was installed in Johor after 
the palm oil mill existing anaerobic ponding system with 
capacity 40 MT hr-1. The mill is having four facultative 
ponds 1, 2, 3 and 4 respectively. The enzyme dosing 
system was installed at facultative pond 1. Predetermined 
numbers of maintenance-free diffusers and biomedia 
were mounted at facultative ponds 1, 2 and 3. The system 
configuration is originally applied for food industries waste 
water. Results from a year observation showed that the 
final POME discharge complied with DOE Standard A 
discharge limit (Johor State).

Keywords: biomedia, diffuser, effluent and enzyme.

INTRODUCTION

Malaysian oil palm planted area sees expansion 3%-5% 
annually. The crops harvested are processed by 452 
mills nationwide (Parveez et al., 2020). Oil palm fresh 
fruit bunches processing generates palm oil mill effluent 
(POME) which has an average biological oxygen demand 
(BOD) of around 25,000 ppm and needs to be treated 
before being discharged. Due to operating and capital 
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expenditures (OPEX and CAPEX) factors, 85% palm oil 
mills in Malaysia have adopted ponding treatment system 
to treat POME (Ma, 1999). Huge land area (~1776 m2 for 
anaerobic pond) and long hydraulic retention time (HRT) 
(40-200 days) are essential for mills with processing 
capacity of 54 t fresh fruit bunches (FFB) per hour (Wong, 
1980; Wai et al., 2015). 

In line with the exponential growth of the oil palm 
industry, government agency through the Department 
of Environment (DOE) is implementing and enforcing 
environmental regulations to ensure environmental 
sustainability. The Environmental Quality (Prescribed 
Premises) (Crude Palm Oil) is predominantly discussed 
and DOE has decided to impose stringent BOD discharge 
limit of 20 ppm (Wai et al., 2015). For legislation compliance, 
palm oil millers are either encouraged or in some cases 
required to install a polishing plant or a tertiary treatment 
system to further treat the POME (Nahrul Hayawin et al., 
2017). 

Technologies that have been extensively used for 
POME tertiary treatment are membrane bioreactor 
technology (MBR) (Sulong et al., 2007; Moro, 2010), 
biological-physicochemical treatment processes (Sulong 
and Noorshamsiana, 2008; Chong, 2010), suspended 
packing in activated sludge aeration tank with complete 
mixing (Tin, 2010), physicochemical treatment processes 
(Barr, 2010) and combinations of ozone and submerged 
fixed film biological process (Jurgensen, 2010).

These methods have been proven to be able to lower 
the BOD by more than 90% or less than 20 mg litre-1. 
However, disadvantage such as sludge generation in 
biological treatment were observed (Jagaba et al., 2020). 
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REVOLUTIONARY ORGANIC ONSITE TREATMENT 
SYSTEM (ROOTS)

Revolutionary Organic Onsite Treatment System (ROOTS) 
is a microbial enzyme system specially formulated for 
the treatment of organic based effluent such as palm 
oil wastewater, food and beverage, canteens and other 
organic-based discharge. The system is a Japanese 
patented technology which is now available locally via 
a sole appointed dealer (Blue E Tech Sdn. Bhd.). Using 
this system, Japan has achieved many excellent results 
in overcoming uphill wastewater treatments. This system 
is strongly believed to be able to provide effective water 
and wastewater, especially POME, treatment solution in 
Malaysia.

Studies have shown that multi-enzyme complexes, 
consisting of lipase, protease and amylase, are more 
effective than single enzyme applications for multi-complex 
substrate treatment due to the polysaccharides requiring 
synergistic reactions with other enzymes. According to 
Spagnuolo et al. (1997), substrate complexes bound to 
cellulose, hemicellulose and pectin need multi-enzymes 
for better degradation. Pectin will slow the cellulose 
degradation rate inside the complex. Therefore, pectinase 
should act first to remove pectin, so that the lignocellulose 
complex is no longer hindered, which will then allow 
cellulolytic synergetic activities together with pectinolytic. 
This relationship is known as multi-enzyme complex. 

An example of multi-enzyme complex is in pulp 
degradation hydrolysis. Hydrolysis with combination of 
cellulase and pectinase multi-enzymes pulp achieved 
78% saccharification, while 47.5% saccharification was 
achieved using only cellulose and 54.8% saccharification 
was achieved using pectinase alone (Spagnuolo et al., 
1997). Multi-enzyme complex has also successfully 
increased hazelnut Guevina avellana mol oil extraction 
through cold extraction process. Compared to cold 
extraction with 10-12% oil left over, synergy between  
pectinase and cellulase has improved oil extraction, where 
98% oil were extracted with 1.5% remainder (Zuniga et 
al., 2003).

The eco-friendly biodegradable enzymes used in 
ROOTS work efficiently not only in water with high levels 
of fats, oil and grease (FOG), but also in wastewater with 
high levels of protein and starch (Figure 1).  

Figure 2 shows a simple layout of ROOTS for 
wastewater treatment. The main ROOTS components 
comprised of enzymes, biomedia and air diffuser. All 
components are packed in a vessel or incubator chamber. 
Wastewater will flow into vessel 1 for enzymatic breakdown 
through hydrolysis and will undergo further hydrolysis in 
vessel 2. Subsequently, microbes in biomedia will digest 
the organic molecules. Biomedia provides nesting place 
for bacteria colony. Oxygen is continuously supplied 
through air diffuser for microbes.

Protein

Starch

FOG

Decomposing refractory large molecular 
organic matter

Lipase

Amylase

Protease

Glucose

Amino acid

Decomposition

Activated sludge 
(Microbes)

Glycerin +
Fatty acid

Bio-based enzymes

Bio-based enzymes

Bio-based enzymes

Small molecular stage

Hydrolysis

Figure 1. Synergistic effect of multi-enzyme complex in Revolutionary Organic Onsite Treatment System (ROOTS)
 in breaking down fats, oil and grease (FOG), starch and protein.
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PERFORMANCE MONITORING

The ROOTS with 40 MT hr-1 was installed at existing 
effluent ponding system at a palm oil mill in Johor. The 
system was installed after the anaerobic pond (AP3) to 
ensure its effectiveness. Food to mass ratio is crucial for 
active microbes in the biological treatment to hinder sludge 
bulking in the pond (Vijayaraghavan et al., 2003). Enzyme 
dosing system was then installed at facultative pond 1 
(FP1) to accelerate degradation of the remaining oil and 
fats, carbohydrate or protein that were undigested during 
the anaerobic stage. In addition, predetermined numbers 
of maintenance-free diffusers and biomedia were mounted 
at FP1, FP2 and FP3. The biomedia provided nesting area 
for the bacteria colony to propagate, while air diffusers 

supplied air for the bacteria colony. The system layout 
design is shown in Figure 3. Excluding biogas system, the 
selected mill has nine ponds with 98 days HRT.

The performance of the system was continuously 
monitored for about one year (2019-2020) for FP1, FP2, 
FP3 and final discharge. Quality of POME such as BOD, 
suspended solids (SS), ammoniacal nitrogen (AN) and total 
nitrogen (TN) were analysed by an accredited laboratory 
using DOE methods. Prior to ROOTS installation, BOD 
of FP1 effluent was in the range of 1200-1600 ppm. After 
installation of enzyme dosing together with air diffusers 
and biomedia in FP1, the BOD of effluent from FP1 was 
significantly reduced by up to 96% with BOD values 
ranging from 41- 226 ppm. Results showed that enzymes 
were effective in enhancing the degradation of organic 
constituents in FP1. Similarly, the addition of aeration and 
biomedia to FP2 and FP3 also greatly reduced the BOD in 
effluent by up to 95% and 88%, respectively. 

The final discharge of POME in this study complied 
with Johor State’s standard A discharge limit (BOD 
between 7-19 ppm, SS in the range of 23-118 ppm, AN 
mostly below 5 ppm and TN between 11 to 34 ppm). 
ROOTS’ performances on quality of FP1, FP2, FP3 and 
final discharge are shown in Figures 4-7. Significant colour 
intensity reduction were observed for POME treated with 
and without ROOTS (Figure 8).

Figure 3. Revolutionary Organic Onsite Treatment System (ROOTS) system installed at one of the palm oil mill effluent (POME) treatment plants;
 (a) facultative pond 1; (b) facultative pond 2; (c) facultative pond 3; (d) facultative pond 4; (e) final discharge; (f) biomedia.

a

d

b

e

c

f

Figure 2. Simple layout of Revolutionary Organic Onsite Treatment 
System (ROOTS) for wastewater treatment.
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Advanced Biological Palm Oil Mill Effluent (POME) Treatment 
Towards Biological Oxygen Demand (BOD) 20 ppm

CONCLUSION

ROOTS pilot system installed at effluent ponds in a 
palm oil mill in Johor is able to produce final discharge of 
POME that complies with the new DOE discharge limit, 
especially for BOD (20 ppm) and AN (20 ppm). Compared 
to conventional ponding system, ROOTS has significantly 
and consistently improved the quality of POME. Malaysian 
palm oil mills are highly recommended to install ROOTS.

FUTURE EFFORT

Process operation parameter optimisation such as 
enzymes dosing, number of diffusers for oxygen transfer, 
type of bio media for microbe immobilision and power 
consumption need to be carried out for system economic. 
Continuous monitoring on system performance will be 
carried out for both normal and peak season throughout 
the year.
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Figure 6. Quality of Palm oil mill effluent (POME) discharge in facultative 
pond 3; BOD- biological oxygen demand; SS- suspended solids; AN- 

ammoniacal nitrogen; TN- total nitrogen.
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Figure 7. Quality of Revolutionary organic onsite treatment system 
(ROOTS) final discharge; BOD- biological oxygen demand; SS- 

suspended solids; AN- ammoniacal nitrogen; TN- total nitrogen.
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INTRODUCTION

The black soldier flies (BSF), Hermitia illucens (Figure 1), 
is a supreme organic converter species due to its capability 
to digest any organic material, such as okara, vegetable 
wastes, cafe wastes, low-grade palm decanter cakes and 
rejected milk powders, into high protein larvae excellent 
for animal feed formulation and organic frass fertiliser via 
wasteless short life-cycle. High egg volume, protein larvae, 
and high quality frass fertiliser can be produced through its 
22-25 days breeding cycle. Market prediction indicates that 
the BSF business turnover is expected to reach USD2.57 
billion by 2030 (Meticulousresearch, 2020).

BLACK SOLDIER FLIES FARMING IN PALM OIL MILL

Organic wastes such as decanter cake and sludge palm 
oil mill effluent (POME) generated by palm oil mills which 
may be suitable for BSF breeding. Preliminary study by 
MLS Organic showed that less than half a gram of BSF 
eggs can fully digest up to 10 kg waste whereas larvae that 
were fed with palm waste are fatter, contain higher protein 
level and can be harvested in 14 days. A BSF colony of 
modest size can turn 1 MT palm decanter cake into 200 kg 
BSF protein worth USD1400-USD1600 per MT in 10 days.

Figure 2. Black soldier flies (BSF) farming.

VALUE-ADDED PRODUCT FROM BLACK SOLDIER 
FLIES 

10% of the farmed pupae will be allowed to undergo 
pupation and reproduction. The remaining 90% will be 
harvested and processed into pet snacks that are packed 
with nutrition. The residual BSF frass, a by-product of 
BSF collected after bio-conversion process, contains rich 

 Figure 1. The black soldier flies, larvae and life cycle.

Source: (Protapodusa, 2020).
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nutrients and organic matter. It can be used on plants as 
fertiliser and as soil enhancer or natural fertilisers. This 
organic material is an excellent alternative to chemical 
fertilisers which can be harmful to the ecosystem. 

Instead of targeting the animal feed industry such 
as poultry and fish farms, the BSF farming business will 
focus on the growing pet feed industry where consumers 
are more willing to pay the price for premium quality and 
nutrition. The BSF larvae has potential to meet the demand 
for alternative sources of protein for pet food.  

TABLE 1. BLACK SOLDIER FLIES (BSF) SUBSTRATE, BSF 
PRODUCT AND ITS NUTRITIVE VALUE

Black Soldier Flies Product Nutritive Value

Palm decanter cake (substrate)* Crude protein : 2.57%

Crude lipid : 2.47%

Moisture : 74.51

BSF dried larvae Protein: 35-40%

Fat: 14%

Fibre: 8%

Moisture: 7%

Calcium: 2.5%

phosphorus: 1%

BSF frass NPK ratio 4:5:15

Contain micronutrient such
 as Ca and Mg

Organic matter >50%

pH: 7

Source: *Taufek et al., 2020.
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Figure 3. Dried black soldier flies (BSF) larvae.
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