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PREFACE 

This book covers key areas of pharmaceutical research. The contributions by the 
authors include HPLC methods, electrospray ionization, solid-phase extraction, 
liquid-solid extraction,  caffeine analysis, near-infrared spectroscopy,  Aegle 
marmelos polysaccharide, natural matrix former, advanced drug delivery 
systems, DSC spectra, UV spectrophotometric method, Maidenhair fern, 
androgenic alopecia, nephrolithiasis, NP-mediated drug delivery, multidrug 
resistance, rheumatoid arthritis, epidermal growth factor receptor 2, somatostatin 
receptors, lipid nanoparticles, hematopoietic stem and progenitor cells, 
neurofibrillary tangles, oral floating beads, non-steroidal anti-inflammatory drugs, 
gastric residence times, floating drug dosage systems, colloidal barrier systems, 
alginate beads, emulsion gelation method, febuxostat, hyperuricemia, gouty 
arthritis, accurate drug measurement, liquid chromatography, mass spectrometry, 
personalized medicine, therapeutic drug monitoring, Bayesian estimation, point-
of-care testing, expanded monitoring targets, pharmacogenomics integration, 
paraffin oil adulteration, FTIR spectroscopy, Beer-Lambert law. This book 
contains various materials suitable for students, researchers, and academicians 
in the fields of pharmaceutical research.  
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ABSTRACT 

 
Edible oils are commonly used as salad, cooking or frying, or in fabricating food 
products. From the standpoint of nutrition, they are major, but there has been 
concern over their purity from ancient times. Adulterating high-priced oil with low-
priced oil is a significant problem due to its increased demand in domestic and 
foreign markets. Customers' health may suffer as a result. Therefore, 
authentication and adulteration prevention are urgently needed for customers' 
benefit. The application of mid-infrared or near-infrared spectroscopy of molecular 
vibrations has become more prevalent in the characterization of various chemicals, 
such as edible oil, intending to track alterations and identify counterfeit 
modifications. A novel method to assess the alteration of rapeseed oil (RSO), 
sunflower oil (SFO), maize germ oil (CGO), and extra virgin olive oil (EVOO) with 
mineral oil, paraffin oil (PO), was established. Using ATR spectra, a Fourier 
transform infrared (FT-IR) spectrometric technique was created to evaluate edible 
oil adulteration quickly. The findings show that the suggested approach effectively 
detects paraffin oil in adulterated EVOO, SFO, RSO and CGO. 
  
Keywords: FTIR spectroscopy; edible oils analysis; adulteration food; paraffin oil 

adulteration. 
 

1. INTRODUCTION  
 
"Edible oils" (also named "cooking oils") are a class of fatty liquids that are obtained 
through physical extraction from various crops, animal tissues, or microorganisms 
[1]. The majority of edible oils are produced from seeds, while olive, coconut, and 

mailto:aabunaciu@gmail.com
mailto:haboulenein@yahoo.com
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palm oils are extracted from fruits, according to an investigation into the main 
producers of oils [2]. 
 
Many different types of vegetable oils can be included in a person's diet, making 
them among the most significant and widely used agricultural products in the world. 
It is frequently referred to that edible fats and oils are vital parts of the diet for 
humans. Since the body cannot generate these fatty acids, an adult needs 
approximately 5 g of unsaturated and linolenic fatty acids daily [3]. 
 
The food industry places a great deal of importance on food adulteration and the 
ensuing assessment of authenticity. This has led to significant concerns among 
food manufacturers, particularly in the wake of significant scandals like the 
European scandal involving horse flesh in 2013, and the melamine crisis in China 
in 2007 [4-7]. A sensitive, precise, and appropriate technique to identify the 
adulteration is crucial. 
 
According to the ICC Counterfeiting Intelligence Bureau [8], adulteration is a 
widespread problem that affects a variety of products and is alarmingly expanding 
to electrical equipment, cigarettes, and even medications. When hazardous 
substances are offered to uninformed customers, adulteration occurs and the 
human organism gets incorporated with them. 
 
Vibrational spectroscopy techniques (near-infrared (NIR), mid-infrared (MIR), and 
Raman) are among the variety of analytical tools used [9-11]. These techniques 
are currently gaining popularity and are predicated on the idea that food products 
have a unique "fingerprint" that is derived from a particular composition of 
characteristics. Additionally, vibrational spectroscopy methods provide quick, 
nondestructive, and affordable analysis. 
 
Spectrophotometric methods are a method of choice for the targeted identification 
of altered products due to their speed and little or nonexistent sample preparation 
requirements. Given the complexity of the material to be studied and the 
knowledge that the recorded spectra are dependent on contributions from all the 
elements, interpretation to detect moderate degrees of falsification may be difficult, 
but not impossible [12-17]. 
 
The well-known vegetable oil, extra-virgin olive oil (EVOO), is only produced from 
fruits using mechanical and physical techniques [18]. Ancient Greeks esteemed 
olive oil as the "elixir of youth and health" and acknowledged its nutritional benefits 
for ages. The primary fat source utilized in Mediterranean nations is olive oil. As 
the primary source of fat in the traditional Mediterranean diet, olive oil is a crucial 
component of the plan. Therefore, one of the most significant characteristics that 
set the Mediterranean Diet apart from this ancestral dietary pattern is its high-fat 
content (up to 40% of total energy) [19]. Several techniques for determining olive 
oil adulteration using infrared spectroscopy are described in the published data 
[20,21]. Critical parameters for determining the purity of EVOO are presented in 
different reviews [21-24]. 
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Sunflowers, (SFO, Helianthus annuus L.) are cultivated worldwide because of their 
great adaptability, high mechanization, and cheap labor requirements. Sunflower 
oil is one of the most widely used edible oils, which can be produced by 
mechanically crushing sunflower seeds. The oil is mostly used for shortening and 
cooking, as well as for making margarine and salad dressing [25]. Traditional 
sunflower oil has a low SFA (saturated fatty acids) concentration and a high PUFA 
(polyunsaturated fatty acids) content, primarily LA (linoleic acid). However, there 
are now types with mid- and high-oleic content. Tocopherols and plant sterols 
make up sunflower's nonglyceridic composition [26]. According to Raβ [27] and 
Rauf [28], sunflower plant seed is regarded as one of the most significant varieties 
within the oilseed family because of its high oil content, ranging from 36 to 50%. 
Sunflower oil (SFO) is one of the most important edible oils, together with soybean 
and palm oils [28]. To identify when sunflower oil has been adulterated with other 
oils, several reviews are presented [29-31]. 
 
A by-product of milling corn oil is corn germ oil (CGO). Most corn collected serves 
as feed, but since additional bioethanol is produced, a growing amount of maize is 
being milled [32]. As the corn processing business has grown, oil has emerged as 
one of the key byproducts of deep-processing corn. The lipid concentration of corn 
germ typically ranges from 18% to 41%, making up over 80% of the total lipid 
content of maize. Thus, corn germ oil, sometimes referred to as commercial corn 
oil, is mostly derived from maize germ. One of the nutritious vegetable oils is corn 
germ oil, which has a high percentage of unsaturated fatty acids (≥80%), 
particularly linoleic acid (≥50%), and a low level of trans fatty acids (<0.3%) [33].  
 
Research in this field offers several techniques for determining corn germ oil 
content (CGO), including a pertinent review for discovering if corn germ oil has 
been adulterated [15,34]. 
 
Rapeseed oil, (RSO, Brassica Napus) is the most important oilseed crop and a 
major source of edible oils (EOs) in China. The third most popular cooking oil 
worldwide is rapeseed oil. It is highly valued for its nutritional richness because of 
its high level of unsaturated fatty acids, particularly polyunsaturated fatty acids. 
The benefits of eating a diet high in unsaturated fatty acids are becoming more 
and more clear. The nutritional components of rapeseed oil and the precise 
effectiveness of the nutrients are yet unknown, although its intake is widespread 
throughout the world [35]. Worldwide cultivation of rapeseed is practised because 
it is regarded as the most important oil crop following soybeans [36]. To identify 
when rapeseed oil has been adulterated, several reviews are presented [34,        
37-41]. 
 
Mineral oils are widely used in a variety of consumer goods, including medications 
and cosmetics [42]. To hydrate, smooth, and protect the skin and hair, paraffin oil 
is frequently found in body oils, moisturizers, lip balms, and hair care products. It 
is regarded as safe for use in skincare and cosmetic applications. Both mineral oil 
saturated hydrocarbons (MOSH) and mineral oil aromatic hydrocarbons (MAAH) 
make up mineral oils like paraffinum liquidum or white oil, PO. Critical parameters 
for determining the purity of PO are presented in different reviews [29, 43-46]. 
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The goal of one of our previous works was to use Lambert-Beer's law to reduce 
the need for sample preparation before FTIR analysis and so to realize a new 
spectrophotometric method for the speedy and more precise determination of two 
varieties of commercial products including corn germ oil (CGO) and extra virgin 
olive oil (EVOO) laced with paraffin oil (PO) [47]. Now in this chapter, we extended 
the experiments performed before by adding some other edible oils, rapeseed oil 
(RSO) and sunflower oil (SFO). 
 

2. MATERIALS AND METHODS 
 

2.1 Apparatus 
 
The Spectrum1000 FT-IR spectrometer (Perkin Elmer Co., Beaconsfield, Bucks, 
UK) fitted with Spectrum for Windows v.5.01 was used to collect the data. QUANT+ 
expert v.4.51 and Spectrum Beer's law v.10.7.2.1360 (Perkin Elmer Co. UK) were 
the commercial programs utilized to produce an analysis for the main component 
analysis. 
 

2.2 Reagents and Materials 
 
The commercial products were: extra virgin olive oil (EVOO) from Primadonna, 
Italy (a blend of olives from the European Union and those not), corn germ oil 
(CGO) from Italy (obtained solely by physical means, pressing without the use of 
solvents), sunflower oil (SFO) from Floriol, Romania, rapeseed oil (RSO), and 
paraffin oil (PO) from Vitalia Pharma Ploiesti district, Romania. All of these 
products were purchased from Romanian retail stores. The solvents, namely 
acetone and hexane, were procured from Aldrich Chemical Co. (Milwaukee, WI) 
and were of reagent grade. 
 

2.3 Recommended Procedures 
 
After all samples were homogenized, a tiny quantity of each was applied to the 
ATR crystal to ensure complete coverage. Before the first measurement day for 
each sample, the absorbance spectrum was measured against an ATR cell that 
had been dried up and empty. Averaging 16 scans at a resolution of 4 or 8 cm-1, 
the spectra were scanned in triplicate at room temperature spanning the 
wavenumber interval of 4000–650 cm-1. The spectra were then averaged before 
calculations. Following the acquisition of each spectrum, cellulose tissue soaked 
in hexane was used to clean the ATR crystal, which was subsequently rinsed with 
acetone. Paraffin oil stock solutions cover the detection range of 0.0, 1.0, 2.0, 3.0, 
4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 20.0, 30.0, 40.0, 50.0, 60.0, 70.0, 80.0, 90.0 and 
100.0% (v/v) in edible oils of EVOO, SFO, RSO, and CGO were made, 
respectively. In a 100 ml volumetric flask, the volumes of paraffin oil stock solutions 
were added to the mark with edible oils under the study to obtain the solutions 
used for calibration. 
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3. RESULTS AND DISCUSSION 
 
Fig. 1 compares the FTIR spectra of paraffin (PO), corn germ (CGO), olive 
(EVOO), rapeseed (RSO), and sunflower oil (SFO) [47]. 
 

 
 

Fig. 1. ATR spectra of extra virgin olive oil (EVOO), corn germ oil (CGO), 
rapeseed oil (RSO), sunflower oil (SFO), and paraffin oil (PO) 

 
This figure shows that the spectra of EVOO, SFO, RSO, and CGO do not differ 
significantly. 
 
The single biggest distinction is the location of the peak attributed to the cis double 
bond [48], which can be observed at around 3004.3 cm-1 in the EVOO spectrum, 
3007.5 cm-1 for CGO samples, and 3006.3 cm-1 for SFO and RSO, as can be seen 
in detail in Fig. 2 [47]. 
 
To get a better idea of how much EVOO, SFO, RSO, and CGO were present, the 
peak at 1743 cm-1 was used. This peak is related to the stretching vibrations of the 
ester carbonyl band, which can be seen in more detail in Fig. 3 [47]. 
 
To get a better idea of how much PO is present, the peak at 2954 cm-1 was used 
for quantitative determination, the distinctive peak attributed to the methyl 
asymmetrical stretching vibration [49], as shown in detail in Fig. 3. 
 
The distinctive peak in the PO spectrum, located at 2954 cm-1, was assigned to 
the methyl asymmetric stretching vibration [49]. 
 
The peak located at approximately 1743 cm-1 served to determine the presence of 
the other edible oils more quantitatively. This peak was linked to the stretching 
vibrations of the ester carbonyl band [49]. 
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Fig. 2. FTIR peaks used for the quantitative determination of EVOO (purple 
line), SFO and RSO (red line), and CGO (black line) against PO (green line) 
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Fig. 3. FT-IR spectra regions for adulterating edible oils with paraffin oil  
A – CGO – corn germ oil; 

B – EVOO – extra virgin olive oil; 
C – RSO – rapeseed oil; 
D – SFO – sunflower oil 

 
We obtained calibration curves for the quantitative determination of the 
adulteration by using the standards we had prepared, as mentioned in the 
Recommended procedures. 
 
Two linear domains, each with its linear equation and slopes that change with 
concentration, may be distinguished from the calibration graphs: one for 
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adulteration, which has a range of 1–10%, and another for adulteration, which has 
a range of 10–100%. 
 
Table 1 displays the calibration graph results for the binary mixes, measurements 
being performed at 1743.6 cm-1. 
 

 
 

Fig. 4. Calibration graph for Paraffin oil determination in mixtures with 
edible oils at 1743.6 cm-1 

 
Table 1. Calibration results at 1743.6 cm-1 

 

Parameter Binary mixtures, 0-10% (v/v) 

CGO-PO EVOO-PO SFO-PO RSO-PO 

Slope 0.0228 0.0216 0.0235 0.0223 
Intercept -00075 -0.0367 -0.0141 -0.0105 
R2 0.9998 0.9951 0.9998 0.9983 

 Binary mixtures, 10-100% (v/v) 

CGO-PO EVOO-PO SFO-PO RSO-PO 

Slope 0.0221 0.0221 0.0237 0.0228 
Intercept 1.7645 1.8025 1.7038 1.8108 
R2 0.9999 0.9999 0.9999 0.9964 

 
This table highlights the similarities in the results; thus, we recommend applying 
this method - especially when determining the mixture's principal component, 
EVOO, RSO, SFO, or CGO - because of the smaller RSD value (< 1.0%). Even 
though the RSD value is a little higher, the results for the quantity of paraffin oil 
determination are also good. 
 
The two variants were employed for the quantitative assessments of edible oil 
adulteration with mineral oil (paraffin oil). Table 2 shows the averages of five 
determinations for the same samples that we prepared, with the following amounts 
of adulterant: 3.5 (3.5% PO + 96.5% EVOO, 3.5% PO + 96.5% RSO, 3.5% PO + 
96.5% SFO and respectively 3.5% PO + 96.5% CGO), 15 (15.0% PO + 85.0% 
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EVOO, 15.0% PO + 85.0% RSO, 15.0% PO + 85.0% SFO, and respectively 15.0% 
PO + 85.0% CGO), and 25 (25.0% PO + 75.0%EVOO, 25.0% PO + 75.0% RSO, 
25.0% PO + 75.0% SFO and respectively 25.0% PO + 75.0% CGO). 
 

Table 2. Quantitative assessment of paraffin oil adulteration in different 
edible oils 

 

Taken (%) Found at 1743 cm-1 Found at 2956 cm-1 

% RSD (%) % RSD (%) 

Edible oil EVOO 
3.5 96.53 0.32 3.44 0.88 
15.0 85.10 0.24 15.08 1.15 
25.0 74.76 0.48 25.34 1.78 

Edible oil SFO 

3.5 96.48 0.48 3.52 0.79 
15.0 85.06 0.33 14.96 1.09 
25.0 75.09 0.29 24.93 1.35 

Edible oil RSO 

3.5 96.49 0.32 3.53 0.85 
15.0 85.08 0.27 15.05 1.15 
25.0 74.85 0.33 25.22 0.99 

Edible oil CGO 

3.5 96.51 0.33 3.57 0.70 
15.0 84.64 0.27 15.58 1.06 
25.0 74.88 0.59 25.56 1.42 

 
As can be seen in Table 2, the results are very similar, and so, we suggest the use 
of this method, especially for the determination of the major component of the 
mixture, EVOO or CGO, because of the smaller value of RSD (< 1.0%). Also, the 
results are good for determining paraffin oil quantity, even if the RSD value is a 
little higher. 
 

4. CONCLUSION 
 
Because of the unique fingerprint of the spectra, vibrational spectroscopy has been 
used in recent years to control the quality of edible oils. Oil characterization and 
adulteration detection are made possible by FTIR, which is widely used in 
laboratories and industry. Information regarding the composition, place of origin, 
processing, and storage is provided by this method. 
 
It is evident that when mixed with mineral oil, PO, FT-IR spectrometry may directly 
determine the contents of EVOO, SFO, RSO, and CGO in a variety of mixes. 
Compared to chromatographic procedures, the suggested method is 
straightforward, accurate, and doesn't require a lot of time thanks to the 
commercial software that uses the Beer-Lambert law. Including sample 
preparation and spectrum capture, quantification could be completed in five to ten 
minutes. 
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Our suggested quantification techniques are accurate, exact, specific, and labor-
saving (fast and easy to execute), which makes them suitable as screening tests 
in the routine analysis of edible oils adulterated with paraffin oil, according to the 
validation results. 
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