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B
BASICS

unch growth depends very much 
on the transfer of carbohydrates 
produced by  the leaves. Chlorophyll 

diminishes significantly by the 17th week 
after anthesis and mesocarp oil formation 
commences with the help of sugar brought 
in together with phloem sap (Henson, 
1993).

It is estimated that a gramme of oil 
requires about 3.33 g of glucose and 1 g of 
non-oily dry matter will require 1.37 g of 
glucose for their production. Glucose to 
dry matter ratio for an average bunch is 
about 2.31 (Penning de Vries et al., 1983).  
The trunk contains large quantities of free 
sugar and poly-saccharine, some of which 
are imported.         
                                                                          

The period from anthesis to harvesting 
in Malaysia ranges from 140 to 160 days  
(Hartley, 1977) but oil accumulation  is 
usually confined to about 35 days before 
harvest.  The development of the fruit 
will continue up to about 160 days. 
Mesocarp mass per fruit is variable and 
may decrease when the number of fruit per 
bunch increases. It is believed that kernel 
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takes precedence over the mesocarp for 
assimilates (not yet proven). The number 
of fruits in a bunch is proportional to 
the number of female flowers and the 
pollination efficiency.

There is no evidence to show that the 
oil to bunch follows any specific trend 
(Corley and Gray, 1976) but pollination 
efficiency can have seasonal variation 
due to the impact of heavy rain that could 
discourage weevils from active pollination. 
Water deficit can shorten the period of 
bunch maturation resulting in reduced oil 
to bunch due to the lower oil in mesocarp  
(Ochs and Daniel, 1976).

Causes for Low Extraction Rate

The actual players seldom highlighted 
are: 

• poor quality crop;
• insufficient loose fruits recovered;
• excessive trash in consignment;
• long stalks; 
• wet bunches;
• rat infested bunches; and
• milling losses.

Out of the seven contributors only one 
is from the mill. The individual losses can * Malaysian Palm Oil Board, P. O. Box 10620, 
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be roughly estimated on very conservative 
figures as  shown in Table 1. 

ANALYSIS OF FIELD LOSSES

Poor Quality Crop      

• This happens when the crop goes 
through the hands of the fresh fruit 
bunches (FFB) merchants who certainly 
want to make some money in trading 
FFB. The best way for them is adding 
sand and water or even empty fruit 
bunches (EFB).

• The unripe crop are kept by the 
merchants for a few days to get the 
desired loose fruits so that they are 
qualified to be ripe with low oil content.

• Over-ripe crop. This is common in Sabah 
as the plantation cannot deliver the crop 
when there is rain in the afternoon. The 
bunches together with the loose fruits 
will be immersed in water – sometimes 
even for days.

• Mills are supposed to use a specific 
sterilisation regime for each category 

TABLE 1.  FACTORS INFLUENCING THE INDUSTRY’S OIL EXTRACTION RATE (OER) 

Factors affecting OER Estimated
loss %

Details

Poor quality crop 1.0 Under-ripe crop will not have the same quantity of oil as ripe crop. 
Over-ripe crop would have shed some of the fruits in the field. Both 
these could easily contribute towards a drop in OER of say 1%.

Insufficient loose fruits 
collected

1.5 If every 1% loose fruit not collected contributes 0.3% OER depression, 
then for say 5% loose fruit not collected = 1.5%.

Excessive trash in crop 1.0 Trash can sometimes be as high as 10%. But let us take a small figure 
of  only 5% then the OER depression could be  1% based on 600 t fresh 
fruit bunch (FFB) processed  with  an  OER of 20%.

Long stalk 0.1 Assuming  5% has long stalk and it causes the bunch weight to increase 
by 10% i.e. 30 t x 1.1 = 33 t (600 t per day processing mill). So without 
the extra stalk the FFB processed would have been 597. The actual 
OER = 1 (120/597)% = 20.1%.

Wet bunches 1.0 Here the bunch weight can escalate by 10% on a rainy day. But let us 
assume it is 5%. The OER drop in the same case would be 21%-20% 
= 1%.

Rat infested bunch 0.5 Here again let us assume a very low figure of 0.5%.  
Total field losses 5.4 This is only a conservative figure.

Milling losses 0.3 This can be split into controllable and uncontrollable losses 0.3% and 
1.5% respectively assuming a total losses = 1.8%.

of crop, viz. unripe, ripe and over-ripe. 
However,  the consignments are always 
a mixed lot so nothing can be done.

The impact of the above: oil loss not less 
than 2%.

Action: OER Booster No. 1:  Get the FFB 
Quality Right

Contamination - entry points.  This also 
happens when the crop goes through the 
hands of the FFB merchants who certainly 
want to make some money in trading FFB.

They carry out a special treatment on the 
crop by adding:

• sand; 
• water;
• trash; and 
• or even empty fruit bunches (EFB).

Would merchants wish to stop this 
practice? The answer is NEVER!
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Action: OER Booster No.  2:  Strict 
Enforcement - Revoke License if Necessary 

Excessive trash in FFB.   They comprise of 
the following:

• sand;
• calyx leaves;
• EFB;
• grass;
• FFB net;  
• foreign objects, and 
• anything under the sun (animal carcass, 

empty bomb shells, etc.).

Let us see its impact on the mill’s OER 
when processing 1000 t FFB per day having 
a moderate 10% trash in the consignment. 
Mill’s OER was found to be 20%. 

So the absolute oil produced = 200 t.
But the actual FFB delivered  (minus trash) 
was: 900 t.
So the actual OER = 22.22%.
So OER depression amounted to 2.22% !!!

Action: OER Booster No. 3:   Do Not 
Accept Trash with FFB

Unripe crop. Rejected crop can be 
confiscated and destroyed (in force now).

But generally this is confined to own 
estates (large plantations).

But the merchants will not deliver such 
crop (from smallholders) to the mills until 
they are given special treatment.

• They are kept by the merchants for a 
few days in their yard.

• Until they get the desired loose fruits.
• So that they are qualified to be ripe.
• But …  with low oil content. Say 15%?

 What happens to the loose fruit? Is it 
separately sold at a high price?

Win-loose situation.

OER Booster No. 4: Need Strict 
Enforcement  

Long stalk. 

• This will absorb oil from crude palm oil 
(CPO).

• Long stalk is like blotting paper.
• CPO absorption by stalk will  reduce 

mill’s OER.
• Stalk should be as short as possible.

Action:  OER Booster No. 5:  If Not, Such 
Bunches should be Rejected, Confiscated 
and Processed by the Mill under Unac-
counted Crop 

Over-ripe crop.

• This is very common in Sabah and also 
in Peninsular.

• Plantation unable to clear harvested 
bunches.

• This is due to rain in the afternoon, 
which is common.

• The bunches together with the loose 
fruits will be immersed in water.

• Even for days with great loss of loose 
fruits.

• Some bunches have no fruits at all but 
still find their way to the mill.

Action: OER Booster 6: Do Not Wait for 
Bunches to be Over-ripe 

Mixed crop.     

• Over-ripe, ripe and under-ripe are 
mixed and sent to the mill.

• Mills can use a specific sterilisation re-
gime for each category of crop, viz: un-
ripe, ripe and over-ripe.

• But the consignments are always a 
mixed lot.

• So nothing can be done?
• What is the solution? Harvest bunches 

when they are just ripe.
• Is this possible? Need to keep on trying.
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TABLE 2. OIL LOSS DURING PROCESSING

Areas where oil losses are Losses as a % to  empty 
fruit bunches (FFB)

Fruit trapped in empty fruit bunches (EFB)  0.02 
Un-stripped bunches  0.05
Oil absorbed by  EFB 0.45
Condensate from sterilisation 0.10
Nut surface after pressing 0.05
Oil loss in mesocarp fibre 0.55
Oil loss in sludge separator 0.45 
Oil loss during spillage/washing, etc. 0.10
Total 1.77

Source: Ng, S B (1993). 

Action: OER Booster No.  7:  Harvest When 
Bunches are Just Ripe

Loose fruits not collected (Shawaluddin, 
1998).

• Every 1% loose fruit not collected from 
the field, the mill’s OER drops by 0.3%.

• Remember this and  also tell your plan-
tation friends.

Action: OER Booster No.  8: Collect All 
Loose Fruits Irrespective of the Cost 

Wet bunches.

• This can easily elevate the bunch weight 
by about 10%.

• Previously some plantation companies 
had provision to reduce this amount 
for the bunch weight so that the OER is 
more realistic.

• The FFB merchants sometimes spray 
water and sand into the bunches to el-
evated the FFB weight.

• This is difficult to monitor or  control.

Action: Per Booster No. 9: Strict Monitor-
ing and Enforcement

Rat infestation.

• Too much of rat infestation could bring 
down mill’s OER.

• For young palms producing 25 t ha-1 

 yr -1 the crop loss due to loose fruits con-
sumed by rats were quantified as 10%. 

• For higher yielding field the loss is low-
er at about 7% to 8% (Liau, 1990).

• Overall OER loss was estimated to be 
0.6 % with moderate rat damage to crop. 

Action: OER Booster No. 10: Rat Elimina-
tion Using Barn Owl

Milling losses.   The approximate milling 
losses are shown in Table 2. In mechanical 
oil extraction processes some losses are in-
evitable unlike in the case of solvent extrac-
tion

Oil loss in FFB  

Oil loss in EFB comprises of the 
following:

Fruit trapped in EFB   =  0.02% 
Un-stripped bunches   =  0.05%
Oil absorbed by  EFB =   0.45%
     Total in EFB      0.52%

Action: OER Booster No.  11:  The Follow-
ing Actions would Help

• The oil absorbed by EFB can be reduced  
by adopting regimes to prevent over- 
cooking FFB.
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• Not overloading the thresher as bunch-
es should not fall on each other some-
thing. 

• That over-feeding can cause.
• Over-cooking over-ripe crop will impart 

oil into other bunches, thereby increas-
ing EFB absorption.

• Loose fruits should never be subjected 
to unnecessary threshing operation. 
Segregate loose fruits and let them by-
pass thresher. This way the oil absorbed 
by EFB can be brought down signifi-
cantly.   

Oil Loss in Mesocarp Fibre

This is one of the main constituents 
of milling losses and can be reduced  by 
ensuring:

• proper sterilisation of the crop;
• proper digestion of the mash;
• proper drainage of oil from the digester;
• proper cone pressure on the press cake;
• right temperature of the mash; and 
• proper sterilisation of the crop.

Lack of understanding of the sterilisa-
tion process has probably set in motion 
the emergence of a series of alternate ster-
ilisation techniques that defies established 
norms founded on sound engineering prin-
ciples.

If sterilisation is done according to 
proper methods based on thermodynamics, 
a single threshing operation is all that 
is required to attain 100% stripability. 
Un-stripped bunches arise from erratic 
processing operation and nothing else not 
even hard bunches.

The use of bunch crusher is like fighting 
the consequences of an erratic cause rather 
than  the cause itself.

Proper Sterilisation of the Crop

We need to go back to basics now as 
engineers and inventors seem to have 

lost track of it.  Let us have a good look at 
Dalton’s Law of Partial Pressures.

In an enclosed vessel containing a  
mixture of steam and air, the effective 
pressure is equal to the sum of the partial 
pressures of steam and air when they 
occupy the whole vessel independently.

What does this mean? Take an example:

The steriliser pressure shown on the 
pressure gauge is 4 bar-g.
This is the pressure of steam and air not 
steam  alone.
It contains 50% steam and 50% air.
If steam occupied the whole steriliser the 
steam pressure would be 2 bar-g.
The air inside will have a pressure of 1 
bar-g (1 atmosphere).
So the partial pressure of steam would 
be      =  2 x 4  = 2.7 bar-g 
               (2+1)

The saturation temperature of steam at 4 
bar-g = 143.6°C.

But the steam pressure is only 2.7 bar-g at 
saturation temp: 130°C and not 143.6°C 
as you would have thought!

Impact of Air

• You have now identified the air as the 
culprit.

• This means half the battle is won.
• How do you get rid off as much air as 

possible from the steriliser?
• Air is a very poor conductor of heat.
• As steam condenses, it releases about 

2171 kJ kg-1 of heat at  2.7 bar-g steam 
pressure.

• At 4 bar-g pressure, it is actually lower 
at 2134 kJ kg-1.

• Discharge continuously the air released 
by the bunches.

• Install a 50 mm condensate by-pass 
line that is kept open throughout the 
sterilisation programme.
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TABLE 3.  DIGESTER TEMPERATURE AND MOTOR POWER CONSUMPTION

Volume Temperature (°C) Power consumed (kW)
¼ full 71 to 72 6 – 4
½ full 71 to 70 11 – 9
¾ full 70 to 72 16 – 13
Full 69 – 71 22 – 18
Full 95 - 96 14 - 12

 
Source: Dato’ Beck Nelson.

• Monitor your stripping efficiency. If not 
satisfactory, air evacuation had been 
inefficient.

Impact of Steriliser Designs

• Some steriliser designs are specially 
designed to overcome the partial 
pressure problems.

• If a steriliser can produce a vacuum 
within it, the effective steam pressure in 
it will not drop as it contains only steam 
and it is possible to attain a temperature 
equal to the saturation temperature of 
steam at 4 bar-g (i.e. 143.6°C).

• The water-filled vertical steriliser can 
do this when the water is discharged 
from the bottom. A partial vacuum is 
possible. It is also possible to get 100% 
stripping.

• The only problem is the production of a 
large quantity of effluent. All engineers 
are requested to wake up!

• Need to pursue this closely by you!!

Action: OER Booster  No. 12

Fruit Digester - Function

• The correct art of operation is lost 
now. Millers seem to have lost the 
fundamentals again in here.

• The function of a digester is to convert 
the cooked fruit to a digested mash 
containing ruptured cells which is ready 
to release most of the oil in the digester 
and the rest is extracted during pressing 
operation.

Fruit Digestion - Requirements

For this to happen efficiently it must 
satisfy the following conditions:

• the mash temperature must be between 
90°C to 95°C.

• the stirrer blade tip clearance should 
be as low as possible  (say 6 mm if 
possible).

• the digester drainage must be extremely 
efficient.

• re-design the digester drainage system.  
About 95% of the mills do not have 
proper digester drainage.

• the digester liner renewal causes 
distortion of digester body as the liner 
plates are welded. It is no more circular 
to maintain 6 mm blade tip clearance. 
It is worthwhile to fit the liner as one 
piece. For this the digesters should be 
away from  the presses.

Action: OER Booster No.  13: All the Above

Digester Dynamics

• The mash temperature is critical. 
• Do not let this drop below 90°C.
• Digester power consumption is related 

to mash temperature.

PRESSING OPERATION

• If most of the oil has drained off from 
the digester the press has very little job 
to do.

• But millers impose an excessive cone 
pressure on the mash within the press 
often exceeding 60 bar-g with the 
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consequence the nut breakage in press 
is too high. This may even reach an 
alarming  35%.

• Some of the nuts are also broken in the 
digester when the clearance between the 
expeller arm and the bottom perforated 
plate is erratic. This clearance is critical. 
It should not allow nuts to lodge in the 
space and get broken.

Action: OER Booster No. 14: The Above

Oil Loss in Wastewater

• As you  dilute the press liquor, it 
becomes more viscous.

• At 50% water addition the separation of 
water and oil will be the least.

• In their  clarifier mills add about 41% 
water to CPO.

TABLE 4.  OIL DILUTION METHOD USED BY MOST MILLS NOW

Components From press (%) Dilution water Final condition (%)

Oil 55
Add 41% water = 41 + 35 

= 76%

39

Water 35 54

Solids 10 7

Total 100 100

Note:  The normal dilution system adopted by almost all mills do not follow the recommendations 
given by Mongana Research Report (Figure 1) but most  mills add 41% dilution water which is a 
deviation from Mongana Research Station recommendation (Table 4). 

Figure 1. Press juice viscosity vs. settlement.

• This is done to make the press liquor 
flow out from the gutter, sacrificing 
good separation.

• If you want good separation, do it with 
zero dilution.

Action: OER Booster  No. 15

Oil Loss in Wastewater

The best separation is at zero dilution. 
In sludge separator the oil loss is directly 
proportional to the  dilution water. 

Proof.

• The oil loss ex-centrifuge is always fixed 
at about 0.3%.

• If 100 litres of sludge water is processed 
the absolute loss is 100 x 0.3% = 0.3 
litres. 

Viscocity vs. Setting for CPO ex-press
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• If it is diluted 100%, the absolute loss is 
200 x 0.3% = 0.6 litres. 

• Does this make sense? This is twice the 
loss.

Action: OER Booster No. 16: Do Not Dilute 
Excessively

OER measurement – on-line in real time.  
In order to monitor the performance of 
smallholders and even divisions of an estate 
there is a new technique available now. The 
individual bathes will be processed.  The 
OER will be plotted and average value 
calculated so that justice is done to good 
performers. The bad performers will then 
try to emulate the good ones and improve 
their OER.

OER in Real Time will Improve OER of 
Smallholders

• Hand over  consignment note to 
weighbridge clerk.

• Weighing done and data transferred to 
a magnetic disc.

• FFB cages sterilised with the disc 
(maximum temperature 160°C).

• At exit starting time entered into the 
disc.

• Time duration until CPO exit ex-press is 
previously established.

• The CPO ex-press is analysed 
continuously by a near infra red 
analyser and recorded by interfacing 
data with a computer. 

• If it is x min, the data analysed belongs 
to the batch in question. 

• If one owner gets 16% OER and another 
one 24% won’t the lower OER supplier 
try to improve his crop by applying 
more fertiliser?  

Action: OER Booster  No. 17: OER 
Measurement in Real Time

If you agree please try to implement 
some of them.
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