
PALM OIL ENGINEERING BULLETIN NO. 84 35

Feature  Article

Mongana Basic: Part 9
N Ravi Menon*

* Malaysian Palm Oil Board, P. O. Box 10620, 50720  
Kuala Lumpur, Malaysia.

T

see page 29

power but the wet process uses water for 
the removal of oil. At first  (1922), the aim of 
the process was to separate completely the 
mesocarp of the fruit in order to obtain clean 
nuts because at that time the separation of 
the cake produced by the dry process into 
fibre and nuts was not well established. 

Complete de-pulping by aqueous 
washing proved difficult. It could only be 
achieved through prolonged digestion, as 
the fibre could not easily be washed away 
compared to the cellular debris, which 
readily could be washed away from the 
digester. The wet extraction process was 
therefore restricted to the recovery of the 
maximum amount of oil within reasonable 
time. 

The study of the standard wet process 
was resumed. The factors likely to lead to  
maximum oil recovery were investigated. 
Moreover, the initial aim, that is complete 
de-pulping was revived and it was 
envisaged to make the process a continuous 
operation. The wet extraction process 
therefore involves:

• the removal of oil by aqueous  
washing; and 

he extraction process employing 
centrifuge and the press need 
large amounts of mechanical

• the separation of the oil from the 
wash water.

For a clear understanding of the washing 
process, it is logical first to examine the 
retention of oil in the wash water.

RETENTION OF OIL IN THE WASH 
WATER

The wash water consists of free oil, an 
emulsion of oil in water, cellular debris 
and water containing a large amount of 
dissolved solids. The free oil and that in 
the emulsion can be separated by static 
separation or if desired by centrifugation. 
The cellular debris or the sludge contains a 
lot of oil. Only part of it can be separated 
by settling. More oil can be separated under 
the effect of intense centrifugal forces but a 
portion, which may be called the residual 
oil remains attached to the solids. Finally, 
no significant amount of oil is left in the 
water phase.

Through prolonged centrifugation of 
wash water in a tube, separation of the 
following phases is obtained from top to 
the bottom: an oil layer, oil water inter-
phase, and solids deposit consisting of 
cellular debris. The interfacial layer contains 
cellular agglomerates, that is whole intact 
cells generally lumped together.
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EXTRACTION OF OIL FROM 
CELLULAR DEBRIS

Cellular debris have been subjected to a 
large number of treatments with a view to 
freeing the oil attached to them. It is not 
possible to describe the hundreds of tests 
carried out. 

In principle, after the application 
of a specific treatment, the sludge was 
centrifuged. The oil recovered and the 
residual oil in the cellular debris was 
determined. High speed centrifugation 
(254 000 G) of sludge heated up to a high 
temperature was proven to be no more 
effective than the ordinary laboratory 
centrifugation (3 to 6000 rpm with a 25 to 
40 cm diameter rotor).

The following treatments were applied:

• drying and re-hydration;
• autoclaving, single or repeated with 

quick pressure release;
• washing or turbo mixing with a 

variety of surfactants;
• grinding;
• modification of the viscosity and 

density of the medium;
• modification of the pH;
• effect of the dissolved salts (sodium 

chloride, ammonium sulphate, 
sodium carbonate);

• effect of alcohol (ethyl and methyl 
alcohol, glycerol);

• saponification of the sludge; and 
• combination of two or more of the 

above treatments. 
 

Cellular debris shows a remarkable 
stability to these treatments as regards the 
oil content, which invariably maintains 
itself at about 20% on dry basis.

 
Only solvent extraction carried out on 

partially or completely dry material makes 
it possible to extract the oil from the cellular 
debris (acetone does not require complete 
desiccation prior to extraction).

Some of the treatments tried in the 
laboratory were applied at the industrial 
scale. The results conform beyond doubt the 
consistency of oil retention in the sludge.

An apparent fact however, became 
apparent. Whilst it is not possible to lower 
the oil content of cellular debris below the 
20% level, a non-negligible portion of these 
debris can however be solubilized. After 
dissolution in water, that fraction loses its 
retention power.  This mechanism will be 
examined in greater detail in Chapter IV.

Therefore, wastewater may contain 
less than 20% oil on total non-oil solids but 
as a corollary, a portion of the NOS must 
be dissolved in water. After separation of 
the soluble fraction, the oil content of the 
insoluble NOS will actually amount to 20%. 
The insoluble NOS consist solely of cellular 
debris and no longer contains water soluble 
protoplasmic matter.

Moreover, the fibre possesses a lower 
oil retention power than cellular debris 
because of the lower surface to volume 
ratio. The insoluble matter of purely 
mineral origin such as sand does not have 
any oil retention power.

OIL IN CELLS

Fresh oil cells or lipid cells contain 90% oil. 
The oil can flow out of them only under 
certain conditions. Living cells have the 
property of retaining oil very strongly. 
Only a small portion of it can be extracted 
in the fresh state by laceration, digestion, 
centrifugation or pressing. Some factors 
induce a weakening of the cell membrane 
and of the intercellular cement. They lead 
to oil exudation and dislocation of the cells. 
The weakening of the cell membrane may 
consist in the permeation of tissues, which 
are impervious when fresh and in the 
lowering of the mechanical resistance up 
to and including rupture. The weakening 
of the membrane shows up in the flow 
of virgin oil, whilst that of the cement 
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(entailing break-up) reveals itself by the 
occurrences of lumps of cells or of sludge. 
Virgin oil in this context means the oil 
exuding without intense grinding action 
exerted on the fruit.

It has already been mentioned that the 
conditions required to induce the flow of 
virgin oil  during grinding or digestion of 
the fruit are as follows: sterilization with 
live steam at atmospheric pressure and the 
processing of old fruit. In this context, old 
fruit means three days (or so) old loose fruit. 
In some instances, the virgin oil so collected 
contains only 2.6% of moisture and 0.4%   
of dirt. Sludge flows profusely in the course 
of dry digestion of old loose fruit sterilized 
under high pressure. Neither of these 
occurrences depends on the genetic origin 
of the fruit. Unfortunately, the flow of the 
virgin oil does not permit recovery of more 
than 30% to 40% of the total oil. Extraction 
of the balance requires necessarily the 
loosening and the breaking-up of the fruit 
cells.

As has been correctly pointed out 
by Kehren that it would be necessary to 
harden the cellular cement to increase 
the chances of breaking-up the cells in 
the course of digestion and to avoid at all 
cost, the migration of unbroken cells into 
the crude oil. The intercellular hardening 
can be achieved by addition of lime. The 
technique has been tried: emulsions form 
and it is extremely difficult to break them 
up. It also results in fibre with abnormally 
high oil content.

Another way of increasing the chances 
of breaking-up the cells is to allow them to  
leave the digester only after relatively long 
resident time. It has been observed that as 
the sludge begins to flow, one out of every 
two or three cells emerged from the digester 
without having shed the oil it contained. 
The extent of the potential oil losses can 
be established by the determination of 
the oil bound to cellular debris emerging 
from the digester in relation to the time 
of digestion. It can be observed in Table 1 

involving eight tests that the retention of 
oil is less intense at the end of the digestion 
process (the determination was carried out 
by repeated centrifuging and extraction of 
solid deposit). 

It is reiterated that on the average, the 
cellular debris in the solids separated by 
centrifuging contains 50% of water soluble 
matter. Desiccation also induces hardening 
of the intercellular cement. On the contrary, 
as has been mentioned previously, steam 
under pressure breaks-up the cement and 
leads to the formation of a large amount of 
sludge.

It appears therefore extremely difficult 
to break-up all cells before they leave the 
digester. It is also possible to envisage the 
break-up of cells after they emerge from 
the digester. The laboratory experiments 
showed the difficulty in the process. 
Enzymatic treatments were applied to the 
cells and the cellular debris with a view to 
facilitate the flow of oil. In some of these 
treatments, pectolytic, amylclytic and 
proteclytic enzymes were used. Mechanical 
treatments such as grinding with sand have 
given slightly better results.

RECOVERY BY WASHING

The recovery of oil with water is carried 
out in the digester fitted with a perforated 
bottom. Operating on loose fruit sterilized 
with live steam at atmospheric pressure, 
with 5 to 10 min   digestion even at low 
speeds brings about a flow of virgin oil. 
After that period of time, the mesh is 
washed with a volume of hot water equal 
to 100% to 150% that of the fruit. At the 
end of the operation, the digester will have 
only all nuts and some  fibre representing 
5% - 20% of the total non-oily solids.  In the 
exceptional case of a digester fitted with 
numerous beater arms, it may be that only 
traces of fibre are left in the digester after 
digestion and washing. The number of 
arms affects greatly the residual quantity 
of fibre after digestion but has no influence 
on the extraction of oil from the fibre. In the 
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wet process, it is therefore an advantage to 
use digesters fitted with a reduced number 
of arms.

The oil content of the fibre ranges from 
8% to 15% on dry basis because of the 
almost complete absence of cellular debris. 
As a consequence, the loss of oil on fibre 
left in the digester amounts in practice only 
to approximately 1% of what was initially 
present in the fruit.

With branches, which requires 
sterilization under pressure, provision for 
drainage before washing is not necessary 
since no flow of virgin oil takes place. The 
extraction of oil from bunches harvested 
in estates is more difficult because of the 
higher proportion of pulp in addition to 
the trash accompanying the stripped fruit. 
The water addition to wash away the 
solid particles temporarily makes the cake 
impervious causing it to swell.

If the percentage of pulp exceeds 
40%, the volume of wash water must be 
increased beyond the 100% to 150% limit. 
For instance, in the case of fruit with 60% 
pericarp, twice as much water must be used 

(this appears to be the highest practical 
limit) in order to leave no more than 12% to 
15% of oil on dry matter in the fibre.

Through prolonged washing, the oil 
content on non-oily solids can be reduced 
to approximately 8%-10% but the amount 
of oil taken up in the last few washings is 
probably not recoverable (the separation of 
oil from the wash water is discussed in the 
next issue).

Among the other factors examined in 
the study of the wet process, the following 
factors in Table 2 may be singled out.

CONTINUOUS WET PROCESS

Counter-current washing with water in an 
inclined screw conveyor of digested fruit 
did not give satisfying results.

A completely different method was 
tried but it needs further study. It consists 
in dry grinding of the fruit and in receiving 
it in a tank full of boiling water. The tank is 
connected to a powerful centrifugal pump. 
The water is recycled after passage through 

TABLE 1.  THE EFFECT OF DIGESTION TIME ON THE OIL LOSS 
TO CELLULAR DEBRIS

    
Trial

Oil loss on non-oily solids  (NOS)

0 to 10 min 10 to 20 min 20 to  30 min

1 54 12 12

2 28 12 17

3 22 12 11

4 38 22 11

5 58 22 12

6 63 17 11

7 39 20 18

8 28 23 21

Average 41.2 17.5 14.2
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TABLE 2.

Factors Effects

For a given volume of wash 
water

The time taken to carry out the extraction does not seem 
to affect either the residual oil content of the fibre or the 
settling ability of the crude oil.

Effect of surfactants Surfactants do not appear to affect the efficiency of the 
process except when used at high concentration when they 
exert a detrimental effect.

Substituting sludge centrifuge 
with vibrating screen

Trials showed that only screens with large perforations (12 
to 20 mesh) allowed the wash water to go thorough.

Static separation of the wash 
water

Whether wash water is diluted or not, the efficiency of the 
operation does not exceed 75% in the case of palm grove 
fruit and hardly reaches 55% with fruit containing a high 
proportion of pulp.

an apparatus, which separates the fibre 
and nuts. Part of the water laden with oil 
and sediments is strained and treated in a 
continuous bowl centrifuge for separation 
of the oil. A certain amount of wash water 
is recycled; theoretically, the efficiency of 
the process could reach 95%. The special 
feature of the process lies in the relatively 
time consuming dry grinding and in 
the passage of the digested fruit in the 
centrifugal pump. In any event, it seems 
highly probable that a wet process can be 
evolved.

EXTRACTION WITH SATURATED 
STEAM

The method is described by Kehran and 
is patented. It was tried in Mongana. 
Undoubtedly, saturated steam make it 
possible to extract 40%  to 70% of the oil 
contained in the fruit without powerful 
mechanical means and without addition of 
water but only on old loose fruit sterilized 
with live steam at atmospheric pressure.

Owing to the fact that crop processed 
in the form of old loose fruit represents 

only a small proportion of the total Congo 
production, the method is of very limited 
interest. The results of three extraction runs 
with saturated steam are given in Table 3. 

Solvent Extraction

The method does not seem to be a 
profitable proposition in Central Africa in 
present circumstances. It might become 
financially attractive for the recovery of 
oil from some of the waste products of 
processing. The extraction with a number 
of solvents (benzene, hexane, tolene, 
ethyl alcohol) were studied particularly 
with a view to evolving a method for the 
determination of the oil content of large 
quantities of material or waste products, 
also for the extraction of carotanoids from 
fibre (IRHO Principle).

COMPARISON OF THE VARIOUS 
EXTRACTION PROCESSES

Wet Extraction Process

The method requires centrifugal 
separation as static separation gives  rise 
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to extremely high losses. Wet extraction 
followed by centrifugal separation is used 
at present solely on old loose fruit, in 
practice, only the fruit from palm groves.

 
Attempts to substitute strainers to 

sludge centrifuges have been unsuccessful. 
In the case of plantation crop in the form 
of bunches sterilized under pressure, 
the efficiency of oil extraction cannot 
reasonably  be expected to exceed 90% 
even on the assumption that a solution 
could be found to the problem of straining 
and on the understanding that the filtered 
wash water would be subjected to high 
speed centrifugation. The processing of 
palm grove bunches gives results similar to 
those recorded for the processing of T x T 
bunches.

The procedure of extraction with 
saturated steam was tried as an off shoot 
of the wet process. It enables recovery 
without powerful means of 40%  to 70% 
of oil. However, it can only be applied to 
old loose fruit sterilized with live steam  at 
atmospheric pressure. Its interest therefore 
limited.

Continuous Dry Grinding and Wet 
Process

This has an advantage of being 
able to apply to any type of fruit. The 
process would therefore compete directly 
with continuous screw press extraction 
since it would  permit almost complete 
automation.
 
Extraction by Centrifuges

The advantage of the process  is to yield 
oil containing very little impurities. It can 
be clarified easily by static separation but 
extraction efficiency appears to be limited 
to 90%.

Test results show that oil losses in cake 
derived from palm grove old loose fruit 
are very high. The reason is inherent in 
the very composition of the fruit. Pulp is 
subjected to the pressure of nuts only at the 
beginning of centrifugation, so long as there 
is volumetric excess of pericarp over nuts.

It  should be noted that the processing 
of palm grove bunches always leads to less 

TABLE  3.  THREE METHODS OF OIL EXTRACTION

Treatment
Percentage of extracted oil

Old detached fruit from 
palm grove sterilized with 

live steam (%)

D x P fruit sterilized under 
pressure

Fresh 48 hr old

After treatment with 
saturated steam

63.0 0.0% 21.0%

After washing 28.6 Traces Traces

After dry digestion 1.9 Traces 34.7%

After digestion and 
washing

4.9 About 98% About 43%
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satisfactory results than the processing of 
manually detached loose fruits because of 
the additional loss incurred in the bunch 
refuse and also because of the increased 
non-oily solids content of the fruit. These 
solids absorb a large amount of oil. During 
investigational work on centrifugal 
extraction, the following observations were 
made:

• the centrifugation of thin layers of 
material which was studied with 
a view to evolving a continuous 
centrifugal extraction does not 
seem to provide good extraction 
efficiency;

• D x P fruit sterilized under standard 
conditions induces the formation of 
an oil wall in the centrifuge. The 
wall can be prevented from building 
up through a series of appropriate 
steps, notably the addition of nuts;

• slow acceleration  (100 min-2) does 
not improve extraction; and 

• the centrifugation of pericarp 
alone without nuts leads to lower 
extraction.

Extraction by Discontinuous Press

The cake obtained through that process 
has a lower oil content than that from 
centrifuges. The crude oil is however, less 
pure than its ability to settle is not as good. 
As a result, the efficiency of presses is not 
markedly higher than that of centrifuges.

Presses are more expensive than 
centrifuges and maintenance is more 
difficult.

Extraction by Continuous Press

The continuous pressing of palm 
grove fruit can not be considered with the 

equipment tried at Mongana owing to  nut 
breakage and poor extraction of oil from the 
cake. It is however, possible to process that 
kind of fruits in a continuous press either by 
partial or total removal of nuts from fruits 
or by adding fibre to the digested mash.

Removal of nuts appear a satisfactory 
solution because of the necessity of washing 
them and, moreover, because the separation 
of oil from the wash water implies the use 
of high speed centrifugation.

On crop containing low proportion of 
dura material, the extraction efficiency of 
the continuous press is markedly higher 
than that of other processes.

Very little labour is required to operate 
it. Minimum floor space is needed for its 
installation. In terms of costs per tonne of 
FFB processed, its cost is lower than that of 
the discontinuous presses or centrifuges. 
The cake can be dealt with more easily 
because of the low content in oil, moisture 
and cellular debris. The power consumption 
per tonne of FFB is low and without peaks. 
The disadvantages of the continuous press 
compared to other processes are:

• the crude oil  must be necessarily 
screened and centrifuged;

• the press is of more sophisticated  
conception than the centrifuge. The 
risks of breakdown are greater and 
so are spare parts requirements. 
However, from that point of view, 
the continuous press compares 
favourably with discontinuous one; 
and 

• nut breakage reaches 5% - 10% with 
T x T material and 0% - 2% with 

 D x P.
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