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Lifespan Prediction (for Cooking Oil)  

Lifespan prediction was attempted using commercially-available software on data measured using the 

chemiluminescence method. 

 

Samples Commercially available cooking oil (rapeseed oil) manufactured by companies A and B 

Devices Main unit: CLA-FS4; sample chamber: CLS-SH0 

Temperature 50 to 250°C 

Temperature rate 0.2°C /min, 0.4°C /min, 0.8°C /min 

Atmosphere Oxygen (50ml/min) 

Sample quantity 100mg 

 

● Analysis software 
AKTS - Thermokinetics (a reaction kinetics analysis program using the (Friedman) 
differential equivalent method) 
This method improves on the (Ozawa) integral equivalent method. 
Sole agent in Japan: Palmetrics Corporation (http://www.palmetrics.co.jp) 

 

Measurement results 

Fig. 1 CL measurement results           Fig. 2 (Magnified view) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3        Fig. 4 
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Fig. 3 is a time-course graph of the integrated value over time for company A’s product. Reaction progress 

is represented as an integrated value over time. From the start of measurement at 0.8°C/min, the value was 

integrated at the point of rapid increase in luminescence (the oxidation induction time or OIT).  

The integrated value reached 1.4E + 7. The reaction progress at this point was taken as 1, and regarded as 

the lifespan. 

 

Fig. 4 shows the case where the AV value was measured partway through, while performing measurements 

on Company A's sample under the same conditions. In this case, the integration point was the point where 

the AV value changed from 0.0 to 0.5. Therefore, it can be said that reaction progress 1 is where the AV 

value reaches 0.5. The point at which the CL integrated value also reaches 1.4E + 7 at 0.2°C and 0.4°C 

/min was taken to be the reaction end point. 

The integration range for Company B's product was selected in 

the same way. 

 

Fig.5  Graph of reaction progress and temperature up to the 

reaction end point for Company A's product 

The reaction progress rate is shown on the vertical axis. The R 

value in the graph provides assurance that the analysis reliability 

is 0.99 or higher; in this case, the R value was 0.9907. The R 

value for Company B's product was 0.9963.                                                                    

 

Fig.6  Graph of the relationship between the reciprocal of each 

temperature and the logarithm of the reaction progress for 

Company A’s product 

 

From this, the Ln (dα/dt) for α (reaction progress) is determined. 

This slope is the Ea (activation energy); the Ea for each α can be 

determined. 

                                                                       

Fig.7  Activation energy for both samples 

The horizontal axis is the reaction progress until the integrated 

value reaches its maximum; on average, the Ea for Company A’s 

product was 85.9kJ/mol, and for Company B’s product, 

82.1kJ/mol. 

 

 

 

 
 
 
 
 
 

Fig.5 

Fig.6 

Fig.7 
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Lifespan prediction (time for reaction progress to reach 1 = time for AV value to reach 0.5) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Lifespan predictions 

 

The time taken (in hours) for the reaction progress to reach 1 at constant temperatures (25, 30, 70, 110, 150 

and 190°C) was predicted. At lower temperatures, Company A’s product had a longer lifespan, but as the 

temperature approached 200°C, the two products had more or less the same lifespan. 

 

The predicted lifespan at 30°C for Company A’s product was 10,930 hours, or roughly 455 days, and for 

Company B's product, 7,301 hours, or roughly 304 days; the difference was 151 days. 

 

Comparison of best-before dates (when stored at room temperature) 

 

The best-before dates and predicted lifespans (when stored at room temperature) of the samples used in 

this case were as follows. 

 

 Shelf life 
Prediction at 

25°C 

Prediction at 

30°C 

Company A’s product 528 days 823 days 455 days 

Company B’s product 309 days 554 days 304 days 

 

The best-before dates for these products are based on 

room-temperature storage, so the temperature is assumed to be 

between 25°C and 30°C. 

Fig.9 
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The lifespan prediction for Company A’s product was 455 to 823 days (at 25 to 30°C), compared to its shelf life 

of 528 days, and the lifespan prediction for Company B’s product was 554 to 304 days (at 25 to 30°C), 

compared to its shelf life of 309 days. Measurements in this case were taken in the range from 50°C to 250°C, 

but it seems likely that even more highly accurate predictions could be made by taking measurements starting 

from room temperature. 

 

Next, similar lifespan predictions were performed for samples of Company B’s product that had been stored in 

a refrigerator and subjected to heat degradation, as listed below. 

 
(1) New (immediately after purchase) 
(2) Old (same product, purchased and stored in a refrigerator for about 2 years) 
(3) New Heated (New sample degraded by heating for 30 minutes at 150°C in an oxygen atmosphere) 

 

 

 

 

 

 

 

 

 

 

No large difference was seen between the New and Old (i.e. stored in a refrigerator) samples, but in the New 

Heated samples, peroxide luminescence (initial peak) due to heating can be observed in the magnified view, 

and stability was also found to deteriorate. The point at which the integration range reached 1.4E + 7 was 

taken as the reaction end point. 

 

Lifespan prediction (time until reaction progress reaches 1) 

The time taken (in hours) for reaction progress to reach 1 at constant temperatures (30, 70, 110, 150 and 

190°C) was predicted. At all temperatures, the Old samples had shorter lifespans than the New samples; 

oxidative degradation was found to have progressed even in refrigerated storage. In addition, the New Heated 

samples were found to have significantly shorter lifespans. 
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