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ABSTRACT
The repeated usage of heating oils has been proven hazardous due to the degradation process by chemical re-

actions that lead to changes in the quality of the oil. There are numerous analytical methods which are capable of 
monitoring the quality deterioration in heating oils due to their repeated heating in deep fat frying processes. This 
work explores the effect of heating on the physical behaviour of soybean and rapeseed oils and their blends. Col-
our measurements, electrical impedance and differential scanning calorimetry (DSC) were used for monitoring the 
changes in oils and their blends due to the heating process. The results revealed that all methods are able to respond to 
the oil changes due to the heating process with different levels of accuracy. It was obvious that, colour measurements 
represented a high level of standard deviation. Electrical impedance showed its ability to be a candidate as a rapid 
monitoring method. Also, DSC was able to follow small changes in oils along with heating. Further tests are required 
to confirm the efficacy of the aforementioned methods using more oil blends to generalize the results.. 
Keywords: Frying oils, physical methods, electrical impedance, differential scanning calorimetry.

INTRODUCTION
Due to their unique flavour and texture, fried 

foods are consumed throughout the world. The 
conditions of frying (160-180°C, air and moisture) 
result in deterioration of oil quality via complex of 
chemical reactions (oxidation, hydrolysis and po-
lymerization) and such oils should be discarded, 
(Innawong et al., 2004). It is worth to mention that 
darkening of exhausted oils is a good indicator to 
prevent the continual use of such oils (Nayak  et 
al., 2016). Differential scanning calorimetry (DSC) 
provides information on the excess specific heat 
over a wide range of temperatures. Any endother-
mic or exothermic event is registered as a peak in 
the chart, and its area is proportional to the enthal-
py gained or lost, respectively. Another advantage 
of DSC, besides the small sample size, is that the 
oil content may be accessed directly in the fried 
product, avoiding extraction with solvents. In the 
same context; the application of a monochromatic 
voltage signal at the single frequency to sample 
results in a current of the same frequency. If the 
sample does not have capacitance and inductance, 
the phase of the current is the same as that of the 
voltage. However, if the sample has any capacitive 
reactance, a phase shift occurs.

As a result of the aforementioned methods 
used for monitoring changes in heated oils, the aim 
of the present work was to monitor the response 
behaviour of these methods. Moreover, accuracy of 
such methods was investigated as rapid monitoring 
methods based on the change of the physical char-
acteristics of heated oils during the heating process.

MATERIALS AND METHODS
Sample preparation

Two types of oil collected from the local mar-
kets of Budapest, Hungary were examined. These 
oils are classified according to the level of unsatu-
ration as follows: Rapeseed oil (Monounsaturated) 
and soybean oil (Polyunsaturated). Rapeseed oil 
was used for improving oleic acid content in the 
blends prepared for the experiment. Oil samples 
were kept in the refrigerator at around 6°C±1°C 
and withdrawn at the time of the analysis. High 
oleic frying oil blends were tested at different ra-
tios of rapeseed oil and soybean oil namely, 0:100, 
25:75, 50:50, 75:25 and 100:0, respectively. Each 
sample was tested in 4 to 6 replicates to ensure the 
statistical reliability.
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Heating process
An amount of 1.8 kg oil was placed out in a 3L 

capacity electric deep fat fryer and heated to 180±5 
°C. Heating experiment was carried out for 6 hr and 
samples were taken at 1 hr intervals after the oil 
reached 180°C. In order to determine the effect of 
heating on oil properties, samples (~300 ml) were 
taken at the end of the batch and kept at 6 ±1°C for 
physical analysis. 

Colour measurements
Colour of oil samples was measured by Col-

our Lite Sph850 spectrophotometer coupled with 
CA10-LS adapter used for liquid samples. The in-
strument was calibrated to measure liquid CA10 
mode; the number of the scans was adjusted to 3 cy-
cles and the final result was calculated as an average 
of 3 scans.  Calibration was carried out by filling a 
disposal cuvette with double distilled water without 
any bubbles and placed in the holder. L*, a*, and 
b* values were measured. The measurements were 
in the whole spectrum of visible light, starting from 
400 nm to 700 nm. At the end of measurements, the 
data were exported to PC through the RS2312 inter-
face and represented in excel spreadsheet.

Differential scanning calorimetry (DSC) 
Thermophysical properties of samples were 

determined by a DSC 131 evo (Setaram Instru-
mentation, Caluire, France) differential scanning 
calorimeter and an immersion cooler (Flexi-Cool 
FC100, FTS, USA). Nitrogen (Messer Hunga-
rogáz Kft., Budapest, Hungary) was used as the 
purge gas at a flow rate of 50 cm3/ min. A three-
step calibration was used consisting of empty DSC 
pan, mercury, and indium. Samples of 20–25 mg 
were weighed, and an empty aluminum DSC pan 
was used as a reference. The temperature program 
was as follows: cooling from +10 °C to –60 °C by 
a cooling rate of 1 °C/ min, then keeping at –60 °C 
for 10 min. Sample temperature (T, °C) and heat 
flow (H, mW) were recorded. The data collection 
and analyses were controlled by Callisto Process-
ing 1.076 software (AKTS AG, Siders, Switzer-
land). Crystallization peak temperature (T, °C) 
and latent heat of crystallization (peak area, ΔH, 
J/ g) were measured using the cooling interval of 
the curve and fitting linear baseline (Zhang et al., 
2013) isothermal crystallization kinetics studied by 
pulsed Nuclear Magnetic Resonance (pNMR).

Electrical impedance measurements 
Electrical impedance measurements were 

carried out at room temperature for all the sam-
ples using two precision LCR meters HP4284A 
and HP 4285A in frequency ranges from 20 Hz 
up to 1 MHz and from 75 kHz up to 30 MHz, 
respectively. Ten ml of oil samples were placed 
in a 20 ml plastic cuvette for measurement. 
Electrocardiograph electrodes (Fiab Spa) with 
a radius 6±0.04 mm were used in the meas-
urements. The electrodes were immersed into 
the sample in form of a plane parallel with a 
distance between the electrodes 1.5±0.02 mm. 
The applied electrical voltage was 1 volt. The 
magnitude, Z , and the phase angle, ϕ , of elec-
trical impedance were determined. The real, R 
and the imaginary, X, part of impedance were 
calculated ϕ= cosZR  ϕ= sinZX and were pre-
sented in the function of frequency. The effect 
of heating time on oils was illustrated with the 
spectrum of R/R (5 kHz), the ratio of the real 
part and the real part at 5 kHz frequency. 

Statistical Analysis
Multivariate statistical analysis of the principal 

component analysis (PCA) was applied for evalu-
ating results of electrical impedance measurements 
and it was performed by R project statistical soft-
ware.

RESULTS AND DISCUSSION 
Colour measurements 

The colour of oils has been widely used as 
a subjective or objective index to determine the 
quality of the used oil. When oils are heated as 
in the frying process, they rapidly change from a 
light yellow to an orange-brown colour. This is the 
combined result of oxidation, polymerization and 
other chemical changes. These changes could be 
expressed as deviations in oil as L*, a*and b* val-
ues. The total colour difference (TCD), , which 
is a combination of parameters L*, a*and b* values, 
is a colorimetric parameter extensively used to 
characterize the variation of colour in foods during 
processing. It was calculated from the following 
equation: -

                            
Where, L* (100), a* (0) and b* (0.05) refer to 

reference values, i.e. colour parameters of distilled 
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water, and L*, a* and b* refer to colour values of 
the samples at various times during heating. An 
increase in TCD was observed in Fig. (1) with 
elongation of heating time. The ANOVA results of 
total colour difference (TCD) indicated that there 
are significant differences between oil along with 
heating time (Table 1). 

The ANOVA results of colour component 
measurements showed that there are significant 
differences between oil mixtures in terms of L*, a* 
and b* values.  Regarding heating time, there was 
a significant difference for all L*, a*, and b* values; 
Moreover, within these parameters, only a* showed 
an increase in its values on contrary to L* and b* 
showing decreasing patterns (Fig. 2). On the other 
hand, only b* values showed significant differences 
between samples in terms of different mixing level. 
These results are in accordance with the results ob-
tained by Maskan, (2003).

As a result, the assumption of homogeneity of 
variances was violated, it is proposed to use Games-
Howell posthoc test for evaluating the ability of the 
method for discriminating between oil according to 
their time of heating based on measuring L* value. 
The results showed that colour measurement is not 
capable of discriminating between oils at the short 
time; however, it is a suitable method for differen-

tiating among them at longer heating times. Tak-
ing into consideration the standard deviation levels, 
the results showed the sensitivity of this method is 
very low as it shown in Fig. (3). The colour, meas-
urement is not suitable to be the only method for 
discriminating heated oils. Therefore, the colour 
measurement could be one of the rapid parameters 
for evaluating discarding point of heating oil based 
on the decrease in their lightness values.

The ANOVA results (not shown) for the level 
of saturation and heating time with different wave-
lengths starting from 400 nm to 700 nm showed 
that there are significant differences between oil 
blends based on the level of unsaturation. The 
results indicated that the effective range for dis-
criminating oils based on their heating time ranged 
between 400 nm to 530 nm. Moreover, it showed 
that the wavelengths have the highest significances 
for discriminating oils based on their mixing lev-
els and their heating time is 430 nm. Therefore, the 
coupling between colour determinations with any 
other parameter could be much more accurate in 
judging the quality of heating oils.

Differential scanning calorimetry (DSC) 
According to Aguilera & Gloria (1997), the 

typical cooling curves of the fat shows a single ex-
otherm, which occurs due to crystallization to the 

Fig 1: Effect of heating time on TCD values of all oil samples
Table 1.  The ANOVA results of TCD values for oil blends as influenced by heating time

Source of Variation SS df MS F P-value F Crit

Within groups 4240.516 6 706.7527 97.96948 1.12E-15 2.508189

Between groups 40.14217 4 10.03554 1.391119 0.266883 2.776289

Error 173.1362 24 7.214009
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least stable α-form. The effect of heating time at 
180°C on the thermal characteristics (value of peak 
and heat of crystallization) of rapeseed oil blends 
with soybean oil in different levels are represented 
in Table (2). Heat flow curves of the effect of heat-
ing time (0, 3, and 6h) at 180°C on the crystalli-

zation peak with different mixing levels between 
soybean oil and rapeseed oil are shown in Fig. (4). 

It was clear that during heating of oils, the 
crystallization peaks tend to move towards lower 
temperatures and became broader with a dramatic 

Fig.2: All colour measurement parameters;
 A: L* values for different levels of saturation along with heating time;
 B: a*values for different levels of saturation along with heating time; 
C: b*values for different levels of saturation along with heating time.

Fig. 3: Representation of standard deviation levels of L* values during heating process
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values during heating, especially at higher frequen-
cies compared with low frequencies. Fig. (7) rep-
resents the ratios of electrical impedance decline 
of oil blends at different heating times. Frequency 
ranged between 5 kHz and 5 MHz being the most 
effective range for differentiating between heating 
times of oils. 

Figure (8) shows the representation of a 

decrease of the enthalpy. Man & Swe (1995) inves-
tigated the effect of presence of oxidation products 
and found that partial glycerides and free fatty ac-
ids are responsible for these shifts to lower tem-
peratures. In this on-going scenario, the aforemen-
tioned products are responsible for the resettlement 
in the crystallization peaks. The downsizing in the 
crystallization enthalpy along with heating time 

Table 2. The effect of heating time on thermal 
characteristics of oil blends

Sample Enthalpy,

H (J/g)

Peak Temperature, 

T (°C)
Rapeseed oil 25% 0 h -14.27 -48.854
Rapeseed oil 25%3 h -5.547 -57.854
Rapeseed oil 50% 0 h -21.274 -46.255
Rapeseed oil 50% 3 h -8.852 -55.275
Rapeseed oil 75% 0 h -30.854 -42.8
Rapeseed oil 75% 3 h -10.554 -51.485
Rapeseed oil 100% 0 h -31.757 -41.533
Rapeseed oil 100% 3 h -25.738 -43.257
Soybean oil 100% 0 h -21.467 -52.689
Soybean oil 100% 1 h -14.526 -55.569

Soybean oil 100% 2 h -4.281 -57.902

Fig. 4: Heat flow curves showing the effect of heating time on the crystallization peak of oil blends

very likely assign to the fade of triacylglycerols 
and the formation of deterioration compounds that 
do not form crystals in the scanning temperature 
range. These assumptions have been reinforced by 
the results obtained from monitoring the crystalli-
zation of heated soybean oil. Fig. (5) shows the ef-
fect of heating time at 180°C on the crystallization 
peak of soybean oil. As it represented, increasing 
the level of unsaturation causes a great drop in en-
thalpy. moreover, the more unsaturation, the more 
formation of degradation products responsible for 
producing off-flavour of heating oils. 

Electrical impedance measurements 
The results of electrical magnitude and phase 

angle measurements of soybean oil before heating 
process are represented in Fig. (6). It was clear that 
there are differences between electrical impedance 
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Fig. 5: Heat flow curves showing the effect of heating time on the crystallization peak of soybean oil

Fig. 7: Ratios of electrical impedance decline of soybean oil along with heating time.

Fig. 6: Magnitude and phase angle of electrical impedance for soybean oil before heating
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decline in electrical impedance of oil blends as 
heating time was elongated. Small differences 
could be traced among oil blends based on the 
ratio of the decline of their electrical imped-
ance. These small differences could be as a re-
sult of short time frame for the experiment (6 h) 
compared with other researchers ( Sankarappa 
& Prashantkumar, 2014, Luiz et al., 2015, Yahya 
et al., 2015), who conducted their experiments 
for a longer time, ranging between 30 and 40 
h. Moreover, as a result of general high electri-
cal impedance for all oil blends, small values 
could not be neglected. 

As a confirmation step for the previous results, 
representation of electrical impedance along with 
the full range of the spectrum principle component 
analysis (PCA) for both mixing level and the heat-
ing time was carried out. The results obtained from 

PCA is illustrated in Fig. (9). It was obvious that 
electrical impedance is not able to discriminate 
among oil blends. Moreover, the ability for differ-
entiating between heated oil is mainly influenced 
by the time of the treatment regardless of the mix-
ing ratio of oils. These findings are in agreement 
with the results of Khaled and Aziz (2014). 

CONCLUSION 
The aim of the present study was to compare 

among different physical methods in its response 
towards changes in heated oils. It can be concluded 
that, from the results, the coupling between col-
our measurements with any other parameter may 
be much more accurate in judging the quality of 
heating oils. The measurements of electrical im-
pedance along with DSC are promising techniques. 
However, the effect of the type of food, oil was not 

Fig. 8 : Decline of electrical impedance of oil blends along with heating time

Fig. 9:  The PCA components obtained from mixing levels and heating time
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investigated in the present study. So, all these re-
sults need further validations to explore the effect 
of food type on such results. 
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تتبع  زيوت الت�سخني وخماليطها بطرق فيزيائية خمتلفة
حممود �سعيد را�سد1، كاتالني كريين2، باداك2، فوزاري ا�سرتز 2، زولتان كوفاك�س2، زيكي-الديكو2، 

فلفولدي جوزيف 2

1- ق�سم علوم وتقنية الأغذية، كلية الزراعة، جامعة الإ�سكندرية، 21545 - ال�ساطبي، الإ�سكندرية

2- كلية علوم الغذاء، جامعة �سانت ا�ستفان - املجر
تاأكد ان لتكرار ا�ستخدام الزيوت اأثناء عملية الت�سخني ا�سراره نتيجة حلدوث عمليات هدم ب�سبب التفاعالت 
الكيماوية وهو مايوؤدى اإىل تدهور جودة هذه الزيوت. هناك العديد من الطرق املن�سورة فى املراجع والتى ميكن 

ا�ستخدامها فى تتبع التغريات الفيزيائية والكيماوية فى الزيوت اثناء ا�ستخدامها فى عملية الت�سخني.
يهدف هذا البحث اإىل القاء ال�سوء على تاأثريات التخزين على امل�سلك الفيزيائى لكل من زيوت فول ال�سويا 
وال�سلجم وخماليطهما. ا�ستخدمت القيا�سات اللونية والكهربية وطريقة امل�سح احلرارى التفريقى لتتبع التغريات 

فى نوعى الزيت وخماليطهما.
م�ساحبة  الزيوت  فى  حتدث  التى  التغريات  ر�سد  مقدورها  فى  ذكرها  ال�سابق  الطرق  ان  النتائج  اأو�سحت 
لعمليات الت�سخني ولكن مب�ستويات دقة خمتلفة. تبني من هذه الدرا�سة ان القيا�سات اللونية تعد مبثابة القيا�سات 
االأقل دقة الرتفاع قيم حيودها القيا�سى عن املتو�سط، فى حني اأو�سحت القيا�سات الكهربية القدرة على التتبع 
ر�سد  التفريقى  احلرارى  امل�سح  طريقة  بوا�سطة  اأمكن  فقد  كذلك  الزيوت.  فى  حتدث  التى  للتغريات  ال�سريع 
التغريات الطفيفة امل�ساحبة لعميلة الت�سخني. او�سحت هذه الدرا�سة احلاجة اىل التاأكد من دقة وتكرار هذه الطرق 

حتى يت�سنى تعميم تطبيقها على الزيوت وخماليطها. 
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