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I
examined. Other criteria make it possible 
to assess the quality of crude palm oil.  The 
following may be listed among others:

• free fatty acid (FFA) content;
• degree of oxidation;
• bleachability;
•	refining	loss;
• transparency;
• mucilages which precipitate of settling 

(particularly in the presence of water);
• heavy metal content;
•	unsaponifiable	matter	content;
•	saponification	value;
• plasticity at various temperature levels 

below melting point;
• unsaturated acids content; and
•	flash	and	flammability	points.

Before going further into the detailed 
study of these criteria, some typical values 
are given below for average oil of good 
quality:

• FFA content: as low as possible.  Nor-
mally between 1% and 2% except for 
oil used in metallurgy for which the 
optimum value seems to lie within the 
range 4% to 8%;

• degree of oxidation: as low as possible.  
In terms of peroxide value, lower than 
2;

n the preceding chapters, the conditions 
required to produce a pure oil, that is 
free impurities and moisture were

• bleachibility:  residual colour very faint.  
No green of grey blue;

•	refining	 loss:	 as	 low	 as	 possible.	 	 It	 is	
governed by the FFA and the mucilage 
content;

• heavy metal content: as low as possi-
ble;

•	unsaponifiable	matter:		as	low	as	possi-
ble in the case of oil used in tin plating;

•	saponification	value:		as	high	as	possi-
ble for oil used in cold rolling of metal;  

• transparency: as high as possible; 
• products of maturation content:  as low 

as possible.
• plasticity: primarily must be consist-

ent.
• unsaturated fatty acids:  low for oil 

used in thin plating; and
•	flash	 and	 flammability	 points:	 	 very	

high for oil used in thin plating.

Finally, the point forcefully made by 
most users is the need for consistency in 
physical and chemical properties.  Very 
often, the absolute value of one criterion or 
the	other	such	as	plasticity	or	saponification	
value is of little importance by the producer 
must be in a position to guarantee that these 
characteristics will remain more or less 
similar from one shipment to another. 

It should be pointed out again that the 
impurities content should be lower than the 
sensitivity threshold of the determination, 
that is 0.01% and that the moisture content 
should be appreciably lower than 0.10%.
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FREE FATTY ACID (FFA) CONTENT

Acidification During Processing 

Oil contained in the unbruised, ripe 
and fresh fruit has an FFA as low as 
0.25%.  Industrial scale processing of such 
crop lead to oil with FFA 0.35%. Through 
sterilization of bunches, it is possible to 
produce, industrially, oil at 0.8% or 0.9% 
FFA provided handling of crop is reduced 
to the minimum.

 Processing itself accounts but for a very 
small increase in FFA.  The spontaneous 
auto-catalytic hydrolysis which will be 
studied in a further section permits to 
calculate the magnitude of the FFA increase 
during storage at high temperature.  In 
the most unfavourable conditions during 
processing, the oil is maintained at 140°C  
for 1 hr (sterilization) and at 100°C during 24 
hr	(batch	clarification).		On	the	assumption	
that the value of the rate of the hydrolysis 
reaction which will be discussed later for a 
1% FFA oil is 0.11% during sterilization and 
0.16% for the subsequent treatment, the total 
increase in FFA will be 0.27%.

Composition of the Free Fatty Acids

 The characteristics of the free and 
combined acids have been determined for 
oils with FFA 4%, 9% and 44% respectively.  
No	 significant	 difference	 was	 found	 as	
regards iodine value, molecular weight and 
melting point.  The inference is that FFA  
have roughly the same composition as the 
fatty acids combined to the glycerides.  The 
hydrolysis which takes place in the fruit as 
well as during the storage of the oil itself is 
therefore not a selective process.

 Furthermore, these results show that 
FFA are solely the end products of a non- 
oxidative hydrolysis without molecular 
chain splitting.  Many authors yet regards 
the reaction as an oxidative process. 

 It is worthy of note that for naturally 

acidified	 oil	 there	 is	 a	 close	 correlation	
between the acid value and the hydroxyl 
value.  It may be observed as shown in the 
hydrolysis representation given in Figure 1 
that the formation of OH ions is concomitant 
to that of COCH.  In the case of fresh fruits, 
the hydroxyl value is higher  than the acid 
value because of the presence, at the moment 
of ripeness, of small amounts of mono and 
diglycerides. On the contrary, oil with 
high FFA contains a certain amount of free 
glycerol, which therefore explains an excess 
of acid value over the hydroxyl value.  The 
ratio of the acid to hydroxyl value for  three 
types of oil is given in Table 1.

FORMATION OF FREE FATTY ACIDS 
(FFA)

Natural Acidification

General. Several years ago it was observed 
that the FFA content of oil increases on stor-
age after production. The mechanism had 
never been studied and most authors who 
had dealt with this question had ascribed 
it to the effect of lipolytic enzymes either 
present in the fruit pericarp or produced by 
micro organisms or to the action of rancid 
evolution of hydrolytic origin.

 Other researchers mentioned however, 
hydrolytic reactions due to the presence of 
impurities	 such	as	flour,	products	of	cellu-
lar decay, mucilages and also water, these 
products being culture media  is  for the de-
velopment of lipolytic microorganisms.  As 
will be seen in a further section dealing with 
biochemical	acidification,	the	hydrolysis	has	
been investigated and elucidated. 

 In an investigation Vanneck and Loncin 
had concluded that the hydrolysis observed 
in practice was neither of enzymatic nor 
of bacterial origin and that availability of 
water is indispensable, also that the FFA 
content affects the velocity of the hydrolysis 
(Table 1).  The study was continued in detail 
to show that the reaction may be described 
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TABLE 1.  RATIO OF ACID VALUE TO HYDROXYL FOR VARIOUS OILS

% FFA Acid value Hydroxyl 
value

CO2H
OH

Low FFA oil from fresh fruit or 
bruised fruit processed without 
delay

Average FFA oil or oil obtained 
from bruised fruit processed 10 
min to 30 min after bruising
High FFA oil 

0.7

6.0

35.0

1.5

13.2

79.6

4.9

14.3

30.0

<1

± 1

> 1

by the following equation:
dA                 (100 – A)
dt          (100)

 
or	in	simplified	form:		dA                 
                                        dt  
where:

A = % FFA content;
T =  time (generally expressed in 
 number   of periods of 10 days 
        each); and
K = reaction constant
By integration the formula becomes:
         K     (t2 – t1)  =   log A2
        2.3   A1

 
The synthetic oil used in the experiments 

described hereafter had an FFA of  0.05% 
and a hydroxyl value of 3.5.

Experiments on Natural Oil

The effect of the following factors has 
been studied:

• origin of the oil;
• the concentration of hydrogen ions in 

the aqueous phase;
• the presence if various impurities in 

the oil;
• the initial acidity;
• the addition of alcohols;

• the addition of various inhibitors; and
• the moisture content.

Experimental on Synthetic Oil

The effect of the following factors has 
been studied:

• the addition of lecithins;
• the addition of soap of metals;
•	 the	addition	of	palm	oil	unsaponifiable	

matter;
• the addition of surfactants;
• the addition of various organic sub-
stances	(pectin,	filter	paper,	casein);

• the addition of various mineral salts;
• the carotenoids;
• the initial acidity;
• the nature of the FFA; and
• the oxidized fatty acids.

Result  from the tests showed  that in the 
presence of an excess of water and at a given 
temperature, the FFA  already in the oil 
constitute by far the most important factor 
in the hydrolysis of the oil.  The reaction 
proceeds as an auto-catalytic process,  that 
is at any time in the range of low acidity, the 
instantaneous rate of the hydrolysis reaction 
(as measured by the amount of fatty acid 
appearing per unit of time) is more or less 
proportional to the concentration in FFA  at 
that very moment.

= KA

=  kA
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 The hydrolysis reaction takes place in 
the homogeneous phase using the water 
dissolved in oil.

 None of the compounds subjected to 
test possesses a catalytic action comparable 
to that of the FFA.  Only the soap of heavy 
metals and particularly that of chromium 
appears to exhibit the ability to speed up 
slightly	the	process	of	acidification	of	the	oil	
which already contains FFA.

 The various fatty acids with 16 and 18 
atoms of carbon affect the hydrolysis proc-
ess virtually in the same manner whatever 
their degree of unsaturation or even if they 
possess hydroxyl radicals (ricinoleic acid).  
For short chain fatty acids (with 12 and par-
ticularly 4 carbon atoms) the intensity of the 
catalytic effect is intermediary between that 
which may be calculated in percentage by 
weight and in molar percentage respective-
ly.

 Unlike fatty acids, mineral acids do not 
possess an acidifying affect.  This is probably 
due to the almost total insolubility of these 
compounds in oil at the temperature of the 
test (60°C).  The naphtyl β sulphonic acid 
which is soluble in oil has, on the contrary, a 
marked catalytic action (more marked than 
that of the fatty acids evolved from the oil).

 It is generally believed that palm oil un-
dergoes hydrolysis more readily than other 
oils before as well as after extraction.  In or-
der to ascertain this point, other oils were 

placed in the same conditions as palm oil.  
The experiments showed that the hydroly-
sis of coconut oil, ground nut oil and castor 
oil are very similar to that of palm oil and re-
tains their  auto-catalytic characteristics.  In 
the	specific	case	of	coconut	oil,	with	shorter	
molecular chains, the reaction constant k  is 
slightly higher  than that of palm oil.

 On the contrary, methyl esters of palm 
oil subjected to storage are hydrolysed 
according to a different law.  The mount of 
FFA formed in the course of time is simply 
proportional to time and is no longer 
governed by the FFA content  (Figure 2).

Kinetics of Spontaneous Hydrolysis

Tests have shown that the reaction con-
tents k is highly affected by temperature.  It 
may be accepted that its value approximate-
ly doubles for every 10°C increase. The av-
erage of several hundred determinations is 
given in Table 2.

These results are plotted in Figure 3.

The above values of k are valid over the 
whole range of temperatures by only for 
relatively low acidities.  This is due to the 
fact that the formula:

dA    
dt 

applies only for low values of A.
 

TABLE 2. EVOLUTION OF ACID AND HYDROXYL VALUES IN 
THE COURSE OF HYDROLYSIS

Time (in day) 0 6 20 35 61 82 92 100 115

FFA % 4.46 5.24 7.42 10.7 18.6 26.4 31.1 35.8 40.6

Acid value 9.2 10.9 15.4 22.2 38.6 54.8 64.5 74.2 83.3

Hydroxyl 
value

8.3 10.2 15.6 22.2 39.7 52.25 58.2 60.1 60.0

=  kA
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TABLE 2.  VALUE OF THE VELOCITY CONSTANT vs. 
TEMPERATURE

k °C k log. k

37 0.025 2.39

50 0.051 2.707

60 0.125 1.097

70 0.288 1.370

80 0.505 1.703

100 1.48 0.17

Figure 1. Variation of the constituents of oil during hydrolysis at 70°C.
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Figure 3.  Value of  k in relation to temperature.

Figure 2. Hydrolysis of palm oil at 37°C and 60°C of methyl esters of palm oil.

Feature Article



PALM OIL ENGINEERING BULLETIN NO. 89 47

If the hydrolysis is allowed to proceed, 
that is if A is allowed to increase, an S 
shaped curve typical of equilibrium reac-
tions is obtained. 

Such a curve is plotted in Figure 2 and 
applied to oil stored at 60°C.  In principle, it 
is admitted that as long as the FFA content 
does not exceed about 15%, the law is 
verified	 satisfactorily.	 	 An	 analogy	 exists	
between the reactions described above and 
the industrial hydrolytic splitting of fats at 
high temperature.

Evolution of the Glycerides during  
Hydrolysis

Numerous authors have studied that 
evolution during the industrial fat splitting 
process by hydrolysis  proceeds as follows:

Triglycerides➞Diglycerides + fatty acids
Diglycerides➞Monoglycerides + fatty acids
Monoglycerides➞Glycerol + fatty acids

Spontaneous hydrolysis takes place in a   
similar manner at low temperature.  It has 
been investigated at 70°C. Monoglycerides 
are titrated with periodic acid, the hydroxyl 
value by the international producer and 
moisture by the Fisher reagent in Figure 
1.  It may be observed that the amount of 
monoglycerides	 becomes	 significant	 only	
when acidity exceeds 10%, also that there 
is no important release of glycerol until 
the acidity of oil reaches some 20% FFA.  
At around 30% FFA, the concentration 
of diglycerides ceases to increase; this is 
indicative that the speed at which they are 
formed becomes equal to that at which they 
hydrolyse into monoglycerides and fatty 
acids.
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