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t the time of writing this editorial (end 
of June 2013), Malaysia and Singa-
pore are still experiencing the impact 
of open burning across our borders. 

Blaming any country does not help. What we 
need is to identify the problem and then find a 
solution for it. The news of schools being closed 
down and other issues arising from the haze 
caused by open burning is disheartening be-
cause there were many options and time availa-
ble to contain it. Preventive action  by the indus-
try as well as the department in charge of issues 
related to open burning  in the country where it 
originated could have failed due to unavoidable 
circumstances. 

The practice of open burning has most prob-
ably been ongoing for some time as an accept-
ed method of getting rid of the vast volume of 
biomass that would otherwise become a surplus 
commodity needing expensive disposal when 
setting up any type of organised cultivation. So 
one thing is clear; the biomass must be disposed 
of for cultivation to commence. How this has to 
be executed without harming the environment is 
the problem that has to be addressed amicably? 
It is no use blaming any country as what is re-
quired is the solution to the problem.

In Indonesia, paddy fields used to be set on 
fire after harvesting to clear the field for replant-
ing. This was a procedure practiced for centu-
ries and nothing untoward happened and no 
one complained about haze as most probably 
the people accepted it as a necessary evil and 
learned to consider it as a normal occurrence. 
But the  present global environmental concerns 
and its protection have changed people’s per-
ception of pollution and its control. This aware-
ness and the dissemination of its impact to the 
world population has made the nations world-
wide to consider implementing measures to ad-
dress the environmental pollution.

In addition, the massive transmigration 
policy in Indonesia brings new land under cul-
tivation coupled with the peculiar nature of land 
ownership system prevailing there encourages 
open burning.  In Indonesia, a person owns as 
much land as he wishes if he can clear the jun-
gle where the land is located. In most cases, he 
clears a lot more than what he normally requires 
to put up a house and some cassava plants for 
his simple subsistence. If the cleared land turns 
back into jungle then he forgoes his land owner-
ship status.   In order to retain ownership of the 
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land, the settler usually burns the jungle on a reg-
ular basis  during dry season. So throughout the 
year this burning by millions of settlers is a normal 
occurrence attracting no attention from anyone. 

Indonesia will have to clear some of the ter-
tiary jungle for agriculture cultivation  as a means 
to provide livelihood to its thriving population. 
No one can deny them that right. The burning 
also can be allowed provided it does not contrib-
ute towards haze. After all,  significant amount of 
fuel  is burnt in power station boilers and no one 
complains. In this case, if the biomass can be trans-
ported to a power station within the mill, where 
together with the mill waste, electricity can be gen-
erated and exported to  a grid system linking all 
other similar power plant units eventually to form 
a renewable energy (RE) grid system. If Indonesia 
can consider this option, this perpetual problem of 
open burning and the accompanying haze night-
mare can be erased from the Indonesian history. 
This way, the devil that caused international fury 
can effectively be transferred to an angel and in its 
wake the national income also will surge upwards. 
What is strange about this problem is why no one 
is pursuing this line as it can kill two birds with 
one stone?

In the past few decades, the Indonesian oil 
palm cultivation has been expanding by leaps and 
bounds. The huge plantations (called Nucleus) set 
up by foreign investors with mills that are obliged 
to process their crop as well as that of smallhold-
er’s (called Plasma) crop encouraged the settlers 
to clear the surrounding land by open burning. 
This added on to the already existing open burn-
ing practice in paddy fields. 

But in places like Riau, the peat soil offers an-
other attractive spot for the fire to carry out its de-
struction during dry season. A fire can start easily 
by a cigarette butt and it can spread steadily with 
nothing to obstruct its progress other than a heavy 
rain.  The peat burning also played a prominent 
role in the present haze. 

  
So there are a number of reasons for the open 

burning practices in Indonesia. It is almost impos-
sible to stop it unless the people are re-educated 
but no one shows any concern when the land is 
under fire and the people continue their routine 
tasks. What they need is not criticism but con-
structive suggestions to let the people have their 
regular meals and basic necessities  followed by 
education on environmental issues.
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MPOB TRAINING PROGRAMME SCHEDULE 2013

CODE 
NO. TITLE DATE VENUE

A COURSES 

1 OIL PALM

A1.1 Kursus Kemahiran Menggred Buah Sawit

Peperiksaan Bil. 17 (Semenanjung) * *

Peperiksaan Bil. 16 (Sabah) * *

A1.2 Kursus Operator Mekanisasi Ladang

Tahap 1 dan 2 Mac PLASMA Keratong, 
Pahang

Tahap 1 dan 2 Sep PLASMA Keratong, 
Pahang 

A1.3 Kursus Pengurusan dan Penyelenggaraan 
Tapak Nurseri Sawit

Bil. 4: Wilayah Utara dan Tengah 10 – 11 Sep Grand Court, 
Teluk Intan, Perak

2 PALM OIL

A2.1 Diploma in Palm Oil Milling Technology 
and Management (DIPOM)

Exam Semester III 2 – 3 Sep MPOB HQ

A2.2 The 27th MPOB Oil Palm Products Surveying 
Course

2 – 6 Sep Premiere Hotel, 
Klang, Selangor

A2.3 The 26th MPOB Oil Palm Products Surveying 
Examination 

26 – 28 Nov *

A2.4 Kursus Penyelia Kilang Minyak Sawit

Peperiksaan

23 – 27 Sep

11 Nov

PLASMA Lahad Datu, 
Sabah

PLASMA Lahad Datu, 
Sabah
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For enquiry or further information, please contact:

HRD & Conference Management Unit
Tel. No.  :   03-8769 4400 ext. 4865, 4867
Fax No.  :  03-8925 7549
E-mail  :  rubaah@mpob.gov.my
MPOB’s website  :  www.mpob.gov.my

All information are correct as at press time.

A2.5 Kursus Pengendali Makmal Kilang Minyak Sawit 30 Sep – 9 Okt MPOB HQ

A2.6 Kursus Rawatan Efluen Sawit

Wilayah Sarawak
Wilayah Semenanjung

*
*

*
*

A2.7 Kursus Penyelia Bengkel Kilang Sawit 30 Sep – 4 Okt MPOB HQ

A2.8 Kursus Drebar Enjin 25 – 28 Nov MPOB HQ 

B MPOB CONFERENCES AND SEMINARS

1 33rd Palm Oil Familiarisation Programme 1 – 8 Sep Sheraton Hotel, 
Kuala Lumpur

2 2013 International Conference on Oil Palm and the 
Environment

24 – 25 Oct MAEPS, Serdang

3 5th MPOB-IOPRI International Seminar on Sustaina-
ble Management of Pests and Ganoderma Disease 
in Oil Palm

14 – 15 Nov KLCC, 
Kuala Lumpur

4 PIPOC 2013 19 – 21 Nov KLCC, Kuala Lumpur

Training & Seminars

Note: *To be confirmed.
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Palm Oil Mill OER and Total Oil Losses
Othman Walat* and  Ng Say Bock **

T
INTRODUCTION

he use of oil extraction rate (OER) 
as a tool to measure performance 
has created a lot of problems for 
the estates and mills. This is be-

cause OER on its own does not tell us where 
the problem is. Whenever OER is low, the 
estates point their fingers at the mills and 
vice versa. In reality, OER is in ‘no man’s 
land’ and both parties do not want to be 
held responsible for something that is not 
within their control. Such ‘finger-pointing’ 
will continue as long as OER is looked at in 
isolation without making any cross refer-
ence to oil losses. This article proposes the 
incorporation of ‘oil losses’ into the OER 
equation to complement the existing meth-
od of assessing estate and mill performanc-
es. Once the fresh fruit bunches (FFB) are 
weighed in, the mill must be held respon-
sible for all oil losses within the perimeters 
of the mill. The estate, on the other hand, 
takes ownership of ‘total oil’, which is ‘OER 
plus oil losses’. For the system to work, ‘all 

areas’ of oil losses must be quantified and 
subjected to regular independent checks. 
The focus is on oil as the same can be drawn 
up for kernels.

TOTAL OIL

Barring security problems, the total oil com-
ing into the mill from the estate is the total 
sum of what the mill recovers, which is OER 
plus whatever the mill loses in the process. 
This can be represented by the equation:

Total oil = OER + oil losses

Rearranging the equation, we have:
                   

Total oil – oil losses  =  OER 

This equation takes away the ambiguity 
surrounding OER and directs the responsi-
bilities to the respective parties. This means 
that the estate will be responsible for the 
total oil going into the mill while the mill 
must provide an accurate account of what-
ever oil they lose from reception of FFB 
onwards. This, in effect, means that OER 
is the joint responsibility of both the estate 
and mill. If both parties operate within their 
own satisfactory limits, it does not  take a 
genius to conclude that there will be a net 
increase in OER. 
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While OER can be accurately deter-
mined and is subject to audit, the same can-
not be said of oil losses. There is an urgent 
need to review, expand and improve the 
monitoring of oil losses so as to capture the 
‘total’ oil losses in the mill to complement 
its use with OER. To be used effectively as 
a management tool, these oil losses need to 
be carried out or ‘audited’ by a third party 
at regular intervals. 

Low OER, Who is Responsible?

The hypothetical OER is shown in Table 1. 

In all cases, the OER is 18% and there are 
no clues as to why it is low. With the inclu-
sion of oil losses, we can infer in the first 
case, that the estate is the cause. The sec-
ond case points to milling problems while 
in the last case; both the mill and estate are 
jointly responsible for the low OER. It is 
obvious here that finger pointing between 
estate and mill will continue if we choose 
to look at OER in isolation. Nobody wants 
to acknowledge responsibility for low OER 
and even if they know they are the cause, it 
is unlikely that they will announce it. The 
inclusion of oil losses will take away the fin-
ger pointing and zero in on the cause. Oil 

TABLE 1.  HYPOTHETICAL OIL EXTRACTION RATE (OER) vs. MILL LOSSES

Estate Mill Management Responsibility of
Total oil

(%)
- Oil losses

(%)
= OER

(%)
Case 1: 20 - 2 = 18 Estate
Case 2: 23 - 5 = 18 Mill
Case 3: 21 - 3 = 18 Estate and mill

loss is the missing link that must be quoted 
in all discussions on OER.

Estate and Total Oil

The estate plays a critical role in ensur-
ing high total oil in FFB at the time of har-
vesting. The adage ‘oil is made in the fields 
and lost in the mills’, appropriately de-
scribes such a situation. The key to high to-
tal oil starts right in the field with a correct 
harvesting policy. 

TOTAL OIL AND HARVESTING POLICY

A harvesting policy is chosen to maximise 
oil recovery in the field and it is influenced 
by two factors, namely: harvesting rounds, 
HR (days between harvest in the same field) 
and minimum ripeness standards, MRS 
(minimum number of detached fruits per 
bunch). For a given HR, selecting a MRS 
will fix the total oil in FFB of that harvest. 
There is, however, a danger of lowering 
MRS too much so that it borders bunches 
without detached fruits. Table 2 (Woods et 
al., 1984) shows the sharp difference in oil 
content in bunches with and without de-
tached fruits. They were harvested from 
one palm on the same occasion. 

TABLE 2. OIL IN BUNCH WITH AND WITHOUT DETACHED FRUITS 

Bunch ripeness Oil to bunch
(%)

Black bunch, yellow mesocarp 13.6
Black bunch, red mesocarp 15.2
Red bunch, red mesocarp 20.8
Bunch with 31 loose fruits 22.3
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Harvesting 

It is common knowledge that in order to 
maximise oil recovery, the estate has to en-
sure the following are adhered to: 

• strictly maintaining the prescribed har-
vesting rounds;

• cutting only ripe bunches that is laid 
down in the policy;

• making sure no ripe bunch is left be-
hind; and  

• picking up all loose fruits.

It is of utmost importance that once a 
policy is adopted; the estate’s role is to en-
sure its compliance to the letter. 
    
Harvesting, the Practice

In reality, there are a host of practical is-
sues affecting harvesting as shown in Table 3.  

The Impact of Labour Shortage/Poor Su-
pervision

Low total oil in FFB is a direct result of 
selecting the wrong harvesting policy, cut-
ting black or unripe bunches and leaving 
behind loose fruits. Missing out on ripe 
bunches result in rotten bunches in the next 
round. The impact on total oil is summa-
rised below and it is important to consider 
them from an economic standpoint in deci-
sion-making on issues related to harvesting 
practices.

Unripe 
bunches

: a harvest with 5% of each 
category of unripe bunches 
without loose fruits (see 
Harvesting, the Practice 
section) will depress the total 
oil to bunch by close to 1%.

Poor loose 
fruits 
collection 

: for a 20 kg bunch, every 10 
loose fruits left uncollected 
lowers the total oil to bunch by 
about 0.2%.

Trash : bringing in 5% non-oil bearing 
tissues artificially decreases to-
tal oil to bunch by 1%.

MILLS AND OIL EXTRACTION

The mill’s role is to extract maximum oil 
from the FFB with minimum oil losses. Un-
fortunately, process control monitoring in 
the mill is aimed at quantifying ‘controlla-
ble’ losses, where adjustments can be made 
to reduce them. No emphasis is given to de-
termine total oil losses. It is our opinion that 
priority must now be given to quantify ‘all 
oil losses’ within the perimeter of the mill.

New Mills, Old Mills 

Most discussions on oil losses or OER 
invariably end up on whether an old mill 
gives a lower OER when compared to a 
new mill. The relevant question should be: 
‘how efficient are the mills in recovering oil 
from the fruits it receive?’  This is tabulated 
in Table 4. 

If we were to base our assessment on 
OER, we will conclude that Mill A is an in-
efficient mill. In actual fact, Mill A is more 
efficient in recovering oil from the fruits as 
it has a higher oil milling efficiency. Age of 
the mill does not come into the picture and 
is of no consequence in oil recovery. An in-
efficient mill, whether old or new, will show 
up as having high oil losses and has a low 
oil milling efficiency. The real need is for the 
‘oil losses’ to be accurately quantified be-
fore making the comparison. 

Process Control Measurements 

The starting points for measuring total 
by-products produced are shown in Table 5.

It is imperative to use accurate flow me-
ters and weighing equipment to quantify 
by-products being produced. The lack of 
emphasis and the absence of suitable meas-
urement equipment coupled with the inher-
ent difficulty in measuring have led some 
mills to estimate these measurements.
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Bulk Densities

An example is given here to highlight 
the inherent difficulty in quantifying fibres. 
A 30  t FFB hr-1 mill operating for 16 hr will 
produce 62 t of fibres. Installing a weighing 
equipment to measure this is not practi-
cal as it is equivalent to weighing 34 lorry 
loads of fibres daily (calculated from a bulk 
density of 130 kg m-3 and a lorry volume of 
14 m3). In such a case, the total fibre is de-
termined by weighing the total nuts pro-
duced for the day and then using the fibre 
to nut ratio test to quantify the total fibres 
produced. It is clear that nuts have to be ac-
curately weighed. The environment and the 
type of weighing machines used play a part 
in its effectiveness in such measurements.  

Sampling and Testing

Most mills have comprehensive docu-
ments on how these should and must be 
done. This however, will not be elaborated 
here. The importance of adhering to proper 
sampling procedures, techniques for sub-
sampling and testing of the by-products 

cannot be overemphasised here because in 
the final analysis, ‘the test results are only as 
good as the samples taken’.

OIL LOSSES IN THE MILL

An example of process control monitoring 
of oil losses in a mill is listed in Table 6. 

The bulk of the oil losses are in empty 
bunches, press cake fibre and sludge. A crit-
ical and often neglected area where losses 
can be high is in the recovery of unstripped 
bunches. Poorly sterilised bunches can run 
up as high as 40% and they have to be man-
ually recovered for re-sterilisation. Losses 
from poorly recovered unstripped bunches 
have been shown to be as high as 0.5% on 
FFB. 

Oil Losses not Measured

The areas of oil losses not measured in 
process control are:
• dumping of fruits on hopper top;
• loose fruits dropping between hopper 

grates;

TABLE 4.  OIL EXTRACTION RATE (OER) vs. MILL EFFICIENCY

Mill A Mill B
(i)   Oil losses   1.93   2.50
(ii)  OER 20.80 21.20
(iii) Total oil [(i)+(ii)] 22.73 23.70
(iv) Oil milling efficiency [(ii)/(iii) x 100]  92 %  89 %

TABLE 3. ISSUES AFFECTING HARVESTING

Cause Effect
Insufficient harvesters Extended harvesting rounds

 - Departure from harvesting policy
 - Rotten bunches

Insufficient loose fruit pickers Poor loose fruits collection

Poor supervision Black and unripe bunches
High unharvested bunches
High uncollected loose fruits
High trash in FFB
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• fruits spilled and crushed in the mar-
shalling yard; 

• drainage of process tanks;
• oil overflows from tanks; 
• desander discharges;
• tank washings;  
• purifier and centrifuge flushing; and 
• oil spillages.

The bulk of these ‘losses’ are gener-
ally recovered and recycled. Some of these 
losses are small and may appear inconse-
quential, as they do not happen all the time. 

Nonetheless, they have to be identified and 
measured and included in to cover all areas 
of losses within the mill.

The Need for Quantifying Total Oil Losses

However small the oil losses are, they 
have to be determined because they have 
already been accounted for when the FFB 
were weighed in. There could be inherent 
difficulties in measuring some of these by-
products. If they are proven to be burden-
some, then constants should be used to 

TABLE 5. STARTING POINTS FOR MEASURING TOTAL BY-PRODUCTS

By-product What is measured? How it is measured?

Empty bunches 
(EB)

A sample of fresh fruit bunch is 
weighed for sterilisation 

The EB recovered from the fresh fruit 
bunch are weighed after threshing

Unstripped 
bunches (USB)

Visual count of the  number of 
USB produced 

Calculating difference between theoreti-
cal and physical recovery 

Nuts Total nuts produced Basculator/flow estimation

Fibres None Derived from fibre to nuts ratio

Sludge Total sludge produced Basculator/flow estimation

Effluent Total effluent produced Basculator/flow estimation

TABLE 6.  OIL LOSSES AND MILLING EFFICIENCY

Source of oil loss Oil loss on FFB
Steriliser condensate 0.16
Empty bunches 0.56
Fruit loss in empty bunches 0.03
Unstripped bunches 0.02
Press cake fibre 0.55
Nuts 0.06
Sludge/decanter 0.46
Washings/spillages 0.09
Oil losses 1.93%
Oil extraction rate 20.80%
Total oil (1.93 +20.80) 22.73%
Oil milling efficiency  (20.80/ 
22.73 x 100)

92%

 
Note: FFB – fresh fruit bunch.
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‘signify’ that there are also other areas of oil 
losses that are not included in the process 
control oil loss assessment. 

Practical Constraints in Quantifying Oil 
Losses

Having stressed the importance of deter-
mining total oil loss in a mill, there are also 
practical limitations in getting such meas-
urements. How does one go about quan-
tifying oil losses at the hopper top? In the 
process of pushing the fruits into the hop-
per, the tractor runs over some fruits crush-
ing them and leaving the oil on top of con-
crete surface and on the tractor tyres. Even 
if one can find a way to quantify them, how 
accurate can such measurements be? Then 
again, this measurement cannot be carried 
out on a daily basis without disrupting mill 
processing. 

Dumping of FFB on the hopper top must 
be avoided at all cost. It is prudent to invest 
in more cages or hoppers to avoid such oil 
losses and end up with quality problems. 
If it must be dumped, then a series of te-
dious tests are required where the FFB are 
weighed before and after dumping on the 
hopper top. The difference in weight can 
be multiplied against fixed oil in fruits con-
stant and adjusted for moisture loss. Such 
readings should be applied each time the 
FFB is dumped on the hopper top.  

CONCLUSION

Interpreting OER on its own without men-
tioning its associated oil losses can be er-
roneous and can lead to inaccurate conclu-
sions. With the inclusion of total oil losses, 
the responsibilities of both estates and mills 
are clearly defined putting an end to finger 
pointing when OER is low. It is necessary 
for such important assessment to be carried 
out by an independent party. There is also 
an urgent need, however, to review and im-
prove the existing methods of measuring 
oil losses in the mill. In addition to this, ‘all 
oil losses’ that occur within the confines of 
the mill from the time the FFB is weighed 
in must be accounted for. It maybe a mam-
moth task but it is one, which has to be car-
ried out if one is serious about improving 
estate and milling efficiencies. 
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INTRODUCTION

he Mongana Report  can be called  
the treasure house of knowledge 
that has not been challenged by 
anyone yet.  Most of the best mill-

ing we practice have principles descended 
down from the research finding of the Mon-
gana Report or the Stork Review. This article 
is an abridged version of the Mongana Re-
port plus some input from the Stork Review. 
The readers are urged to read the full re-
port to gain more insight in this interest-
ing topic.   If a palm oil mill engineer wants 
to be an expert in milling, get hold of the 
Mongana Report as well as Stork Review and 
keep reading a number of times if needed 
to grasp the knowledge that is presented 
there. In this series of articles, we shall carry 
out a critical review of the processes. This 
is particularly needed now especially when 
the industry is pressurised to go modern. If 
modernisation is carried out without a good 
grasp of the fundamentals, money will be 
wasted on projects that will not work as the 
fundamentals will be missing.  So articles of 
this nature could help innovation oriented 
engineers who may unknowingly plunge 
into expensive ventures that may end up 
as failures. Process Review is intended to 
encourage the millers to review, in depth, 

all our milling processes so that they may 
stumble upon new ways of processing.  For 
doing that we may have to probe into some 
pages in history.
  

SPONTANEOUS AUTOCATALYTIC 
HYDROLYSIS AND ENZYMATIC 

HYDROLYSIS

In 1952, Loncin declared that the increase 
in the percentage of free fatty acid (FFA) in 
palm oil was due to spontaneous autocata-
lytic hydrolysis and not due to the enzy-
matic hydrolysis, a view that was held until 
then. Later it was found that autocatalytic 
hydrolysis may occur side by side with en-
zymatic hydrolysis under the following fa-
vourable conditions (Storks Review, 1960):

•  temperature below 50°C;
•  presence of moisture or dirt; and
•  infection by certain microbes.

The microorganism known as oospora 
pseudomonas flurorescens and geotrichum can-
didum are capable of splitting fat; the latter 
being capable of raising the FFA content of 
palm oil from 6% to 21% in 21 days if the oil 
contains enough moisture and dirt for the 
microorganism to multiply. 

Note 1

Care should be taken to ensure that fruit 
and oil storage points are kept clean. Dur-
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ing non-processing period, cooled down 
oil in tanks or pipelines can experience en-
zymatic hydrolysis resulting in increased 
acidity. 

Note 2

Contamination can also take place in 
road tankers. Make sure the internals are 
clean before pumping oil into them.

Note 3

Mixing dirty and high moisture/FFA  oil 
with clean and dry oil  with low FFA oil will 
not only cause a rapid rise of FFA in  the 
mixed oil,  the refineries will also not be able 
to refine this oil. The oil recovered from the 
sludge should not be added to the despatch 
oil which is not encouraged by  MPOB. If 
any mill continue with this unruly  practice,  
please discontinue. 

Note 4

A moisture content of 0.25% will be suf-
ficient to cause a rise in the FFA of palm oil.

Sterilisation (Mongana  Report, p. 27) 

One basic fact  that we have to con-
stantly bear in  mind at all  times is that we 
must have wet heat to accomplish proper 
sterilisation of fresh fruit bunch (FFB). So 
it is not logical to waste time and money to 
use microwave heating for the sterilisation 
of bunches. The other reason is that micro-
waves have short wavelengths that will not 
permit the heat to penetrate deep into the 
bunch. In Mongana Report, it was mentioned 
that the best heating suitable for sterilisa-
tion is wet steam.

The sterilisation process done by heating 
the bunches was originated by Fiekendy, 
Annam and Van Heurn  by accident with 
the initial objective to inhibit the lipase ac-
tivity in the pulp that caused the hydrolysis 
of the oil. Very soon they recognised other 
useful effects of wet or dry steam heating 

of the bunches. The application of this heat 
was found to increase greatly the settling 
ability of the crude oil. This gave birth to 
the still ongoing steam sterilisation system.

The following findings by Mongana re-
searchers will be very useful for the millers 
to remember when considering the devel-
opment of new ways of sterilisation.

.
 In the early days, heat was applied as 

steam at atmospheric pressure, dry heat or 
hot water and later steam under pressure 
became popular as the sterilisation cycle 
could be made shorter especially when the 
crop started being processed as bunches 
instead of loose fruits. With the advent of 
pressurised steam sterilisation becoming 
popular for processing bunches, other phe-
nomena were observed. 

Heat not only affected the lipase activity 
and the ability for the oil to settle but also 
the efficiency of the oil recovered from the 
digested mash, the recovery of the oil from 
the solids present in the crude oil, nut break-
age in continuous presses, the nut cracking 
efficiency, the oil bleach ability and other 
characteristics. The objective of sterilisation 
broadened considerably so that it may be 
said that sterilisation is the precursor of  all 
the subsequent processing operations.

THE EFFECTS OF DRY AND WET HEATS

When dry heat in the form of hot air was 
used the desiccation of a ripe bunch failed 
to induce the loosening of fruits even when 
kept in a furnace at 100°C for 128 hr. They 
became brittle but did not shed fruits. An 
increase in temperature did not improve the 
fruit detachment but had an impact on the 
colour of the fruit. After 3 to 4 hr, the dark 
red colour changed uniformly to brown. A 
slowing down of the natural fruit abscis-
sion was noted in bunches stored in dry air 
at 50oC to 60oC.
  

The prolonged storage of fruit bunches 
under water at high temperature has the 
property to split the fruit connection to the 
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bunch, a property that was made use of in 
the continuous sterilisation trials done at 
Mongana (Mongana Report, p. 33).

Quarter bunches and spikelet stored at 
temperatures between 3oC and -10oC re-
mained firmly attached to the bunch, while 
the control bunches kept at an ambient tem-
perature of 28oC stripped completely after 
24 hr. Also samples lightly sterilised for 1 
hr in water at 45°C - 50oC did not strip at 
all after 24 hr but stripped completely after 
five days, whilst the fruits of unsterilised 
bunches kept at a low temperature during 
the same period  did not detach themselves 
from the bunch.

 
This indicates that the natural process of 

fruit abscission is of enzymatic origin and 
its intensity decreases as the temperature 
departs from the ambient levels. It practi-
cally comes to a standstill at 100oC and 0oC  
(Mongana Report, p. 34).

The spikes immersed in hot water at dif-
ferent temperatures and at different dura-
tions indicated that for a bunch soaked in 
hot water at 90oC stripped completely in 
90 min, whereas at 100oC and 110oC, they 
stripped fully in 50 min  and 20 min,  re-
spectively. It was found that the addition 
of surfactants like caustic soda or alkyl-ar-
yl sulphonate at 0.5% concentration levels 
could accelerate the stripping process sig-
nificantly. This is something interesting that 
the industry do not seem to have pursued 
further. There is provision here for further 
research into the impact of  surfactants in 
stripping.

 
The stripping of fruits from the spikes 

did not seem to involve difficulties since it 
only required heating up the connecting tis-

sues to 110oC for approximately 20 min and 
at 100oC complete stripping was achieved 
in 45 min. The same was possible by using 
steam at atmospheric pressure (Mongana 
Report, p. 35).

The artificial abscission process is found 
to be directly governed by the tempera-
ture and following the law: log t = K (T-T1) 
(Mongana Report, p. 36). Table 1 shows the 
relationship between the time and the tem-
perature. Where, t is the time of sterilisation 
in minutes, T1 temperature of sterilisation 
and T a temperature approximately equal 
to 140oC and the constant K = 0.04.

If the same technique is applied to 
bunches instead of the spikes, the percent-
age of stripping was found to be extreme-
ly low. The soaking of spikes  in water at 
100oC for 1 hr ensures rupture of all inser-
tion points but if the same conditions are 
applied to bunches the result is very high 
percent of hard bunches. The study of heat 
transfer into the bunch indicates that the 
theoretical conductivity is extremely low. 

For instance, the core of a 15 kg bunch 
kept in an oven at 100oC reach a temperature 
of 48oC only after a dwelling time of 6 hr 
(Mongana Report, p. 37). If the temperature 
is 140oC corresponding to the saturation 
temperature of steam at about 2.6 bar (38 
psig), the core of an identical bunch reaches 
a temperature of only 51°C after the same 
period of 6 hr. The low thermal conductivity 
is inherent in the very nature of the bunches 
and in the air occluded in them (Mongana 
Report, p. 39). The thermal conductivity of 
air is about 10 times lower than that of oil 
and 30 times lower than water. Therefore, 
it is important to remove as much air as 
possible during sterilisation and this can be 

TABLE 1.  THE TIME vs. TEMPERATURE TO ACHIEVE 100% STRIPPING

Temperature 
(oC)

80 90 100 110 120 130 140

Time (min) 250 100 40 16 8 2 1
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done by  one of the following: extraction, 
diffusion or displacement but in actual 
practice the last one is found to be the most 
practical one.

The air extraction method consists in ap-
plying a vacuum either before sterilisation 
proper or after the heating of bunches. But 
this was found to be very time-consuming 
and moreover the steriliser is designed as a 
pressure vessel rather than a vacuum cham-
ber and this poses some problems related to 
safety.

 
In the case of a small vertical steriliser 

of 1 t capacity (Mongana Report, p. 43),  the 
theoretical time of diffusion is about 10 hr 
but in a horizontal 7.5 t steriliser, which 
provides a larger surface of contact the dif-
fusion time is shortened to about 3 hr.  The 
straight diffusion technique cannot be ap-
plied to mix steam to a large volume of air 
in a steriliser with a view to expel them 
through the pressure release valves.

The displacement of air under the ef-
fect of steam may be complete in a vessel 
of large dimensions (Mongana Report, p. 
47).  Steam is admitted slowly at the top of a 
horizontal steriliser and the air swept away 
from the steriliser. It is actually possible to 
observe in a horizontal steriliser the door 
of which is open that the steam remains at 
the top and shows no tendency to mix with 
air due to the marked density difference 
between the steam and air: 0.598 g dm-3 for 
dry saturated steam at 100oC against 1.043 g 
dm-3 for wet saturated air at 50oC. The com-
positions of the air/steam mixture deter-
mined simultaneously at various points of 
the steriliser after a short time of sweeping 
are found to be as follows: 0.1 litre of air/
kg of steam at the top, 10.1 litres of air/kg 
of steam in the middle and more than 200 
litres of air/kg of steam at the bottom.

In a steriliser full of bunches, the expel-
ling of air by steam sweeping is slower and 
less complete (Mongana Report,  p. 49). It is 
practically necessary to maintain a continu-
ous bleed off of steam owing to the fact that 

the de-aeration of the bunches proceeds 
slowly and progressively. In order to study 
the impact of de-aeration, three trials were 
conducted on a homogeneous batch of 
bunches: (a) the steriliser was swept for 10 
min and the bunches sterilised for 40 min 
at 3 bar steam pressure with continuous 
bleeding of 200 kg steam per hour, (b) no 
sweeping or continuous bleeding or con-
densate discharge carried out and sterilised 
the same way, and (c) triple peak sterilisa-
tion carried out with neither sweeping nor 
steam bleeding.

The results were as follows (Mongana Re-
port,  p. 49)  in (a) the bunches were com-
pletely stripped. In  (b) 43% completely un-
stripped bunches and 20% partly stripped 
bunches. In  (c) 4%  completely un-stripped 
and 28% partially stripped bunches. The 
Mongana researchers summed up their ob-
servations which should serve the mill en-
gineers as a very good benchmark before 
they venture into any modifications of their 
sterilisation system (Mongana Report, p. 50-
51). 

• A 10 min air sweeping with steam at the 
rate of 100 kg hr-1 expels 80%  to 90% of 
the air from the steriliser.

• After the steam sweeping the air con-
tent of the steam is limited to 0.2 litre 
kg-1 of steam.

• During the first pressure build up and 
during the pressure release, some de-
aeration takes place as a result of the 
condensate discharge that expels 9% to 
18% of the total air.

• During the second and third pressure 
build up, 1% to 5% of the air will still 
find its way out provided the prelimi-
nary sweeping was effectively done.

• If, after the pressure release, the pres-
sure is maintained at the atmospheric 
level, the de-aeration increases slightly 
during that period and after a period of 
5 min to 15 min, the steam condensates 
through cooling causing some external 
air to be sucked in.
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• It is not possible to assess the efficiency 
of air removal without carrying out at 
least a semi-quantitative determination 
of the air content of the steam. This is 
an important point to remember. The 
assessment is done by drawing out a 
certain amount of steam, weighed and 
condensed. Simultaneously the air is 
also measured.

• The de-aeration of bunches takes place 
only after they have been heated up for 
some time at high temperature. It is use-
less to try and improve the de-aeration 
by prolonging the steam sweeping of 
air at atmospheric pressure.

• It is essential that there is a continuous 
discharge of air laden steam during the 
whole sterilisation cycle.

• For complete displacement of air, the 
steam must be admitted  slowly into the 
sterilisers.

THE EFFECT OF TEMPERATURE

The efficiency of stripping depends not 
only on the time reached during a sterili-
sation cycle but also the duration the tem-
perature was maintained (Mongana Report, 
p. 52).  In practice, it was observed that with 
an adequate sterilisation regime it takes 
an hour for the bunch core to reach a tem-
perature of 130°C to 135oC. For  satisfactory 
conditions of heat penetration after efficient 
de-aeration, the time during which the tem-
perature is maintained above 100oC should 
not be less than 35 min  even when the tem-
perature attained is 130oC.

It is possible for the steam temperature 
to exceed the saturation temperature of the 
incoming steam due to the effect of wire 
drawing that superheats the steam. When 
saturated steam at a pressure of 5 - 6 bar 
is throttled to 4 bar, the steam will tend to 
superheat and the temperature may rise to 
148°C to 150oC instead of remaining at the 
saturation temperature of 143.6oC. 

THE EFFECT OF PRESSURE

The rate of heat penetration into a bunch 
is proportional to the temperature differ-
ence between the steam and the bunch 
and not the pressure (Mongana Report, p. 
52)   and as such a higher steam pressure 
will not be able to shorten the sterilisation 
cycle as for example the temperature differ-
ence of steam between steam at 3 bar and 4 
bar is (151.8 - 143.6 =  8.2oC) not significant 
enough to cause a dramatic improvement 
in sterilisation efficiency. In addition, the 
disadvantage in the indiscriminate increase 
of steam temperature is the reduction in the 
deterioration of bleachability index (DOBI) 
value of crude palm oil (CPO). A decrease 
in the sterilisation pressure must be com-
pensated by an increase in the time of steri-
lisation. If the sterilisation time needed is 25 
min at 3 bar and if the pressure is reduced 
to 1.5 bar, the sterilisation time must be ex-
tended by 30 min  making the total sterilisa-
tion time 55 min to achieve the same strip-
ping efficiency as with the higher pressure.

SWEEPING OPERATION

Since the density of steam is lower than that 
of air (Mongana Report, p. 54),  the steam re-
quired for the displacement of air must be 
admitted into the steriliser from the top to 
the bottom. Also the sweeping must be ef-
fected without creating eddies in the steri-
liser as that would impair the complete 
evacuation of the air and/or would increase 
the steam consumption.

Theoretically, the ideal shape for de-
aeration by displacement is the vertical 
cylinder and in practice vertical sterilisers 
closely conform to that shape and can effect 
good de-aeration provided that the steam 
is admitted at a relatively low rate into the 
dome. In a horizontal steriliser fitted with 
only one steam inlet, the de-aeration takes 
longer time and also not complete. But with 
multiple steam inlet points, the perfor-
mance can be brought to the same level as 
the vertical units.
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Whatever the cycle, long or short, single 
or multiple peak, it is always an advantage 
to ensure the evacuation of most of the air 
by sweeping it from the top to the bottom 
by the incoming steam (Mongana Report, p. 
54).

The first pressure release may be of 
relatively short duration of 3 min to 4 min 
during which the air is swept out of the 
steriliser by the steam but the intermediate 
pressure releases are performed after diffu-
sion of steam into air. It is therefore neces-
sary to allow diffusion to take place and to 
avoid blowing down after an extremely fast 
pressure build up as diffusion requires cer-
tain time to be effective.

EFFECT ON OIL EXTRACTION

As a result of the ageing of the fruit, the 
oil bearing cells appear to acquire a special 
permeability, which leads to unimpeded oil 
flow (Mongana Report, p. 62). The perme-
ability eventuates at any temperature of 
sterilisation, but in addition, high temper-
ature induces the breaking up of the cells. 
The result is that upon digesting aged fruit 
sterilised at a temperature lower than 100oC 
a large flow of almost pure oil, so called 
‘virgin oil’, will be observed. At a tempera-
ture higher than 100oC and for a longer time 
of sterilisation, cells or cell debris will find 
their way into the crude oil during diges-
tion. The weakening of the intercellular ce-
ment which causes the breaking up of the 
cells may be due to liquefaction, solubilisa-
tion, hydrolysis, etc. It increases the inten-
sity as the temperature rises but remains 
negligible as long the temperature does not 
exceed 98oC and is not maintained for more 
than 20 min.  

It was observed that the sterilisation pro-
cess done under pressure leads to a higher 
loss of oil on nuts in addition to increased 
oil losses in the fibre than when done at at-
mospheric pressure (during centrifugal ex-
traction). Sterilisation done under pressure 

indicated a sharp increase in dehydration 
when compared to sterilisation at atmos-
pheric pressure (30%). This moisture loss 
during sterilisation under pressure is equal-
ly distributed in fruits, spikes and the stalk. 

Life steam at atmospheric pressure 
(Mongana Report, p. 68-69) does not seem to 
have a marked effect on the moisture con-
tent of the fruit bunches. The desiccation 
occurs abruptly when the steam is blown 
off and during sterilisation. Exposure of the 
fruit to air after the blow off also contrib-
utes to the loss of moisture. The quantity 
of moisture evaporated is closely related to 
the temperature. The volume removed has 
a limit called the limit of desiccation  (ap-
proximately 20% moisture) after which no 
more moisture can be evaporated even by 
repeated sterilisation. This contradicts some 
elementary principles as when the steam 
pressure is reduced abruptly like during 
blow off the bunches are expected to shed a 
portion of its moisture. 

The assumption is that the bunches re-
absorb from the steam the moisture it lost 
during the blow off or during the pressure 
build up to restore the equilibrium. This 
point is important as it is customarily ac-
knowledged that the oil extraction, espe-
cially by the press, is affected by the degree 
of de-hydration of the fruit even though on 
industrial scale this could not be confirmed.

In general, the heat penetration was 
found to be directly linked to the efficiency 
of oil extraction up to a certain limit beyond 
which an equilibrium is established be-
tween the capillary forces retaining the oil 
and the applied mechanical forces to extract 
it. The heat penetration acts on the tissues 
connecting the fruit to the stalk and also has 
a marked effect on oil extraction efficiency.

Stripping and oil extraction efficiency 
are closely related. If the stripping efficien-
cy is low the oil extraction efficiency is also 
likely to be low and double stripping does 
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not address the real problem other than 
recovering the fruits lost in un-stripped 
bunches. This indicates that when stripping 
is not efficient, sterilisation is the culprit. 
Rectify this and all other problems will be 
addressed.

Multiple pressure build ups and releases 
have a detrimental (Mongana Report, p. 71)  
effect if it entails a drop in the average tem-
perature in the steriliser or in the fruit. This 
happens when the repeated pressure releas-
es reduce the time of contact between the 
steam and the bunches despite a continu-
ous increase in steriliser temperature in the 
initial stages. Then temperature profile for a 
sterilisation cycle with  seven blow downs 
after the 20 min to the 40 min gets through 
a  plateau and the contact heating time (21 
min at above 100oC) will be significantly 
less than that recorded (28 min) for a cycle 
without any blow down at all. With one 
blow down, the contact time was 40 min.

IMPACT ON NUTS

There is no doubt about the fact that a 
freshly de-pulped nut cracks under the ef-
fect of a blow and as the shell and the ker-
nel are bound together in the fresh nut, 
the cracking of the shell necessarily means 
the cracking of the kernel as well. The nut 
cracker machinery designers should al-
ways remember this basic principle when 

they design nut crackers. The desiccation of 
nuts separates the shell from the kernel. It 
is generally believed that the cracking can 
be efficient only on nuts with a moisture 
content of 7.5% on nuts and 12% on kernel. 
However, if the fruits are well cooked using 
triple peak sterilisation, wet nuts with 15% 
moisture in nut and 20% moisture in kernel 
also can be cracked with 98% cracking ef-
ficiency. The cracking efficiency depends a 
great deal on de-aeration as can be seen in 
Table 2 (Mongana Report, p. 73).

The two results indicate that the de-aera-
tion process reduces the percentages of un-
cracked nuts significantly. The de-aeration 
and steam bleed off technique affect not 
only the proportion of un-cracked nuts but 
also that of broken kernels.

NUT BREAKAGE

Nut breakage (Mongana Report, p. 75) is 
considerably reduced by pressing the fruit 
at a temperature close to 100oC. But if the 
bunches are sterilised at atmospheric pres-
sure and then heated up to 100oC during 
pressing nut breakage is more pronounced 
than when it is subjected to triple peak ster-
ilisation and heated to 100oC during press-
ing. This is due to the shrinkage of the ker-
nel caused by the penetration of heat into 
the core of the kernel that also allows the 
shell to undergo greater deformation. 

TABLE 2.  THE EFFECT OF DIFFERENT  STERILISATION REGIMES ON 
NUT CRACKING EFFICIENCIES

With de-aeration 
(%)

Without de-aeration 
(%)

Blow down > 30 s
Cracked nuts 98.2 56.2
Split nuts 0 16.5

Without blow down
Cracked nuts 89.0 37.9
Slit nuts 0.7 4.4
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Wet kernel does not appear to offer great 
resistance to pressure and torsion. They 
certainly do not resist the kind of pressure 
that may be applied to the nuts without 
breakage. This may be explained as follows. 
Fruits sterilised with live steam at atmos-
pheric steam is heated up and pressed hot. 
After a period of rest the nuts are cracked. 
In that case, nuts with no apparent dam-
age yield broken kernels, the appearance 
of which indicates that the kernel splitting 
occurred before the cracking operation. The 
kernel still sticking to the shell was there-
fore crushed open although the more elastic 
shell resisted cracking perfectly. Adequate 
sterilisation therefore free the kernel from 

the shell and allows a more important de-
formation of the latter without the risk of 
kernel crushing.
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Titbits

I n a recent discussion with the palm oil 
millers, they exhibited deep concern 

with their fruit set of the bunches which 
they received in June.  All of them had oil 
extraction rate below 17% compared to 18% 
they achieved in May 2013.

One of them showed me a photograph of 
a spikelet and it was indeed very poor. In 
the spikelet, only one fruit appeared to be 
ripe while  the remaining ones, about four 
of them, were all parthenocarpic.  Nobody 
knew the cause of this. He said all his crop 
and of the group were the same. I tried to 
figure out the cause and of course the first 
thing that came to the mind was poor pol-
lination. Generally, we expect that during 

The Strange Fruit Set can Lower Mill OER 
N Ravi Menon*

rainy season when the weevils go into hid-
ing to avoid the rain and miss pollination 
or the weevils visited only the male inflo-
rescence. A rough sketch of the spikelet is 
shown below.

Whatever the reasons, the pollination 
was poor and the oil extraction rate in such 
mills is bound to be low. The poor pollina-
tion could also be due other factors like: 
(1) attack by  thirathaba, fruit bunch moth 
that also may show resemblance to poor 
pollination  and (2) nutrient deficiency. 

If millers experience unusual occurrences  
of this nature, please inform MPOB. 

* Malaysian Palm Oil Board, 6, Persiaran Institusi, 
Bandar Baru Bangi, 43000 Kajang, Selangor, Malaysia.

 E-mail: nravi@mpob.gov.my  
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Datasheet

FERTILISER CONTENT OF PALM OIL MILL WASTE PRODUCTS

Dried Decanter Solids (palm oil meal)

For every tonne of dried decanter cake, the fertiliser equivalent are as follows:
a. Urea :  44.4 kg 
b. Rock phosphate :  20.8 kg
c. Muriate of potash :  50.0 kg
d. Kieserite :  42.3 kg

Fibre,  Shell, Boiler Ash and Klinker
For every tonne of FFB processed, 0.4% to 0.6% of boiler ash is produced having the following 
composition:

a. Phosphorous :  1.74%  to 6.61%
b. Potassium :  16.6%  to 24.9%
c. Calcium :  7.1%
 
Liquid Effluent

Anaerobic effluent
 Supernatant Supernatant+10% slurry
 (ppm) (ppm)

a. Nitrogen :      450   320   
b. Potassium :          70   42   
c. Kieserite :  1 200   1 495   
d. Magnesium :     280    258  

Aerobic effluent 
 Supernatant Bottom slurry
 (ppm) (ppm)

a. Nitrogen :     52   1 495  
b. Potassium :     12   461   
c. Kieserite :  2 300   2 378   
d. Magnesium :    539   1 004  

Dried  Solid  Cake   Solids
   (ppm)
a. Nitrogen :   4 500
b. Potassium :  12 000  
c. Kieserite :  15 000    
d. Magnesium :  12 000  
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ADVERTISEMENT
ue to the increased cost of printing, the advertisement rate is RM 700 per issue for an 
A4 size page of black and white, whereas the cost for colour is RM 900.  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 artwork in CD. Cheque should be made payable to the 
‘Malaysian Palm Oil Board’.  If you have any queries, please contact the following at 
MPOB.

Tel: 03-87694400      Fax:  03-89262971

Dr. Lim Weng Soon  ext: 4406  •  Ir. N. Ravi Menon   ext: 4467 • 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

109 Oct - Dec 2013 31 Oct 2013 29 Nov 2013
110 Jan - Mar 2014 30 Jan 2014 27 Feb 2014
111 Apr - Jun 2014 30 Apr 2014 31 May 2014
112 Jul - Sept 2014 30 Jul 2014 30 Aug 2014

REPLY-SLIP

Dr. Lim Weng Soon/Ir. N. Ravi Menon
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

1.  We confirm our intention to advertise in the MPOB 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. Please find enclosed *crossed cheque No.:                                  for RM 
 (                                                                                      ) being payment for the advertisement fee.

4.  Thank you.

              
                 (Signature and Date)                                                                 (Company stamp)

D
# * Made payable to ‘MALAYSIAN PALM OIL BOARD’.
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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 100/year.  If you have any queries, please contact the following at 
MPOB.

Tel: 03-87694400     Fax: 03-89262971

Ir.  Ravi Menon ext. 4467  or  e-mail:  nravi@mpob.gov.my 
Ms. Lim Soo Chin ext. 4676  or  e-mail:  milleng@mpob.gov.my 

REPLY SLIP

Dr. Lim Weng Soon/Ir. N. Ravi Menon
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: 

Please find enclosed a crossed cheque No.:                                         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 filters/dryers
Air separators
Bearings/belts/bushes
Biomass/bio-compost/products
Boiler spares/control/others
Boiler suppliers 
Bunch crushers
Castings
Civil engineering 
Cleaning - general
Condition monitoring
Consultancy services/certification
Control/automation/spares
Conveyors/chains/elevators/belts
Diesel eng./services/spares
Dynamic balancing 
Electric motors/systems
Expansion joints
Fabrication works 
Fans

Signature:      

Name:  

Date:                                                                                                          Company stamp

ADVERTISEMENT

F

#

Filter press/materials
Fluid control system/couplings
Gaskets/packing materials/seals
Gear boxes
Hardware 
Hydraulic systems/services/spares 
Laboratory analysis
Laboratory equipment
Lubricants
Mill machinery/spares
Miscellaneous
Nut crackers
Oil recovery systems
Palm kernel oil crushing plant
Power plant
Pollution control/safety systems
Pressure vessels
Pumps/services 
Purifiers
Screw press/parts

Scrubbers
Sludge separators/decanters
Steam turbines/generator/spares
Sterilizer/parts
Storage silos
Vacuum pumps
Valves/seats
Waste water treatment 
Water treatment
Weighing machines/spares
Welding equipments
Wheel loaders/spares 
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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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