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Vegetable oils have properties that are beneficial to the human skin, and so, they are being 
used increasingly as ingredients of many cosmetic preparations; however, they are targets of 
adulteration. This study will evaluate the authenticity of Brazilian cosmetics based on vegetable 
oils (sesame, peanut, sunflower, and almonds) to determine the composition of fatty acids by 
gas chromatography with flame ionization detection (GC-FID) and the percentage of fatty acids 
in conjunction with chemometric treatments (principal component analysis), and lipid profiles 
using direct infusion electrospray ionization mass spectrometry (ESI-MS). The results obtained 
were compared with the respective pure vegetable oils. Of the seven brands analyzed, three were 
revealed as authentic, three were found to be adulterated with the addition of large amounts of 
soybean oil, and one showed no vegetable oils. These results demonstrate the relevance of quality 
control for cosmetics based on vegetable oils, which are more susceptible to adulteration owing 
to their higher cost when compared with vegetable oils such as soybean.
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Introduction

Vegetable oils are complex chemical mixtures containing 
mainly triacylglycerides (TAG) and small amounts of 
vitamins, pigments, free fatty acids, monoacylglycerides, 
and diacylglycerides.1

Vegetable oils have been applied to human skin 
for cosmetic purposes for a long time because of their 
beneficial properties. They protect against excessive water 
loss through the skin by forming a protective coat on the 
epidermis. Additionally, such oils activate the regeneration 
of the skin’s lipid barrier, normalize skin metabolism, and 
reduce inflammation of the skin.2

The adulteration of vegetable oils with lower priced oils 
has become a common practice in Brazil and worldwide.3-5 

For this reason, there is a continuing need to develop safe, 
accurate, rapid, and simple analytical techniques that prove 
the authenticity of vegetable oils for food, as well as those 
used as raw materials for the manufacture of cosmetics, 
to determine the quality and authenticity of cosmetic 
formulations.

The techniques traditionally used to evaluate the 
authenticity of vegetable and/or animal oils include: gas 
chromatography with flame ionization detection (GC-FID), 
used to determine the fatty acid composition; and direct 
infusion by electrospray ionization mass spectrometry 
(ESI-MS), suitable owing to its speed and simplicity 
in the preparation of the sample, has been used for the 
characterization of the lipid profile, as well as in monitoring 
lipid markers, to detect adulteration.4-7

In this study, cosmetics with a vegetable oil base 
(sesame, peanut, sunflower, and almonds) were analyzed 
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to monitor frauds with the addition of low-cost vegetable 
oil, such as soybean oil. To achieve this, the fatty acid 
composition and lipid profiles of each cosmetic were 
obtained via GC-FID and ESI-MS, respectively, and 
compared with the results obtained for pure vegetable oil 
profile (the raw materials used for their manufacture) and 
soybean oil.

Experimental

Samples

Cosmetics (body oil type) of different brands available 
on the Brazilian market, consisting mainly or only of 
vegetable oils (composition on the label) were purchased; 
these oils were peanut, sweet almond, sesame, and 
sunflower.

To obtain the pure vegetable oils, peanut, sweet almond, 
sesame, and sunflower seeds were acquired from a local 
market in Maringá (Paraná, Brazil). In addition, refined 
soybean oils from three different brands were purchased 
from the same region (samples SO1, SO2, and SO3).

Table 1 presents information provided on the labels 
about the composition and any additional information about 
the analyzed cosmetics.

Obtaining pure vegetable oils

Vegetable oils were extracted by pressing, according to 
Ribeiro et al.8 All seeds were previously dried in a fan oven 

at 50 °C for 14 h. Then, the seeds were ground to obtain a 
fine flour that was placed in a stainless steel cylinder (Metal 
PEM, PHP 30 tons model), under a pressure of 10 tons, to 
extract the respective oils. These oils were used as references 
of pure oils with regard to their origin, originating in sesame, 
sunflower, peanut and sweet almond oil samples.

Fatty acid composition by GC-FID

Fatty acids methyl esters (FAME) were prepared 
according to Hartman and Lago9 and modified by Maia 
and Rodriguez-Amaya.10

FAMEs were separated by a Thermo Scientific Trace 
Ultra 3300 gas chromatograph, equipped with flame 
ionization detector (FID), fused silica capillary column 
CP-7420 (Select FAME, 100 m size × 0.25 mm internal 
diameter and 0.25 µm cyanopropyl thin film as stationary 
phase), and a split/splitless injector. The detector and 
injector operation temperatures were 250 and 230 °C, 
respectively. The column temperature was programmed 
to 165 °C for 18 min, followed by a ramp of 4 °C min-1 
up to 235 °C for 20 min. The gas flow rates used were 
1.2 mL min-1 carrier gas (H2), 30 mL min-1 of make-up gas 
(N2), and 30 and 300 mL min-1 of the flame gases H2 and 
synthetic air, respectively. Samples were injected in split 
mode, with a 40:1 ratio. The injection volume was 1.0 µL, 
according to Figueiredo et al.11 and Silveira et al.5

FAMEs were identified by comparing the retention 
times of the sample constituents with relative analytical 
standards (FAME Mix, C4-C24, Sigma-Aldrich); the results 
were expressed as a relative percentage of total fatty acids, 
automatically determined by ChromquestTM 5.0 software.

Sample preparation for ESI(+)-MS and instrumental 
conditions

The lipid samples were prepared according to 
Youzbachi et al.,12 with some modifications: 50.0 µL of oil 
was diluted in 950.0 µL of chloroform (Synth, São Paulo, 
Brazil). To 5.0 µL of this solution, 1.0 mL of methanol/
chloroform 9:1 (v/v; HPLC grade, J.T.Baker®, USA) and 
20.0 µL of 0.10 mol L-1 ammonium formate (prepared in 
methanol) were added.

In electrospray ionization operating in positive mode 
(ESI(+)-MS) analysis, TAG ionization in vegetable oil 
is favored via [TAG + H]+ and [TAG + Na]+.7 Therefore, 
ammonium formate was used as an additive to mostly 
favor TAG ionization via [TAG + NH4]+, in order to obtain 
reproducible lipid profiles.4

To evaluate the lipid profiles by ESI(+)-MS, properly 
prepared samples were infused directly in a Xevo TQ-DTM 

Table 1. Composition provided by labeling of cosmetics based on the 
oils analyzed

Sample
Vegetable lipid 

source
Composition and additional 

informationa

S1 sesame 100% pure and natural

SF1 sunflower 100% pure and natural

SF2 sunflower 100% pure and natural

P1 peanut 100% pure and natural

P2 peanut 100% pure and natural

A1 almond glycine soybean oil, mineral oil, 
fragrance, almond oil, tocopherol, 

BHT

A2 almond mineral oil, almond oil, fragrance, 
cyclometicone, caprylic/capric 

triglycerides, tocopheryl acetate, 
triclosan, BHT, CI 61565/CI 26100/CI 

60725/CI 47000

aAvailable on the package label. BHT: dibutylhydroxytoluene; CI 61565: 
1,4-bis(p-tolylamino)anthraquinone; CI 26100: 1-(4-(phenylazo)
phenylazo)-2-naphthol; CI 60725: 1-hydroxy-4-(p-toluidino)
anthraquinone; CI 47000: 1,3-isobenzofurandione.
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triple quadrupole mass spectrometer (MS; Waters, 
Massachusetts, USA) equipped with electrospray ionization 
(ESI) in positive mode.

The lipid profile was obtained, comprising the mass/
charge (m/z) range of 100-1200 in triplicate. The main 
operating conditions were: capillary and cone voltage 
of 3.00 kV and 20.0 V, respectively; and desolvation 
temperature of 200 °C. Sample solutions were injected with 
a continuous flow of 10.0 µL min-1. Data were processed 
using MassLynxTM software.

Statistical analysis

The results of fatty acid composition were submitted to 
analysis of variance (ANOVA) and means were compared 
using Tukey’s test, with a 95% significance level. Data were 
processed using PAST3 software.13

Principal component analysis (PCA) was performed 
to verify relationships between samples, to verify possible 
frauds. The matrices were constructed using data obtained 
by the GC-FID and processed using the RStudio software.14

Results and Discussion

Fatty acid composition by GC-FID

The fatty acid compositions of cosmetic samples, their 
respective pure vegetable oils, and three soybean oils were 
obtained; the results are presented in Table 2.

The Codex Standard for Named Vegetable Oils, 
CX-STAN 210-1999, and amended in 2015,15 establishes 
the ranges of fatty acid composition (expressed in 
percentage) for some largely commercialized vegetable 

oils. Among the pure vegetable oils analyzed in this study, 
all except almond oil are listed in this standard.

For pure vegetable oils, as shown by the results presented 
in Table 2, it was found that the compositions of sesame, 
sunflower (mid-oleic-acid), peanut, and soybean oils fatty 
acids are in accordance with the Codex standards.15

Moreover, the results obtained by Orsavova et al.16 are 
in accordance with those obtained for sesame oil. Also, the 
bibliographic research carried out by Zielińska and Nowak2 
presents results approximate to those reported in Table 2 
for peanut, soybean, and sesame oils.

Previous studies of the oil extracted from sweet almond 
seeds17,18 have demonstrated that the fatty acid composition 
and its content vary according to the variety and region 
of almond growth. The study performed by Askin et al.19 
presents high variation in the sweet almond fatty acid 
composition, but the percentages described in Table 2 for 
almond oil are within the range obtained by them.

About cosmetics with a vegetable oil base, we observed 
that sample S1, a cosmetic with a sesame oil base, presented 
fatty acid percentages close to those presented by sesame 
oil. Sample SF2, a cosmetic with a sunflower oil base, 
showed fatty acid percentages close to those of sunflower 
oil, as well as according to the ranges established by Codex 
Alimentarius.15 However, cosmetic SF1 was distinct from 
this oil because it presented a high content of palmitic 
(16:0), linoleic (18:2n-6), and α-linolenic (18:3n-3) acid, 
and a low content of oleic acid (18:1n-9). It can be seen 
that the composition of sample SF1 was similar to that of 
soybean oil samples, indicating that this cosmetic was a 
possible fraud.

In the peanut body oil sample P2, high contents of 
linoleic (18:2n-6) and α-linolenic (18:3n-3) acid were 

Table 2. Fatty acid composition of cosmetics, their related vegetable oils, and soybean oil

Sample
Fatty acid compositiona / %

16:0 18:0 18:1n-9 18:2n-6 18:3n-3 20:0 20:1n-9 22:0 24:0

Sesame oil 10.43 ± 0.22H 5.87 ± 0.39A 42.63 ± 0.14D 41.07 ± 0.24G NDF NDB NDC NDB NDB

S1 10.45 ± 0.05H 4.78 ± 0.50B 39.75 ± 0.77E 45.01 ± 0.70F NDF NDB NDC NDB NDB

Sunflower oil 6.22 ± 0.04G 3.23 ± 0.27C 49.70 ± 0.19B 40.85 ± 0.31G NDF NDB NDC NDB NDB

SF1 11.77 ± 0.07C 3.59 ± 0.24CD 27.29 ± 0.13H 52.15 ± 0.09B 5.18 ± 0.05C NDB NDC NDB NDB

SF2 5.13 ± 0.02I 3.57 ± 0.32CDE 46.35 ± 0.19C 44.95 ± 0.31F NDF NDB NDC NDB NDB

Peanut oil 12.14 ± 0.09A 2.53 ± 0.19CJ 38.77 ± 0.22EF 39.38 ± 0.44H 1.03 ± 0.14E NDB 0.81 ± 0.03A 2.43 ± 0.42A 2.91 ± 0.60B

P1 12.36 ± 0.11A 2.65 ± 0.16CDEJ 38.26 ± 0.08F 37.77 ± 0.33I 1.17 ± 0.07E 1.37 ± 0.11A 0.93 ± 0.05A 3.08 ± 0.07A 2.43 ± 0.25B

P2 11.31 ± 0.14F 3.28 ± 0.10CDEFHJ 24.65 ± 0.41J 51.50 ± 0.42BC 5.67 ± 0.33AC NDB NDC NDB 3.59 ± 0.51A

Almond oil 6.84 ± 0.15J 1.38 ± 0.23B 60.78 ± 0.18A 31.00 ± 0.26J NDF NDB NDC NDB NDB

A1 11.71 ± 0.20CD 4.04 ± 0.10CDEFG 25.32 ± 0.17IJ 53.56 ± 0.27A 5.38 ± 0.22ABC NDB NDC NDB NDB

A2 NDL NDL NDL NDL NDF NDB NDC NDB NDB

Soybean oil SO1 11.26 ± 0.12F 3.46 ± 0.53CDEFGH 29.31 ± 0.74G 50.78 ± 1.03CE 5.18 ± 0.36ABCD NDB NDC NDB NDB

Soybean oil SO2 11.80 ± 0.05ACDE 3.93 ± 0.42BCDEFGHI 26.01 ± 0.35I 52.42 ± 0.57ABCD 5.84 ± 0.18AB NDB NDC NDB NDB

Soybean oil SO3 11.82 ± 0.03CDE 4.20 ± 0.1BCDEFGHI 28.02 ± 0.46H 51.24 ± 0.51BCDE 4.73 ± 0.09CD NDB NDC NDB NDB 

aResults expressed as mean ± SD (standard deviation) of three replicates. Values with different uppercase letters in the same column are significantly different (p < 0.05) by Tukey’s test. 
ND: not detected; S1: sesame oil cosmetic; SF1 and SF2: sunflower oil cosmetics; P1 and P2: peanut oil cosmetics; A1 and A2: almond oil cosmetics.
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detected, compared with a pure peanut oil sample, and a 
low content of oleic acid (18:1n-9), which was similar to the 
soybean oil samples. Sample P1 presented results similar 
to its respective oil.

In the sweet almond body oil sample A2, no fatty acid 
was identified, indicating the existence of mostly mineral 
oil. In sample A1 (the only sample which the manufacturer 
reported to contain soybean), high levels of palmitic 
(16:0), stearic (18:0), linoleic (18:2n-6), and α-linolenic 
(18:3n-3) acid, and a low content of oleic acid (18:1n-9), 
compared with the oil sample extracted directly from seed, 
were found; this composition is similar to the soybean oil 
samples.

Chemometric analysis

To evaluate the ability of the GC-FID technique to 
classify and discriminate between several types of vegetable 
oils and cosmetics for fatty acids, PCA was performed. 
Figure 1 shows the PCA plots of two principal components 
(PCs); the first principal component (PC1) explained 
93.42% of the variance, while the second (PC2) explained 
5.19%. Therefore, PC1 and PC2 explained 98.61% of the 
total data variance.

As observed in Figure 1, PCA clearly separated groups 
of vegetable oils and cosmetic samples that showed 
evidence of adulteration with soybean oil, represented by 
ellipses. Cosmetic samples SF1, A1, and P2 were in the 
same group of soybean oil samples SO1, SO2, and SO3, 

clearly showing that these cosmetic samples contain large 
quantities of soybean oil in their composition.

Cosmetic samples SF2, S1, and P1 were in the same 
group as sunflower, sesame, and peanut oils, respectively, 
illustrating that the samples were not adulterated. Moreover, 
the PC1 component separated samples with added soybean 
oil from those of other vegetable sources.

Sample A2 was not included in the PCA because it was 
not possible to detect the presence of fatty acids during 
the fatty acid composition analysis by GC-FID (Table 2).

ESI(+)-MS 

Vegetable oils have a characteristic lipid profile, and 
adulterations, even at low levels, result in significant 
changes in these profiles, as presented in the studies 
by Catharino et al.,6 Cabral et al.,7 Silveira et al.,5 and 
Galuch et al.4

To evaluate the lipid profile, TAGs present in ESI(+)-MS 
were mainly used, because direct infusion analysis and 
ESI(+)-MS have been used to characterize oils and fats 
rapidly and with little sample preparation (hydrolysis or 
derivatization stages are absent), and their lipid profile have 
revealed information about adulteration.6

Figure 2 illustrates the mass spectra of samples of 
peanut oil and cosmetics P1 and P2, comprising the lipid 
profile in the region of m/z 700-1020. It is possible to 
observe from Figure 2 that peanut oil has a similar lipid 
profile of cosmetic sample P1, and it is distinct from 
the lipid profile of the cosmetic P2. This difference is in 
accordance with the results obtained for the fatty acid 
compositions, which demonstrates that sample P2 presents 
adulteration in its composition.

Figure 3 shows the lipid profile from sesame oil and 
the cosmetic sample S1. It is apparent that these samples 
are similar to each other, which confirms their authenticity.

Figure 4 illustrates the lipid profile of almond oil and 
cosmetic sample A1. It can be observed that these profiles 
were different from each other, which was predicted from 
the results of the fatty acid composition. For sample A2, 
the lipid profile was not monitored, because there was no 
identification of fatty acids present in the cosmetic material, 
therefore indicating the absence of TAGs.

Figure 5 shows the lipid profile of sunflower oil and 
cosmetic samples SF1 and SF2. It is possible to note that 
the lipid profiles of sunflower oil and cosmetic SF1 were 
distinct from each other, which was also predicted from 
the results of fatty acids composition analysis. Sample SF2 
demonstrates a profile similar to its respective vegetable oil.

According to the results obtained from GC-FID analysis 
(Table 2), the fatty acid composition of cosmetic samples 

Figure 1. PCA of GC-FID data of the soybean (SO1, SO2, and SO3), 
peanut, sesame, sunflower, and almond oils, and the cosmetic oil samples 
of sesame (S1), sunflower (SF1 and SF2), peanut (P1 and P2), and almond 
(A1) oils.
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P2, A1, and SF1 was similar to the composition of soybean 
oils SO1, SO2, and SO3. In addition, the lipid profile of 
these samples was also different from those presented 
by their respective vegetable oils (Figures 2, 4, and 5, 
respectively). Therefore, lipid profiles of soybean oil were 
obtained and compared with samples P2, A1, and SF1; the 
results are illustrated in Figure 6. For better visualization, 
the separate spectra of each sample are available in the 
Supplementary Information.

Thus, it is observed that samples P2, A1, and SF1 are 
adulterated with large amounts of soybean oil, because small 
adulterations would not abruptly modify the lipid profile.4

Also, a computational simulation of the probable TAG 
composition present in different oil samples was carried out, 
based on the program developed by Antoniosi Filho et al.;20 
the results are shown in Table 3.

From the data presented in Table 3, it can be observed 
that all pure vegetable oils (sunflower, soybean, sesame, 

Figure 2. ESI(+)-MS of the peanut oil sample and cosmetic samples P1 and P2.
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Figure 3. ESI(+)-MS from sesame oil and cosmetic sample S1.

Figure 4. ESI(+)-MS from almond oil and cosmetic sample A1.
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Figure 5. ESI(+)-MS from sunflower oil and cosmetic samples SF1 and SF2.

Figure 6. ESI(+)-MS from soybean oil samples (SO1, SO2, and SO3) and the cosmetics P2, A1, and SF1.
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peanut, and almonds) are distinct from each other in TAG 
composition; that is, it is possible to verify adulterations 
by monitoring TAGs.

Cosmetics suspected of adulteration with large amounts 
of soybean oil (SF1, P2, A1 samples) exclusively have 
TAGs of this oil, and not those that would be expected in 
pure oils of sunflower, peanut, and almond, respectively. 
This result is in accordance with the results obtained by 
GC-FID analysis as well as with the lipid profiles presented 
by these samples.

Cosmetic samples S1 and SF2 exclusively presented 
TAGs found in pure sesame and sunflower oils, respectively, 
in their composition. This result confirms that these 
cosmetics do not present any adulterations.

Conclusions

GC-FID analysis, in conjunction with PCA analysis 
and the direct infusion technique ESI(+)-MS, has been 
shown to provide a comprehensive evaluation of the lipid 
composition of vegetable and cosmetic oils. In this study, 
seven cosmetics based on vegetable oils (sesame, peanut, 
sunflower, and almonds) were analyzed, comparing them 
with the respective pure vegetable oils. Vegetable oil was 
absent from one of the analyzed brands, while adulteration 
was verified by the addition of large amounts of soybean oil 
in another three. These results demonstrate the importance 
of quality control in vegetable oils, as well as in cosmetics 
based on vegetable oil, which are more susceptible to 
adulteration owing to their higher cost when compared 
with soybean oil.

Supplementary Information

Supplementary data with the spectra of each sample 
separately are available free of charge at http://jbcs.sbq.org.br  
as a PDF file.
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