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ABSTRACT 
 

The research aims to study the effects of fatty acid compositions and frying conditions of soybean and palm 
olein oil blends on the formation of polar compound during deep-fat frying of French fries. Chemical properties 
of the fresh oils and the deep-fat fried oils such as fatty acid composition, peroxide values, free fatty acid, and 
polar compound in soybean oil, palm olein oil, and the blends of soybean and palm olein oils at the proportion 
of 70:30, 60:40, 50:50, 40:60, 30:70 (w/w), respectively, were analyzed. It was found that oil formulas had 
significant effects on the formation of polar compounds (p≤0.05). Moreover, the soybean and palm olein oil 
blend at the proportion of 30:70 (w/w) showed the lowest polar compound formation and the rate of changes of 
free fatty acid and peroxide values in this formula were lower than those of the others. The results also showed 
that frying condition had significant effect on the formation of polar compounds, free fatty acid and peroxide 
values (p≤0.05). With the increasing of frying temperature and frying time, the polar compounds increased. 
Empirical and neural network models were developed to predict the effects of frying condition and fatty acid 
compositions on polar compounds formation, the results from the study showed the effectiveness of the methods 
used with the errors less than 10%.  
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Introduction 
 
 A challenging problem in food processing is maintaining the desired quality of food products. Deep-fat 
frying produces a product with desired sensory characteristic and the quality of frying medium has a lot of 
bearing on quality of fried product. The repeated use of oil at high temperatures results in several oxidative, 
polymerization and thermal degradation reactions leading to changes in their physical, chemical, nutritional and 
sensory properties (Mallika et al., 2008; Chatzilazarou et al, 2006; Naz, 2004; Goburdhun, 2000 and Cheman, et 
al., 2004). Polar compound is one of important chemical parameters that reflects the high temperature 
degradation of frying oil (Aladedunye and Przybylski, 2009 and Bastida and Sanchz-Muniz, 2002).The 
objective of this research was to study the effects of fatty acid compositions and frying conditions of soybean 
and palm olein oil blends on the formation of polar compound during deep-fat frying of French fries. Modeling 
of these effects by using empirical and neural network models were conducted in order to predict the polar 
compounds formation 
 
Materials and Methods 
 
Vegetable oil sample: 
 
 Soybean oil and palm olein oils, both of which were refined by commercial processor, were used in this 
study. Seven formulas, including soybean oil (SO), palm olein oil (PO), and the blends of soybean and palm 
olein oils at the proportion of 70:30, 60:40, 50:50, 40:60, 30:70 (w/w), respectively, were prepared for deep-fat-
frying stability study.  
 
Frying procedure: 
 
 300 g of French fries were fried at 180oC for 6 min per batch at a 5-min interval with the total frying time 
12 hrs. The fried oil sample for each formula was sampled periodically for determining oil quality. Chemical 
properties of the fresh oils and the deep-fat fried oils such as fatty acid composition (AOCS:Ce 1f-96,1998), 
peroxide values (AOCS:Cd 8-53, 1998), free fatty acid (AOCS:Ca5a-40, 1998) and total polar compound 
formation (Testo 265, Germany) were analyzed.  
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Frying condition:  
 
 Nine treatments (with 3 replicates) of frying temperature and time were varied for 160, 180, 200 oC and 6, 
8, and 10 minutes, respectively. 
 
Sensory evaluation: 
 
 The sensory evaluations of deep-fat-fried French fries were conducted. Thirty- untrained panelists were 
asked to evaluate their preferences of color, rancid, hardness, and overall acceptance by using the 9-point 
hedonic scale. 

 
Statistical analysis: 
  
 Analysis of Variance (ANOVA) was performed at 95% significant difference. Mean values were compared 
using the Duncan’s Multiple Range Test. SPSS software version 16.0 was applied to analyzed the measured 
data.  
 
Modeling: 
 
 Stepwise regression and Muticollinearity methodologies were used to select the variables in the model. 
Response surface model was developed for predicting the effect of frying condition on polar compound 
formation. Neural networks were trained by using the backpropagation learning algorithm written in the 
MATLAB environment (The Mathworks, Natick, MA). To assure proper learning, the trained networks were 
validated by using the leave-one-out scheme. The predicted and the experimental values were compared and the 
predictive errors computed. The experiment validations were conducted to determine the effectiveness of the 
technique developed in frying process. 
 
Results and discussion 
 
 Fatty acid composition of fresh oils (before frying) were summarized in Table 1. The saturation of the oil 
blend increased with the increasing of palm olein portion. Quality parameter of the fresh and blended oils were 
demonstrated in Table 2. Results from the study showed that the measured values of polar compound, free fatty 
acid, and peroxide in all formulas were within the Food and Drug Administration standard limits. 
 
Table 1: Fatty acid composition of fresh vegetable oils. 

Oil sample 
(w/w) 

Fatty acid content (%) 
Saturated fatty acid (SFA) Monounsaturated fatty acid (MUFA) Polyunsaturated fatty acid (PUFA) 

Soybean oil (SO) 17.55 25.82 58.03 
SO:PO (70:30) 25.79 31.07 44.12 
SO:PO (60:40) 28.53 32.83 39.48 
SO:PO (50:50) 31.28 34.81 34.48 
SO:PO (40:60) 34.02 36.33 30.21 
SO:PO (30:70) 36.77 38.09 25.57 
Palm olein oil (PO) 45.00 43.34 11.66 

 
 The results of frying 300 g of French fries at 180 oC for 6 minutes per batch with the total frying time of 12 
hrs, demonstrated that oil formulas had significant effects on the formation of polar compounds (p≤0.05). 
Moreover, the soybean and palm olein oil blend at the proportion of 30:70 (w/w) showed the lowest polar 
compound formation and the rate of changes of free fatty acid and polar compound in this formula were lower 
than those of the others (Fig 1and Table 3).  
 
Table 2: Quality parameter of the fresh and blended vegetable oils. 

      
       Oil sample 
          (w/w) 

Chemical properties of fresh and blended vegetable oils 
Polar compound 
(%) 

Free fatty acid 
(% as oleic acid) 

Peroxide value 
(meqv.O2/kg) 

Soybean oil (SO) 10.00a ±  1.41 0.03 d ± 0.00 2.89 a ± 0.08 
SO:PO (70:30) 9.50 ab ±  0.70 0.04 c ± 0.01 2.24 b ± 0.01 
SO:PO (60:40) 9.25 ab  ±  0.35 0.04 c ± 0.00 2.17 c ± 0.02 
SO:PO (50:50) 9.00 bc  ±  0.00 0.05 b ± 0.00 1.88 d ± 0.01 
SO:PO (40:60) 8.75 c  ±  0.35 0.05 b ± 0.01 1.67 e ± 0.02 
SO:PO (30:70) 7.50 d  ±  0.70 0.06 a ± 0.00 1.55 f  ± 0.01 
 Palm olein oil (PO)   6.50 e   ± 0.00 0.06 a ±  0.00 0.80 g ± 0.42 

 
 Values in the same column for each test with subscripts in common were significant different (p≤0.05) 
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Fig. 1: Formation of polar compound (%) in deep- fat fried oil at the time of 0 48 and 12 h during frying.  
 
 By varying of frying temperature and time of 160, 180, 200 oC and 6, 8, and 10 minutes, respectively, the 
results showed that frying condition had significant effect on free fatty acid value (Table 3). With the increasing 
of frying temperature and frying time, the polar compounds increased (Table 4).  
 
Table 3:  Free fatty acid (% Oleic) occurring during deep fat frying of French fries at 0 4 8 and 12 h. 

Frying condition Total polar compound (%) 
Duration of frying (h) 

 
Frying temperature (oC) 

 
Frying time (min) 

 
0 

 
1 

 
2 

 6 5.75 ± 0.35 9.25   ± 0.35 11.25 ± 0.35 
160 8 5.75 ± 0.35 10.25  ± 1.06 12.25 ± 0.35 
 10 5.75 ± 0.35 11.50  ± 0.00 13.00 ± 0.00 
 6 8.25 ± 0.35 11.25  ± 0.35 13.00 ± 0.00 
180 8 8.25 ± 0.35 12.50  ± 0.00 14.25 ± 0.35 
 10 8.12 ± 0.18 13.25  ± 0.35 14.75 ± 0.35 
 6 8.50 ± 0.71 11.50  ± 0.00 13.75 ± 0.35 
200 8 8.50 ± 0.71 13.50  ± 0.00 14.75 ± 0.35 
 10 8.50 ± 0.71 14.25  ± 0.35 15.75 ± 0.35 

 
Table 4: Formation of polar compound (%) during frying at different frying conditions. 

Oil sample  (w/w) Frying time (h) 
0 4 8 12 

Soybean oil (SO) 0.03 c  ± 0.00 0.14 a  ± 0.01 0.23 a  ± 0.03 0.33 a   ± 0.03 
SO:PO (70:30) 0.04 bc, ± 0.01 0.12 ab ± 0.00 0.20 ab ± 0.03 0.31 ab ± 0.01 
SO:PO (60:40) 0.04 bc ± 0.00 0.11 b ± 0.01 0.17 bc ± 0.01 0.29 abc ± 0.01 
SO:PO (50:50) 0.05 abc ± 0.00 0.08 c ± 0.00 0.15 cd ± 0.01 0.26 bcd ± 0.00 
SO:PO (40:60) 0.05 abc ± 0.01 0.07 c ± 0.01 0.13 cd ± 0.01 0.24 cd  ± 0.00 
SO:PO (30:70) 0.06 ab ±  0.00 0.08 c ± 0.01 0.11 d ± 0.01 0.22 d  ± 0.03 
Palm olein oil (PO) 0.06 a   ±  0.00 0.10 bc ± 0.01 0.14 cd ± 0.01 0.21 d  ± 0.04 

 
 Values in the same column for each test with subscripts in common were significant different (p≤0.05). 
 
 The results from sensory evaluations demonstrated that frying conditions had significant effects on color, 
rancid, and hardness of French fries (p≤0.05). The frying condition of French fries at 180 oC for 6 minutes gave 
the highest score on overall acceptance (Table 5).  
 
Empirical model 
 
 In this research, the stepwise, forward addition, backward elimination, and multicollinearity analysis were 
applied to select variables in the models. Response surface methodology was used to predict the effect of frying 
conditions on polar compound formation. The response model for polar compound prediction was developed 
with the R2 of 0.936. 
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Table 5: Overall acceptance of fried French fries using 9-point hedonic scale at different frying temperature and time. 
 

Frying condition 
Overall acceptance 
Frying Time (min) 

Frying temperature  (oC) 6 8 10 
160 3.15e ± 0.73 4.54d  ± 0.71 4.95d ± 1.01 
180 9.02a ± 0.68 5.90bc ± 0.71 5.15cd ± 0.92 
200 6.12b ± 0.64 5.99b  ± 0.59 2.52e ± 0.68 

  
Response surface equation: 
 
z =8.08+0.068x+1.02y+0.234xy  
  
where z, x, y and xy are polar compound (%), frying  time (min), duration of frying (h), and interaction between 
frying time and duration of frying, respectively. 
 The response surface equation was used to predict the frying time untill 25% polar compounds in each 
formula were reached, it was found that soybean oil blended with palm oil at the proportion of 30:70 (w/w) for 
deep-fat frying french fries at the 180 oC for 6 minutes per batch could be fried continuously for 6.81 hours. The 
validation process showed the good agreement to the predicted model with the error less than 10%. 
 
Multi-input and multi-output (MIMO) neural network applications: 
 
 Food processes are usually characterized by nonlinearities and uncertainties because of the complex 
physiochemical changes occurring in a process. Most food processes are multivariable systems, which means 
that there are interactions between process inputs and outputs. In this study, MIMO neural network models were 
developed to predict the effects of frying condition and fatty acid compositions on polar compounds formation. 
The experimental data were divided into two parts. One part was used to develop the models or to train the 
models .Another part was selected to validate how well the models represented the data. Four neurons in the 
input layer were reflecting the FA composition, frying time, frying temperature and duration of frying. The 
output layer had two neurons representing total polar compound and free fatty acid. A series of feedforward type 
network model with the three- layer backpropagation (4-12-2) training algorithm was developed (Figure 2) . The 
nonlinear sigmoid transfer function and linear transfer functions were employed. The initial learning rate, 
momentum and weight were set. Leave-one-out scheme was used to validate the training. The ANN modeling 
approach was shown to successfully predict polar compound and free fatty acid formation with R2= 0.994 and 
0.997, respectively. In order to find the optimum frying condition for 25% polar compound formation, another 
(reverse) 2-6-2 backpropagation ANN model was developed to map the response back. Two neurons in the input 
layer were polar compound and FFA while the output layer contained frying time and frying temperature. The 
experimental validation in frying process showed the error between the real and predicted data less than 10%.  
 

 
 
Fig. 2: Multi-layer feedforward neural network architecture with one hidden layer. 
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Conclusion: 
 
 The effects of fatty acid compositions and frying conditions of soybean and palm olein oil blends on the 
formation of polar compound during deep-fat frying of French fries were studied. The soybean and palm olein 
oil blend at the proportion of 30:70 (w/w) showed the lowest polar compound formation and the rate of changes 
of free fatty acid and polar compound in this formula were lower than those of the others. The frying condition 
had significant effect on the formation of polar compounds, free fatty acid and peroxide values (p≤0.05). 
Response surface and neural network models were developed to predict the effects of frying condition and fatty 
acid compositions on polar compounds formation, the results from the study showed the effectiveness of the 
methods used. 
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