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ABSTRACT: The authentication of luxury oils is an important issue. Ghee is a famous traditional dairy 

product that likely to be adulterated with the other oils and fats specially the hydrogenated vegetable oils. 

Recently, Fourier transforminfrared (FT-IR) spectroscopy accompanying with chemometric techniques (partial 

least square) were introduced for validation of different oil quality. In the present study, IR spectra of pure ghee 

and three partially hydrogenated vegetable oils (soya bean oil, canola and sunflower oils) along with mixtures of 

different amounts of vegetable oils with ghee (10, 20 and 30%) were investigated. Partial Least Squares (PLS) 

model correlates the actual and FT-IR predicted values of oil adulterants where coefficients of determination 

(R
2
) were 0.986, 0.997 and 0.991 for soya bean oil, canola oil and sunflower, respectively. The resulted 

RMS%RE values of soya bean oil, canola and sunflower oils are 0.94% and 1.192 and 2.54%, respectively. The 

method could be a rapid and precise alternative for identification of adulterated ghee. 
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Introduction

1
 

The adulteration of foods is one of the 

most important issue concerned with the 

products, industries and consumers and is 

the significant from the view point of 

economic and human health (European 

Parliament, 2014). Regulatory agencies, 

including the United States Food and Drug 

Administration (FDA) and the World Health 

Organization (WHO) have focused on 

quality and identity assessment of cosmetics, 

pharmaceuticals, agrochemicals, consumable 

food products and food supplements to 

lessen adulteration as far as possible 

(European Parliament, 2014; FDA, 2009). 

Some effective methods proposed for 
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validation of food product quality were 

reported including gas-chromatography, 

(Kim et al., 2015), high-performance liquid 

chromatography (Domingues et al., 2014), 

nuclear magnetic resonance (Fadzillah et al., 

2015), electroanalytical techniques (Apetrei 

& Apetrei, 2014). However, high cost, 

required skilled operator, require precise 

interpretation and long time for analysis 

have limited the application of these 

methods. Alternative methods that proposed 

for authenticity of adulterated foodstuffs 

comprise Raman (de Sa Oliveira et al., 

2016), fluorescence (Tan et al., 2016), near 

infrared (Ding, Ni, & Kokot, 2015), and 

Fourier transformed infrared (FTIR) 

(Kurniawati, Rohman, & Triyana, 2014) 

accompanying with chemometric 
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multivariate regression analysis has been 

widely explored recently for the precise 

analyses of food products (Rohman & Che 

Man 2010, 2012). Oils and fats particularly 

luxury ones might be subjected to 

adulteration and several researchers were 

interested in finding approaches for oil 

quality validation. In this respect, Fourier 

transformed infrared along with multivariate 

analysis is appealing due to small sample 

requirements and fast method of analysis and 

this method is capable to analyze complex 

mixtures, simultaneously and there is no need 

for sample preparation and this method has 

shown good performance in detection of 

adulteration in different oils and fats. (Elzey 

et al., 2016; Liang et al., 2013; Che Man & 

Rohman, 2013; Rohman et al., 2014). 

Ghee butter is one of the traditional dairy 

products obtained from either sheep or cow 

butter with different quality. (Suwarat & 

Tungjaroenchai, 2013). The adulteration in 

ghee butter is quite common due to high 

price of ghee. The addition of hydrogenated 

vegetable oil, is the most common type of 

adulteration. The aim of this study is to 

develop a rapid and accurate and low cost 

method for detection and simultaneous 

determination of the percent of added 

partially hydrogenated vegetable oils such as 

soya bean, canola and sunflower) that has 

been adulterated with natural sheep ghee 

butter. 

Materials and Methods 

- Chemicals and supplies 

Pure sheep ghee was purchased from 

local store. Partially hydrogenated vegetable 

oil (sunflower, canola and soya bean oil) 

were obtained from local producers.  

 

- Fatty acid composition  

Fatty acid compositions of tested oils, 

were determined by Gas Chromatography 

(GC). Oils and fats were esterified before 

GC analysis using the method described by 

Mirrezaie Roodaki et al. (2016). A Hewlett 

Packard (Avondale, PA) 5890 Series II Gas 

Chromatograph equipped with flame 

ionization detector and 30 m Carbowax 

Capillary column was used to analyze the 

samples. The HP3396A integrator 

automatically gave individual peak retention 

times, peak areas and area percentages of 

each peak, at the end of each runs. 

As presented in Table 1, oleic acid and 

palmitic acid are the major fatty acids of 

ghee. In the case of three tested vegetable 

oils, linoleic acid and oleic acid are the two 

predominant fatty acids. Accordingly, there 

is a substantial difference between fatty acid 

composition of ghee and vegetable oils 

(Table 1). 
 

Table 1. Percent fatty acid composition of selected oils 
 

Fatty acid composition 

(%) 
Ghee 

Partially hydrogenated 

Canola oil 

Partially hydrogenated 

Soya bean oil 

Partially hydrogenated 

Sunflower oil 

Butyric acid 5.0 - - - 

Caproic acid 2.5 - - - 

Caprylic acid 1.5 - - - 

Capric acid 3.0 - - - 

Lauric acid 1.0 - - - 

Myristic acid 10 - - - 

Pentadecanoic acid 3.0 - - - 

Palmitic acid 25.0 5.0 11.0 8.0 

Palmitoleic acid 3.0 0.5   

Stearic acid 13.0 11.5 12.0 8.0 

Oleic acid 22.5 58.0 22.5 23.0 

Linoleic acid 5.0 18.0 45.0 58.0 

-Linolenic acid 2.0 5.0 6.0 1.0 

Arachidic acid 2.0 1.0 2.0 1.0 

Eicosenoic acid & 

Eicosadienoic acid 
1.5 1.0 1.5 1.0 

 

https://en.wikipedia.org/wiki/Butyric_acid
https://en.wikipedia.org/wiki/Caproic_acid
https://en.wikipedia.org/wiki/Caprylic_acid
https://en.wikipedia.org/wiki/Capric_acid
https://en.wikipedia.org/wiki/Lauric_acid
https://en.wikipedia.org/wiki/Myristic_acid
https://en.wikipedia.org/wiki/Palmitic_acid
https://en.wikipedia.org/wiki/Palmitoleic_acid
https://en.wikipedia.org/wiki/Stearic_acid
https://en.wikipedia.org/wiki/Oleic_acid
https://en.wikipedia.org/wiki/Linoleic_acid
https://en.wikipedia.org/wiki/%CE%93-Linolenic_acid
https://en.wikipedia.org/wiki/Arachidic_acid
https://en.wikipedia.org/wiki/Eicosenoic_acid
https://en.wikipedia.org/w/index.php?title=Eicosadienoic_acid&action=edit&redlink=1
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Sulieman et al., (2013) investigated 

different brands of ghee and reported capric, 

lauric, myristic, palmitic, oleic, linoleic, 

arachidic acids are the main fatty acids 

present in different ghee samples. Mehta 

(2013) investigated different brands of ghee 

and found wide range of saturated fatty acids 

including small chains (C4-C8), medium 

chain (C10-C14) and long chain (C15-C20) 

present. Orsavova et al. (2015) pointed out 

that linoleic acid (62.2%), oleic acid (28%) 

were the main fatty acid of sunflower oil. In 

the case of canola oil, oleic acid (63.3%) and 

linoleic acid (19.6%) were the predominant 

acids. These reported results are quite 

similar to Belitz et al. (2010). 

    

- FTIR measurement 

Different composition of ghee butter is 

prepared by mixing 0-30% (w/w) of the 

three vegetable oils with ghee butter. The 

samples were kept at ambient temperature 

for 48 hours. 

The FTIR spectra of the samples were 

recorded in reflectance mode using FTIR 

spectrometer (Perkin- Elmer, LR64912C 

model). The FTIR spectrum of each sample 

was scanned over the range of 500 cm
_1

 to 

4000 cm
_1

. 

 

- Chemometrics multivariate regression 

analysis 

Chemometrics and PLS multivariate 

regression data analysis were performed 

using Software SPSS version 22. 

 

Results and Discussion 

- Spectra analysis  

IR spectroscopy is an effective method for 

in the identification of molecular structures of 

materials and give suitable information about 

functional groups. In fats and oils, most of the 

peaks and shoulders of the spectrum are 

ascending to the particular functional groups 

(Bendini et al., 2007). Owing to its capability 

as a fingerprint approach IR spectroscopy 

could be used for validation of oil quality and 

differentiate authentic oils and those 

adulterated with others by the spectra changes 

(Liang et al., 2013). 

Figures 1 and 2 show the FTIR spectra of 

pure examined samples. FTIR spectra of 

following ghee with different amounts of 

vegetable oils are exhibited in Figure 3 to 5. 

Assignment of IR spectra is as following: 

3006cm
-1

(cis double-bond stretching), 

2924cm
-1

(symmetrical and asymmetrical 

stretching of –CH2), 1742cm
-1

 (–C=O 

stretch), 1465cm
-1

 (–CH2 bending), 1117cm
-1

 

(–C–O stretch) and 722 cm
−1

 (cis–CH=CH– 

bending out of plane) (Liang, et al, 2013). 

The spectral regions selected for 

quantification analysis are 3006, 1456 and 

722 cm
-1

 basis of the optimization process in 

which they comprise highest value of R
2
 and 

the lowest values of error, either in 

calibration and prediction models. 

 

- Quantification of vegetable oils in ghee: 

The quantification of canola, soya bean and 

sunflower oils in pure ghee was carried out 

using PLS algorithm. The spectral regions 

selected for quantification analysis are 3006, 

1456 and 722cm
-1

 basis of the optimization 

process in which they comprise highest 

value of R
2
 and the lowest value of error, 

either in calibration or prediction models.  

Determination of the compositions of the 

ghee adulterated with soya bean, canola and 

sunflower oils were performed  by 

multivariate PLS regression analysis: 

Partial-least-square regression analysis was 

used to correlate changes in FTIR spectra 

data of pure ghee adulterated with vegetable 

oils (Figure3-5) with % w/w composition of 

different vegetable oils of the adulterated 

samples. Detailed mathematical descriptions 

of multivariate regression calibrations in 

analytical spectroscopy for chemical 

analysis have been reported by authors 

(Fakayode et al., 2016; Elzey et al., 2016). 

Briefly, a multivariate regression equation 

can be simplified and represented by the 

following equation: 
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Fig. 1. FTIR spectra of pure ghee. 

 

 
 

Fig. 2. FTIR spectra of pure vegetable oils. 
 

 
 

Fig. 3. FTIR spectra of adulterated ghee with 10-30% soya bean oil. 
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Fig. 4. FTIR spectra of adulterated ghee with 10-30% canola oil. 

 

 
Fig. 5. FTIR spectra of adulterated ghee with 10-30% sunflower oil. 

 

y= b0+ x1b1+ x2b2+ x3b3+ …….xnbn 

 

Where y is the dependent variable 

(percent oil compositions in this study), x1, 

x2……xn are the independent variables 

(FTIR intensity at various wave numbers in 

this study), b0 is the y-intercept of the 

regression 

Equation, and b1, b2 … … … bn are the 

regression coefficients of x variables. 

The result of the validation study of the 

determined and actual percent composition 

of vegetable oils in pure ghee samples 

adulterated with vegetable oil is shown in 

Tables 2-4. The capability of the PLS 

regressions to accurately predict the percent 

composition of vegetable oils in the 

adulterated validation samples were 

evaluated using a root-mean-square-relative-

percent error (RMS%RE) in equation 
 

RMS%RE= √
∑(    )

 

 
 

 

Where, %REi is the percent relative error 

calculated from the known and predicted 

values for the validation sample, and n is the 

number of validation samples in the set. The 

PLS regression models correctly determined 

percent compositions with RMS%RE error 

of 0.94% and 1.192 and 2.54% for soya bean 

oil, canola and sunflower oil, respectively. 

The values of R
2
 was 0.986, 0.997 and 0.991 

for soya bean oil, canola and sunflower oil, 

respectively. The results of PLS analysis of 

adulterated ghee with tested vegetable oils 

are presented in Table 2-4. 
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Table 2. The actual and predicted (% compositions) 

of adulterated ghee with soya bean oil 
 

Determined % 

soya bean oil 

Actual % soya 

bean oil 
% RE 

1.71 0% -1.71 

8.88 10% 1.11 

19.92 20% 0.074 

29.032 30% 0.967 

 

Table 3. The actual and predicted (% compositions) 

of adulterated ghee with canola oil 
 

Determined % 

canola oil 

Actual % 

canola oil 
% RE 

0.206 0% -0.206 

9.8 10% 0.198 

18.87 20% 1.12 

29.70 30% 0.295 

 

Table 4. The actual and predicted (% compositions) 

of adulterated ghee with sunflower oil 
 

Determined % 

sunflower oil 

Actual % 

sunflower oil 
% RE 

1.47 0% -1.47 

8.12 10% 1.87 

20.13 20% -0.13 

29.10 30% 0.89 
 

The scatter plot for the relationship between 

actual and predicted concentration of soya 

bean, canola and sunflower oil in ghee in 

validation model are shown in Figure 6-8. 

Associated regression equation, also, is 

shown and x1, x2 and x3 are FTIR intensity at 

3006, 1459 and 722 cm
-1

, respectively. 

According to low values of RMS%RE for 

each experiment (soya bean, canola and 

sunflower oils are 0.94% and 1.192 and 

2.54%, respectively) along with R
2
values 

(0.986, 0.997 and 0.991 for soya bean, 

canola and sunflower oils, respectively) 

indicate that changes in the predictions are 

related to changes in the response variable 

and that these models could explain a lot of 

the response variability. 

 

Conclusion 

Combination of FTIR spectroscopy and 

multivariate PLS regression analysis could 

be a rapid, low cost and accurate method for 

identification of adulterated ghee with 

partially hydrogenated vegetable oils. This 

method offers advantages over other 

proposed methods like gas chromatography. 

In addition, this approach is capable to show 

percent composition of adulterated ghee 

with vegetable oils. A PLS multivariate 

regression was performed for the adulterated 

samples. The PLS regression models 

precisely determined the percent 

compositions of adulterated vegetable oils 

with low error of determination. Accordingly, 

it can be stated that PLS appears to be a 

reasonable approach for identification of 

adulteration in ghee.  

 

 
Fig. 6. PLS calibration model for the relationship between actual and predicted concentrations of canola oil in 

ghee. 
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Fig. 7. PLS calibration model for the relationship between actual and predicted concentrations of soya bean oil in 

ghee. 

 

 
 

Fig. 8. PLS calibration model for the relationship between actual and predicted concentrations of sunflower oil 

in ghee. 
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