
Journal of  Thermal Analysis, Vol. 12 (1977) 397--405 

EFFECT OF THE EXPERIMENTAL CONDITIONS ON THE 
THERMOOXIDATIVE BEHAVIOUR OF VEGETABLE OILS 

1. BtJzAs, J. SIMON* and J. HOLL6* 

Hungarian Academy of Sciences, Budapest 
*Technical University of Budapest, Hungary 

(Received February 11, 1977) 

The thermooxidative behaviour of sunflower and rapeseed oils has been investigated 
by means of a derivatograph, using both dynamic and static (isothermal) temperature 
programs. The aim was to find the optimum experimental conditions for studying the 
oxidative stability of edible oils, in order to determine their storability. A novel method 
has been developed for the rapid indication of stability by modelling the oxidative 
changes under isothermal conditions. 

The autoxidative deterioration, i.e. rancidification of edible fats and oils is of 
growing concern in the food industry. Apart from the loss caused by oxidation, 
the nutritional value of the products also decreases as a result of the destruction 
of essential fatty acids and vitamins. Fat oxidation may form toxic as well as 
malodorous chemicals. 

Consequently, oxidative stability is one of the most important quality control 
parameters for the manufacturers and users of commercial fats and oils. A number 
of methods have been developed for evaluating the long-range stability of fatty 
materials, the majority of which are based on subjecting the sample to conditions 
that tend to accelerate the normal oxidation process [1-  3]. 

It is generally accepted that autoxidation of fats and oils proceeds in an exceed- 
ingly complex chain reaction. Several types of oxidized compounds are formed, 
primarily hydroperoxides, then peroxides, aldehydes, ketones, acids, etc. Typically 
of chain reactions, a relatively long induction period can usually be observed, 
with a negligible oxygen uptake. The length of this period is characteristic of the 
oxidative stability (or resistance to rancidity) of the products. 

Owing to the multiplicity of the reactions occurring simultaneously during 
the autoxidation, there are a series of parameters by which the overall degrada- 
tion process can be detected. These include peroxide formation, oxygen absorp- 
tion, aldehyde and ketone formation (smell), weight gain associated with oxygen 
uptake, and finally the heat of reaction involved. 

Although the individual reactions are affected differently by temperature, 
catalysts and other factors, the accelerated tests are of value as a rapid indication 
of oxidative stability. The most widely accepted stability test for both manufactur- 
ing control and research purposes, the "Active Oxygen Method" (AOM), is 
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based on the determination of primary peroxides as a function of time during 
forced oxidation at elevated temperature. 

Recently, thermoanalytical methods have also been used for the evaluation of 
the oxidative changes and the tendency to further deterioration of fats and oils. 
As regards enthalpy changes associated with autoxidation, Cross [4] has applied 
differential scanning calorimetry to characterize different oils and shortenings. 
The exothermic enthalpy change during the rapid oxidation process which follows 
the induction period has been detected by a baseline shift under isothermal 
conditions (at 155 or 170 ~ and in an oxygen flow. A fairly good correlation 
has been found between the results obtained by standard tests and DSC data. 
American researchers suggest microthermogravimetric and pressure differential 
calorimetric methods for the estimation of oil stability, using both dynamic and 
static programs [5, 6]. 

Experimental procedures 

Investigations of the oxidative stability of fats and oils by complex thermo- 
analytical methods have not previously been published. In our experiments the 
derivatograph was used to study the thermooxidative behaviour of edible oils. 
The aim was to develop a simple, fast method for routine evaluation of the stor- 
ability, i.e. oxidative stability and oxidation state. 

For this purpose, fresh and aged oils were compared. The experimental models 
were sunflower and rapeseed oils, the most important edible oils in Hungary. 
Aged samples were obtained from fresh oils either by aeration at 100 ~ for two 
days, or by storing at room temperature for six months. Rancidity of samples 
was characterized by peroxide values determined according to the standard iodo- 
metric test [7] (Table 1). 

Table  1 

POV, mval 
Sample oxygen]kg oil 

Sunf lower  oil, f resh  
Sunf lower  oil, s to red  at r o o m  temp.  
Sunf lower  oil, oxidized at  100 ~ 
Ra peseed  oil, f resh  
Rapeseed  oil, s to red  at  r o o m  temp.  
Rapeseed  oil, oxidized at  100 ~ 

1.0 
12.0 

120.0 
2.0 

15.0 
90.0 

For the study of both oxidative and thermal changes, samples were dispersed 
as a thin film on a ceramic block, which was a fire-brick with a large surface 
(1 m2/g, measured by argon adsorption). It has been proved that this sample 
holder can be heated up to 1600 ~ without change in its specific surface. A similar 
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block was the reference material for DTA measurements. In a few cases Pt plates 
were also used. Investigations were carried out under air flow (20 l/h). Sample 
weight was 400-450  mg. 

The thermooxidative behaviour of the samples was examined under dynamic 
and static (isothermal) conditions. Under isothermal conditions the accuracy of 
temperature regulation was increased with an additional thermocouple built into 
the furnace atmosphere. Temperature was kept constant to +0.5 ~ [8]. 

Results and discussion 

Figure 1 shows the thermoanalytical curves of fresh sunflower and rapeseed 
oils obtained under dynamic conditions at a heating rate of 5~ For both 
oils decomposition proceeded in three steps. With increasing temperature, weight 
gain started at 140 ~ due to oxidation and reached its maximum rate at 160 ~ 
(sunflower oil) and 165 ~ (rapeseed oil), as the DTG curves show. This process 
was followed by degradation from 175 ~ to 260 ~ with D TG  maxima at 220 ~ in 
both cases. The second step of decomposition took place between 260 and 380 ~ , 
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Fig. 1. D e c o m p o s i t i o n  o f  f resh  sunf lower  a n d  rapeseed  oils:  - -  sunf lower  oil; --- r apeseed  
oil;  hea t ing  ra te :  5~ 
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Fig. 2. TO and D T G  curves o f  fresh (POV = ] )  and aged (POV = 120) sunflower oils at 
98~ 1. aged, on  ceramic ho lde r ;  2. fresh, on  ceramic  ho lde r ;  3. aged,  on  Pt  p la tes ;  4. f resh  

on Pt  plates 
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Fig. 3. Thermoanalyt ical  curves o f  sunflower oils at 98 ~ and 90~ ].  aged (POV ---- 120); 
2. s tored (POV = 12); 3. f resh (POV = 1) 
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and then the oils decomposed quantitatively. The DTA curves showed exothermic 
enthalpy changes. Since total degradation of the triglyceride molecules and 
combustion occurs above 260 ~ , the first step of decomposition is decisive in the 
study of oxidative changes. Only slight differences could be observed between 
the curves for sunflower and rapeseed oils, in spite of the fact that rapeseed oil 
is more resistant to oxidation than sunflower oil due to its fatty acid composition. 
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Fig. 4. Thermoanalytical curves of sunflower oils at 80~ 1. aged (POV = 120); 2. stored 
(POV = 12); 3. fresh (POV = 1) 

To study the effect of autoxidation, we compared the degradation of fresh and 
aged samples. There was no significant difference between the thermoanalytical 
curves of fresh and oxidized oils under dynamic conditions. 

Isothermal conditions proved to be suitable for evaluating storability and 
detecting autoxidative changes. In this case the temperature was raised rapidly 
(approx. 10 minutes) to the reaction temperature and TG, DTG and DTA curves 
were studied as a function of time. 

With regard to the classical thermogravimetric method standardized by Olcott 
and Einset [9, 10] for the investigation of oil stability, samples were spread on 
platinum plates. Figure 2 presents the thermoanalytical curves of fresh and aged 
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sunflower oils. 98 ~ was chosen as the reaction temperature, similarly to the standard 
stability test. In this case a marked difference could be observed between the 
thermooxidative behaviour of fresh and aged samples. 

Evaluation of the TG curves was based on the classical method [9, 10]. With 
the technique of following the oxidation of oils by weighing samples at intervals, 
the length of the induction period is taken as the time elapsed from the start of 
the experiment to the point when the samples have gained 0.4 % in weight. 

E&•T ~ I. 98~ 2,3 9 0 ~  

�9 1 \ .--t 

3 

<:J 

2 

1 

0.4 
, . . . . .  

100 ~ IP 100 200 - 

Time ~ min Time ~ rain 

Fig. 5. Thermoanalytical curves of rapeseed oils at 98 ~ and 90~ 1. aged (POV = 90); 2. stored 
(POV ~ 15); 3. fresh (POV = 3) 

Faster reactions and larger increases in weight could be observed when the oils 
were dispersed on the ceramic sample holder. 

The oxygen uptake of oils at 98 ~ is too fast to permit distinction between fresh 
and slightly oxidized (stored) samples. In order to model autoxidation more 
properly and to find optimum conditions for the study of the initial phase, the 
temperature was lowered. At 90 ~ and especially at 80 ~ greater differences can 
be found in the lengths of the induction periods, the slopes of the TG curves and 
the times of the TG, DTG and DTA maxima. The changes still occurred within 
a reasonable time (Figs 3 and 4). 

Thus, the oxidative stability of the oils can be characterized by the follow- 
ing data: 

- length of the induction period (IP) (rain) 
- time of maximum weight gain (TGmax) (rain) 
- time of maximum rate of weight increase (DTGma0 (min) 
- time of  maximum enthalpy change (DTAma~) (min) 
The total weight gained (Am) depends in practice on the experimental conditions. 
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Fresh, stored and aged rapeseed oils were investigated in the same way (Fig. 5). 
Rapeseed oil is more resistant to oxidation due to its fatty acid composition, and 
therefore its oxygen uptake was slower than that of  sunflower oil. At 80 ~ no mea- 
surable weight increase could be determined within 3 - 3 . 5  hours, in contrast to 
sunflower oil. 

In practice, the determination of small differences is generally required. Conse- 
quently, sunflower oils can feasibly be studied at 80 ~ while 90 ~ was found to be 
suitable for the evaluation of the oxidation state (storability) of  rapeseed oils. 
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Fig. 6. TG and DTG curves of sunflower and rapeseed oils at 90~ 1. aged sunflower oiI 
(POV = 120); 2. fresh sunflower oil (POV = 1); 3. aged rapeseed oil (POV = 90); 4. fresh 

rapeseed oil (POV = 2) 

The thermooxidative behaviour of the two kinds of oils can readily be compared 
at 90 ~ as shown in Fig. 6. A difference between the two kinds of oils can be 
observed: aged rapeseed oil of high POV underwent oxidation considerably more 
slowly than fresh sunflower oil. This was shown not only by the lengths of the 
induction periods, but also by the slopes of the TG curves and by the time required 
to reach the highest oxidation rate, i.e. the D T G  maxima. It  can also be seen that 
under the same experimental conditions the maximum weight increase depends 
only on the type of the oil. 
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The good reproducibility of the measurements was ensured by the high accuracy 
of weighing. The standard deviations of the data were the following: 

Standard 
Data deviation. 

Induction period 
Time of DTGmax 

DTAmax 
TGmax 

-'I-4.4 
+5.3 
• 
-[-3.4 

To summarize it may be concluded that the thermal and oxidative stability of 
edible oils can be evaluated by means of the derivatograph. Study of the thermal 
decomposition under dynamic conditions enables the detection of thermal and 
oxidative degradation. Storability can be investigated under static (isothermal) 
conditions by modelling the oxidation processes. Oxidative changes can be followed 
quantitatively via TG and DTG curves, while DTA measurements show exo- 
thermic enthalpy changes. 

This new method is also suitable for industrial quality control, and therefore 
we wish to extend our investigations to the study of the correlation with standard 
methods. 
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RI~SUMI~ -- On a 6tudi6 l'oxydabilit6 thermique des huiles de tournesol et de colza, ~t l 'aide 
d 'un  D e r i v a t i g r a p h  et en utilisant des programmes de temp6rature dynamiques et statiques 
(isothermes). Le but  du travail 6tait de trouver les conditions d'exp6rience les mieux adapt6es 
~t l '6tude de la r6sistance ~t Foxydation des huiles alimentaires afin de d6terminer les conditions 
de leur stockage. On a mis au point une nouvelle m6thode qui indique rapidement la stabilit6 
de l 'huile en reproduisant les changements d 'oxydation en conditions isothermes. 
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ZTt3SAMMENFASSUNG - -  D a s  the rmoox ida t ive  Verha l ten  yon  S o n n e n b l u m e n -  u n d  RapsiS1 wurde  
mi t te l s  e ines  D e r i v a t o g r a p h e n  un t e r  E insa tz  d y n a m i s c h e r  und  s ta t i scher  ( i so thermer)  T e m p e r a -  
t u r p r o g r a m m e  un te r such t .  D e r  Zweck  der  Arbe i t  war  die op t ima len  V e r s u c h s b e d i n g u n g e n  
zur  B e s t i m m u n g  der Oxidationsstabil i t~it  yon  SpeiseSlen zu  l inden u m  ihre  Lagerff ihigkei t  zu  
b e s t i m m e n .  Eine  neue  M e t h o d e  zur  schnel len E rmi t t l ung  der  Stabilitiit wu rde  mit te ls  Mode l -  
l ie rung der  oxida t iven  f lmderungen  un t e r  i s o t h e r m e n  B e d i n g u n g e n  erarbei tet .  

Pe3~oMe - -  TepMooKrtc~rtTeJmItoe noae~eHI~e IIO~ICOSlUeqHOrO • parlCOBOrO Mac~Ia 6blJIO HCCJIe- 
~OBaHO C IIOMOII~tO ~epaBaTorpa~a,  HcIIoJI~3y~l o6e ~I~HaMri,mcxae rt cTaxa~ecrHe (~i3oTepMrI- 
�9 leci~He) TeMnepaTypHI~ie nporpaMMl, i. I~eJIbIO rtcc;Ie~oBaHnR 61,1;lo Ha~T~t OIITMMyM 3I~crlepH- 
MeHram,m,ix yc;IoBri~ Aa~ ~I3y~eHH~ yCTO~q2~IBOCTH K OF, Hc~eH_I, IIO IIHI~eBBIX Macea, c TeM, qTO~t~I 
onpe~ea~iTS HX CpoK xpaHeH~in. ]3Sla pa3pa60iaH HOBe~IIIHfi MeTO~ ~3[~ 6I, ICrporo onpe~esleHrla 
fix cTa6H;IbHOCTH C nOMOII~IO MoAe~mpo~anrla OK_~tC3IHTeJTBH/,IX H3MeHeHH~ nprI rt30TepMHHeClCMX 
yC3IOBH~/X. 
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