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T he 3-Monochloropropane-1, 
2-diol (3-MCPD) issue has 
become a source for concern 

for the plantation industry and various 
steps are being initiated to mitigate the 
problem. In the feature article under this 
heading, the author has made some efforts 
to present his recommendations on what 
the millers can do to positively reduce 
the concentration of 3-MCPD esters in the 
refined bleached-deodorised (RBD) palm 
oil as an initial measure.  Some mitigation 
mechanism is needed right now before a 
permanent solution is evolved through 
extensive research work which as can 
be expected, would take some time. The 
author has been conducting research 
work along these lines for some time 
and has come up with some important 
recommendations that would assist the 
millers to prevent chlorides, the source 
of 3-MCPD esters from gaining access to 
the process flow line following the maxim 
‘prevention is better than cure’. During 
the deodorisation process in the refinery 
the reaction between the chlorides (the 
contaminant) and the intermediate 
compound cyclic acyl oxonium ion causes 
the production of these esters that is 
classified as a nephrotoxic by the European 
Food Safety Authority (EFSA) capable of 
damaging both the kidneys. This certainly 
is no good news for the palm oil industry. 
This paper therefore serves to disseminate 
important scientific knowledge to the 
industry players so that they can generate 
strategies to face this issue.

The palm oil mill effluent (POME) 
scale called struvite depositing within 
the pipes through which the POME 
flows is a common problem faced by 
the mills. As this will eventually cause a 
massive reduction of its flow rate due to 
the shrinking diameters of the pipes, the 
author undertook a study to find a way 
to prevent or remove the scale formation. 
Struvite formation is common not only in 
pipes through which organic waste water 
flows but also the intestines of cats, dogs 

35
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as well as human bladder. As the components 
that make up the struvite contain a large 
amount of recyclable phosphorus the author 
diverted his attention on not just removing the 
struvite to clear the pipe interior but to isolate 
the phosphorus as a product commanding 
good commercial value as a fertiliser.

The popularity of POME seems to be 
gaining momentum with new discoveries 
on its positive role as a source of rich bio-
chemicals in stark contrast to its repugnant 
reputation as an agent capable of intensive and 
protracted water course pollution. Under this 
scenario the author of the article on recovery of 

Novel Bio-flocculent from Palm Oil Mill Effluent 
(POME) and its Potential Application managed 
to develop sufficient confidence to pursue 
a commerce-based research project using a 
microbial activity to convert bio-flocculent 
into bio-chemicals of commercial value. 
This activity may also have the capability to 
reduce the biological oxygen demand (BOD) 
loading on the POME.  Projects of this nature 
are certainly most welcomed in the industry 
as this shows that harmful waste products of 
the milling process can also be converted to 
valuable commercial products.

CALL FOR ARTICLES
Personnel of the palm oil mills are invited to send in articles of relevance to the palm oil industry in 
Malaysia for publication in Palm Oil Engineering Bulletin. By sharing your expertise you will be 
helping the industry and the nation as a whole. The topics of interest are:

1.  Plant modifications done in your mill that resulted in improvements in milling operation or 
maintenance.

2.  Innovations done in your mill that produced improvements in the operation of the mill and that 
you are willing to share them with others.

3.  Any special work done in your mill that directly resulted in improvements in OER and product 
quality.

Please submit your article to us and we shall be pleased to publish them in Palm Oil Engineering 
Bulletin. Feel proud to have your articles published in this Bulletin that is circulated throughout the 
industry and MPOB offices worldwide.
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FREE
Health Check!* 
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• Factory Inspection     • Maintenance Advices 
• Consultation & Technical Presentation • Comprehensive Reports
• Speedy Quotation & Delivery    • Training & Seminars

We offer free and comprehensive health-checks*  for gearboxes 
and gearmotors of any brand at your Palm Oil Mill. 

*  S u b j e c t  t o  a v a i l a b i l i t y
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Training & Seminars

MPOB TRAINING PROGRAMME SCHEDULE 2017

CODE 
NO. TITLE DATE VENUE

A COURSES 

OIL PALM 

A1.1

Intensive Diploma in Oil Palm Management & Technology (IDOPMT)

Semester I 24 July - 11 Aug

MPOB, Head Office 
Estate Attachment 14 - 18 July

Semester II 21 - 18 Sept

Semester III 19 Sept - 6 Oct

A1.2
Kursus Operator Mekanisasi Ladang (KOML)

Tahap 3 Oktober (5 bulan) PLASMA Keratong, Pahang

 A1.3

Kursus Pengurusan dan Penyelenggaraan Tapak Nurseri Sawit

Wilayah Utara 22 - 23 Aug Felda Residence Hotel, Trolak, 
Perak

Wilayah Sabah 26 - 27 Sept Lohan Rest House, Ranau, 
Sabah 

Wilayah Tengah 24 - 25 Okt De Palma Hotel, Kuala 
Selangor 

2 PALM OIL

A2.1

Diploma in Palm Oil Milling Technology & Management (DIPOM)

Semester I 6 - 14 Mar

MPOB, Head Office 
 

Semester II 15 - 24 May 

Semester III 31st July - 9 Aug 

Examination 11 - 12  Sept

A2.2 31st MPOB Oil Palm Products Surveying 
Course and Examination 27 – 30 Nov *

A2.3
Kursus Penyelia Kilang Sawit 25 – 29 Sept

Plasma, Lahad Datu, Sabah
Peperiksaan Penyelia Kilang Sawit 2 Okt (peperiksaan)
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Training & Seminars

All information are correct as at press time.

Note: *To be confirmed.

For any enquiry or further information, please contact:

HRD & Conference Management Unit
Tel. No. : 03-8769 4400 ext. 4865, 4860, 4867
Fax No. : 03-8925 9446
E-mail : rubaah@mpob.gov.my
MPOB’s website : http://www.mpob.gov.my

A2.4 Kursus Pengendali Makmal Kilang Sawit 21 – 30 Nov  MPOB, Head Office

A2.5 Kursus Kemahiran dan Pengetahuan Asas 
Rawatan Efluen Sawit 24 – 26 Okt * 

B MPOB CONFERENCES AND SEMINARS 

1 International Palm Oil Congress and 
Exhibition (PIPOC) 2017  14 – 16 Nov KLCC, Kuala Lumpur
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Feature  Article

Mitigation for 3-MCPD Esters at Palm Oil Mills

Nuzul Amri Ibrahim* and N Ravi Menon*

* Malaysian Palm Oil Board, 
 6, Persiaran Institusi, Bandar Baru Bangi, 
 43000 Kajang, Selangor, Malaysia.
 E-mail: nuzul@mpob.gov.my

   INTRODUCTION

T his article was specially prepared by 
MPOB  scientists  to communicate 
the  concern on food safety 

associated with the 3-Monochloropropane-1, 
2-diol (3-MCPD) esters contamination 
of refined palm oil   to palm oil millers. 
Although the contamination is hardly seen 
in crude palm oil (CPO), its significant 
presence in refined palm oil is a cause for 
concern not only for the refinery but also for 
palm oil mills. This is because the chloride 
that is reported to be responsible for the 
formation of the contaminant 3-MPCD 
esters in the refined  palm oil appears to be 
a strong  contender  and  one of  its  sources 
can be traced to the process  water  used in 
the mills. Acidity has also been proven as 
a precursor for the formation of the esters 
where higher level of the esters was formed 
in acidic condition.

The 3-MCPD esters are processing-
induced contaminants which belong to 
the family of chloropropanols. The esters 
have been detected in various food namely 
salami, toasted bread, doughnut, French 
fries, coffee (Watkins, 2009) and refined 

vegetable oils (Zelinkova et al., 2006). The 
formation of the esters in refined vegetable 
oils occurs mainly during deodorisation 
due to a chemical reaction between chloride 
and an intermediate compound known as 
cyclic acyl oxonium ion (Hamlet et al., 2002). 
The latter is formed due to hydrolysis of 
acylglycerols.

The 3-MCPD and its esters are classified 
as nephrotoxic (damage to one or both 
kidneys) by the European Food Safety 
Authority (EFSA) (2016) which had created 
a stir in Europe. The report also stated that 
refined palm oil contained the highest level 
of 3-MCPD esters as compared to other 
refined vegetable oils. This had prompted 
several NGOs in Italy to launch campaigns 
to remove food products containing palm 
oil from supermarket shelves. Recently, 
Nutella has been linked to cancer by 
journalists in the USA since palm oil is one 
of the ingredients. This issue spread to USA 
and perhaps, this would influence other 
countries too.

The purpose of this article is for 
disseminate some basic scientific knowledge 
about the 3-MCPD esters to the millers to 
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enable them to prepare a strategy to mitigate 
any contamination at the CPO source which 
could either be the mill or the plantation. 
In the plantation, the chemicals used as 
herbicides or fertilisers also could be the 
source of chloride in the CPO. 

THE ISSUES AT HAND

The health implication by EFSA report 
would jeopardise palm oil industry since 
the oil is widely used in food formulations, 
where safety cannot be compromised. 
There would be a drastic decline in the 
export of the commodity if mitigation 
measures are not taken to address this issue 
and consequently would affect all parties 
involved in the whole supply chain of palm 
oil industry, especially the livelihood of oil 

palm smallholders which form the largest 
segment of the supply chain. Therefore, 
all parties involved should play a role in 
combatting the formation of 3-MCPD esters 
in palm oil. Even though the formation of 
the esters occur during refining process, 
palm oil mills should also take necessary 
measure to  reduce or remove the presence 
of chloride during the extraction process.

OIL EXTRACTION PROCESS

It is important to understand the process 
flow of a palm oil mill in order to eliminate 
precursors for formation of 3-MCPD 
esters from the system. The oil extraction 
process is illustrated in Figure 1 and the 
sources for precursors to enter the process 
are numbered with 1 to 6, namely steam, 

Figure 1. Flow chart for crude palm oil (CPO) extraction.

Steriliser
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water, recycling of condensate and oil from 
sludge pit. Water is added to the pressed 
oil to reduce the viscosity which promotes 
its flow to the vibrating screen. This would 
also improve the separation of the oil 
from the sludge containing fibre and other 
impurities during clarification stage, which 
subsequently generates a large volume of 
effluent.

Most impurities are removed by the 
clarifier. However fine particles that are 
still present in the oil and could be removed 
by high speed centrifuge or also known 
as purifier. Since the purifier has to be 
cleaned at least once a week, currently, it 
is quite common for mills to by-pass the 
purifier in order to reduce maintenance 
cost. This practice would subsequently lead 
to accumulation of impurities in storage 
tank as sediment which still contains the 
precursor for the formation of 3-MCPD 
esters. 

SOURCE OF PRECURSORS

Water

Water is applied at several stages namely 
sterilisation (as steam), digestion (as steam) 
and dilution. Most mills obtain their raw 
water supply from nearby river for the 
processing, generation of steam in the boiler 
and for domestic water supply to the workers 
and staff quarters.  The raw water is treated 
with alum, soda ash and flocculant prior to 
usage. However, chlorine is excluded from 
the treatment process. Further treatment is 
necessary for feed water to reduce the water 
hardness and to remove impurities such as 
sulphite.

During visits to several palm oil mills it 
was found that the range of chloride content 
in blowdown water were 300 to 700 mg     
kg-1. This indicated that the water used by 
the palm oil mills contained chloride, which 
could be originated from the raw water or 
from the chemicals used for the treatment. It 
could quite difficult for millers to avoid the 

presence of chloride in the water, therefore, 
it is highly recommended to install chloride 
scavenger for feed water and water for 
dilution.

Reclaimed Oil from Sludge Pit

Waste water from palm oil mills originate 
from the sterilisers, oil station and a minor 
amount from the hydrocyclones or claybath 
which are pooled in a reclaim pond called 
deoiling tank. The oil droplets will rise to 
the surface, skimmed and re-cycled back to 
the clarification tank. The remaining sludge 
water is pumped into the effluent buffer 
ponds and subsequently distributed to the 
anaerobic digestion ponds.

A thin layer of oil having the characteristic 
of golden colour can be seen surfacing in 
the buffer ponds.  This oil is likely to be 
from the unbroken cells of mesocarp that 
finally ruptured under the solar radiation 
or agglomerated sub-micron oil particles or 
both. This oil generally has very high free 
fatty acid (FFA) content often exceeding 
10% and should be strictly kept away from 
the fresh crude palm oil (CPO) and stored in 
separate tanks.

The recovered oil from the deoiling tank 
and buffer pond should not be recycled into 
the oil extraction process since it contains 
a lot of impurities such as wax and gum 
and high FFA   due to migration of foreign 
matters from the effluent into the oil. The oil 
might be reclaimed and sold as industrial 
grade oil.  

Pressed Fibre Oil

The remaining oil in pressed fibres is 
about 5% to 8% (Abd. Majid et al., 2012), 
which could further be extracted using a 
solvent followed by evaporation process 
to obtain the oil. Despite contribution to 
higher-oil extraction rate (OER) to mills, 
blending this oil with crude palm oil 
aggravated the formation of 3-MCPD esters 
in heated samples since the former is quite 
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acidic (pH 4.6) (Ramli et al., 2015).  Due 
to the detrimental effect, pressed fibre oil 
should not be blended with the crude palm 
oil. It could be sold as industrial grade oil 
or to feed mill industry. Alternatively, the 
oil could be a source for carotenoids, sterols 
and vitamin E (tocopherol and tocotrienol) 
since it contains high amount of these 
compounds, i.e. 4000 ppm to 6000 ppm,       
4500 ppm to 8500 ppm and 2400 ppm to    
3500 ppm respectively (Choo et al., 1996). 

Empty Fruit Bunch Liquor

A number of mills have started extracting 
the residual oil from empty fruit bunch and 
mix it with extracted CPO in a dilution tank 
in an attempt to boost the mill OER. This 
practice should not be encouraged as it 
contains significant amount of contaminants 
such as gum and wax that will hinder the 
smooth and economic operation of the 
refinery. This oil should be isolated and 
labelled as industrial grade oil and should 
never be recycled into the extraction process.

CONCLUSION

Majority of mills in Malaysia practice 
dilution of CPO with water to reduce the 
viscosity which consequently ease the oil 
recovery stage. Most mills get their water 
supply from a nearby river or a pond and 
treat the water prior to use. Even though 
addition of chlorine is not part of the 
treatment process, the presence of chlorine 
has been detected in blowdown water. Since 
chlorine is the major cause for the formation 
of 3-MCPD esters, it is highly recommended 
to remove the chlorine from water prior to 
usage for mill operation either by reversed 
osmosis method or other chlorine scavenger 
equipment. 

Mills should produce a better quality 
CPO by adopting good milling practices. 
This could be achieved by processing fresh 
fruit bunch (FFB) within 24 hr upon receipt, 
avoid the recycling of empty fruit bunch 
liquor and skimmed oil from sludge pit 
into the extraction process. Eventually, this 
would lead to production of good quality 
CPO which is low in FFA, diacylglycerol 
(DAG), chloride, impurities and has pH 
that is close to neutral. Those recovered oil 
could be sold as industrial grade oil. Due to 
the high content of phytonutrients, pressed 
fibre oil could be a source for carotenoids, 
sterols and vitamin E. 

CPO washing has been proven as an 
effective mitigation measure to eliminate 
chloride and other impurities from the oil. 
Perhaps, millers could offer a better quality 
CPO to refiners at a premium price since 
the oil requires less bleaching earth and 
phosphoric acid for refining.

RECOMMENDATION

1. Chloride or chlorine scavenger should 
be installed at palm oil mills to remove 
the precursor from water.

2. FFBs should be processed within 24 hr 
upon receipt.

3. It is strongly discouraged to recover oil 
from steriliser condensate, empty fruit 
bunch liquor, deoiling tank and buffer 
pond.

4. CPO should not be mixed with pressed 
fibre oil.

5. It is highly recommended to rinse CPO 
with water prior to delivery to refineries.
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Biogasclean - the best  
H2S removal system with  
lowest operating costs 
Biogasclean is the leading supplier of gas 
cleaning systems to the biogas industry. The 
company is supplying clean gas to engines and 
boilers with a capacity above 485 MW. Biogas-
clean has more than 125 references in SE Asia 
and over 80 installations at palm oil mills.

Biogas from POME contains typically 2,500 
to 3,500 ppm H2S  and has to be reduced to 
100-200 ppm to meet the engine manufactur-
ers specifications. Biogasclean can guarantee 
this gas quality with a 100% biological H2S 
removal process.

Biogasclean has - compared to other gas 
cleaning systems - the lowest operating costs 
and the highest availability. The downtime for 
maintenance is limited to less than one week 
per year as the packing media can be cleaned 
inside the tank with Biogasclean’s unique 
QSR® cleaning system. 

Contact Biogasclean if you want to learn more! 

Biogasclean Asia Co., Ltd.
331 Moo 2, Unit S1/2, Soi Thetsaban
Bangpoo 54, T. Taiban, A. Muang
Samutprakarn 10280, Thailand
Tel. (+66) (0)2-395-1157

www.biogasclean.com

Malaysia Office

L-7-1, No.2, Jalan Solaris
Solaris Mont Kiara
50480 Kuala Lumpur, Malaysia
Contact person: Ho Vooi Toc
Tel: +60 12 324 2665 
e-mail: ho.vt@biogasclean.com
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Exploring the Potential of POME Scale Deposits 
as an Alternative Source of Phosphorous Mineral 

and a Mean to Save the Environment

Muzzammil, N*; Mohammed Saedi, J**; Mohd Rushdi, A B; Vijaya, S* 
and Loh, S K*

INTRODUCTION

P alm oil mill effluent (POME) 
treatment, like many other 
wastewater facilities, is prone to 

formation of scale in its pipelines, tanks, 
diffusers or any other components exposed 
to it. The scale could also start depositing 
in early stages in pipes associated with 
retention ponds of the facility. Over a 
period of time, some crystals or scale could 
grow within the pipes and thus affect the 
performance of the facility. In this case, 
an experienced operator would notice the 
diminishing diameter of the diameter of the 
pipes due to hardened crystals attached at 
its inner wall, thus reducing the effective 

* Malaysian Palm Oil Board, 6, Persiaran Institusi, 
 Bandar Baru Bangi, 43000 Kajang, Selangor,
 Malaysia.
 E-mail: muzzammil@mpob.gov.my
** International Islamic University of Malaya,
 P. O.  Box 10, 50728, Kuala Lumpur,  Malaysia.
 International Islamic University of Malaya,
 P. O. Box 141, 25710 Kuantan, Pahang, Malaysia.

flow rate of the pipe in the facility. When the 
flow rate decreases, the tendencies are: (1) 
increased risk of clogging, (2) reduced time 
for filling the related tanks or clarifier and 
(3) an increased hydraulic retention time 
(HRT) affecting the whole efficiency of the 
treatment system. In a worst-case scenario, 
the operator would have to replace the 
clogged components which is definitely are 
time-consuming and costly involving even 
major shutdown of the facility. 

The POME scale deposits or crystals 
are also known as struvite. Struvite is a 
mineral rich in phosphate. Its chemical 
formula is NH4MgPO4.6H2O (Moed et al., 
2015). Its presence has been mostly reported 
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in organic-based wastewater as well as in 
cats, dogs and human urinary bladder. It 
is formed when several ions i.e. Mg2+,NH4

+ 

and PO4
3- are in a more or less equal molar 

ratio (1:1:1) (Escudero et al., 2015). Typically, 
low temperature and high pH in the 
wastewater would promote its formation. 
Resulting from the significant amount of 
recyclable phosphorous (P) in the struvite 
from the wastewater plant, struvite removal 
has gained popularity and increasingly 
extracted as an alternative component of P 
fertiliser. The search for struvite has been 
fueled by the scarcity of the mineral P and 
the growing demand for it.

STRUVITE FROM PALM OIL MILL 
EFFLUENT

The POME treatment tends to face problem 
where the scale (struvite) deposits in the tank 
or pipes which is associated with the entire 
ponding system. These deposits (Figures 
1a and 1b) commonly occur in anaerobic 
digester tank. The microscopic observation 
showed cracks on the surface of the scale 
deposits in the pipes which could be due 
to external heat and force it is subjected to 
during its removal from the affected pipes. 
The crystals contain mineralised inorganic 
P, Mg, O (major) and K, Ca (minor), water, 
volatile matters, and very little organic 
CHNS elements. So far, the scale deposits 
extracted from the POME consist of                 

86.2 wt.% struvite (MgNH4PO4.6H2O) and 
the rest are quartz (SiO2) minerals originated 
from the impurities in the POME. 

ECONOMIC FEASIBILITY OF STRUVITE 
PRECIPITATION IN PALM OIL MILLS 

There is a potential to produce struvite for 
commercial use from the palm oil effluent 
treatment system. As such, it is vital to 
pre-examine its economic feasibility before 
such a demand materialises in the future. 
As currently we have very little experience 
in struvite production from palm oil mill 
effluent treatment system sourcing of 
information from other studies/industries 
is required. Based on the calculated cost of 
USD 7.7 kg-1 of NH4

+removal via a single 
step precipitation for molasses wastewater 
(Türker and Çelen, 2007) and POME with 
about 36 mg litre-1 of NH4

+(Loh et al., 2013),    
it is estimated that the struvite precipitation/
crystallisation could cost about USD 0.28 t-1 
of POME. A typical 60 t hr-1 and 8 hr day-1 
palm oil processing mill could produce 
about 300 m3 day-1 of POME, considering 
0.65 as the ratio for processing capacity        
(t hr-1) to effluent generation (m3 hr-1). This 
translates  to a cost of USD 84 day-1 for 
struvite generation from POME.  In general, 
the cost for tertiary POME treatment plant 
is around USD 33  day-1 (Man and Baharum, 
2011). Although the former (setting up 
of a struvite production facility) is more 

Figure 1. (a) Crystal samples found in the anaerobic digester tanks, (b) A piece of crystal after washed and dried.

(a) (b)



PALM OIL ENGINEERING BULLETIN NO. 124 23

expensive, it has potential to technically 
reduce the discharge parameter level by 
reducing the amount of inorganic materials 
which will then substantially reduce the 
cost for treatment of POME.

An estimated 1 kg of struvite can be 
crystallised from 100 m3 of wastewater 
(Shu et al., 2006). Thus, there is a potential 
production of about 3 kg of struvite per day 
or 60 kg of struvite per month or 720 kg yr-1 
from a 60 t hr-1 palm oil mill. In general, a 
hectare of well-managed oil palm plantation 
requires about 84 kg of rock phosphate 
(applied twice a year) that usually contains 
4% to 20% of phosphorous pentoxide (P2O5) 
(Rankins and Fairhurst, 1999). Assuming the 
P-source of struvite generated from POME 
has similar characteristics as fertiliser, its 
bioavailability could be more than enough 
to compensate for the annual P-fertiliser 
applied on oil palm; hence, it could possibly 
be an eco-friendly and cheaper alternative 
to rock phosphate.

Maaß, et al. (2014) concluded that an 
integrated value chain of wastewater 
treatment and crop production could 
provide higher economic impact via 
returning the recovered struvite and other 
nutrients into the cultivation cycle. It was 
reported that an additional profit of € 35 
000 per year is possible for grains producers 
who replace conventional (PO³¯₄ ) - based 
fertiliser with struvite generated from 
the associated wastewater. Using similar 
approach, this will immensely benefit the 
palm oil industry.

CONCLUSION

What appears to be a problem in managing 
POME could potentially be a solution 
to several other challenging issues. 
Since POME poses potential for struvite 
production making wastewater treatment 
in the palm oil processing facility difficult, 
reducing scaling deposits is key to ensure 

smooth flow of POME in the treatment plant 
pipelines. It is possible to manipulate struvite 
precipitation reactions and behaviours in 
order to systematically produce struvite at 
a desired composition and point facilitating 
its easy detachment during the treatment 
process. This, if accomplished, could 
reduce the polluting elements of PO³¯₄  and 
NH⁺₄ NH⁺₄ in the remaining POME flow 
that are known to have detrimental effect 
to the environment prior to the destined 
final discharge point. The recovered 
struvite could then be utilised as a fertiliser 
supplement in oil palm plantations, 
hence maximising economic returns via 
the recovery of nutrients from POME. 
Opportunistically, this new approach would 
up open the industry up to a whole new 
POME management dimension in terms of 
treatment efficiency, cost-effectiveness and 
environmental impact. 
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Novel Bioflocculant from Palm Oil Mill Effluent 
(POME) and its Potential Application

Nurul Adela Bukhari*; Nasrin Abu Bakar* and Loh Soh Kheang*

INTRODUCTION

H igh valued biochemicals 
can be harnessed from 
palm oil mill effluent 

(POME) via microbial process apart from 
bioenergy e.g. methane or hydrogen. The 
potential pollution source of POME can be 
transformed into business opportunities by 
recovering and utilising the readily available 
nutrients for microbial fermentation into 
various bio-products. This bioconversion 
pathway makes use of the nutrient rich 
organic residues in POME as a substrate for 
specific microorganisms to consume and 
grow while concurrently produce biomass 
and some of the targeted bio-products.

Among   the   various  potential   
biochemicals to be realised, microbial-
derived flocculants (bioflocculants) are  at 
the top of the list and received great attention 
for scientific and biotechnological 
consideration. Flocculating agents 

* Malaysian Palm Oil Board, 
 6, Persiaran Institusi, Bandar Baru Bangi, 
 43000 Kajang, Selangor, Malaysia.
 E-mail: adela@mpob.gov.my

including bioflocculants have been widely 
used in industrial processes, including 
water and waste water treatment, heavy 
metals, toxic and colour removal, synthesis 
of nanoparticles as well as cell removal and 
biomass recovery i.e. microalgae harvesting. 

MICROBIAL-DERIVED FLOCCULANTS

Bioflocculants from microbial sources have 
great potential to replace the synthetic or 
chemical flocculants. Although chemical 
flocculants have high flocculation efficiency 
and are low in cost, they pose severe 
drawback especially on human health as 
the monomers in used are neurogenic and 
carcinogenic. Bioflocculants have been 
well received globally because they are 
biologically active, environmental-friendly 
and safe for the ecosystem. However, the 
cultivation cost and low production yield of 
bioflocculants have hindered their practical 
applications. 
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Low-cost renewable raw materials 
should be explored as an alternative to the 
commonly used substrates such as glucose, 
fructose, sucrose and L-glutamate. The 
use of nutrient rich waste material as a 
substrate for culturing the bioflocculant-
producing microorganisms not only can 
reduce the production cost but also improve 
the feasibility of commercial production 
of bioflocculant. Various types of organic 
wastewater sourced from soybean juice, 
fishmeal, dairy, brewery, and starch have 
been attempted for bioflocculant production 
to lower their production cost. The utilisation 
of the by-products from the palm oil milling 
process e.g. POME is seen to be promising in 
reducing the production cost and improve 
the feasibility of commercial bioflocculant 
production.

BIOFLOCCULANT-PRODUCING 
BACTERIA FROM POME

Several strains of bioflocculant-producing 
bacteria were isolated from POME samples. 
They were screened for their capabilities 
to produce bioflocculant using kaolin clay 
as indicator. One such isolate showing the 
highest flocculating rate was selected and 
identified using 16S rRNA sequencing. The 
strain was designated as Bacillus marisflavi 
NA8 (Nurul Adela et al., 2015). It is a gram-
positive and rod-shaped bacteria (bacillus) 
capable of utilising the hydrolysed POME 
i.e. POME hydrolysate as a carbon source 
for bioflocculant production.

BIOCONVERSION OF POME INTO 
BIOFLOCCULANT

Generally, conversion of POME into 
bioflocculant involves three main processes 
(Figure 1): pre-treatment or substrate 
hydrolysis, fermentation and downstream 
processing i.e. separation/extraction of the 
targeted product. 

• Hydrolysis – POME was first hydrolysed 
to simple sugars to facilitate the bacterial 
fermentation using a recombinant 
cellulase enzyme. The optimisation 
of POME hydrolysis to produce the 
fermentable sugars was carried out and a 
suitable fermentation medium i.e. POME 
hydrolysate was developed.

•	 Fermentation – The optimum culture 
conditions for bioflocculant production 
from POME hydrolysate was carried 
out by manipulating several process 
parameters - pH, temperature, inoculum 
size and nitrogen source in a shake flask. 
The highest flocculating activity was 
reached at 37ºC in a neutral medium (pH 
7.0). 5 to 10% (v/v) of B. marisflavi NA8 
inoculated in the POME medium gave the 
highest flocculating activity. The strain 
could efficiently produce bioflocculant 
using POME hydrolysate without having 
to add nitrogen as nutrient supplement. 
This implied that POME alone was a 
protein medium enriched sufficient for 
microbial growth. The suitability of 

Figure 1. Typical steps for microbial conversion.
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POME for B. marisflavi NA8 to survive 
in and the adaptability performed by 
this strain could largely reduce the 
production cost of bioflocculant (Nurul 
Adela et al., 2016).

 The bioflocculant production from 
POME was up-scaled using a 5 litre-1 
bioreactor (MiniforsTM, Infors AG) with a 
3 litre-1 working volume. The bioreactor 
was equipped with control modules 
to monitor the agitation, air flow, 
dissolved oxygen, pH and temperature. 
Temperature was maintained at 37ºC, and 
the pH controlled at 7.0 by automatically 
adding 30% (w/w) NH4OH and 5 
M H2SO4 during the entire course of 
fermentation. Agitation was cascaded 
between 200 and 600 rpm. Rate of 
aeration was held at 1.0 vvm. IRIS (Infors 
AG) software was employed to monitor 
and record all available fermentation 
parameters in real time. 

• Extraction – The fermentation broth was 
extracted using a centrifuge to remove 
bacterial cells followed by cold ethanol 
precipitation to separate the bioflocculant 
from the water. 

 From 1 litre of culture broth, an 
estimated 9.72 g of bioflocculant could 
be obtained. Using this finding, a total of 
49 kg bioflocculant can be obtained from 
1 t of POME. The estimated potential 
production from a 60 t hr-1 palm oil mill 
is about 11 800 t of bioflocculant in a year.

CHARACTERISTICS OF 
BIOFLOCCULANT

The main characteristics of the produced 
bioflocculant are:  
•	 Comprises 74% polysaccharide and 25% 

protein with 1% nucleic acid;
•	 Its elemental weight fractions are: C 

(29.6 ± 2.9%), H (6.4 ± 0.6%), N (4.5 ± 
0.2%) and S (0.7± 0.04%) (relative weight 
percentage);  

•	 The major functional groups identified 
by FTIR analysis are hydroxyl (-OH), 
amino   (NH2), carbonyl (C=O) and 
carboxyl (COOH) groups;

•	 It degrades mainly at 125ºC by the 
thermogravimetric analysis (TGA); and 

•	 It is thermostable and tolerant of extreme 
pH. 

APPLICATION OF BIOFLOCCULANT

It is anticipated that the produced 
bioflocculant would precipitate suspended 
solids; in this case, its ability to aggregate 
microalgae cells during harvesting could be 
possible. When comparing the effectiveness 
of the produced bioflocculant with the 
chemical flocculant i.e. polyaluminium 
chloride (PAC), it was found that the 
produced bioflocculant was more efficient 
than PAC. At a lower dose (100 mg litre-1), 
it was able to precipitate ~60% of Chlorella 
vulgaris UMACC283 (Loh et al., 2017); 
while the PAC required >500 mg litre-1 
to achieve the same result. This finding 
suggested that the produced bioflocculant 
could potentially be an alternative to many 
inorganic and synthetic flocculants. Table 1 
shows the summary of various microbial-
derived bioflocculants and their functions. 

CONCLUSION

POME has been demonstrated as a suitable 
medium for bioflocculant production. The 
production of bioflocculant from POME 
provides both the environmental and 
economic benefits. This value-addition 
hopefully can change the negative 
perception of POME as being polluting. 
The produced bioflocculant showed higher 
efficiency in precipitating microalgae than 
the conventionally-employed flocculants. 
With its high stability across a broad 
temperature and pH range, as well as 
its biodegradability, this POME-derived 
bioflocculant could be an attractive low-cost 
candidate for further exploitation in other 
industrial processes. 
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TABLE 1.  APPLICATION OF MICROBIAL-DERIVED BIOFLOCCULANTS

Application Remarks/examples Reference

Water treatment Bioflocculant from Bacillus licheniformis used for drinking 
water treatment Li et al. (2009)

Bacillus subtilis, Exiguobacterium acetylicum, Kebsiella 
terrigena, Staphylococcus aureus, Pseudomonas 
pseudoalcaligenes and Pseudomonas plecoglossicida to treat 
river water turbidity 

Buthelezi et al. (2009)

Pseudomonas aeruginosa and Pseudomonas putida able to 
remove natural organic matters in river water Wang et al. (2012)

Wastewater 
treatment

Bioflocculant from Serratia ficaria applicable to treat 
different industrial wastewater i.e. brewery, soy a sauce 
brewing, meat processing, pulp and paper

Gong et al. (2008)

Bacillus mucilaginosus able to remove 85% of COD and 
68.5% of SS from starch wastewater Deng et al. (2003)

Bacillus mucilaginosus used to treat municipal, brewage, 
and pharmaceutical wastewater Lian et al. (2008)

Paenibacillus elgii B69 removed 68% of COD and 83% of 
turbidity Li et al. (2013)

Colour removal 
from wastewater

Bioflocculant from Bacillus, Exiguobacterium, Klebsiella, 
Pseudomonas and Staphylococcus to decolorize dye (basic 
fushine) and Chromium

Buthelezi (2008)

Klebsiella mobilis were efficient in flocculating some 
disperse dyes Wang et al. (2007)

Proteus mirabilis were effective in hazardous dye (basic 
blue 54) removal Zhang et al. (2009)

Metal removal A significant removal of Pb2+, Zn2+, and Hg2+ by 
bioflocculant from Bacillus, Halomonas, Psedomonas and 
Paenibacillus

Lin and Harichund 
(2011)

Removal of Pb2+, Cu2+, and Zn2+ by Bacillus subtilis Mikutta et al. (2012)

Toxic organic 
compound 
removal

Polycyclic aromatic hydrocarbon (PAHs) degradation 
removal Zhang et al. (2011)

Zooglea sp. and Aspergillus niger degraded 30% of pyrene Jia et al. (2011)

Synthesis of 
nanoparticles

Nano-scale silver can be synthesised in reverse micelles 
using bioflocculant Bacillus subtilis MSBN17 as stabiliser

Sathiyanarayanan et 
al. (2013)

Microalgae 
harvesting

Microalgae Nannochloropsis oceanica DUT01 and Chlorella 
minutissima UTEX2341 harvested using bioflocculant 
from Solibacillus silvestris W01

Wan et al. (2013)

Microalgae C. minutissima UTEX2341 harvested using 
bioflocculant from Bacillus agaradhaerens C9 Liu et al. (2015)

Microalgae Chlorella vulgaris UMACC283 harvested using 
bioflocculant from Bacillus marisflavi  NA8 This study

Note: COD = chemical oxygen demand, SS = suspended solids.
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SKF MALAYSIA SDN BHD

® SKF is a registered trademark of the SKF Group.  |  © SKF Group 

Introducing new 
bearings with 
su�x VA9A1

A new range of cost-optimized spherical 
roller bearings and spherical roller thrust 
bearings – identified by the designation 
suffix VAA

Customer benefits
• Lower maintenance cost
• Developed for lower speeds
• Direct interchangeability

SKF capabilities for the palm oil industry

+
YEARS OF KNOWLEDGE 

ENGINEERING

SKF Malaysia Sdn. Bhd. (-K)
, Jalan Sultan Azlan Shah,  Kuala Lumpur
Tel: –  Fax: – 
Website: www.skf.com.my
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YKL  ENGINEERING SDN BHD

• To achieve the discharge particulate matters below 150ppm after boiler chimney
• Suitable to install for any biomass boiler

• The dust laden flue gas flows through a system which consists of    
   collecting electrodes and discharge electrodes.
•  The high field strength in the vicinity of the discharge electrodes 
   to create a CORONA EFFECT.
• The charged dust particles will migrate to collecting electrodes 
   and dust layer will accumulated and formed.
• The accumulated dust layer will remove to the hopper by the 
   rapping system.

Electrostatic Precipitator (ESP)

• The dust laden flue gas flow through swirl vane plane causing the 
   gas to swirl upward inside the cylindrical compartment.
• The counter flow of water film created by the spiral nozzles to 
   provide the scrubbing action on the dust laden gas.
• The dust will trapped by the water and flows down the cylindrical 
   compartment to the discharge point.
• The clean gas then flow out at the top of cylindrical compartment

Wet Scrubber

SOLID REMOVAL & OIL RECOVERY SYSTEM

YKL ENGINEERING SDN. BHD.
YTH AGRI-TECHNOLOGY SDN. BHD.
PT. YKL INDONESIA
Lot 663, Batu 10, Kampung Paya Panjang, Bukit Pasir, 84300 Muar, Johor, Malaysia.
Tel  : +606-9859 155 / +606-9859076 / +606-9857 518            Fax : +606-9857 567 / +606-9857 576
Email : ykl@yklgroup.com.my                                                  Website : www.yklgroup.com.my

A Proven technology where it can solve mill raw sludge discharge problem 
in the mill oil room itself by removal of suspended solids, reduction of 
COD/BOD, and recovery of oil with payback in 2-3 years. It contributes up 
to 30% of mill’s profit. The system stops the problem before it becomes a 
problem in the effluent ponds !

Raw sludge filter through AquaEco Reactor produces a clear filtrate with 
negligible oil and suspended solids. COD/BOD of discharge is reduced by 
65% to 75%. Increase Oil Extraction Rate (OER) of mill 0.4% - 0.6%.

* The system has consistently shows that there is less than 
  300ppm of oil and less than 300ppm of suspended solids 
  in the filtrate. COD-BOD of filtrate discharge to effluent 
  pond is about 30% of original raw sludge COD-BOD.

FILTRATE TEST RESULTS :

POME Filtrate

  pH VALUE APHA 4500-H B 4.73@25.6°C 4.69@25.6°C

  Biochemical Oxygen Demand
  (3 Days @ 30°C), mg/L

DL-LAB-TM01
(based on MN Method 8-22)

48.100 13.410

  Chemical Oxygen Demand,
  mg/L

DL-LAB-TM02
(based on MN Method 0-26; 0-28; 0-29)

78.000 19.500

  Ammonial Nitrogen (NH3-N),
  mg/L

DL-LAB-TM03
(based on MN Method 1-05)

70 12

  Total Nitrogen, mg/L
DL-LAB-TM04

(based on MN Method 0-88)
590 28

  Oil and Grease, mg/L DOE (M) Reference Method 13.812 3

  Suspended Solids, mg/L DOE (M) Reference Method 24.600 31

  Total Solids, mg/L APHA 2540 B 49.750 20.760

Type of Test Test Methods Results

BOD 70% Reduction 

COD 75% Reduction 

Oil is almost  
non-detectable 

99.90% of Suspended 
Solids removed 

* AquaEco cutting edge patented green technology 
  provides the first real breakthrough to recover residual oil 
  and remove all suspended solids from raw sludge at the Oil 
  Room before discharge to the effluent ponds.

( Reg. No.: 568547-U )

( Reg. No.: 820140-D )
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• To achieve the discharge particulate matters below 150ppm after boiler chimney
• Suitable to install for any biomass boiler

• The dust laden flue gas flows through a system which consists of    
   collecting electrodes and discharge electrodes.
•  The high field strength in the vicinity of the discharge electrodes 
   to create a CORONA EFFECT.
• The charged dust particles will migrate to collecting electrodes 
   and dust layer will accumulated and formed.
• The accumulated dust layer will remove to the hopper by the 
   rapping system.

Electrostatic Precipitator (ESP)

• The dust laden flue gas flow through swirl vane plane causing the 
   gas to swirl upward inside the cylindrical compartment.
• The counter flow of water film created by the spiral nozzles to 
   provide the scrubbing action on the dust laden gas.
• The dust will trapped by the water and flows down the cylindrical 
   compartment to the discharge point.
• The clean gas then flow out at the top of cylindrical compartment

Wet Scrubber

SOLID REMOVAL & OIL RECOVERY SYSTEM

YKL ENGINEERING SDN. BHD.
YTH AGRI-TECHNOLOGY SDN. BHD.
PT. YKL INDONESIA
Lot 663, Batu 10, Kampung Paya Panjang, Bukit Pasir, 84300 Muar, Johor, Malaysia.
Tel  : +606-9859 155 / +606-9859076 / +606-9857 518            Fax : +606-9857 567 / +606-9857 576
Email : ykl@yklgroup.com.my                                                  Website : www.yklgroup.com.my

A Proven technology where it can solve mill raw sludge discharge problem 
in the mill oil room itself by removal of suspended solids, reduction of 
COD/BOD, and recovery of oil with payback in 2-3 years. It contributes up 
to 30% of mill’s profit. The system stops the problem before it becomes a 
problem in the effluent ponds !

Raw sludge filter through AquaEco Reactor produces a clear filtrate with 
negligible oil and suspended solids. COD/BOD of discharge is reduced by 
65% to 75%. Increase Oil Extraction Rate (OER) of mill 0.4% - 0.6%.

* The system has consistently shows that there is less than 
  300ppm of oil and less than 300ppm of suspended solids 
  in the filtrate. COD-BOD of filtrate discharge to effluent 
  pond is about 30% of original raw sludge COD-BOD.

FILTRATE TEST RESULTS :

POME Filtrate

  pH VALUE APHA 4500-H B 4.73@25.6°C 4.69@25.6°C

  Biochemical Oxygen Demand
  (3 Days @ 30°C), mg/L

DL-LAB-TM01
(based on MN Method 8-22)

48.100 13.410

  Chemical Oxygen Demand,
  mg/L

DL-LAB-TM02
(based on MN Method 0-26; 0-28; 0-29)

78.000 19.500

  Ammonial Nitrogen (NH3-N),
  mg/L

DL-LAB-TM03
(based on MN Method 1-05)

70 12

  Total Nitrogen, mg/L
DL-LAB-TM04

(based on MN Method 0-88)
590 28

  Oil and Grease, mg/L DOE (M) Reference Method 13.812 3

  Suspended Solids, mg/L DOE (M) Reference Method 24.600 31

  Total Solids, mg/L APHA 2540 B 49.750 20.760

Type of Test Test Methods Results

BOD 70% Reduction 

COD 75% Reduction 

Oil is almost  
non-detectable 

99.90% of Suspended 
Solids removed 

* AquaEco cutting edge patented green technology 
  provides the first real breakthrough to recover residual oil 
  and remove all suspended solids from raw sludge at the Oil 
  Room before discharge to the effluent ponds.

( Reg. No.: 568547-U )

( Reg. No.: 820140-D )
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The answer is NO!

I f the deaeration had been carried out 
properly, every bunch will be stripped 
completely of fruits that contain oil. If 

1% to 3% of the fruits refused to budge from 
a bunch it is not worth the effort to force 
them to strip off by recycling the bunch as 
most probably they do not contain any oil or 
nut and also during second stripping they 
may still remain unstripped.

The main reason for poor stripping 
efficiency in a steriliser is the missing 
thermometer that can show the prevailing 
temperature in the steriliser chamber. It is 
unfortunate the sterilisers are operating 
without the aid of a simple thermometer that 
will tell loud and clear the actual deaeration 
efficiency at any time during a sterilisation 
cycle. Currently the engineers rely on the 
pressure gauge reading to confirm that 
steriliser pressure showing 3 bar pressure 
is performing an efficient deaerating 
operation. The pressure gauge reading 
is sum of the partial pressure of steam 
and air that is remaining in the steriliser 
chamber. This information does not tell the 
effectiveness of the deaeration process. 

If there is a thermometer mounted on the 
steriliser chamber it will tell the engineers 
everything he wants to know about what 
is happening inside the pressure vessel.  
If for example the thermometer shows a 
temperature of 127.40°C and the pressure 
gauge shows 3 bar it simply means that the 
deaeration is not satisfactory.

In addition, it also shows that at 127.40°C 
the steam pressure is only 1.5 bar the 
remaining 1.5 bar being the pressure of air. 
The steriliser chamber then will contain 
50% air and 50% steam. If by improving the 
deaeration cycle you succeeded in getting 
a temperature of 140°C the steam pressure 
will be 2.6 bar and the air pressure only 
0.4 bar. This shows that the deaeration was 
efficiently carried out and the question of 
unstripped bunches may never arise again. 

The data sheet in this issue contains the 
properties of steam from 1 bar to 4 bar at 
intervals of 0.1 that can be mounted on 
a column near your sterilisers so that by 
looking at the temperature you can get the 
steam pressure in the steriliser chamber. If it 
is more than 2.5 bar your steriliser operation 
is very satisfactory.

Remember that the double stripping is 
like fighting the consequences of a badly 
performed process operation and try to 
completely avoid double stripping.

Double Stripping – Is this Necessary?

N Ravi Menon*

* Malaysian Palm Oil Board (MPOB),
 6, Persiaran Institusi,
 Bandar Baru Bangi,
 43000 Kajang, Selangor, Malaysia.
 E-mail: nravi@mpob.gov.my

Titbits
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Datasheet

Steam Tables for Steriliser Deaeration Performance Check
N Ravi Menon*

Note: If the steriliser temperature is 140°C, the partial pressure of steam is 2.6 bar and that of air is only 0.3 bar   
indicating efficient deaeration. If the temperature is 127°C , the steam is only 1.5 bar the same as air indication 
poor deaeration.  Refer to page 56 for details.

* Malaysian Palm Oil Board,
 6, Persiaran Institusi, Bandar Baru Bangi,
 43000 Kajang, Selangor, Malaysia.
 E-mail: nravi@mpob.gov.my

Pressure 
Bar(abs) Temp t (oC) Sp Vol m3 kg-1 Sp.enthalpy kJ 

kg-1 water
Latent heat kJ 

kg-1 vapour
Sp.enthalpy kJ 

kg-1 steam
Gauge(-1)

1.0 99.60 1.694 417 2 258 2 675
1.1 102.30 1.549 429 2 251 2 680
1.2 104.80 1.428 439 2 244 2 683
1.3 107.10 1.325 449 2 238 2 687
1.4 109.30 1.236 458 2 232 2 690
1.5 111.40 1.159 467 2 226 2 693
1.6 113.00 1.091 475 2 221 2 696
1.7 115.20 1.031 483 2 216 2 699
1.8 116.90 0.977 491 2 211 2 702
1.9 118.60 0.929 498 2 206 2 704
2.0 120.20 0.886 505 2 202 2 207
2.1 121.80 0.846 511 2 195 2 709
2.2 123.30 0.810 518 2 193 2 711
2.3 124.70 0.770 524 2 189 2 713
2.4 126.10 0.747 530 2 185 2 715
2.5 127.40 0.719 535 2 182 2 717
2.6 128.70 0.693 541 2 178 2 719
2.7 130.00 0.669 546 2 174 2 720
2.8 131.20 0.646 551 2 171 2 722
2.9 132.40 0.625 556 2 168 2 724
3.0 133.5 0.606 561 2 164 2 275
3.1 134.58 0.589 566 2 161 2 366
3.2 135.68 0.573 570 2 158 2 458
3.3 136.78 0.557 575 2 154 2 549
3.4 137.80 0.540 579 2 151 2 641
3.5 138.90 0.524 584 2 148 2 732
3.6 139.84 0.526 588 2 145 2 233
3.7 140.78 0.510 592 2 142 2 735
3.8 141.72 0.494 597 2 140 2 736
3.9 142.66 0.487 601 2 137 2 738
4.0 143.60 0.462 605 2 134 2 739
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SM-CYCLO (M) SDN BHD

Complete and Powerful Solutions for Palm Oil Industry

W H Y  H A N S E N  I N D U S T R I A L  G E A R B O X E S ?

INDONESIA PT SM-Cyclo Indonesia, Jakarta, Tel:+62-21-2961 2100/ Fax: +62-21-2961 2211/ Email: inquiry@sumitomodrive.com.sg 
 Jakarta: +62 812-8649-7574  Medan: +62 811-1-975-973  Surabaya: +62 8119-503110    

MALAYSIA SM-Cyclo (Malaysia) Sdn. Bhd, Kuala Lumpur, Tel: +603-5121 0455/ Fax: +603-5121 0578/ Email: smmasupport@smma.shi.co.jp
 Johor: +6019-238 6101   Penang: +6019-470 3737  Ipoh: +6019-650 2909  
 Sabah: +6019-380 2909    Sarawak: +6019-335 0455

PHILIPPINES  Sumitomo (SHI) Cyclo Drive Asia Paci�c Pte. Ltd., Tel: +632  584 4291/(6346) 430 3591/ Fax: +632  584 4922
 Email: inquiry@sumitomodrive.com.sg

SINGAPORE   Sumitomo (SHI) Cyclo Drive Asia Paci�c Pte. Ltd., Tel: +65 6591 7800/ Fax: +65 6863 4238/ Email: inquiry@sumitomodrive.com.sg

THAILAND  SM-Cyclo (Thailand) Co. Ltd., Tel: +66 2670 0998/ Fax: +66 2670 0999/ Email: inquiry@sumitomodrive.com.sg

VIETNAM SM-Cyclo (Vietnam) Co. Ltd., Ho Chi Minh Tel: +84 8 3766 3709/ Fax: +84 8 3766 3710 
 HaNoi  Tel: +84 4 3767 2716 Fax: +84 4 3767 2770/ Email: inquiry@sumitomodrive.com.sg

www.sumitomodrive.com

Inspection Cover Above the Oil Level
For easy inspection and service on the spot

Superior Design
For maximum sti�ness of all components under load

Continuous Oil Circulation Through Bearing
For long trouble-free working life

Unique Oil-Lock™ System
For maintenace-free sealing

Carburized and Ground Gearing
For strength, torque capacity, surface durability
and low noise

Drywell on Vertical Down Shaft
For prevention of oil leakage

Refined Internal Housing
For simple and complete oil drainage
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ADVERTISEMENT
ue to the increased cost of printing, the advertisement rate is RM 848 (inclusive of 
6% GST) per issue for an A4 size page of black and white, whereas the cost for 
colour is RM 1060 (inclusive of 6% GST). One year of complimentary Vendor’s List 
advertisement for every one page A4-size colour or black & white advertisement. 
Advertisers are required to submit to us either their own black and white or colour 

  .’draoB liO mlaP naisyalaM‘ eht ot elbayap edam eb dluohs euqehC .DC ni krowtra
If you have any queries, please contact the following at MPOB.

Tel: 03-87694400      Fax:  03-89262971

Dr Astimar Abdul Aziz  ext: 4406  •  Rohaya M Halim   ext: 4457 • Lim Soo Chin   ext: 4676 
E-mail:  milleng@mpob.gov.my 

Advertising Schedule for MPOB Palm Oil Engineering Bulletin 

Issue Quarter Deadline for
Registration

Deadline for
Submission of Artwork

125 Oct - Dec 2017 31 Oct 2017 30 Nov 2017
126 Jan - Mar 2018 30 Jan 2018 27 Feb 2018
127 April - June 2018 28 April 2018 31 May 2018
128 July - Sept 2018 31 July 2018 30 Aug 2018

REPLY-SLIP

Dr Astimar Abdul Aziz/Rohaya M Halim
Engineering and Processing Division 
Palm Oil Engineering Bulletin
MPOB
6, Persiaran Institusi
Bandar Baru Bangi
43000 Kajang, Selangor

PALM OIL ENGINEERING  BULLETIN ADVERTISEMENT – FULL PAGE ADVERTISEMENT

Palm Oil Engineering Bulletin.  

Company: 

Address: 

E-mail:                                                     Tel. No.:                              Fax No.: 
 
Contact Person:                                                             Issue No.: 

2.  The artwork is attached/will be sent on                                                        for your further action.

3.        for RM 
 (                                                                                      ) being payment for the advertisement fee.

4.  Thank you.

              
                 (Signature and Date)                                                                 (Company stamp)

D
✃ * Made payable to ‘MALAYSIAN PALM OIL BOARD’.

Advertisement Reply Form received on/after 1 April 2015 will be subjected to 6% Goods and Services Tax (GST) 
as imposed by the Malaysian Government.
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Inspection Cover Above the Oil Level
For easy inspection and service on the spot
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Continuous Oil Circulation Through Bearing
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✃

ollowing a decision by the Editorial Board to further increase the role of Palm Oil Engineering Bulletin to serve the 
industry better, a new addition called Palm Oil Mill Vendor’s List has been introduced similar to Telekom Yellow 
Pages to assist mill engineers to know where to source materials or services pertaining to the industry. In order to 
make this useful, we need the co-operation of the mill engineers/managers to persuade their vendors to advertise 
in the Vendor’s List for a nominal fee of RM 106/year (inclusive of 6% GST). If you have any queries, please 
contact the following at MPOB.

Tel: 03-87694400     Fax: 03-89262971

Rohaya M Halim  ext. 4457  or  e-mail:  rohaya@mpob.gov.my 
Ms. Lim Soo Chin ext. 4676  or  e-mail:  milleng@mpob.gov.my 

REPLY SLIP

Dr. Astimar Abdul Aziz/Rohaya M Halim
Engineering and Processing Division 
Palm Oil Engineering Bulletin Advertisement
MPOB, 6, Persiaran Institusi, Bandar Baru Bangi, 43000 Kajang, Selangor, Malaysia.

We wish to advertise in the MPOB Palm Oil Engineering Bulletin Vendor’s List

Company:                                                                                      Issue No.: 

Contact Person:                                                                               H/P:  

Address: 

E-mail:                                                               Tel:                                        Fax: 

          Bank:

for RM:                                    (Ringgit Malaysia)

drawn in favour of  MALAYSIAN PALM OIL BOARD

Please select the headings from the list given below (not more than five headings) under which you wish to advertise.

Air separators/pneumatic system
Bearings/belts/bushes/pulley
Bio-compost/biomass/bio-products
Boiler spares/control/others
Bioler suppliers and related services 
Bioler suppliers 
Bunch crushers
Castings/fabrication work/welding
Civil engineering works 
Cleaning - general/sand dashing
Condition monitoring services

Control systems/automation/spares
Conveyors/chains/elevators/belts etc.
Dust collectors
Diesel engines/spares/services
Dynamic balancing 
Edible oil processing system
Electric motors/electrical systems
Expansion joints/insulations
Fabrication /casting/welding

Signature:      

Name:  

Date:                                                                                                          Company stamp
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F

Fans/heat exchanger/services 
Filter press/materials/vibrating screens
Fluid control system/couplings
Gaskets/packing materials/seals
Gear boxes/geared motors
Hardware (M.S. pipes, M.S plates, etc.) 
Heat exchanger
Hydraulic systems/services/spares 
Laboratory analysis/chemicals
Laboratory fittings and furnitures
Laboratory equipment/fittings etc.
Lubricants (food grade/hydro carbon)
Meters/flow/thermos/pressure gauge
Mill machinery/spares
Miscellaneous
Nut crackers
Oil recovery systems
Palm kernel oil crushing plant
Plate heat exchanger
Pollution control/safety systems 
Power plant and related equipment
Pressure vacuum vessels/tanks

Pumps/services 

Renewable energy
Screw press/parts 
Scrubbers/biogas
Sludge separators/decanters
Steam turbines/generators/spares
Steriliser/parts
Storage tanks/silos/vessels etc.
Vacuum pumps/dryer etc.
Valves/seats etc.
Vibrators (industrial)/related equipment
Water treatment 
Waste water treatment/services 
Weighing machines/spares
Welding equipments/spares
Wheel loaders/spares 

(Company Stamp)
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#

From:       

Address:   

Question/Comment:

Signed:                                                                                            Date:  

(We have enclosed this form to assist you in sending to us any questions or comments)
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Chairman
The Editorial Board
Palm Oil Engineering Bulletin 
Malaysian Palm Oil Board 
P. O. Box 10620
50720 Kuala Lumpur
Malaysia

STAMP
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