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ABSTRACT: 

 
Unscrupulous food business operators may use recycled frying oil to 

save costs.  Of particular concern is the recycled frying oil is usually 

taken from non-halal food premises which should not be used by halal 

food premises, and indeed may posing health treats to consumers. 

Hence, the objective of this paper is to analyse pork adulteration in 

recycled frying oils by using the combination of Raman spectroscopy 

and Principal Component Analysis (PCA). Samples of frying oils from 

homemade fried pork, fried chicken, fried fish and fried banana were 

analysed. Spiked samples were prepared by adding frying oil from 

homemade fried pork ranging from 10% to 50% (v/v) to frying oils 

from homemade fried chicken, fried fish and fried banana. The results 

found that Raman spectroscopy and PCA are able to differentiate 

adulterated frying oil and unadulterated frying oils. However, it could 

not distinguish the percentage of pork adulteration in the spiked 

samples. This method would beneficial to ensure food integrity in the 

frying oils. 

 
1. INTRODUCTION  

Palm oil is the most common vegetable oil used for cooking 

worldwide [1]. It has been used as a frying medium since it has 

a high smoke point of 230℃. However, it has a limit of useful life 

of 12 days continuous frying [2]. According to Park and Kim [3], 

the fats and oils in recycled frying oils would undergo thermal 

and oxidative decomposition which will increase viscosity of the 

oils, darken the colour, increase the foaming and decrease the 

smoking point. In addition, Mba et al. [2] reported that 

degradation of frying oils may affects the texture, taste and 

overall flavour perception of the food. Nevertheless, some 

unscrupulous food business operators used this recycled frying 

oil to save costs. The practice is considerable concern as 

recycled frying oil taken from non-halal food premises should 

not be used by halal food premises, and indeed may posing 

health treats to consumers [4-9]. Thus, there is an urgent need 

for reliable approach to identify the authenticity of recycled 

frying oils. 

 

Current approaches for authenticity of recycled cooking oil 

include matrix-assisted laser desorption/ionization mass 

spectrometry (MALDI-MS) [10], synchronous front-face 

fluorescence spectroscopy [11] and gas chromatography-mass 

spectrometry [12]. These approaches are efficient and have high 

sensitivity, yet they are also complex, relatively expensive, 

laborious, demand high skill personnel and require 

sophisticated instrument capability. Recently, the Raman 

spectroscopy has gained considerable interest as it is  non-

destructive, cheap and simple in nature. However, data about  

the assessment of recycled frying oil by using this method is 

limited [13-16]. Hence, the objective of this paper is to analyse 

pork adulteration in recycled frying oils by using the 

combination of Raman spectroscopy and Principal Component 
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Analysis (PCA). Samples of frying oils from homemade fried 

pork, fried chicken, fried fish and fried banana were analysed. 

Spiked samples were prepared by adding frying oil from 

homemade fried pork ranging from 10% to 50% (v/v) to frying 

oils from homemade fried chicken, fried fish and fried banana. 

2. MATERIAL AND METHODS  

2.1. Materials 

Palm frying oil (Delima Oil Products Sdn. Bhd.), pork and banana 

were purchased from local retail shop in Batu Caves, Selangor, 

Malaysia. While, chicken breasts and dory fish were purchased 

from local wet market in Gombak, Selangor, Malaysia. Electric 

stove with temperature indicator was used to fry the pork, 

chicken breast, dory fish and banana.  

2.2. Sample preparation 

Pork, chicken breast, dory fish and banana were cut into small 

pieces with the length of 1 cm x 1 cm dimension. 600 ml of palm 

frying oil was heated at 180 °C for 5 min. Subsequently, 100 g of 

pork, chicken breast, dory fish and banana were deep-fried 

separately in different heated palm frying oils at 180 °C for 

another 5 min. The used frying oils were filtered before 

transferring them into 4 clean containers and labelled as fried-

pork oil (P), fried-chicken oil (C), fried-fish oil (F) and fried-

banana oil (B). Two samples of non-heated palm oil (O) and 

heated palm oil (OH) at 180 °C for 10 minutes were also 

prepared as control samples. A set of experimental samples of P 

and OH was then prepared in five test tubes by adding different 

concentrations consisting of 10% (v/v), 20% (v/v), 30% (v/v), 

50% (v/v) and 70% (v/v) of P in the OH samples. Another three 

sets of samples were prepared with the same proportions of P 

into each five test tubes of C, F and B samples respectively. A 

total of 31 samples mentioned above were then subjected to 

Raman spectroscopy analysis. 

2.3. Raman spectroscopy 

Renishaw InVia confocal Raman microscope was used for 

measurements. All measurements were collected with 10 s 

exposure time and 1 accumulation by using 50x magnification. 

The samples were scanned in extended range of 800 to 1800 

cm-1 with 1 cm-1 spectral resolution for triplicates reading [17]. 

WiRE 4.0 software (Renishaw, UK) was used to focus the spot. 

The Raman spectra for each sample were recorded and 

analysed. 

 

2.4. Principal Component Analysis (PCA) 

PCA was used to analyse the collected data from each 

sample. The software used was The Unscrambler 9.7 (Camo, 

USA). All data from Raman spectra of the samples was selected 

by calculating the mean of the triplicate readings for each 

sample. There were 12 variables of the wave numbers chosen 

from Raman spectra to run the PCA; consisting of 845 cm-1, 870 

cm-1, 890 cm-1, 1065 cm-1, 1083 cm-1, 1122 cm-1, 1303 cm-1, 1440 

cm-1 and 1745 cm-1. The statistical analysis of the samples from 

the Raman spectra data were then collected and discussed by 

referring the score and loading plots of PCA. 

3. RESULTS AND DISCUSSION  

Raman spectra of all frying oil samples exhibited almost similar 

pattern, yet with different intensities at particular regions of 

wavenumbers (Figure 1). Three major peaks could be seen from 

the spectra such as 1303 cm-1, 1440 cm-1 and 1656 cm-1. The 

other nine minor peaks such as 845 cm-1, 870 cm-1, 890 cm-1, 

970 cm-1, 1065 cm-1, 1083 cm-1, 1122 cm-1, 1270 cm-1 and 1745 

cm-1 could also observe through the Raman spectra. Velioglu et 

al. [18] had found seven significant Raman bands in palm oil and 

other vegetable oils such as soybean, sunflower, corn, mustard, 

canola and olive which consist of 869 cm-1, 971 cm-1, 1085 cm-1, 

1265 cm-1, 1303 cm-1, 1441 cm-1 and 1656 cm-1. This shows that 

the resulted peaks of palm frying oil in this study might indicate 

the significant Raman spectra characteristics of vegetable oils. 

Similar pattern of Raman spectrum of palm oil which exhibited 

the similar significant peaks were also reported in other studies 

[17, 19-20]. There were also studies which reported some 

similar patterns of the Raman spectra of animal fats or oils such 

as desi ghee, pork lard, beef tallow, duck oil and chicken fat [21-

22]. However, those Raman spectra had posed some differences 

in certain regions which might distinguish between vegetable 

oils and animal fats or oils although they posed some similar 

characteristic of Raman spectrum for edible oils.  

Regions in Raman shifts or wavenumbers would have specific 

assignments that are related to the vibrational properties of 

chemical bonds in the samples. Raman shifts at 845 cm-1, 870 

cm-1 and 890 cm-1 is assigned to saturated fatty acids which 

correspond to C1-C2 stretching, CH3 rocking and C-O stretching 

[21, 23]. The region between ~1060 cm-1 to ~1180 cm-1 from 

the table reported by Czamara et al. [24] is assigned for C-C 

stretching which covers the peaks of 1065 cm-1, 1083 cm-1 and 

1122 cm-1. Raman shifts assignment for 1270 cm-1 is =C 

deformation in unconjugated cis C=C [25]. At Raman peak of 

1303 cm-1, it was reported that the peak is assigned for the 

vibration of saturated CH2 in-plane twist [17]. The region from 

1640 cm-1 to 1680 cm-1 reported to be the C=C stretching region 

to detect cis or trans isomers [26]. In addition to this region, the 

peak at 1656 cm-1 was also assigned to C=C stretching of 

unsaturated fatty acids and triglycerides [27]. The peaks at 970 

cm-1 and 1440 cm-1 were assigned to the bending of C=C for 

trans RHC=CHR and the stretching of C-H for -CH2, respectively 

[28]. The last peak at 1745 cm-1 was attributed to the ester bond 

of carbonyl group (C=O) stretching [16].  
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Figure 1. Raman spectra of recycled palm cooking oils. Arrows represent the labels of Raman peaks. O: non-heated palm cooking oil; 

OH: heated palm cooking oil; P: fried-pork oil; C: fried-chicken oil; F: fried-dory fish oil; B: fried-banana oil. 

 
The spectral data of the samples were then analysed by using 

PCA. The PCA converts the set of data into a new set of PCs 

[29]. It also assesses the patterns in the data set and 

identifies the hidden similarities and differences [17]. Figure 

2 shows the PCA of recycled frying oils. The graphs are 

comprised of two PCs such as PC1 and PC2. 

 

 

 

 

Figure 2. PCA of recycled frying oils. (a) Score plot and 

(b)loading plots  

There are two groupings that can be classified by using PCA 

where, group I consists of non-adulterated palm frying oils 

(O and OH) while group II consists of adulterated palm frying 

oils (P, C, F and B).  However, it could not distinguish the 

percentage of pork adulteration in the spiked samples. 

 

4. CONCLUSIONS  

Raman spectroscopy with combination of PCA was used to 

assess pork adulteration in recycled frying oils. The results 

found that Raman spectroscopy and PCA able to differentiate 

adulterated frying oil and unadulterated frying oils. However, 

it could not distinguish the percentage of pork adulteration 

in the spiked samples. 
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