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GENERAL

s the increase in peroxide value is 
considered as a sign of deterioration 
in the quality of oil, possible ways 

of lowering this value were investigated.  
The lowering of the peroxide value can be 
achieved through reduction, in the chemical 
sense of the word.  The laboratory results 
were very conclusive and the industrial im-
plementation led to a marked decrease in 
peroxide value but it was not possible to re-
duce it to nil as in laboratory experiments.  
The reason lies probably in the lack of inti-
mate contact between the oil and the reduc-
ing agent. 

In the laboratory, the deperoxidation 
technique consists in stirring 100 g of oil at 
a temperature of 100°C with 10 ml of reduc-
ing solution in a turbo-mixer or in the Ultra-
Turax for 1 min and then to centrifuge the 
hot emulsion (minimum 70°C) at 3000 rpm 
for 10 min. 

Laboratory Experiments 

The experimental results obtained with a 
number of reducing agents appear in Table 
1.
	

The most interesting results are those 
obtained with sodium bisulphate and me-
tabisulphite.  No satisfactory explanation 
was found for the unfavourable results re-
corded with the sulphite even when used 
in acid medium.  Instead of stirring the oil 
vigorously with the reducing solution, di-
rect percolation of the oil through the reduc-
ing compound (metabisulphite) or straight 
incorporation of the latter into the oil were 
also undertaken.  Very encouraging results 
were obtained with these two techniques. 

Large Scale Trials

The trials were carried out on batches of 
1 t approximately.  The oil was heated up 
and a quantity of reducing agents slightly 
higher than the theoretical amount stirred in.  
After an adequate time of contact between 
reducer and oil, the oil was centrifuged in 
a bowl centrifugal separator fitted with a 
suitable gravity disc to obtain thoroughly 
the dehydrated oil and a small oil loss in the 
separated aqueous phase. 

It has been possible to decrease the per-
oxide value without however, reaching the 
zero level as has been pointed out at the be-
ginning of this article.  In the large scale tri-
als, homogenization was achieved by means 
of a heliccidal-strirrer. These required 4 kW 
power.  The stirrer churned the mass of 
liquid far less efficiently than a laboratory 
turbo-mixer. The latter operated on approxi-
mately 100 g of oil and used 400 W of power.  
The power required in the large scale trials 
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was only 10 times higher than that necessary 
for the  laboratory scale model  although the 
quantity dealt with was 10 000 times higher.  
It would, of course, be possible to compen-
sate for the low power used by increasing 
the time of contact but even if stirring were 
continued for 1 hr in the factory against 1 
min in the laboratory,  it would still be a 
long way away from theoretically achieving 
the same contact between oil and reducer 
(work is hundred times less).

EFFECT OF DEPEROXIDATION 
ON STABILITY

A series of experiments using the Swift test 
were carried out in order to assess the stabil-
ity of deperoxidized oil. 

The technique consists in oxidizing the oil 
at a temperature of 60°C in air, then in per-
oxidizing it before subjecting the oil to the 
Swift test using the initial oil as a control. 
The results of one of these tests are given 
in Table 2.  The corresponding graph (Figure 
1) shows that the peroxide value increases 
sharply in the course of time in the case of 
the untreated peroxide value oil  whilst the 
deperoxidized sample undergoes a consid-
erably slower oxidation process. 

In another trial, samples are drawn peri-
odically during the oxidation at 60°C.  They 
are then deperoxidized and subjected to the 
Swift test.

Table 3 and the graph of Figure 2 show the 
pattern of oxidation of five samples of oil as 
under:

•	control – peroxide value 2.6;
•	control (peroxide value 2.6) deperoxi-

dized to 0.6 peroxide value;
•	oil oxidized to peroxide value 4.9 then 

deperoxidized to 0.3; and
•	oil oxidized peroxide value 8.4 then de-

peroxidized to 0.

It may be observed that after reduction, 
the ability to oxidize is considerably less 
pronounced.  In the above experiments, the 
deperoxidation is achieved through addi-

tion either of the theoretical amount of re-
ducing agent or of a small excess of it.

The effect of that excess was examined.  
Generally, oil treated with just the theoreti-
cal amount of reducing agent reaches a per-
oxide value of 1.  The peroxide values ob-
tained with a slight excess of reagent and 
the increase recorded in the Swift test, are 
given in Table 4.

It may be observed that for a 30% excess 
of reducing agent, the peroxide value falls to 
nil.  In the case of oil with very low peroxide 
value, this excess is inadequate.  It must be 
increased without however exceeding twice 
the theoretical amount. 

The effect of a large excess of reducing 
agent has also been studied. Based on this 
present work, it was seen that beyond a cer-
tain limit the excess of reagent is detrimen-
tal and that it even induces oxidization.  The 
effect could be ascribed to the destruction of 
the natural antioxidants of the oil immedi-
ately after that of the peroxides.  Table 5 and 
Figure 2 provide data regarding the increase 
in peroxide value of oil after deperoxidation 
through increasing additions of bisulphate 
from 0.5 to 10 times the theoretical amount.  
The initial peroxide value of the oil was 3.2. 

Antioxidants

A few experiments were carried out with 
a view to assessing what benefit might be 
derived from the use of antioxidants.  Some 
of these are authorized by the legislation of 
several countries, particularly the gallates 
and the butyl-hydroxyanisole (BHA).

It should be noted that if the oil is 
treated carefully, that is if precautions 
are taken to prevent the destruction of 
natural antioxidants, a product of generally 
satisfactory stability is obtained.  If resistance 
to oxidation were to be a requirement of 
primary importance, the deperoxidation of 
oil constitute a very efficient step towards 
stabilization.  In order to highlight the 
resistance of the oil, it is sufficient to compare 
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TABLE 2.  RESULTS OF OXIDATION, DEPEROXIDATION AND 
REOXIDATION OF PALM OIL

Time (hr)

0 1 2 3 4 5 6 7 8 9 10

Swift test on underperoxided 
oil

1.1 3.6 7.2 10.4 14.3 16.4 19.8 21.7

                                                                       Deperoxidation 

Swift test on deperoxided oil 0 - 2.0 3.0 3.0 3.7 3.3 3.9 3.6 3.5 3.7

TABLE 1. TYPE OF WASHING SOLUTION AND FINAL PEROXIDE VALUE

Test 
No.

Type of washing solution Final peroxide 
value

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

2.5% SnC12, 2H20, 10% acetic acid
3% sodium hydrosulphite (Na2SO4)
3% sodium hydrosulphite, 10% acetic acid 
2% pyrogallol
2% pyrogallol, 0.1N sodium hydroxide 
6% sodium hyposulphite (Na2S2O3, SH2O)
3% sodium sulphite (Na2SO3)
3% sodium metabisulphite (Na2S2O5)
3% sodium sulphite + 1% NH2-SO3H
3% sodium bisulphite (NaHSO3)
6% sodium hyposulphite, 10% acetic acid 
3% sodium sulphite, 10% acetic acid 
3% sodium hydrosulphite, 1% NH2SO3H
3% sodium sulphite, 1% potassium iodide
3% sodium sulphite, 10% acetic acid, 0.1% potassium iodide
3% sodium sulphite, N hydrochloric acid
3% sodium sulphite, acetic acid, sodium acetate buffer
0.5% formaldehyde
3% sodium sulphite, 6% nono-potassium citrate
3% sodium bisulphite 
3% sodium metabisulphite

0.0
  3.1
  0.4
19.1
14.2
16.0
15.5
  0.0
15.7
  0.0
  0.7
15.3
  0.3
17.4
17.5
17.2
17.7
15.8
15.9
0.0
0.0

Initial peroxide value: 17.5

its oxidation curve to that of methyl oleate 
for instance, or to that of the methyl esters 
of palm oil.  Figure 3 shows the results of the 
Swift test applied to esters, to a  sterilized 
processed and bleached (SPB) oil and to a 
deperoxidized oil. 

It should be pointed out that tocopherols 
are the chief antioxidants of palm oil.

The deterioration or the destruction of 
the natural antioxidants make the oil highly 
sensitive to oxidation.  The destruction oc-
curs as a result of bleaching and refining of 
the oil.  In Table 4, a comparison is made be-
tween the increase in peroxide value of four  
samples of bleached oil and one control oil. 

Stabilization experiments were carried 
out with BHA, propyl and ethyl gallate.  The 

>

<
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TABLE 3.  PEROXIDE VALUE (PV) AFTER TREATMENT AFTER THE FOLLOWING HOURS

Sample 
No.

PV before 
treatment

PV after treatment after the following hours

0 1 2 3 4 5 6 7 8 9

1 2.6 0.6 6.7 9.3 12.3 - 14.6 16.1 17.9 20.5 21.9

2 2.6 0.6 2.7 3.9  4.9 6.1 9.0 9.0 9.5 - -

3 4.9 0.0 1.3 1.6 1.4 1.3 1.4 1.7 1.7 - -

4 6.4 6.4 1.9 2.7 3.9 4.1 5.8 6.4 6.7 - -

5 8.2 8.2 1.6 1.6 1.9 1.7 1.5 1.5 1.3 1.4 11.9

TABLE 4.  OXIDATION OF OIL IN SWIFT TEST vs. QUANTITY OF REDUCER USED 

Sample 
No.

Sodium bisulphite times 
the theoretical amount 

Oxidation of oil in the Swift test vs. the amount of 
reducer used for deperoxidation

Time (hr)

0 1 2 3 4 5 6 7

1 Not deperoxidized 8.3 13.7 16.4 16.4 18.6 20.3 23.7 25.0

2 1.1 0.2 1.5 - - 3.7 - - 6.6

3 1.3 0.0 1.3 - - 3.5 - - 6.1

4 1.5 0.0 1.3 - - 2.1 - - 2.3

Figure 1.  Comparison between the oxidation curve of a low peroxide value  (PV) (1.1) control oil and the same 
oil oxidized to 21.8 PV than deperoxidized with bisulphite.
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Figure 2a.  Comparison between the oxidation curve of a low peroxide value (PV) (2.6) oil and the 
same oil oxidized then deperoxidized with bisulphite to various degrees of oxidation.

NDGA (nordihydrogaiaretaic acid) was not 
tried in view of the objections made against 
the use of that chemical.

The experimental results are given in Ta-
bles 5, 6  and 7.  Oil was stored in darkness 
at 50°C.

Tables 5, 6 and 7 show that ethyl gallate 
does not slow down in any way the oil oxi-
dation process.  Note that the results con-
firm the beneficial effect of deperoxidation 
(to compare the results after seven days of 
standard oil and after 12 days on deper-
oxidation oil).  From a rate of 100 ppm, a 

Figure 2b.  Oil initial peroxide value of 3.2 deperoxidized through addition of 
increasing amounts of bisulphite.
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1. Control oil
2. Oil deperoxidized to 0.6
2. Oil oxidized to 4.9 then deperoxidized

4. Oil oxidized to 6.4 then deperoxidized
5. Oil oxidized to 8.2 then deperoxidized

The effect of the amount of reducing agent on stability
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Figure 3.  Resistance to oxidation of oil and its deperoxidized counterpart in comparison with 
that of the methyl esters and of methyl oleate (Swift test).

TABLE 4.  OXIDATION OF BLEACHED OIL

Crude 
oil 

control

Refined 
oil

Oil 
bleached 
at 240°C

Oil bleached at 
240°C and with 
bleaching earth

Oil bleached 
by Avros 

procedure

% FFA

Optical density at 420 m

Initial PV

PV after 3 days

2.00

140

145

18.6

0.47

0.25

10.00

17.60

1.97

0.89

0.00

11.80

1.74

0.33

0.10

16.70

1.53

0.33

0.00

17.50

Note:  FFA – free fatty acid.     PV – peroxide value.

TABLE 5.  OXIDATION OF OIL TREATED WITH ETHYL GALLATE 

Time
(days)

Concentration in ppm 

Control 0 5 25 50 100

0
1
3
7

3.3
5.0
10.8
22.0

3.3
5.5

10.7
22.1

3.3
4.5
10.3
22.5

3.3
6.4
10.0
22.5

3.3
5.3
12.1
19.1
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PV meq

Deperoxidized oil
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TABLE 6.  OXIDATION OF  DEPEROXIDIZED OIL TREATED WITH ETHYL GALLATE
 

Time
(days)

Concentration in ppm 

Control 0 5 10 20 100

0
1
3
7

12
33

0.0
0.2
3.7
7.4
9.4

25.3

0.0
0.2
3.0
6.9
9.1

29.8

0.0
0.3
3.9
6.5

11.3
27.3

0.0
0.6
2.5
7.4
8.0

24.6

0.0
0.0
2.7
8.2
9.0

26.1

TABLE 7.  OXIDATION OF OIL TREATED WITH ETHYL GALLATE

Time
(days)

Concentration in ppm 

Control 0 5 25 50 100

0
3
8
18
57

4.4
6.2
13.2
23.0
38.8

4.7
6.5
9.0
14.7
34.7

4.6
5.3
7.7
9.3
15.1

4.5
5.4
6.3
6.8
12.1

4.4
5.1
6.3
5.6
7.8
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significant slowing down of oxidation be-
comes apparent.

Similar experiments carried out with 
BHA show no inhibition activity for that 
antioxidant even at the rate of 100 ppm.   
The recommendation is made in technical 
publications to use mixtures of gallate and 
BHA.   This kind of experiment was not car-
ried out.  They will be undertaken if and 
when the question is  the object of revived 
interest.

CONCLUSION

The peroxides of palm oil can be reduced 
without difficulty through the use of a 

number of reducing agents.  The bisulphite 
and metabisuphite appear to be the most 
potent. 

Deperoxidized oil possesses a greater 
stability as regards oxidation in comparison 
with the untreated oil.  In other words, the 
lowering of peroxide value to almost the 
zero level seems to slow down the subse-
quent formation of peroxides.  It looks as 
if substances ultra susceptible to oxidation 
and present in minute quantity in the oil 
were reduced irreversibly during the deper-
oxidation process.

To achieve the best stabilization of the 
oil, it would appear necessary first to oxi-
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dize all these substances and then to reduce 
them by deperoxidation.

Too large an excess of reducing substance 
offers no advantage and may even detri-
mental since the excess reducer seems to 
destroy the natural antioxidants of the oil.  
An excess of 20% to 30% of reducing agent 
is adequate for oil with high peroxide value.  

As much as 100% excess can be used for oil 
with low peroxide value.

Antioxidants such as ethyl gallate or 
BHA have practically no inhibition effect on 
oil oxidation. Propyl gallate however pos-
sesses a reasonably marked effect when in 
amounts larger than 30 ppm. 




