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Unconventional cold-pressed oils and fats are 
often expensive, although in recent years they have 
become an increasingly important part of the daily 
diet of Slovenians thanks to their popularity and 
marketing. From the consumer’s point of view, the 
use of cold-pressed seed oils and fats mainly de-
pends on nutritional quality as well as on the sen-
sory characteristics. The nutritional quality of oils 
and fats is characterized by their fatty acid com-
position, where the parameters that are generally 
considered include the n-6/n-3 fatty acids ratio, the 
polyunsaturated/saturated fatty acids (PUFA/SFA) 
ratio, atherogenic index (AI), thrombogenic index 
(TI) [1] and the hypocholesterolemic/hypercholes-
terolemic fatty acid (HH) ratio [2]. 

The PUFA/SFA ratio is often used as an indica-
tor of health-compatibility of the diet and its im-
pact on cardiovascular health, with the assumption 
that diet with a  higher PUFA/SFA ratio results 
in the greater reduction in plasma cholesterol. 

However, Ulbricht and Southgate suggested that 
the PUFA/SFA ratio is not specific enough and 
therefore unsuitable for assessing atherogenicity 
of foods. Instead, they suggested the use of AI and 
TI [1, 3]. These indices can be used to determine 
the potential effects of fatty acid composition of 
food on cardiovascular health. Diets with lower 
AI and TI have better nutritional quality and may 
therefore improve cardiovascular health. Another 
index that can more accurately describe the effects 
of fatty acid composition on cardiovascular health 
is the HH ratio [1–3].

However, the quality, stability and nutritional 
value of these oils and fats can deteriorate during 
storage due to oxidative changes [4]. Oxidation 
can damage the nutritional components of oils, 
which can result in changes in colour and viscosity, 
together with diminished oxidative stability, which 
will thus affect the sensory quality and shelf-life of 
the oil [5].
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tard seeds and kale, as well as cabbage and turnip 
seeds [10]. According to European Commission 
Regulation (EU) 2019/1870, the maximum level of 
erucic acid should not exceed 20 g·kg-1 total fatty 
acids for vegetable oils and fats, and 50 g·kg-1 total 
fatty acids for camelina, mustard and borage oil. 
Tolerable daily intake of erucic acids represents 
7 mg·kg-1 body weight [10, 11].

The oils and fats that form a part of the human 
diet can be selected based on their fatty acid com-
position and nutritional quality but sensory char-
acteristics are very important for consumers [12]. 
Volatile compounds are generally responsible for 
characteristic odour and aroma of oils, which de-
pend not only on the source but also on the treat-
ment and storage conditions. These sensory pro
perties are generally defined by panels of trained 
assessors, according to quantitative descriptive 
analysis (QDA) [13]. This allows identification of 
the aroma descriptors related to the oil source and 
quality, and can identify defects, which are most 
often due to oxidation.

The oils and fats selected for the present study 
are marketed as “healthy” oils with favourable 
fatty acid composition, and they are believed to 
represent alternatives to the more commonly used 
oils in Slovenia, such as olive oil or sunflower oil. 
They also exhibit particular odour and aroma 
characteristics, being consequently used in various 
culinary applications. However, because of their 
higher price, unconventional cold-pressed oils and 
fats tend to remain on retail shelves longer than 
conventional oils and fats. Storage under light and 
at room temperature in retail stores can promote 
oxidative deterioration of oils and fats, especially 
when stored in clear bottles. Different conditions 
during production, shelf-life and storage condi-
tions at retail level may call into question the qual-
ity of the oils and fats. Therefore, the aim of this 
study was to determine the fatty acid composition 
of selected oils and fats, along with their nutrition-
al value and sensory properties. Quality of the se-
lected oils and fats, in terms of peroxide value, was 
also determined. By comparing the properties of 
selected oils and fats, we can better assess whether 
these oils and fats are a nutritionally superior al-
ternative to more commonly used oils in the diet 
of Slovenians. 

Materials and methods

Samples
Based on a  market overview, the most trend-

ing unconventional cold-pressed seed oils and fats 
were selected. The samples consisted of: three 

Dietary fat for the healthy adult population 
should provide between 20  % and 35  % of their 
energy intake, with beneficial effects seen for in-
creased consumption of n-3 fatty acids and limited 
intake of saturated and trans fatty acids. The Food 
and Agricultural Organisation also established 
an  upper acceptable macronutrient distribution 
range for total PUFA at 11  % of energy intake. 
Among them, the acceptable distribution range 
for n-6 fatty acids was set at 2.5–9.0 % of energy 
intake. They also recommended total n-3 fatty 
acids intake of 0.5–2.0  % of energy intake, with 
a  minimum requirement of > 0.5  % energy from 
α-linolenic acid (C18:3, n-3) to prevent deficien-
cy, together with 250 mg eicosapentaenoic acid 
(C20:5, n-3) and docosahexaenoic acid (C22:6, n-3) 
a day for men and non-pregnant women [6]. 

Fatty acids are now defined less in terms of 
their general categories, such as saturated and 
unsaturated, because individual fatty acids within 
these categories have different structures and, 
therefore, different influences on health status and 
disease risk. Fatty acids not only serve as impor-
tant energy sources and membrane components, 
but also have a  more complex role in regulating 
energy homeostasis and metabolism. Consequent-
ly, fatty acids influence health, well-being and 
disease risk [7, 8]. For humans, the most important 
fatty acids are n-6 and n-3 fatty acids. Long-chain 
n-3 fatty acids may have the potential to prevent 
or reduce co-morbidities in older adults. In the 
body, n-3 fatty acids can modulate inflammation, 
hyperlipidemia, platelet aggregation and hyper-
tension. They have an influence on brain func-
tion, the cardiovascular system, immune function, 
muscle performance and bone health, particularly 
in older adults. The n-3 fatty acids may also pro-
vide substantial benefits in terms of reduced risk 
of cognitive decline in older people [8]. 

Specific n-3 and n-6 fatty acids are essential nu-
trients and, as part of the overall fat supply, they 
can also affect the prevalence and severity of car-
diovascular diseases, diabetes, cancer and age-re-
lated functional decline [9]. Among the n-3 fatty 
acids, α-linolenic acid is particularly important, as 
it is a precursor of eicosapentaenoic acid and do-
cosahexaenoic acid. Among the n-6 fatty acids, the 
most important is linoleic acid (C18:2, n-6), which 
is a  precursor for eicosatrienoic acid (C20:3, n-9) 
and arachidonic acid (C20:4, n-6) [6].

Erucic acid (C22:1, n-9) is considered an un-
desirable fatty acid, due to its negative effects on 
health, as it is known to cause myocardial lipido-
sis. Rapeseed oil is a  well-known source of eru-
cic acid. Other seed oils from Brassica genus are 
important sources of erucic acid, namely, mus-
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hemp seed (Canabis sativa) and argan (Argania 
spinosa) oils; two flaxseed (Linum usitatissimum), 
sacha inchi (Plukenetia volubilis), rapeseed (Brassi-
ca napus), mustard seed (Brassica juncea), walnut 
(Juglans regia), grape seed (Vitis vinifera), black 
cumin (Nigella sativa), camelina (Camelina sativa) 
and coconut (Cocos nucifera) oils; single peanut 
(Arachis hypogaea) and poppy seed (Papaver som-
niferum) oils; and ghee butter. 

Samples were obtained from four supermar-
kets and some smaller specialist stores in Slovenia, 
and from three online stores. The more repre-
sented brands of these oils and fats were randomly 
selected from the shelf, and were purchased as if 
by ordinary consumers. Therefore, manufacturers 
were not aware of the choice of these oils and fats, 
and had no influence on their procurement and 
analysis. The obtained samples differed in terms 
of their shelf-life ranges (from 3 to 36 months) 
and once obtained, they were stored in a dark, dry 
place at room temperature at 21 ± 2  °C, to pre-
serve their original properties as best as possible 
before they were analysed. All oil and fat samples 
were purchased in a  store as they would have 
been by consumers. No special arrangements that 
would influence their quality took place prior to 
the purchase. All samples were processed and 
analysed within their recommended shelf-lives. 
Sensory analysis of the collected samples was done 
on the day of opening of the sample packages, 
while chemical analyses were performed within 
a few days after opening. If this was not possible, 
aliquots of the samples were stored in capped glass 
vials that were flushed with nitrogen and kept in 
the dark at –20 °C to prevent advancement of lipid 
oxidation, and analysed within a month.

Reagents and chemicals 
The following chemicals and reagents were ob-

tained for analysis of fatty acids: sodium hydroxide 
(Emsure; Merck, Darmstadt, Germany); metha-
nol (Chromasolv; Honeywell, Riedel-de-Häen, 
Muskegon, Michigan, USA); dichloromethane 
(Lichrosolv; Merck); boron trifluoride (14%, in 
methanol; Sigma-Aldrich, St. Louis, Missouri, 
USA); hexane (Chromasolv; Honeywell); and 
quantitative fatty acid methyl ester standards 
(Nu-Chek Prep, Elysian, Minnesota, USA). The 
following chemicals were obtained for prepara-
tion of reagents for peroxide analysis: propanol 
(HPLC grade; Honeywell); tert-buthyl hydro
peroxide (LuperoX TBH70X; Sigma-Aldrich); 
butylated hydroxytoluene (Sigma-Aldrich); ammo-
nium iron(II) sulphate hexahydrate (Honeywell); 
xylenol orange (3,3’-bis[N,N-bis(carboxymethyl) 
aminomethyl]-o-cresolsulfonephtalein sodium 

salt, Sigma-Aldrich); tert-butyl hydroperoxide solu-
tion (Luperox TBH70X; from Sigma-Aldrich); and 
sulphuric acid (ACS reagent; from Honeywell).

Chemical analysis
The fatty acid composition of the oil samples 

was determined using gas chromatographic sepa-
ration of fatty acid methyl esters (FAME), which 
were prepared using in situ transesterification 
[14]. FAME separation was carried out using 
a gas chromatography system 6890 (Agilent Tech-
nologies, Santa Clara, California, USA) equipped 
with an automatic liquid sampler 7683 series and 
flame ionization detector. FAME were separated 
using a capillary column Omegawax 320 (30 m × 
0.32 mm × 0.25 μm; Supelco, Bellefonte, Pennsyl-
vania, USA). Helium was used as the carrier gas. 
FAME were identified based on their retention 
times. The instrument was calibrated using the 
GLC 85, GLC 423, GLC 411 and GLC 68a FAME 
standards (Nu-Check Prep). The chromatographic 
data were analysed using the ChemStation A.08.03 
software (Agilent Technologies). 

The peroxides of the oil samples were analysed 
according to the PeroxyDetect Technical Bulletin 
procedure (Sigma Aldrich) for lipid peroxides. 
Briefly, oil samples (0.100 ± 0.006 g) were solu-
bilized in 4 ml propanol with vortex-mixing for 
5  min. Then, 100 ml solubilized sample (or pro-
panol for the blank) or tert-butyl hydroperoxide 
(for calibration, as 1.0–8.0 nmol per reaction 
mixture) were mixed with 1 ml organic peroxide 
colour reagent (containing 125 μmol·l-1 xylenol 
orange, 4 mmol·l-1 butylated hydroxytoluene, in 
90% methanol) and 10 μl ferrous ammonium sul-
phate reagent (25 mmol·l-1, in 2.5 mol·l-1 sulphuric 
acid; prepared fresh before analysis). The reac-
tion mixtures were incubated at room temperature  
at 21 ± 2  °C for 30 min in the dark, and then ab-
sorbance at 560 nm was recorded for the samples, 
blank and standards using a  UV-Vis spectropho-
tometer (Varian Cary 50; Agilent Technologies). 

Calculation of nutritional indices
The following nutritional indices were calcu-

lated: n-6/n-3 ratio, PUFA/SFA ratio, AI [1], TI 
[1] and HH ratio [2]. HH ratio included lauric acid 
(C12:0) due to its high content in coconut oil. 

The n-6/n-3 ratio was calculated using the sums 
of the n-6 and n-3 fatty acids, according to Eq. 1:

𝑛𝑛-6 𝑛𝑛-3⁄ = 𝐶𝐶18: 2,𝑛𝑛-6 + 𝐶𝐶18: 3,𝑛𝑛-6
𝐶𝐶18: 3,𝑛𝑛-3 + 𝐶𝐶18: 4,𝑛𝑛-3 	 (1)

where C18:2, n-6, C18:3, n-6, C18:3, n-3 and 
C18:4, n-3 represent the values of corresponding 
fatty acids.
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Atherogenic index (AI) was calculated accord-
ing to Eq. 2:

𝐴𝐴𝐴𝐴 = 𝐶𝐶12: 0 + 4 · 𝐶𝐶14: 0 + 𝐶𝐶16: 0
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + 𝐶𝐶18: 1 +𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀  	 (2)

where C12:0, C14:0, C16:0 and C18:1 represent 
the vaules of corresponding fatty acids, PUFA rep-
resents the sum of all PUFA, and MUFA repre-
sents the sum of all MUFA.

Thrombogenic index (TI) was calculated 
according to Eq. 3:

𝑇𝑇𝐼𝐼 = 𝐶𝐶14: 0 + 𝐶𝐶16: 0 + 𝐶𝐶18: 0
0.5 ·𝑀𝑀𝑈𝑈𝑈𝑈𝑈𝑈 + 0.5 · 𝑛𝑛-6 + 3 · 𝑛𝑛-3 + 𝑛𝑛-3

𝑛𝑛-6
 

	

(3)

where C14:0, C16:0 and C18:0 represent the values 
of corresponding fatty acids, MUFA represents the 
sum of all MUFA, n-6 represents the sum of all n-6 
fatty acids, and n-3 represents the sum of all n-3 
fatty acids.

Hypocholesterolemic/hypercholesterolemic 
fatty acid (HH) ratio was calculated according to 
Eq. 4:

𝐻𝐻𝐻𝐻 = 𝐶𝐶18: 1,𝑛𝑛-9 + 𝐶𝐶18: 2,𝑛𝑛-6 + 𝐶𝐶18: 3,𝑛𝑛-6
𝐶𝐶12: 0 + 𝐶𝐶14: 0 + 𝐶𝐶16: 0 + 

+𝐶𝐶18: 3,𝑛𝑛-3 + 𝐶𝐶18: 4,𝑛𝑛-3 + 𝐶𝐶20: 4,𝑛𝑛-6
𝐶𝐶12: 0 + 𝐶𝐶14: 0 + 𝐶𝐶16: 0  	 (4)

where C18:1,n-9, C18:2,n-6, C18:3,n-6, C18:3,n-3, 
C18:4,n-3, C20:4,n-6, C12:0, C14:0, C16:0 repre-
sent the values of corresponding fatty acids. 

Sensory analysis 
The sensory profiles of the oil samples were 

assessed by a seven-member panel of trained sen-
sory assessors from the Biotechnical Faculty (Uni-
versity of Ljubljana, Ljubljana, Slovenia) using 
QDA [13]. The panellists included 4 women and 
3  men aged 35–55. All panellists are regularly 
tested for sensory performance. A  list of the sen-
sory descriptors (i. e. attributes) for odour, aro-
ma, taste and mouth feel was developed based 
on literature searches and pre-assessment by the 
sensory panel [15] to comparatively evaluate the 
sensory profiles of the samples from different 
sources. The final list comprised four descrip-
tors for taste (sweet, sour, bitter, salty), three for 
mouth feel (pungency, astringency, coating) and 
21 for odour and aroma (fruity, grassy, leafy, hay, 
herbal, woody, walnut, piquant, earthy, metallic, 
tart, winey, fusty, musty, soapy, rancid, yeasty, 
proteic, caramel, roast, burnt). For evaluation of 

the descriptor intensities, a  scale from 0 (unde

tectable) to 5 (very intense) was applied [16]. 
The samples in the middle of their recommended 
shelf-life range were served at room temperature 
at 21 ± 2  °C in plastic cups with three-digit codes 
and were distributed to the assessors in a balanced 
presentation order, one at a  time. The analysis 
lasted 2 h and was performed in duplicate. The 
assessors used tap water to neutralize their mouth 
between samples.

Statistical analysis 
The QDA estimated means for each descrip-

tor of the oil samples were calculated. Differ-
ences among samples for fatty acid composition, 
peroxide values, calculated indices and sensory 
profiles were analysed by ANOVA. Statistical 
analysis was carried out using SPSS Statistics for 
Windows Version 21.0 (IBM, SPSS Statistics, 
Armonk, New York, USA).

Results and discussion

Fatty acid composition
The data from the analysis of the fatty acid 

composition of the oils and fats are presented 
in Tab. 1. Most of these oils predominantly con-
tained unsaturated fatty acids. In flaxseed oil, 
the most abundant fatty acid was α-linolenic acid 
(C18:3, n-3), followed by oleic acid (C18:1, n-9) 
and linoleic acid (C18:2, n-6). Similar levels of 
these were also reported previously [17]. Lino-
leic acid was the most abundant in hemp seed, 
walnut, grape seed, black cumin, poppy seed and 
peanut oil. Among these, grape seed oil contained 
the highest levels of linoleic acid, at over 70  %, 
with only a  minor amount of α-linolenic acid 
(0.4 %, 0.5 %), which was similar to other studies 
[18,  19]. Oleic acid was the most abundant fatty 
acid in rapeseed oil (60.4 %, 61.3 %) and argan oil 
(43.6–47.4 %). Rapeseed oil also contained lino-
leic acid at levels of 18.9 % and 19.1 %, together 
with α-linolenic acid at levels of 8.6 % and 9.5 %. 
These data are in agreement with other studies 
[19, 20].

Hemp seed oil had a unique fatty acid compo-
sition, as it contained γ-linolenic acid (18:3, n-6) 
and stearidonic acid (C18:4, n-3). The con-
tent of γ-linolenic and stearidonic acid in hemp 
oil was 4.5  % and 1.5  %, respectively (Tab. 1). 
These data are in agreement with other studies 
[19, 21], although they included differences for the 
γ-linolenic acid and stearidonic acid levels, which 
ranged from 0.5  % to 4.6  % and from 0.3  % to 
1.6 %, respectively [21].
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Among these samples, coconut oil and ghee 
butter are fats that are solid at room tempera-
ture as they predominantly contain saturated fatty 
acids. These comprise the prevailing lauric acid 
in coconut oil and palmitic acid (C16:0) in ghee 
butter. The ghee butter was found to contain more 
monounsaturated fatty acids than the coconut oil.

Nutritional value 
Among the nutritional indicators, the n-6/n-3 

and PUFA/SFA ratios, together with AI and TI, 
were calculated. For nutritional quality, a  lower 
n-6/n-3 ratio is considered beneficial for human 
health. Therefore, n-6/n-3 ratios of 10 : 1 and 
greater are considered undesirable and not good 
for human health [22]. The oil with the highest 
n-6/n-3 ratio was black cumin seed oil (254.4, 
281.4). The other oils with high n-6/n-3 ratios were 
the argan, grape seed, peanut and poppy seed oils 
(77.1–190.6; Tab. 2). On the other hand, the oils 
with the lowest n-6/n-3 ratio were those from flax-
seed (0.3), hemp seed (3.0–3.2) and rapeseed (2.0, 
2.2; Tab. 2). Other studies reported similar values 
for n-6/n-3 ratios, 0.3 for flaxseed oil, 3.29 for hemp 
seed oil [19] and 1.7–2.4 for rapeseed oil [20].

For both AI and TI, the highest values were 
seen for coconut oil (9.7, 12.7 and 8.1, 10.1, re-
spectively), followed by the ghee butter, at 1.6 and 
3.4, respectively (Tab. 2). For TI, all of the other 
values were similar. Similar results were previously 
obtained for other plant seed oils, such as flax and 
sesame seed oil, as well as olive oil [17].

The HH ratio describes the ratio between the 
hypocholesterolemic and hypercholesterolemic 
fatty acids, and hence higher values are more 
beneficial for human health. The lowest HH ra-
tios were seen here for coconut oil and ghee 
butter (0.1 and 0.5, respectively). The HH ratio 
for olive oil was previously reported as 6.1 [17], 
and this corresponds to some of the HH ratios for 
the oils in the present study, namely, for argan oil 
(6.0–8.8), black cumin seed oil (6.2, 8.6) and pea-
nut oil (7.0). All of the other oils here had higher 
HH ratios, with the highest seen for sacha inchi oil 
(22.2, 23.0) and for the mustard seed oil sample 
without erucic acid (22.3). Rapeseed and flaxseed 
oils also showed high HH ratios (18.9, 19.0 and 
15.9, 16.7, respectively). Similar HH ratios were 
determined for flaxseed oil in other studies, as 
13.2 [17] and 14.9 [23]. 

Consumers have long regarded coconut oil as 
a  healthy alternative oil, mainly due to intensive 
marketing. However, the data here and from other 
studies now show that this appears not to be the 
case [24]. The main reason appears to be the con-
tent of medium-chain triglycerides in coconut oil, 

although studies that showed beneficial effects of 
commercial medium-chain triglycerides cannot be 
easily transposed to coconut oil. Therefore, coco-
nut oil should be used with caution, as it contains 
high amounts of saturated fatty acids [25].

Erucic acid is a natural plant toxin, being found 
at high contents mainly in the seeds of Brassi-
caceae species (e.g., rapeseed, mustard seed). It 
can induce myocardial lipidosis, although this 
effect is reversible and transient over prolonged 
exposure [10]. However, the EU Commission has 
set the maximum levels for erucic acid in vegeta-
ble oils and fats intended for human consump-
tion at 20 g·kg-1, while for mustard and camelina 
oil this level was set at 50 g·kg-1 total fatty acids 
[11]. As there are considerable differences in the 
levels of erucic acid in the mustard and rapeseed 
oils available in Slovenia, and since this maximum 
permitted level of erucic acid was exceeded in 
one mustard seed oil (31.4 %) and one rapeseed 
oil (2.3 %), a  more rigorous official monitoring 
scheme should be applied regarding it. Erucic 
acid was also found in camelina oil (2.5 %, 3.0 %), 
and these levels agree well with other studies 
(1.8–2.8 %) [26, 27]. However, it should be also 
noted that EFSA has established the tolerable 
daily intake of erucic acid of 7 mg·kg-1 body weight 
[10]. Accordingly, some varieties of rapeseed and 
camelina oil should not be consumed on a  daily 
basis in amounts larger than approximately one 
serving (20 g) [10]. 

Quality
Lipid peroxides are the primary products of li-

pid oxidation, and their content in oils and fats is 
a widely used indicator for onset of lipid oxidation. 
This oxidation is induced by the presence of metal 
ions in the oils and fats, and by exposure of the 
oils and fats to light and increased temperatures 
[28]. The maximum permitted peroxide values of 
cold pressed oils and fats were set at 15 meq·kg-1, 
while for refined oils and fats, this was set at 
10  meq·kg-1, which corresponds to 5 mmol·kg-1 
[29]. In the present study, peroxide values greater 
than 15 meq·kg-1 were determined for two thirds 
of the analysed oil and fat samples. This finding 
was unexpected as the oils and fats included in the 
study belonged to a  higher price range and were 
expected to be of high quality. Our findings thus 
indicate a  clear need for a  regular assessment of 
the quality of unconventional oils and fats on the 
Slovenian market.

Sensory quality
The sources of these oils and fats affected 

the sensory profiles determined by QDA. Tab.  3 
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presents the mean values of the intensities of the 
descriptors. The six descriptors for which sta-
tistically significant differences among oils and 
fats were confirmed were marked with different 
letters. Significant differences were seen across 
these samples for the intensity of the sweet taste 
(p  <  0.001), but not for the other tastes. The 
sweetness was judged to be of medium intensity 
in the coconut oil (3.0), and mild to very mild in 
the other samples (0.9–2.1). A  sour taste of me-
dium intensity was only perceived for the grape 
seed oil, while very mild acidity was noted in the 
hemp seed, rapeseed and black cumin seed oils. 
The bitter taste was highest for the poppy seed oil, 
followed by the flaxseed and black cumin seed oils; 
however, these differences did not reach statisti-
cal significance. This might be related to the type 
of pre-treatment, before the cold pressing and 
the type of oil [30]. The bitter taste was absent or 
barely detectable in the coconut oil, walnut oil and 
ghee butter. A salty taste was not perceived for the 
assessed samples. The other significant discrimi-
nators regarding these types of oil were some of 
the descriptions for the odour and aroma profile, 
as leafy, hay, woody, tart and fusty (all p < 0.001). 
A leafy odour and aroma was most clearly seen for 
the camelina seed oil (2.5), followed by the rape-
seed (2.4) and hemp seed (2.2) oils, which was in 
line with descriptions from another study [31]. The 
most intense hay odour and aroma were detected 
in flaxseed, black cumin and camelina oils (all 1.8). 
The woody note was the most intense, although 
mild, for rapeseed oil (1.6), followed by peanut oil 
(1.5), as was reported previously [16, 31]. The tart 
odour and aroma were significantly most intense 
in flaxseed oil (3.3) and black cumin oil (2.6). The 
fusty odour and aroma, which are considered a de-
fect in oils [16], were detected at medium inten-
sities in the grape seed (2.4), rapeseed (1.8) and 
poppy seed (1.8) oils. This indicates that these 
samples were of inferior sensory quality, therefore 
not suitable for human consumption and should 
be disqualified as edible products.

Certain notes of odour and aroma were per-
ceived only in individual oil types. The nutty odour 
and aroma were characteristic of walnut seed oil 
(3.4), but not of the other samples. Black cumin 
oil was significantly more piquant (4.4) than the 
other samples, while a  winey odour and aroma 
were intensively expressed only in the grape seed 
oils (4.0). The proteic (i.e. like Roquefort cheese) 
odour and aroma were characteristic of argan oil 
(1.6), as also reported previously [32], while it was 
not, or only barely, detected in the other samples. 
The sensory attributes were low for coconut oil 
and ghee butter. The ghee butter was charac

terized by a  slightly sweet taste, together with 
caramel and roasty odour and aroma, while for the 
coconut oil, the sweetness was of medium inten-
sity and was the most pronounced across all of the 
samples. Similar descriptors for the latter two fats 
were reported previously [33, 34].

Differences in the sensory profiles between 
samples of the same type of oil or fat might in-
dicate different quality levels. Indeed, all of the 
quantitative sensory profiles between samples of 
the same type showed some significant differences, 
except for the sacha inchi oil. The two samples of 
coconut oil significantly differed in intensity of 
mouth coating (p = 0.017) and the fruity odour and 
aroma (p < 0.001). The two samples of flaxseed oil 
differed significantly in the intensities of the bitter 
taste (p = 0.004) and astringency (p = 0.030), 
grassy (p = 0.004) and herbal (p = 0.030) aroma, 
while the two rapeseed oil samples had significant-
ly different intense sour tastes (p = 0.005), walnut 
aroma (p = 0.004) and earthy aroma (p = 0.030). 
The two samples of mustard seed oil significantly 
differed in their intensities of winey (p = 0.017), 
fusty (p = 0.030) and grassy (p = 0.030) odour and 
aroma. The two walnut oil samples showed one 
that was significantly more astringent (p = 0.005) 
and tart (p = 0.030), which had lower peroxide 
value than the other, which had a  significantly 
more pronounced sweet taste (p = 0.030), fruity 
odour and aroma (p = 0.017) and grassy odour 
and aroma (p = 0.017). Between the two samples 
of grape seed oil, the one with a higher peroxide 
value was significantly more bitter (p = 0.030), 
but significantly less sour (p = 0.030) and winey 
(p = 0.005). The sample of the two black cumin 
oils that had a  higher peroxide value was signifi-
cantly more bitter (p = 0.017) and significantly 
less sour (p = 0.017) than the other. For the 
samples of the two camelina oils, the one with 
the higher peroxide value was significantly more 
piquant (p = 0.017) and significantly less fusty 
(p = 0.017) than the other. Among the three argan 
oil samples, the herbal odour and aroma were sig-
nificantly more perceived (p = 0.025) in the two 
samples with higher peroxide values. The three 
samples of hemp seed oil significantly differed 
in their tart odour and aroma (p = 0.012), which 
was least expressed in the sample with the highest 
peroxide values.

Conclusions

Unconventional oils and fats are marketed as 
„healthy“ oils with favourable fatty acid compo-
sition and are believed to represent “healthier” 
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alternatives to commonly used oils. However, 
prolonged storage under light and at room tem-
perature in retail stores can promote their oxi-
dative deterioration. The unconventional cold-
pressed oils and fats examined in this study were 
purchased in stores as they would be purchased by 
ordinary consumers, and their fatty acid composi-
tion, peroxide values, nutritional value parameters  
as well as sensory properties were determined. 
The oils with the highest contents of linoleic acid 
were hemp seed, walnut, grape seed, black cumin, 
poppy seed and peanut oil, while the highest 
contents of α-linolenic acid were found in flax-
seed, sacha inchi and camelina oils. Hemp seed, 
rapeseed, mustard seed and walnut oils showed 
the most favourable n-6/n-3 fatty acid ratios. 
However, the results showed that the fatty acid 
composition of certain oils and fats may be taken 
as unfavourable together with their nutritional 
parameters, as shown by the ratios of n-6/n-3 
fatty acids in grape seed, black cumin, peanut and 
poppy seed oils. Special attention should be paid 
to erucic acid, which is generally not present in 
plant oils and can only be found in certain oils. 
The results of our study show that erucic acid was 
detected in rapeseed, mustard seed and camelina 
oils. The recommended level of erucic acid was 
exceeded in one sample of mustard seed and one 
sample of rapeseed oil. Another attribute that de-
termines the quality of oils and fats is the peroxide 
value, and the majority of samples had values 
above the permitted maximum value. Further, 
sensory analysis allowed us to identify oils and fats 
that may be considered unsuitable regarding sen-
sory quality. One of the indicators is fusty odour 
and aroma, which was identified in grape seed, 
rapeseed and poppy seed oils. Based on the erucic 
acid and peroxide values, as well as the results of 
sensory analysis, we can conclude that some of the 
analysed oils on the Slovenian market were not 
suitable for human consumption. It is therefore 
important to implement a  more rigorous official 
monitoring system to protect consumers.

Acknowledgements
This study is part of the programmes P4-0234 

“Integrated food technology and nutrition”, P4-0097 
“Nutrition and microbial ecology of gastrointestinal 
tract” and P3-0395 “Nutrition and Public health”, funded 
by the Slovenian Research Agency (ARRS).

References

	 1. 	Ulbricht, T. L. V. – Southgate, D. A. T.: Coronary 
heart disease: seven dietary factors. Lancet, 338, 1991, 
pp. 985–992. DOI: 10.1016/0140-6736(91)91846-M.

	 2. 	Santos-Silva, J. – Bessa, R. J. B. – Santos-Silva,  F.: 
Effect of genotype, feeding system and slaugh-
ter weight on the quality of light lambs: II. Fatty 
acid composition of meat. Livestock Production 
Science, 77, 2002, pp. 187–194. DOI: 10.1016/S0301-
6226(02)00059-3. 

	 3. 	Chen, J. – Liu, H.: Nutritional indices for assessing 
fatty acids: A  mini-review. International Journal of 
Molecular Sciences, 21, 2020, article 5695. DOI: 
10.3390/IJMS21165695.

	 4. 	Mishra, S. K. – Belur, P. D. – Iyyaswami, R.: Use of 
antioxidants for enhancing oxidative stability of bulk 
edible oils: a  review. International Journal of Food 
Science and Technology, 56, 2021, pp. 1–12. DOI: 
10.1111/IJFS.14716.

	 5. 	Gao, P. – Liu, R. – Jin, Q. – Wang, X.: Effects of 
processing methods on the chemical composition 
and antioxidant capacity of walnut (Juglans regia L.) 
oil. LWT, 135, 2021, article 109958. DOI: 10.1016/j.
lwt.2020.109958.

	 6. 	Fats and fatty acids in human nutrition. Report of 
an  expert consultation. FAO Food and Nutrition 
Paper No. 91. Rome  : Food and Agricultural 
Organization of the United Nations, 2010. ISSN: 
0254-4725.

	 7. 	Huang, L. – Gao, L. – Chen, C.: Role of medium-
chain fatty acids in healthy metabolism: A  clini-
cal perspective. Trends in Endocrinology and 
Metabolism, 32, 2021, pp. 351–366. DOI: 10.1016/J.
TEM.2021.03.002.

	 8. 	Molfino, A. – Gioia, G. – Fanelli, F. R. – 
Muscaritoli, M.: The role for dietary omega-3 fatty 
acids supplementation in older adults. Nutrients, 6, 
2014, pp. 4058–4072. DOI: 10.3390/nu6104058.

	 9. 	Sabikhi, L. – Sathish Kumar, M. H.: Fatty acid profile 
of unconventional oilseeds. Advances in Food and 
Nutrition Research, 67, 2012, pp. 141–184. DOI: 
10.1016/B978-0-12-394598-3.00004-6.

	10. 	Erucic acid in feed and food. EFSA Journal, 14, 
2016, article e04593. DOI: 10.2903/j.efsa.2016.4593.

	11. 	Commision regulation (EU) 2019/1870 of 
7  November  2019 amending and correcting 
Regulation (EC) No 1881/2006 as regards maximum 
levels of erucic acid and hydrocyanic acid in certain 
foodstuffs. Official Journal of the European Union, 
62, 2019, L 289, pp. 37-40. ISSN: 1977-0677. <http://
data.europa.eu/eli/reg/2019/1870/oj>

	12. 	Civille, G. V. – Oftedal, N. K.: Sensory evaluation 
techniques — Make “good for you” taste “good”. 
Physiology & Behavior, 107, 2012, pp. 598–605. DOI: 
10.1016/j.physbeh.2012.04.015.

	13. 	Lawless, H. T. – Heymann, H.: Descriptive 
analysis. In: Lawless, H. T. – Heymann, H. (Eds.): 
Sensory evaluation of food. Principles and prac-
tices. New York : Springer, 2010, pp. 227–257. ISBN: 
978-1-4419-6487-8. DOI: 10.1007/978-1-4419-6488-
5_10.

	14. 	Park, P. W. – Goins, R. E.: In situ preparation of 
fatty acid methyl esters for analysis of fatty acid 
composition in foods. Journal of Food Science, 59, 
1994, pp. 1262–1266. DOI: 10.1111/j.1365-2621.1994.
tb14691.x.

https://doi.org/10.1016/0140-6736(91)91846-M
https://doi.org/10.1016/S0301-6226(02)00059-3
https://doi.org/10.1016/S0301-6226(02)00059-3
https://doi.org/10.3390/IJMS21165695
https://doi.org/10.1111/IJFS.14716
https://doi.org/10.1016/j.lwt.2020.109958
https://doi.org/10.1016/j.lwt.2020.109958
https://doi.org/10.1016/J.TEM.2021.03.002
https://doi.org/10.1016/J.TEM.2021.03.002
https://doi.org/10.3390/nu6104058
https://doi.org/10.1016/B978-0-12-394598-3.00004-6
https://doi.org/10.2903/j.efsa.2016.4593
http://data.europa.eu/eli/reg/2019/1870/oj
http://data.europa.eu/eli/reg/2019/1870/oj
https://doi.org/10.1016/j.physbeh.2012.04.015
https://doi.org/10.1007/978-1-4419-6488-5_10
https://doi.org/10.1007/978-1-4419-6488-5_10
https://doi.org/10.1111/j.1365-2621.1994.tb14691.x
https://doi.org/10.1111/j.1365-2621.1994.tb14691.x


	 Fatty acid profiles and nutritional quality of oils

	 383

	15. 	ISO 11035:1994. Sensory analysis - Identification 
and selection of descriptors for establishing a senso-
ry profile by a multidimensional approach. Geneva : 
International Organization for Standardization, 
1994. 

	16. 	Brühl, L. – Matthäus, B.: Sensory assessment of 
virgin rapeseed oils. European Journal of Lipid 
Science and Technology, 110, 2008, pp. 608–610. 
DOI: 10.1002/ejlt.200700293.

	17. 	Hashempour-Baltork, F. – Torbati, M. – Azadmard-
Damirchi, S. – Savage, G. P.: Chemical, rheo-
logical and nutritional characteristics of sesame 
and olive oils blended with linseed oil. Advanced 
Pharmaceutical Bulletin, 8, 2018, pp. 107–113. DOI: 
10.15171/apb.2018.013.

	18. 	Al Juhaimi, F. – Geçgel, Ü. – Gülcü, M. – 
Hamurcu, M. – Özcan, M. M.: Bioactive properties, 
fatty acid composition and mineral contents of grape 
seed and oils. South African Journal of Enology and 
Viticulture, 38, 2017, pp. 103–108. DOI: 10.21548/38-
1-1042.

	19. 	Teh, S. S. – Birch, J.: Physicochemical and quality 
characteristics of cold-pressed hemp, flax and canola 
seed oils. Journal of Food Composition and Analysis, 
30, 2013, pp. 26–31. DOI: 10.1016/j.jfca.2013.01.004.

	20. 	Szydlowska-Czerniak, A. – Trokowski, K. – 
Karlovits, G. – Szlyk, E.: Determination of antioxi-
dant capacity, phenolic acids, and fatty acid compo-
sition of rapeseed varieties. Journal of Agricultural 
and Food Chemistry, 58, 2010, pp. 7502–7509. DOI: 
10.1021/jf100852x.

	21. 	Petrović, M. – Debeljak, Ž. – Kezić, N. – Džidara, P.: 
Relationship between cannabinoids content and 
composition of fatty acids in hempseed oils. Food 
Chemistry, 170, 2015, pp. 218–225. DOI: 10.1016/j.
foodchem.2014.08.039.

	22. 	Simopoulos, A. P.: The importance of the omega-6/
omega-3 fatty acid ratio in cardiovascular disease 
and other chronic diseases. Experimental Biology 
and Medicine, 233, 2008, pp. 674–688. DOI: 
10.3181/0711-MR-311.

	23. 	Guimarães, R. de C. A. – Macedo, M. L. R.  – 
Munhoz,  C. L. – Filiu, W. – Viana, L. H. – 
Nozaki,  V.  T.  – Hiane, P. A.: Sesame and flaxseed 
oil: Nutritional quality and effects on serum lipids 
and glucose in rats. Food Science and Technology, 
33, 2013, pp. 209–217. DOI: 10.1590/S0101-
20612013005000029.

	24. 	Bisong, S. A. – Nku, C. O. – Sanya, O. A. – Ita, S. O. – 
Fischer, V. A. – Abuo, F. E.: Long-term consumption 
of virgin coconut (Cocos nucifera) oil diet impairs 
learning and memory in CD1 mice. Chinese Herbal 

Medicines, 12, 2020, pp. 414–420. DOI: 10.1016/j.
chmed.2020.03.008.

	25. 	Sankararaman, S. – Sferra, T. J.: Are we going nuts 
on coconut oil? Current Nutrition Reports, 7, 2018, 
pp. 107–115. DOI: 10.1007/s13668-018-0230-5.

	26. 	Ratusz, K. – Symoniuk, E. – Wroniak, M. – 
Rudzińska, M.: Bioactive compounds, nutritional 
quality and oxidative stability of cold-pressed cameli-
na (Camelina sativa L.) oils. Applied Sciences, 8, 
2018, article 2606. DOI: 10.3390/app8122606.

	27. 	Zubr, J. – Matthäus, B.: Effects of growth condi-
tions on fatty acids and tocopherols in Camelina 
sativa oil. Industrial Crops and Products, 15, 2002, 
pp. 155–162. DOI: 10.1016/S0926-6690(01)00106-6.

	28. 	Halvorsen, B. L. – Blomhoff, R.: Determination of 
lipid oxidation products in vegetable oils and marine 
omega-3 supplements. Food and Nutrition Research, 
55, 2011, pp. 5792. DOI: 10.3402/fnr.v55i0.5792.

	29. 	CX-STAN 210 - 1999. Codex standard for named 
vegetable oils. Rome  : FAO/WHO Codex 
Alimentarius Commision, 2019. 

	30. 	Brühl, L. – Matthäus, B. – Fehling, E. – Wiege, B. – 
Lehmann, B. – Luftmann, H. – Bergander,  K.  – 
Quiroga, K. – Scheipers, A. – Frank, O.  – 
Hofmann,  T.: Identification of bitter off-taste 
compounds in the stored cold pressed linseed oil. 
Journal of Agricultural and Food Chemistry, 55, 
2007, pp. 7864–7868. DOI: 10.1021/jf071136k.

	31. 	Rekas, A. – Wroniak, M. – Szterk, A.: Characterization 
of some quality properties and chemical composition 
of cold-pressed oils obtained from different rape-
seed varieties cultivated in Poland. Polish Journal 
of Natural Sciences, 31, 2016, pp. 249–261. ISSN: 
1643-9953. <http://www.uwm.edu.pl/polish-journal/
sites/default/files/issues/articles/rekas_et_al._2016.
pdf>

	32. 	Matthäus, B.: Quality parameters for cold pressed edi-
ble argan oils. Natural Product Communications, 8, 
2013, pp. 37–41. DOI: 10.1177/1934578X1300800109.

	33. 	Sserunjogi, M. L. – Abrahamsen, R. K. – Narvhus, J.: 
A review paper: Current knowledge of ghee and relat-
ed products. International Dairy Journal, 8, 1998, 
pp. 677–688. DOI: 10.1016/S0958-6946(98)00106-X.

	34. 	Villarino, B. J. – Dy, L. M. – Lizada, M. C. C.: 
Descriptive sensory evaluation of virgin coconut 
oil and refined, bleached and deodorized coconut 
oil. LWT - Food Science and Technology, 40, 2007, 
pp. 193–199. DOI: 10.1016/j.lwt.2005.11.007. 

Received 10 September 2021; 1st revised 2 November 2021; 
accepted 19 November 2021; published online 
3 December 2021.

https://doi.org/10.1002/ejlt.200700293
https://doi.org/10.15171/apb.2018.013
https://doi.org/10.21548/38-1-1042
https://doi.org/10.21548/38-1-1042
https://doi.org/10.1016/j.jfca.2013.01.004
https://doi.org/10.1021/jf100852x
https://doi.org/10.1016/j.foodchem.2014.08.039
https://doi.org/10.1016/j.foodchem.2014.08.039
https://doi.org/10.3181/0711-MR-311
https://doi.org/10.1590/S0101-20612013005000029
https://doi.org/10.1590/S0101-20612013005000029
https://doi.org/10.1016/j.chmed.2020.03.008
https://doi.org/10.1016/j.chmed.2020.03.008
https://doi.org/10.1007/s13668-018-0230-5
https://doi.org/10.3390/app8122606
https://doi.org/10.1016/S0926-6690(01)00106-6
https://doi.org/10.3402/fnr.v55i0.5792
https://doi.org/10.1021/jf071136k
http://www.uwm.edu.pl/polish-journal/sites/default/files/issues/articles/rekas_et_al._2016.pdf
http://www.uwm.edu.pl/polish-journal/sites/default/files/issues/articles/rekas_et_al._2016.pdf
http://www.uwm.edu.pl/polish-journal/sites/default/files/issues/articles/rekas_et_al._2016.pdf
https://doi.org/10.1177/1934578X1300800109
https://doi.org/10.1016/S0958-6946(98)00106-X
https://doi.org/10.1016/j.lwt.2005.11.007

