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T
determine the value of the reaction con-
stant  k because a plot of logarithm of acid-
ity against time leads to curves having their 
concavity towards the t axis.  The apparent 
rate of the reaction decreases very quickly 
as the reaction proceeds.  Furthermore, ab-
errant results are recorded frequently owing 
to the very small amounts of moisture to be 
determined.  A few results are gathered in 
Table 1. [Note: Please note that k = reaction 
constant,  A = % FFA,  t = time (generally 
expressed in number of 10 days each)  as de-
fined in part 15 of the Palm Oil Engineering 
Bulletin Issue  No. 89.]

 In order to find out whether the stabili-
zation obtained by dehydration was gov-
erned by the free fatty acid  content of oil, 
samples of oil with different levels of acid-
ity were dried by bubbling of nitrogen and 
were stored in sealed flasks at 58°C.  It was 
observed that the hydrolysis reduces sig-
nificantly less as the moisture content de-
creases.  No equilibrium is reached; the hy-
drolysis proceeds until all the moisture has 
been taken up.  The inhibition is therefore 
proportionately more important for oil with 

EffECt Of MOiSturE

his has been studied on samples 
of oil stored in sealed tubes.  It is 
virtually impossible in that case to

high acidity than for oil with low acidity 
(Tables 2 and 3).

In the experiments described above, oils  
with moisture content 0.10% to 0.11% were  
used.  The inhibition is consequently very 
marked.

It may be useful to know from what level 
of moisture content, this inhibition takes 
place.  To that end, the comparison was made 
between the acidification of two samples of 
oil saturated with moisture.  One was con-
tinuously brought back to saturation whilst 
no water was added to the other.

It is rather difficult to pinpoint the time 
at which the inhibition starts, at least for low 
acidity oil.  It is however, readily noticeable 
that for a moisture content of the order of 
0.16%, the hydrolysis undoubtedly slows 
down.  If the inhibition is described as the 
ratio of the reaction rates in dehydrated 
and saturated medium respectively, it may 
be observed that a value of 0.5 is recorded 
when moisture content is within the range 
0.08%  to 0.10%.  Figures 1 and 2 illustrate the 
acidification process taking place in the case 
of oil permanently saturated with moisture 
and in the case of the same oil saturated at 
the beginning of the experiment but allowed 
to dehydrate itself in the course of time. 

Oil with free fatty acidity of 1.35% was 
used in the experiment of Figure 2.    Figure 3 
pertains to oil at 5.6% free fatty acid.
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TABLE 1. ACIDIFICATION OF PARTIALLY DEHYDRATED OIL

Sample 
number

Time (in days) Final 
moisture 
content 

(calculated)

% 
moisture 

0 6 12 18 25 29 35

1
2
3
4

5
6
7
8
9

10
11
12
13

0.205
0.265
0.465
0.630

-
0.110
0.175
0.145
0.195
0.100

-
0.060
0.175
0.280
1.140

7.35
7.35
7.35
7.35
 0
2.02
1.98
3.10
2.01
3.02
 0
7.90
7.90
7.90
7.90

7.42
7.80
7.77
7.98
 5
2.12
2.20
3.37
2.27
3.30
 7
8.06
8.24
8.86
8.40

7.95
8.41
9.08
0.00

  11
2.27
3.34
3.46
2.47
-

 12
8.26
-

8.33
8.90

8.11
8.81
9.55

10.05
 19
2.30
2.45
3.54
2.68
3.40

 15
7.86
8.61
-

10.52

8.25
8.90
9.90

10.25
 27

2.38
2.90
3.76
2.99
3.46

 19
7.91
8.97
9.75

10.70

8.20
0.24

10.70
11.10
 33

2.38
2.82
3.79
3.04
-

  27
-
-

10.70
12.95

-
9.20
10.32
11.20

  40
2.36
2.97
3.78
3.26

-
-
-
-
-
-

-
-
-
-

 43
2.39
2.93
3.81
3.30

-
-
-
-
-
-

0.14
0.13
0.23
0.36

-
0.08
0.10
0.09
0.10
0.07

-
0.06
0.10
0.08
0.80

TABLE 3. HIGH FREE FATTY ACID (FFA) OIL

Time 
days

% FFA determined 
by analysis

% FFA calculated 
for saturated oil

Moisture content
Found Calculated

0
28
41
73

128
175
205
223

5.28
5.60
5.82
6.18
6.40
5.51
6.44
6.57

5.28
7.31
8.49

12.35
23.30
40.30
57.20
73.00

0.10
0.09

-
-

0.04
- 

0.04
0.02

0.10
0.08
0.07
0.05
0.03
0.02
0.01
0.006

TABLE 2.  LOW FREE FATTY ACID (FFA) OIL

Time 
days

% FFA determined 
by analysis 

% FFA calculated 
for saturated oil

Moisture 
content found 

Calculated from the 
concentration of FFA 

0
6

36
49
81

136
183
214

0.98
0.98
1.16
1.27
1.55
1.73
1.97
1.99

0.98
0.98
1.48
1.72
2.50
4.78
9.06
10.55

0.11
0.12
0.11

-
-

0.07
-

0.5

0.11
0.11
0.08
0.06
0.06
0.04
0.03
0.02
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Figure 1. Observed inhibition of acidification of dehydrated low acidity oil.

Figure 1 gives a plot of the ratio of the 
speed of acidification of dehydrated and 
moisture saturated oil versus the moisture 
content of the oil.  Taking into account the 
lack of accuracy of the moisture content de-
termination, it may be considered that the 
instantaneous speed of hydrolysis remains 
constant when moisture content ranges 
from the saturated limit to approximately 
half that value. 

From that point, the speed of hydroly-
sis of partially dry oil is described approxi-
mately by:

 da 
                       = k.a.c
 dt

                                   moisture contentwhere  c =                          solubility of water in oil 

 In practice, when moisture content is of 
the order of 0.1%, the process of acidifica-
tion is hardly noticeable, first, as a result of 
the slowing down of the hydrolysis reaction 
and second because the hydrolysis process 
further reduces the available moisture and 
therefore the reaction speed.

Effect of Hydrolysis Inhibitors
 

We have seen that the speed of the hy-
drolysis could be modified in two ways 
only, either through dehydration (slowing 
the reaction speed) or through adjunction of 
acids soluble in the oil (increasing the reac-
tion speed).

It may therefore be stated that the remov-
al of acid from the oil (neutralization or dis-
tillation of the fatty acid)  should lead even-
tually to a slowing down of the hydrolysis 
reaction.  The removal of acidity entailed  
technical difficulties in Congo.  The dry-
ing of oil, on the contrary, can be arranged 
at industrial scale using non-sophisticated 
equipment as has already been shown in the 
previous sections. 

Research has however been undertaken 
to ascertain whether dehydration was the 
only practical method of stabilizing the 
acidity of oil.  Since the hydrolysis is an 
equilibrium reaction, the shift of the equi-
librium through the action of primary OH 
groups has been studied.  The inhibition 
effect of these substances (glycerol, metha-
nol, saccharose) is noticeable but not very 
marked, whether with or without an excess 
of moisture (saturated atmosphere).   Com-
paring the inhibiting action of methanol, 
ethanol and glycerol on the hydrolysis, it 
has been observed that primary OH groups 
appeared to be more active than secondary 
groups.  An attempt was therefore made to 
find substances having primary OH groups 
but more soluble in oil than glycerol. The 
mono-substituted derivatives of glycerol 
of the type mono-byturine are not very ac-
tive in comparison with glycerol in spite of 
the increased solubility in oil.  Ethylglycol 
and  epicholorhydrine are slightly more ac-
tive. With a view to increase the solubility of 
glycerol in the oil, chemicals were prepared 

Speed of acidification of oil saturated with moisture with=increase in FFA% over a period

Observed speed of acidification
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Figure 2.  Hydrolysis of partially dehydrated oil.

Figure 3.  Hydrolysis of partially dehydrated oil -  continuation from Figure 2.
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from glycerol in which one or two function 
were substituted (formation of epoxy func-
tion).

The monoethyl and monobutyl etherox-
ides of epoxyglycerol appear less active than 
ethylglycol or epichlorhydrine.   Other de-
rivatives of glycerol were assessed.  Among 
these were diepoxyhexane and glycidol.   
The latter only exhibits a sharp inhibition 
effect.  The effect goes even further in fact 
since immediately after its addition to oil, a 
decrease in the free fatty acid  content can be 
observed as a result of re-esterification. 
  
 H  -  C

                                     O

 H  -  C                 
   
 Epoxy group 

The effect of glycerol has not been stud-
ied in detail.  It has been observed that it acts 
through simple esterification of the primary 
OH group without splitting of the epoxy 
bridge. 

 It appears to be the most interesting of 
the additional  products not only because 
of its activity but also because it is simply a 
product of dehydration of glycerol.  To some 
extent therefore, its use does not introduce 
an abnormal constituent into the oil.  Glyci-
dol is prepared  through the action of metal-
lic sodium on glycerol monochlorhydrate in 
the presence of ordinary ether.  The reaction 
is as follows:

CH2Cl  CH2
    
                       O

CHOH + Na      CH                 
   
CH2OH      CH2OH

 The chemical acts on oil of any acidity 
and at the rate of 0.5%, its effect is sharp.

Mechanism of Hydrolysis 

 It has been pointed out the naphtyl 
sulphonic acid possesses an autocatalytic 
action more intense than the fatty acids 
derived from the oil itself.  Since that acid is 
stronger than the fatty acids it can be assumed 
with a reasonable degree of probability that 
the reaction is of the ordinary acid catalytic 
type but it occurrs in the lipid phase. 

 The catalytic hydrolysis of esters is con-
sidered as a chain reaction, which features 
the fixation of a H+ ion, the formation of 
oxonium.  This in turn decomposes into car-
bonium ion and a free alcohol radical.  The 
carbonium ion yields a fatty acid after fixa-
tion of one molecule of water and the release 
of H+ ion.

              
 

 The above hydrolysis reaction appears 
to follow a monomolecular autocatalytic 
pattern. It has not been possible to establish 
a relationship between the moisture content 
and the rate of hydrolysis.  It is highly prob-
able that the slowest part of the reaction,  
which governs the overall reaction rate, is 
the decomposition of oxinium into carbon-
ium, the latter becoming hydrated and then 
releasing a H+ ion.  It would be necessary to 
accept the fact that, at least within a certain 
range, the degree of dissociation of the free 
fatty acids dissolved in oil remains more or 
less steady.  This would explain why the rate 
of reaction constant does not appear to the 
markedly affected by the acidity. 
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SuMMArY

The hydrolysis of oil in the presence of an 
excess of water exhibits the characteristics 
of an autocatalytic reaction.  It is not 
enzymatic.  The reaction proceeds in 
homogeneous phase at the expense of 
the water dissolved in oil.  The reaction is 
monomolecular, the limiting factor being 
probably the decomposition of the oxonium 
ion.  However, when the dissolved moisture 
content falls below the half saturation mark, 
the reaction rate slows down considerably.   
In practice, it may be considered that oil 
with moisture content less than 0.10% does 
not acidify to a significant extent.  Total 
stability can however be achieved only with 
complete dehydration. 

 The impurities of the oil do not have any 
effect on the hydrolysis.   They may  trigger 
the reaction indirectly if they act as a culture 
medium for lipolytic micro-organisms. 

 The effect of numerous compounds has 
been examined.  Only acids soluble in oil 
catalyze the hydrolysis.  At equal concentra-
tion, low molecular weight fatty acids have 
a greater effect than those with long chain.  
The effect of temperature is very marked.   
This is not specific to palm oil. 

 Some compounds can be esterified by 
the fatty acids of the oil.  Glycidol was ob-
served to be the most active.  

 From the practical point of view, only 
the inhibition of the hydrolysis through de-
hydration is of great interest.  It is however, 
necessary to remark that low initial acidity 
entails a marked drop in the rate of the hy-
drolysis reaction. 

BiOCHEMiCAL ACiDifiCAtiON

General

It was been observed that, in some in-
stances, the acidity of palm oil increased 

faster than predicted by the autocatalytic 
law.  In  mills as well as on reception of oil at 
Leopoldville, cases of abnormal acidification 
of purified oil have been recorded.  Further-
more, it has been noted that the addition of 
rotten kernels oil to palm oil or palm kernel 
oil led to abnormal increases in acidity par-
ticularly when an extract had been added. 

 The laboratory examination of these 
oils showed that abnormal acidification is 
stopped when oil is sterilized at a tempera-
ture of 90°C; 60°C was even sufficient some-
times.  In those cases, bromoacetates have a 
inhibiting action, which may be explained 
by the fact that these compounds act on mi-
cro-organisms and not on enzymes.  The 
processes of fast acidification often follow 
an irregular pattern.  They are usually not 
easily reproducible because the degree of 
dispersion of the aqueous phase affects 
the reaction mechanism, the enzymatic or 
microbiological acidification being neces-
sarily a reaction taking place in a heteroge-
neous medium. 

 Instances of typical biochemical acidi-
fication have been observed on crude oil 
stored at ambient temperature. Table 5   gives 
an idea of the intensity of the occurrence.

 If hydrolysis had been of autocatalytic 
origin, the acidification process would not 
have exceeded 0.1% free fatty acid  over 21 
days (storage at ambient temperature that is 
approximately 28°C).

In the above cases, the sterilization of 
crude oil followed by storage under sterile 
conditions stop further acidification.  This 
shows beyond doubt that the increase in 
free fatty acid is due to a thermolabile fac-
tor.  Moreover, filtering the crude oil also 
stops the process (separation of impurities).  
It may therefore be concluded that this fac-
tor is active only in a richer and more bal-
anced medium than just oil and water.  The 
factor can only be a lipase derived from the 
growth of lipolytic micro-organisms. 
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Search for Lipolytic Micro-organisms
 
 Among culture media listed in technical 
publication, the following were selected for 
various reasons:

• a standard gelatine medium, without 
sugar, containing 1% of tributyrin emul-
sified by means of 1.5%  tween 80; and 

• a slightly modified Nile Blue gelatine 
medium.

 The presence of a lipolytic micro-organ-
ism is detectable in the former though the 
occurrence of a light coloured zone around 
the colony and in the latter through the deep 
blue colouration assumed by the lipolytic 
colonies. 

 A further test based on the hydrolysis of 
a solution of phenolphalein dibutyrate is de-
scribed in technical publications.  This test, 
which has been checked on Pseudomonas flu-
orescens has yielded aberrant results when 
used on the aqueous phase of the crude oil 
and on slurries of fresh fruit prepared in a 
turbo-mixer. 

 Another method which consists in shak-
ing purified oil with a culture of micro-or-
ganisms has not led to significant results.

 Finally, a method which gives particu-
larly significant results consists in inoculat-
ing sterile crude oil from a continuous press 
with the strain to be tested.  The test was 

TABLE 5. ACIDIFICATION OF CRUDE OIL IN THE COURSE OF TIME. 
STORAGE AT AMBIENT TEMPERATURE (28°C)

Low pressure 
press

High pressure 
press

Centrifuge Digester Press

Initially 2.82 2.75 3.05 2.81 3.53

After 3 days 3.29 2.89 2.93 3.46 3.83

After 7 days 3.41 3.05 3.62 4.28 6.61

After 14 days 4.43 5.17 3.89 5.06 7.28

After 21 days 6.28 7.53 4.71 5.66 7.77

carried out on approximately 20 organisms 
isolated from infected crude oil.  The micro-
organisms included four yeasts, four  spore 
bacteria, eight  non-spore bacteria and eight  
fungi. 

 Of  the 12 bacteria strains, only three 
(probably of the same species) gave a posi-
tive test with Nile Blue culture medium and 
hydrolysed the phenolphthalein dibutyrate.    
They appear unable to proliferate on crude 
oil or to hydrolyse it.   In view of the almost 
certain presence of lipase and of these bac-
teria in oil which acidify rapidly, it would 
have been desirable to study the latter in 
more detail.  

 However, one of the isolated fungi is 
particularly remarkable with regard to its 
lipolytic activity.  On potato agar medium it 
appears in the form of slightly woolly white 
colonies, which branch out radially from a 
focal point. 

 In the Mongana liquid medium, the fun-
gus produces a veil like colony, a ring and 
a blur.  The microscopic examination shows 
radially growing filaments, which were 
grouped in the early stage but which sporu-
lated rapidly on ageing.  The spores fall out 
and in the free state, look very much like 
large size yeasts.

 The colony did not assume a blue colour 
in the Nile Blue culture medium.  The phe-
nolphthalein dibutyrate test is positive and 
the inoculation of sterile crude oil gives rise 
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to rapid acidification which does not leave 
the slightest doubt on the role of the fungus 
in similar cases encountered under routine 
conditions.  For instance, a sample of crude 
oil with initial 1.6% acidity was inoculated 
and showed an increase to 7% free fatty acid 
after three  days and 19.8% free fatty acid  
after 21 days.  This experimental acidifica-
tion has been repeated several times.  The 
Commonwealth Mycological Institute, Sur-
rey, England, identified the fungus as Goet-
richium Candidum Link.

 This fungus which was isolated from a 
batch of crude oil exhibiting proneness to 
rapid acidification was identified in petri 
dishes and isolation plates on which were 
grown fungi collected from the inner side 
of the roof over an oil clarification station.   
The roof had been soiled by projections of 
crude oil from a settling tank.  The oil pro-
duced in that particular factory (Mombessa) 
often underwent abnormally intense acidifi-
cation (2% during transport from factory to 
Leopoldville).

 Another yellow fungus (Mucor) which 
turns black on sporulation is slightly lipo-
lytic.  It was isolated from mouldy fruit and 
appears to be a very common infestation in 
Mongana. A slight acidification of crude oil 
was shown to take place.  The seeded oil 
had an initial free fatty acid of 1.6%.  The 
acidity had increased to 3.4% after 21 days 
storage at ambient temperature.  Its lipolytic 
activity is therefore considerably lower than 
that of the Geotrichium strain. 

Orange Fungus of the Empty Bunches 

 The fungus which covers sterilized 
empty bunches exposed to air for a few 
days with a powdery orange coloured layer 
is well-known.  The growth starts on the 
spikelets.  A sample was isolated on gelatin 
medium containing 10% of milk serum.  The 
proliferation is more rapid at 37°C than at 
25°C.  After 12 hr at 37°C, there appears 
a white mycelium without sporangium.  

After 21 hr at that temperature, there 
appeared  ramified, white, non-separated 
macroconidies.  The macroconidies grow 
in a direction perpendicular to the culture 
medium.  Their microscopic appearance 
is that of white flakes.  When the culture 
medium is exhausted, the spores assume a 
bright orange colouration. 

 Acidification tests were carried out by 
introducing fungus coloured pieces of emp-
ty bunches into oil and also by stirring an 
aqueous extract of culture into the oil.  The 
fungus has no lipolyitc activity. 

Lipase of the Fruit

 The lipase of the oil palm fruit is highly 
active but it has not been possible to prepare 
an extract of the fruit pulp with marked hy-
drolyzing characteristics.  As was stated in 
the section Search for Lipolytic Micro-or-
ganisms, the pulp extract does not hydro-
lyse the phenolphthalein dibutyrate.  Even 
the thorough mixing of bits of pulp and pu-
rified oil in a turbo-mix does not trigger hy-
drolysis of the latter.

CONCLuSiON

It is absolutely certain that acidifications of 
microbiological origin can occur in oil mills.  
Crude oil is particularly prone to that proc-
ess but in all probability inadequately clari-
fied oil can equally be affected.

 In practice, the clarification of crude oil 
must be carried out as soon as possible af-
ter extraction.  The oil should be sterilized  
through heating to a temperature equal or 
higher than 90°C after clarification and pu-
rification.  That level of temperature is suf-
ficient to destroy micro-organisms  and the 
lipase they produce.  

 Finally, oil should be stripped of non-
fatty substances normally found in all crude 
oils (pectins and other carbohydrates), in-
clusive of water, without which micro-or-
ganisms cannot proliferate.
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