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An apparatus for the determination of induction periods of fat and oil
oxidation

PETER SIMON — STEFAN SCHMIDT — VACLAV KOMAN

Summary. A home-made version of the apparatus for the determination of
induction periods of fat and oil oxidation has been described. Great attention has
been paid to the choice of experimental conditions that combine good reproducibi-
lity of measurements and reasonable consumption of time. The standard deviation
of the induction period determination never exceeds 0.1 h and the coeficient of
variability reaches 10 9, only in the case of extremely labile samples. Examples of
the apparatus employment have been demonstrated on the studies of the effects of
interesterification and antioxidants on oil stability.

Introduction

Fats and oils are essential parts of human food. In order to preserve and
improve their quality in the continuously increasing production, a method for
the determination of their oxidation stability is needed. Several of these met-
hods exist, a great effort has been devoted in recent years to the automated
version of the Swift stability test (active oxygen method, AOM) [1, 2]. It has
been shown in the quoted papers that the induction period of oxidation is the
most reliable quantity characterizing the oxidation stability of fats. Mechanism
of the oxidation has been described by Loury [3]. Volatile products of the reac-
tion are capable to increase the conductivity of water. Hadorn and Ziircher [2]
made use of this fact and proposed the conductometric indication of the AOM
endpoint.

In our laboratory we study the influence of fats and oils processing on their
oxidation stability. Accordingly, our aim has been to construct an apparatus
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for the determination of the induction periods and to find such experimental
conditions that combine good reproducibility and reasonable consumption
of time.

Experimental method

The principle of AOM test is very simple. Air is continuously bubbled through
a thermostatted sample of oil or fat. Volatile products of oxidation are carried
to the conductometric cell, where they are absorbed in distilled water the
conductivity of which is followed.

The detailed scheme of the apparatus is shown in Fig. 1. The air supply is
provided by a diaphragm pump I (Rena 101, France). The air is purified by
its bubbling in a washing bottle through a solution of 50 g/l potassium dichro-
mate and 25 g/l sulphuric acid 2, then it passes through a droplets trap 3 and
traces of carbon dioxide and moisture are removed over potassium hydroxide 4.
The flow of air is measured by a capillary flow-meter § and the air enters the
oxidation cell 6.

The oxidation cell is made of SIMAX glass and consists of a jacket, a test
tube and a male ground joint with an inlet and outlet of the air (see detail in
Fig. 1). This arrangement allows perfect cleaning of the cell, perfect heating
of the sample and visible contact with the sample, as well. The diameter of the
test tube is 20 mm. At the top of the tube there are two ground joints — male
and female ones. The male joint joins the female joint of the jacket. The sample
is at the bottom of the test tube and is heated by silicon oil that flows trough
the jacket from the thermostat 7. The temperature of the heating medium va-
ries within --0.2 °C. The test tube is connected with the jacket and the inlet
of the air at the start of the experiment.

The air contairing the volatile products of oxidation exits through the outlet
of the oxidation cell and bubbles through 85 ml of distilled water in the con-
ductometric cell 8. The water is stirred with a magnetic stirrer and its tempe-
rature is kept at 9.54-0.2 °C. The conductivity cell has a diameter of 45 mm
and holds a conductivity electrode. The conductivity meter employed is Ra-
delkis OK 102/1 (Hungary) 9 and the conductivity of the water is recorded with
the line recorder 10 (TZ 4100, Czechoslovakia). In order to interconnect the
conductivity meter and the line recorder, a simple interface has been develo-
ped.

Great attention is paid to the cleaning of the air inlet ground joint and the
test tube of the oxidation cell. To avoid affecting the experimental result by
metal ions [4], the glassware is cleaned by detergent and hot water using a brush.
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Fig. 1.: Scheme of the apparatus for the determination of induction periods. Deseription
in text.
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Then, one hour’s treatment with hot ethanolic solution of potassium hydroxide
follows to saponify the last traces of oils and the glassware is rinsed with hot
water again and three times rinsed with distilled water. Finally, it is dried
at 100 °C in an oven overnight.
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Fig. 2.: Influence of temperature on the induction periods of rape seed oil. Tempera-
tures: 1—100 °C, 2—105 °C, 3—110 °C, 4—115 °C, 5—120 °C

The induction period (i. e., the endpoint of AOM test) is determined by extra-
polation of the steeper part of the water conductivity-versus-time curve to the
time axis. The intersection of these straight lines is considered as the endpoint.

Choice of experimental conditions

Temperature of oxidation

In the classical Swift stability test, the temperature of 97,8 °C is used [5],
but, at this temperature, the determination of induction periods is rather time-
~consuming. In order to choose another temperature with lower consumption
of time, we followed the temperature dependences of induction periods for
several oils; a typical one is shown in Fig. 2. Comparing the results we have
concluded that the temperature range between 105 and 110 °C represents the
best compromise because the experiments take reasonable time (less than
1 working day) and, the distinction between oils is good (differences between
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induction periods of different oils are greater than errors of the determination).
We have chosen 110 °C as the temperature of oxidation.

Sample size

Hadorn and Ziircher [2] investigated the effect of sample size and have found
that the curves of conductivity of the water versus time show a more distinct
endpoint when a smaller volume of oil is used. Our results completely agree
with their observations. The sample size we have used is 2.5 g; this is the least
quantity securing perfect contact between the oil and the air.

Air flow

The effect of the air flow is shown in Fig. 3. The induction period (IP) remains
the same, but, the curves become steeper and, consequently, the determination
of endpoints is easier with increasing air flow. The value of 200 cm3 min-1! is
a limit, further increase of the air flow has no effect on the shape of curves.
Therefore, we have used this flow rate in the experiments. A considerably smal-
ler limit value, less than 40 cm?® min—1, was found in [2].
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Fig. 3.: Influence of the air flow rate on the induction period determination. Flow
rates: 1—100 em?® min™!, 2—150 ¢m?3, min-1, 3—200 c¢m? min~—.

Reproducibility

Fig. 4 shows 7 runs of AOM endpoints determination for a partly refined
sunflower oil. The differences between curves seem to be great, but, the disper-
sion of induction periods is small. Our further results, and also the data publis-
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hed in [6], resemble Fig. 4. The range of induction periods and standard devia-
tions for five oil samples are listed in Table 1. The value of standard deviation
never exceeds 0.1 h-! (standard deviation is calculated as [I4%/(n — 1)1} where
A; is the difference between the mean and actual values of IP and n is the
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Fig. 4.: Reprcducibility test of AOM determination for partly refined sunflower oil.

number of runs). Therefore, the coeificient of variability is greater for samples

with a short induction period, but only in the case of extremely labile oils it
reaches 10 9.

Examples of the apparatus employment
Effeet of interesterification on the oxidative stability of oils

In recent years, the modification of fats and oils by the process of interes-
terification has been commercialized in many countries. Contradictory results
have been reported in the field of the influence of interesterification on the
autooxidative stability of vegetable oils [7, 8]. In our work, sodium methoxide
in two concentrations was applied as the catalyst. The experimental procedure

60



was described previously [9]. Our results show that the mixture of lard and
rapeseed oil in the mass ratio 9 : 1 was more stable — IP = 6,1 h, than the
interesterified blend — IP approx. 3,5 h. Influence of the catalyst concentra-
tion — 0.2 9, and 0.5 %, by mass of the oil had only a negligible effect on the
induction period, IP = 3,6 versus 3,4 hours. The lower stability of the interes-
terified blend could be due to residual soaps and methyl esters formed during
randomization. Thus, subsequent chemical or physical refining and especially
deodorizing process is necessary for increasing the quality characteristics of
edible oils.

Tab. 1. Induction periods and standard deviations for different oil samples

Number of . Standard Coefficient
Sample runs Range/h Meanfh | seviation|l | of variah,/%

Partly refined

sunflower oil 7 0,560—0,64 0,56 0,06 10,0
Sunflower oil + 0,86—0,88 0,87 0,01 1.0
Hydrogenated

sunflower oil 3 3,70—3,92 3,81 0,10 2,9
Linseed oil 3 0,85—0,96 0,91 0,08 8,8
Lard 3 0,86—0,88 0,87 0,01 1,1

Tab. 2. Induction pericds (IP) of bleached rapeseed o1l with add ~d commercial sunflower lecithin

Concentration of lecithin (9) IP/h
. 2,756
0.1 3,25
0,2 3,50
0,5 4,00
1,0 4,25

Eifect of antioxidants on the oil stability

Automated AOM test is very suitable for the study of antioxidant operation
in oils. Sherwin [10] reviewed the roles of oxidation and antioxidants in the
various major processing steps in producing edible fats and oils. Phospholipids
as antioxidant synergists in the fat autoxidation are well known, but, the me-
chanism by which phospholipids exert synergistic activity, is still a matter of
speculation. The results presented here (Table 2) demonstrate clearly that the
added commercial sunflower lecithin increased the bleached rapeseed oil sta-
bility.
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Discussion

The apparatus described here enables the determination of induction periods
of fats and oils oxidation. The temperature of carrying out the measurements is
110 °C. All analytical methods have their weak points and the results of accele-
rated tests do not always correlate with the outcome of commercial storage
tests. The higher the temperature of oil samples, the greater discrepancies can
occur. But, for the study of the influence of processing on the oxidation stability
it is sufficient to know how a process affects this oil property. For this purpose,
the use of the higher temperature is utterly satisfactory for orientation in expe-
riments. Additionally, the very good reproducibility and small error of the
measurements make possible to indicate unabiguously the improvement or de-
terioration of oils. Standard deviation of the measurements is generally less
than of those carried out with the instrument made commercially [12], but, it
can be a consequence of different temperatures of oil oxidation.

As it has been already mentioned, the construction of the oxication cell
enables a visible contact with the cil samples. This appeared to be very impor-
tant, for example, in the study of the influence of phosphoric acid (common
degumming agent) on the oil stability. In this case, the sample changed its
colour before the endpeint had been indicated. Thus, the colour changes sho-
wed that other reactions took place in the system besides oxidation and that
another, a more appropriate method of the study should be chosen.

The employment of AOM method is not limited only to the examples descri-
bed above. For instance, the correlations between the degustation figure, pe-
roxide value and induction period were investigated recently [11]. It was conclu-
ded that for most of the examined oils, the degustation figure could rather
safely be predicted after a certain storage period according to IP values. Also,
great usability of automated AOM method can be expected in all the fat and
oil technological processes, since there is no doubt that the oxidative stability
of oils can be improved by an appropriate control of refining processes.
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Annaparypa JiIs1 ollpe/iesIeHnsI HHAYKIHONHOTO IIePHOJA OKICICHIA JKAPOB I Macelx
PesoMme

B pabore onmucana M3MCPUTEILHAS allllapaTypa Jul OMPeeseHil HH/Y KITHOHOT0 Iepuo-
Jld, KaR MEPDHI OTEHKI CTOITROCTIH HUIHCBLIX AL POB 1 MaceI K CaMOORUCICHNI. DBainManue
YIEIeHO TIABILIM 00PA30OM CTAMAPTHAATUL DRCICPHMCHTAIBHBIX VCIOBHI, rapauTnpyio-
IIUX XOPOMIYIO BOCIPOM3BOJIIMOCTD 1 HIPIICMIIEMOE BPeMI H3MEePEHIIT i [YRIHONHBIX TEPilo-
noB. CraggapTHOoe OTKIOHeHHE YCTAUOBICHHBIX HHYKINOHHLIX 1I€PIO/IOB HIl B KaKOM C/Iydae
me npesninaigo suauvenne 0,1 waca. llpuBemembl HIpuMepsl IpHMEHE RISH3MCPITCILHOIO
yeTpoiicTBa JUIS U3YUYeHI BIHAHUA MERMONIeRYIApHoil nepesrepuuranmun TAT Moneryx
11 100aBKII CHHEPICHTOB HA CTOMKOCTh K OKRHUCJICHNIO TNIEBLIX JKIPOB I Macedl.

;aratiira na stanovenie indukénej periddy oxidacie tukov a olejov

Sthrn

V préci sa opisuje meracia aparattira na stanovenie indukénej periédy, ako miery odha-
du stability jedlych tukov a olejov proti autooxidécii. Pozornost sa venuje najmé Standar-
dizdeil experimentédlnych podmienok, ktoré zarutuja dobra reprcdukovatelnost a prija-
telny ¢as merani indukénych periéd. Smerodajnd cdchylka stanovenych indukénych pe-
ri6d ani v jednom pripade neprekrocila hodnotu 0,1 h. Uvddzaja sa priklady pouZitia
meracieho zariadenia pri studiu G¢inku medzimolekulovej preesterifikdcie TACG melekul
a pridavku synergentov na oxidacénu stabilitu jedlych tukov a olejov.
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