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Abstract
The aim of this study focused on the detection and quantitative determination of sunflower oil (SFO) adulteration with dif-
ferent other edible oils (rapeseed and soybean) using ATR-FTIR spectroscopy. There are significant differences between 
the positions of characteristic bands according to the components. Based on their calibration graphs, absorbance versus 
the percent of adulteration, it is possible to determine the SFO samples’ adulteration. Taking into account the good results 
obtained in this investigation, it can be concluded that ATR-FTIR spectroscopy can be used as a non-destructive and time-
consuming technique for detection of SFO adulteration with rapeseed oil better than in case of soybean oil.
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Introduction

Sunflower (Helianthus annuus L.) is cultivated in many 
countries of the world due to its high capacity of adapta-
tion, high degree of high mechanization, and low labor 
needs. Sunflower plant seed is recognized as one of the 
most important types of oilseed family, due to its high 
oil content, ranged between 36 and 50% (Raß et al. 2008; 
Rauf et al. 2017). Sunflower oil (SFO) is one of the most 
important edible oils, along with soybean and palm oils 
(Rauf et al. 2017).

At present, sunflower supplies 11% of the crude vegeta-
ble oil production (Konyali 2017). In Romania, the main 
oil seeds crops are sunflower, rape and soybean which are 
successfully used in human diet and in animal feeding 
(Popescu 2018). In 2017, Romania was on the 1st posi-
tion, in UE, both for the cultivated area and the production 
of sunflower seeds.

In general, the official methods of analysis were estab-
lished by institutions with important attributions in the field 
of quality control of edible oils and fats (Nunes 2014), and 
they adopt chromatographic approaches (Uncu et al. 2019). 
The great disadvantage of these methods is the considerable 
amount of toxic and expensive chemical solvents, as well as 
a long time consuming procedure. In order to eliminate all of 
them, in the last period of time, spectroscopic methods have 
been proposed (Tarhan et al. 2011). Quality and purity are 
two of the most important parameters in the analysis of the 
edible oils and have been the subject of several researchers’ 
studies (Abbas and Baeten 2016; Salah and Nofal 2020).

Food adulteration and consequently the determination 
of authenticity represent subjects of high importance in 
food industry, generating major concerns among food 
manufacturers, especially after some important scandals, 
such as melamine in China, 2007, and horse meat scandal 
in Europe, 2013 (Morin and Lees 2018).

Adulteration is a global phenomenon affecting a wide 
range of products, spreading at an alarming rate to electri-
cal equipment, cigarettes, and even medicines (ICC Coun-
terfeiting Intelligence Bureau 2008). Adulteration results 
in the integration of harmful substances to the human 
organism, supplied to unwary consumers (Rossell 2001).

There are several methods suggested to detect the adul-
teration of sunflower oil with different seed oils. Most of 
them are based on physical and chemical constants including 
determination of the iodine value, saponification value, den-
sity, viscosity, ultraviolet (UV) absorbance, fluorescence and 
refractive index, as well as a variety of colorimetric reactions 
(Jin g et al. 2016; Li et al. 2016; Rohman 2016; Valand et al. 
2019; Tarhan et al. 2021; Jamwal et al. 2021).

For the specific detection of adulterated products, spec-
troscopic techniques are preferred because they are fast 

and need only a little sample preparation or no preparation 
at all. Taking into account the complexity of the composi-
tion of the sample to be analyzed, and knowing that the 
obtained spectra are based on contributions from all the 
constituents, it goes without saying that interpretation to 
detect low levels of falsification may be difficult, but not 
impossible.

Through the infrared spectroscopic techniques used for 
such determinations, ATR-FTIR (attenuated total reflec-
tance) proved to be a very useful one, taking into consid-
erations the easy-to-use, rapidity and simplicity parameters 
(Durazzo et al. 2018; Dong et al. 2020; Windarsih et al. 
2020; Mendes and Duarte 2021).

The aim of this paper was to study the possibility to deter-
mine the modification of SFO purity with other edible oils, 
and to propose and validate a new procedure based on FTIR-
ATR spectroscopy for the determination of SFO concentra-
tion, using laboratory made mixtures, with different edible 
oil: rapeseed, and soybean oils.

Materials and methods

Samples

Several sets of samples were prepared, each consisting in 
one sample of commercial sunflower oil (SFO) (SFO1—
Floriol, containing about 11gr saturated fatty acids, about 
30gr monounsaturated fatty acids, 59gr polyunsaturated fatty 
acids enriched with 50 mg vitamin E per 100 ml–Romania, 
Buzau district, or SFO2 – Spornic, containing about 37gr 
monounsaturated fatty acids, 45gr polyunsaturated fatty 
acids and enriched with 40 mg vitamin E per 100 ml–Roma-
nia, Galati district) and one adulterant: rapeseed oil (RAP, 
containing about 7gr saturated fatty acids, about 92gr pol-
yunsaturated fatty acids), and soybean oil (SOY, contain-
ing about 15gr saturated fatty acids, 85gr unsaturated fatty 
acids), respectively.

The sunflower (SFO)—rapeseed (Rap) oil samples are 
designated as SFORap1 to SFORap15, and are presented 
in detail in Table 1. Similar mixtures were prepared for the 
sunflower (SFO)—soybean (Soy) oil samples, designated as 
SFOSoy1 to SFOSoy15.

Edible oil samples were purchased in a local supermarket, 
from Romania. These mixtures, v/v, were mixed and manu-
ally shaken for the homogenization before were analyzed.

Fourier transform infrared spectra

Data acquisition was performed using a Spectrum 1000 
FT-IR spectrometer equipped with Spectrum for Windows 
v.5.01 (Perkin Elmer Co., Beacons Field, Bucks, UK). This 
instrument was equipped with a detector of deuterated 



5535Chemical Papers (2022) 76:5533–5539 

1 3

triglycine sulphate and beam splitter of potassium bromide. 
The software included in the FTIR spectrometer was used 
to obtain the spectra and to manipulate them.

All spectra were background corrected using an air 
spectrum, renewed after each scan, as previous reported 
(Bunaciu et al. 2021). The plate was carefully cleaned twice 
by hexane followed by acetone and dried with soft tissue 

before filling in with next sample. The spectra were scanned 
in triplicate at room temperature over the wavenumber inter-
val of 4000–650  cm−1, averaging 16 scans at a resolution 
of 4  cm−1 or at 32 scans and at 4  cm−1 resolution, and the 
results were averaged and reported as mean values.

All samples were homogenized and a small amount of 
sample was spread onto the ATR crystal to give total cover-
age, on a multibounce plate of ZnSe crystal at a controlled 
ambient temperature (25 0C).

Results and discussions

In Fig. 1 are presented the ATR-FTIR spectra for the sun-
flower oils (SFO1 and SFO2), as well as and for the adulter-
ants used in this study: rapeseed (Rap) and soybean (Soy) 
oils.

It can be noticed that there are several differences between 
the spectra that can be used for the determination of sun-
flower oils adulteration.

In the first region, 3050–2800  cm−1, both pure and adul-
terated oil samples present characteristic peaks. The first 
observation is related to the change in the position of the 
peak around 3006   cm−1, which is assigned to the C-H 
stretching vibration of the cis-double bond (> C = CH-) 
(Guillén and Cabo 1999). The samples composition influ-
ences the exact position of the bands and also present shifts 
when the composition of the fatty acids is changed.

Table 1  The samples used for adulterate determination of Sunflower 
oil with rapeseed oil

Sample Sunflower (%) Rapeseed (%)

SFORap1 100 0
SFORap2 99 1
SFORap3 98 2
SFORap4 95 5
SFORap5 90 10
SFORap6 85 15
SFORap7 80 20
SFORap8 70 30
SFORap9 60 40
SFORap10 50 50
SFORap11 40 60
SFORap12 30 70
SFORap13 20 80
SFORap14 10 90
SFORap15 0 100

Fig. 1  ATR-FTIR spectra 
of sunflower oils (SFO1 and 
SFO2) and for the adulterants 
used in this study
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The data presented in Table 2 highlight the position of 
this band, taking into account the percentage of adulterated 
oil in SFO.

Similar results were obtained for the mixtures of SFO2 
and rapeseed and soybean oil.

In Fig. 2 are presented the calibration graphs for monitor-
ing the sunflower oil with rapeseed and soybean oil using 
the absorbance (Abs) at wavenumbers around 3006  cm−1.

As can be observed in Fig. 2, pure SFO1 presents a maxi-
mum at 3007.37  cm−1, while by adding the adulterants the 

maximum shifts to higher frequencies, in case of soybean oil 
(SOY), or lower frequencies, for rapeseed (RAP).

The calibration curves and correlation coefficients,  R2, 
are presented in Figs. 2. Similar graphs were obtained for the 
SFO2 samples. The great disadvantage of determining SFO 
adulteration with SOY is the small difference between the 
absorbances measured. Taking into account the differences 
between the absorbance measurements, better results will 
be obtained in the case of SFO contamination with RAP.

It is observed the good correlation of the results 
 (R2 > 0.999).

The peaks found in the region 3000—2800  cm−1, espe-
cially the bands assigned to the symmetrical and asymmetri-
cal C-H stretching vibration of the  CH2 and  CH3 aliphatic 
groups due to the alkyl rest of triglycerides (Poiana et al., 
2012; Poiana et al., 2013), can also be used to quantification 
of sunflower oil adulteration.

Another method for determining the adulteration of sun-
flower oil is to use the maximum heights of the two peaks 
at around 3006   cm−1 and 2922   cm−1. As we mentioned 
before the peak around 3006 cm-1 is assigned to cis-dou-
ble bond (> C = CH-), while the second one, 2922  cm−1 is 
assigned to the symmetric stretching vibration of the ali-
phatic -CH2 groups. This ratio expresses the percentage of 
the carbon–hydrogen bonds linked to the cis-double bonds 
(C = CH) present in the sample. It can be noticed a high cor-
relation  (R2 > 0.94) between the ration of the peak heights 
and the percentage of adulterant added to SFO1.

The results are presented in Fig. 3.
It is observed the good correlation of the results 

(R2 > 0.97).
In the region 1800–1600  cm−1, there are two significant 

peaks, at 1743 and 1654  cm−1. The first one is characteristic 

Table 2  The position and absorbances of the band around 3006  cm−1 
versus the adulterated oil in SFO1

Sample (%) Rapeseed oil Soybean oil

Wavenumber Abs Wavenumber Abs

0 3006.37 0.2801 3007.96 0.3239
10 3006.5 0.2853 3007.91 0.3247
20 3006.63 0.2905 3007.85 0.3255
30 3006.74 0.2957 3007.80 0.3263
40 3006.85 0.3010 3307.74 0.3272
50 3006.95 0.3062 3007.69 0.3280
60 3007.05 0.3114 3007.63 0.3289
70 3007.15 0.3166 3007.57 0.3297
80 3007.23 0.3219 3007.51 0.3306
85 3007.27 0.3245 3007.45 0.3311
90 3007.31 0.3265 3007.45 0.3315
95 3007.32 0.3297 3007.42 0.3320
98 3007.33 0.3313 3007.4 0.3323
99 3007.35 0.3318 3007.39 0.3323
100 3007.37 0.3323 3007.37 0.3324

Fig. 2  Monitoring the SFO1 adulteration with rapeseed and soybean oil using the absorbance around 3006  cm−1
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for oils presenting a short carbohydrate chain and saturated 
fatty acids compounds, while the second one being deter-
mined by the polyunsaturated fatty acids content (Alexa 
et al., 2009).

In Fig. 4 are presented the calibration curves absorbance 
at other specific frequencies, 722  cm−1, versus percentage 
of adulterant oils added in pure SFO1.

Similar curves were obtained for the other mixtures.
The results obtained proved that some specific peaks can 

be used to determine the adulteration of SFO with different 
vegetable oils, rapeseed and soybean.

Conclusions

ATR-FTIR spectroscopy method proposed by us for the 
determination of sunflower oil adulteration with different 
vegetable oils (rapeseed and soybean) is a rapid one, with 
minimum sample preparation.

It can be noticed that the position of the band assigned 
for cis-double bond as well as the calculated ratio of the 
two peaks (about 3006 and 2922  cm−1) could be used for 
the determination of SFO adulteration.

Fig. 3  Monitoring the SFO1 adulteration with rapeseed, and soybean oil using the ratio  A3006/A2922

Fig. 4  Linear regression curve of absorbance versus SFO1 added in vegetable oils at 722  cm−1
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Taking into account the results, it can be concluded that 
both methods proposed by us, can be used with better results 
for SFO adulteration with Rap oil than for adulteration with 
Soy, even a level of 5% adulteration was proved for all the 
oils studied.

Observing the graphs presented in Figs. 2, 3, 4, we can 
conclude that the determination will have the best results in 
the case of RAP and last is SOY. This is due to the different 
slope of the calibration curves; the smaller slope results in 
lower accuracy.

Authors' contributions: Andrei A. Bunaciu contributed to conceptu-
alization, methodology, sampling and samples analysis, and writing 
the original draft. (CODE ID: 0000-0002-6713-114X). Serban Fle-
schin contributed to validation, sampling and analyzing, and writ-
ing—reviewing. Hassan Y. Aboul-Enein contributed to data curation, 
supervision and writing—reviewing and editing.

Funding No funding was received.

Data availability statement The data that support the findings of this 
study are available from the corresponding author upon reasonable 
request.

Declarations 

Conflict of interests The authors declare no conflict of interests.

Ethical approval Not applicable.

Consent for publication Not applicable.

Consent to participate Not applicable.

References

Abbas O, Baeten V (2016) Advances in the identification of adulter-
ated vegetable oils, In: Advances in food authenticity testing, by 
Downey, G. (ed), Elsevier Ltd., pp 513–542. doi: https:// doi. org/ 
10. 1016/ B978-0- 08- 100220- 9. 00019-9.

Alexa E, Dragomirescu A, Pop G, Jianu C, Dragos D (2012) The use 
of FTIR spectroscopy in the identification of vegetable oils adul-
teration. J Food Agroalimentary Proc Technol 18940:272–282

Bunaciu AA, Fleschin S, Aboul-Enein HY (2021) FTIR spectroscopy 
used for study the thermal degradation of lard. Egyptian Pharm J 
20:166–172. https:// doi. org/ 10. 4103/ epj. epj_ 13_ 21

Bunaciu AA, Aboul-Enein HY, Huang VD (2020) Edible oil analysis, 
In: Vibrational spectroscopy applications in biomedical, pharma-
ceutical and food sciences, by Bunaciu A.A., Aboul-Enein H.Y. 
and Hoang V.D. (eds.), Elsevier Inc., pp 167–187, https:// doi. org/ 
10. 1016/ B978-0- 12- 818827- 9. 00009-3

Dong Y, Shi S, Li Q, Zhang L, Yu X (2020) An indirect analytical 
approach based on ATR-FTIR spectroscopy for determining the 
FFA content in vegetable oils. RSC Adv 10:24073. https:// doi. 
org/ 10. 1039/ d0ra0 3668d

Durazzo A, Kiefer J, Lucarini M, Camilli E, Marconi S, Gabrielli P, 
Aguzzi A, Gambelli L, Lisciani S, Marletta L (2018) Qualitative 

analysis of traditional italian dishes: FTIR approach. Sustain-
ability 10:4112. https:// doi. org/ 10. 3390/ su101 14112

Guillen MD, Cabo N (1999) Usefulness of the frequencies of some 
Fourier transform infrared spectroscopic bands for evaluating 
the composition of edible oil mixtures. Lipids/fett 101(1):71–
76. https:// doi. org/ 10. 1002/ (SICI) 1521- 4133(19992) 101:2% 
3c71:: AID- LIPI71% 3e3.0. CO;2-Z

ICC Counterfeiting Intelligence Bureau, (2008) The International 
Anti-counterfeiting Directory, ICC Commercial Crime Services

Jamwal R, Amit, Kumari S, Sharma S, Kelly S, Cannavan A, Singh 
DK (2021) Recent trends in the use of FTIR spectroscopy inte-
grated with chemometrics for the detection of edible oil adul-
teration. Vib Spect 113:103222. https:// doi. org/ 10. 1016/j. vibsp 
ec. 2021. 103222

Morin JF, Lees M (Eds) (2018). Food integrity handbook- a guide to 
food authenticity issues and analytical solutions; Eurofins Analyt-
ics: Nantes, France, ISBN 978–2–9566303–1–9

Jing X, Xiao-Fei L, Yu-Tian W (2016) A detection method of vegetable 
oils in edible blended oil based on three-dimensional fluorescence 
spectroscopy technique. Food Chem. https:// doi. org/ 10. 1016/j. 
foodc hem. 2016. 05. 158

Konyali S (2017) Sunflower production consumption, foreign trade and 
agricultural policies in Turkey. Soc Sci Res Journal 6(4):11–19

Li X, Kong W, Shi W, Shen Q (2016) A combination of chemometrics 
methods and GC-MS for the classification of edible vegetable 
oils. Chemom Intell Lab Syst. https:// doi. org/ 10. 1016/j. chemo 
lab. 2016. 03. 028

Mendes E, Duarte N (2021) Mid-infrared spectroscopy as a valuable 
tool to tackle food analysis: a literature review on coffee, dairies, 
honey, olive oil and wine. Foods 10:477. https:// doi. org/ 10. 3390/ 
foods 10020 477

Nunes CA (2014) Vibrational spectroscopy and chemometrics to assess 
authenticity, adulteration and intrinsic quality parameters of edible 
oils and fats. Food Res Int 60:255–261. https:// doi. org/ 10. 1016/j. 
foodr es. 2013. 08. 041

Popescu A (2018) Romania’s sunflower seeds production, export 
and import analysis of the 2007–2017 period and forecast for 
2018–2022 horizon. Sci Papers Ser Manag, Econ Eng Agri Rural 
Develop 18(4):261–269

Raß M, Schein C, Matthäus B (2008) Virgin sunflower oil. Eur J Lipid 
Sci Technol 110:618–624. https:// doi. org/ 10. 1002/ ejlt. 20080 0049

Rauf S, Jamil N, Tariq SA, Khan M, Kausar M, Kaya Y (2017) Pro-
gress in modification of sunflower oil to expand its industrial 
value. J Sci Food Agric 97:1997–2006. https:// doi. org/ 10. 1002/ 
jsfa. 8214

Rohman A (2017) The use of infrared spectroscopy in combination 
with chemometrics for quality control and authentication of edi-
ble fats and oils: A review. Appl Spectrosc Rev 52(7):589–604. 
https:// doi. org/ 10. 1080/ 05704 928. 2016. 12664 93

Rossell JB (2001) Frying, improving quality. Woodhead Publishing, 
Cambridge. https:// doi. org/ 10. 1201/ 97814 39822 951

Salah WA, Nofal M (2020) Review of some adulteration detection tech-
niques of edible oils. J Sci Food Agric 101(3):811–819. https:// 
doi. org/ 10. 1002/ jsfa. 10750

Tarhan İ, Raşit Bakır M, Kalkan O, Kara H (2021) Multivariate mod-
eling for quantifying adulteration of sunflower oil with low level 
of safflower oil using ATR-FTIR, UV-Visible, and fluorescence 
spectroscopies: a comparative approach. Food Anal Methods 
14:361–364. https:// doi. org/ 10. 1007/ s12161- 020- 01891-4

Uncu O, Ozen B, Tokatli F (2019) Mid-infrared spectroscopic detection 
of sunflower oil adulteration with safflower oil. Grasas Aceites 
70(1):e290. https:// doi. org/ 10. 3989/ gya. 05791 81

Valand R, Tanna S, Lawson G, Bengtström L (2019) A review of Fou-
rier Transform Infrared (FTIR) spectroscopy used in food adul-
teration and authenticity investigations. Food Add Contam: Part 
A. https:// doi. org/ 10. 1080/ 19440 049. 2019. 16759 09

https://doi.org/10.1016/B978-0-08-100220-9.00019-9
https://doi.org/10.1016/B978-0-08-100220-9.00019-9
https://doi.org/10.4103/epj.epj_13_21
https://doi.org/10.1016/B978-0-12-818827-9.00009-3
https://doi.org/10.1016/B978-0-12-818827-9.00009-3
https://doi.org/10.1039/d0ra03668d
https://doi.org/10.1039/d0ra03668d
https://doi.org/10.3390/su10114112
https://doi.org/10.1002/(SICI)1521-4133(19992)101:2%3c71::AID-LIPI71%3e3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1521-4133(19992)101:2%3c71::AID-LIPI71%3e3.0.CO;2-Z
https://doi.org/10.1016/j.vibspec.2021.103222
https://doi.org/10.1016/j.vibspec.2021.103222
https://doi.org/10.1016/j.foodchem.2016.05.158
https://doi.org/10.1016/j.foodchem.2016.05.158
https://doi.org/10.1016/j.chemolab.2016.03.028
https://doi.org/10.1016/j.chemolab.2016.03.028
https://doi.org/10.3390/foods10020477
https://doi.org/10.3390/foods10020477
https://doi.org/10.1016/j.foodres.2013.08.041
https://doi.org/10.1016/j.foodres.2013.08.041
https://doi.org/10.1002/ejlt.200800049
https://doi.org/10.1002/jsfa.8214
https://doi.org/10.1002/jsfa.8214
https://doi.org/10.1080/05704928.2016.1266493
https://doi.org/10.1201/9781439822951
https://doi.org/10.1002/jsfa.10750
https://doi.org/10.1002/jsfa.10750
https://doi.org/10.1007/s12161-020-01891-4
https://doi.org/10.3989/gya.0579181
https://doi.org/10.1080/19440049.2019.1675909


5539Chemical Papers (2022) 76:5533–5539 

1 3

Valdés A, Beltrán A, Mellinas C, Jiménez A, Garrigós MC (2018) 
Analytical methods combined with multivariate analysis for 
authentication of animal and vegetable food products with high 
fat content. Trends Food Sci Technol. https:// doi. org/ 10. 1016/j. 
tifs. 2018. 05. 014

Vilela J, Coelho L, Martins de Almeida JMM (2015) Investigation of 
adulteration of sunflower oil with thermally deteriorated oil using 
Fourier transform mid-infrared spectroscopy and chemometrics. 
Cogent Food Agri 1:1020254. https:// doi. org/ 10. 1080/ 23311 932. 
2015. 10202 54

Windarsih A, Irnawati AR (2020) Application of FTIR-ATR spectros-
copy and chemometrics for the detection and quantification of lard 
oil in bovine milk fat. Food Res 4(5):1732–1738. https:// doi. org/ 
10. 26656/ fr. 2017. 4(5). 087

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Andrei A. Bunaciu1 · Serban Fleschin1 · Hassan Y. Aboul‑Enein2 

1 S.C. AAB_IR Research S.R.L., 
077025 Bragadiru, Ilfov district, Romania

2 Pharmaceutical and Medicinal Chemistry Department, 
Pharmaceutical and Drug Industries Research Division, 
National Research Center, Cairo 12622, Egypt

https://doi.org/10.1016/j.tifs.2018.05.014
https://doi.org/10.1016/j.tifs.2018.05.014
https://doi.org/10.1080/23311932.2015.1020254
https://doi.org/10.1080/23311932.2015.1020254
https://doi.org/10.26656/fr.2017.4(5).087
https://doi.org/10.26656/fr.2017.4(5).087
http://orcid.org/0000-0003-0249-7009

	Detection of sunflower oils adulteration by ATR-FTIR spectra
	Abstract
	Graphical abstract

	Introduction
	Materials and methods
	Samples
	Fourier transform infrared spectra

	Results and discussions
	Conclusions
	References




