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ABSTRACT 
Selecting an appropriate oil for commercial deep-fat frying can be challenging. 
Commercial frying began with animal fats. Next, partially hydrogenated 
vegetable oils were commonly used. Due to the high temperature, the presence 
of oxygen, water, and other compounds from the food being fried, the frying 
oil undergoes thermo-oxidation induced irreversible degradation reactions. The 
highly-saturated animal fats and trans-fatty acids that come with hydrogenation 
procedures have adverse public health consequences. Oils with higher 
unsaturation are more susceptible to thermo-oxidation reactions. On the other 
hand, omega-3 and omega-6 monounsaturated fatty acids have proven health 
benefits, demand for natural products has been rising, and emphasis on 
nutritional enrichment has been increasing. The food industry has been 
exploring alternatives that address both public health concerns and improves 
frying process and products. The use of minimally processed stable oils, 
blending different oils in a frying medium, and breeding oil seeds with altered 
fatty acid composition appear to be the most viable cost effective alternatives 
to animal fats and hydrogenated vegetable oils. Virgin palm oil (VPO) has a 
balanced composition of saturated and monounsaturated fatty acids. It is very 
rich in endogenous phytonutrients (such as carotenoids, tocopherols and 
tocotrienols) with biological activity and health-promoting functions. This 
study investigated the stability of these phytonutrients and the extent of the 
phytonutrients’ migration into fried products when VPO is used either alone or 
as the major component in blends of oils in deep-fat frying operations. Refined 
canola oil (RCO) was used as the second oil sample in the binary blends.  
Firstly, Fourier transform near-infrared (FTNIR) spectroscopy (a non-
destructive technique) was used to characterize the palm oil, canola oil and 
different blend ratios of the two oils. Chemometric analysis by Partial Least 
Squares (PLS) regression was used to correlate spectral data with iodine value 
(IV), free fatty acid (FFA) and peroxide value (PV) data of the oil samples 
obtained by the reference AOCS wet methods. The effects of different spectra 
pre-processing methods were investigated to predict the reproducibility and 
robustness of the PLS-NIR model developed. The best models were first 
derivative and first derivative + straight line subtraction. The study achieved 
simultaneous characterization of the essential quality parameters of VPO, RCO 
and their blends using the FTNIR spectroscopy.  
The VPO, RCO and blend samples were then used in deep-fat frying of ripe 
and unripe plantain crisps at 180 °C for different times. There was no 
significant difference (p > 0.05) in the moisture loss rate and the crispness of 
the crisps produced using VPO and RCO. Significant differences (p < 0.05) 
were observed in the oil uptake and color properties of the crisps. VPO fried 
crisps absorbed 14% less oil in the unripe crisps samples and 26% less oil in 
the ripened crisps than RCO. The browning index showed that the VPO crisps 
had greater color changes than the crisps fried using RCO. The qualities of the 
crisps fried in the blends were also statistically (p < 0.05) different. The 70:30 
and 50:50 (VPO: RCO) blends improved the quality of the crisps better than 
RCO alone. The remarkable results obtained further show the applicability of 
crude palm oil and blends as frying media in deep-fat frying operations. 



Knowledge on kinetics parameters of the quality changes occurring during 
frying makes process improvement and prediction of final quality changes 
possible. The deterioration of CPO, RCO and CPO: RCO (1:1 w/w) blend 
during 20 h of successive deep-fat frying at 170, 180 and 190 oC was 
investigated. Kinetics of changes in oil quality indices, namely, FFA, PV, 
anisidine value (p-AV), total polar compounds (TPC) and color index (CI) 
were monitored. The results showed that FFA and PV accumulation followed 
the first order reaction model, while p-AV, TPC and CI followed the zero-order 
reaction model. The concentration and deterioration rate constants increased 
with increasing temperatures and was modeled by the Arrhenius equation. The 
results showed that PV build-up was the fastest during thermo-oxidation. The 
overall activation energy (Ea) values showed that the stability of the blend was 
superior and not just the mean of CPO and RCO results.  
To test the migration and retention of the endogenous phytonutrients, CPO, 
RCO and blend (CPO: RCO 1:1 w/w) were used to fry potato slices at 170 oC 
for different times. The French fries produced using CPO and the blend were 
significantly enriched with phytonutrients, absorbed less oil and had more 
pronounced color changes. Over 50% of the total carotenoids, 40 – 45% of 
tocotrienols and 3 – 16% of tocopherols were absorbed from the oils. The order 
of tocopherol and tocotrienol enrichment based on the oil used during frying 
was CPO: RCO > CPO > RCO. The biphasic first order model was valid and 
satisfactory as a predictor model of changes in the concentration of the 
phytonutrients in the French fries. The carotenoid level in French fries 
influenced the overall color change (∆E). 
The thermostability of tocopherols, tocotrienols and carotenoids in VPO, RCO 
and their blends used in deep-fat frying at 170 to 190 oC for 20 h was assessed. 
The results showed that the deterioration kinetic rate of each homolog followed 
a reaction order greater than 1. The rate was dependent on frying temperatures 
and was adequately modeled by the Arrhenius relationship. The rate of 
deterioration and the Ea showed that the least stable homologs were γ-
tocopherol and γ-tocotrienol while δ-tocotrienol and carotenoids were the most 
stable. The stability rate in α-tocopherol, α-tocotrienol and δ-tocopherol were 
very similar and intermediate. While the tocopherol and tocotrienol homologs 
were less stable in VPO, carotenoids were more retained in this oil sample as 
shown by the relatively high activation energy (Ea of 71±5 kJ/mol) of 
carotenoids in VPO. The tocopherols and tocotrienols were more stable in the 
blended oil samples as shown by their comparatively higher Ea values. These 
behaviors are related to the initial composition of the oils and their calculated 
oxidizability (Cox) value. 
The results obtained in this study further broadened the knowledge on the 
behavior of VPO alone or in blend with other less saturated oils during deep-fat 
frying. The blended oil sample performed best in terms of stability of oil and 
phytonutrients. The fries produced in the blend absorbed the most 
phytonutrients. The results also gave a better understanding of the reaction 
rates with respect to individual quality parameters, bioactive homologs and 
frying medium. VPO and blends offer great advantages as choice frying oils 
and can be adopted in domestic and commercial deep-fat frying protocols.   
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