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Abstract: Oat (Avena sativa Linnaeus) has distinctive multifunctional characteristics and nutritional profile, as well as
a large amount of oat-processing by-product comprises hulls, which contain lipids and other nutrients. In this study,
the lipid content and fatty acid (FA) profiles of six naked oat varieties (Kamil, Marco Polo, Oliver, Patrik, Santini, and
Saul), two hulled oat varieties (Atego and Korok), and their dehulled grains and hulls were analysed. The findings of
the study demonstrated that the lipid content varied from 4.14 g-100 g! dry matter (DM) (Santini) to 6.68 g-100 g™
DM (Kamil) in naked oats; 3.61 g-100 g~ DM in Atego and 3.47 g-100 g~ DM in Korok with hull; 0.70 g.100 g~ DM in
Atego hull and 0.71 g-100 g”! DM in Korok hull. Dehulled oats had a higher lipid content than hulled oats. Linoleic and
oleic acids were the predominant FAs in analysed samples. Oat hulls contained maximum amounts of saturated FAs
(SFAs) (26% in Korok and 25.6% in Atego). Elimination of hulls raised the amount of linoleic acid and decreased the
amount of oleic acid. Oat hull contained the least amount of linoleic acid and the highest amount of C20:0 (eicosanoic
acid) and C22:0 (docosanoic acid). Oats are a significant source of lipids, predominantly comprising unsaturated fatty
acids (UFAs). Moreover, oat hulls contribute to the lipid content although their FA composition, with higher palmitic
acid and lower linoleic acid levels, differs from that of naked, hulled, and dehulled oats.
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Wheat, rice, and maize are the leading cereals re-
garding global production, whereas oats (Avena sati-
va Linnaeus, 1753) rank sixth. Oats have historically
mostly been used as animal feed, especially for hors-
es. However, as interest in the possible use of oats for
human nutrition has grown, this practice has been
steadily declining (Ahmad et al. 2010). Oat crops have

drawn more attention due to the growing popularity
of plant-based diets and the health advantages they
are linked to. According to recent data 25.05 million
metric tons of oats were produced globally in 2022/23
(Shahbandeh 2023). Essentially, there are two types
of oats: hulled oats, where the oat kernel or caryop-
sis is surrounded in a hardened lemma, and palea,
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commonly known as the hull. After harvesting, these
hulls need to be removed. In contrast, naked oats be-
long to the same species as hulled oats but exhibit
considerably less lignification in their lemma com-
pared to hulled oats. This reduced lignification results
in a lemma that is less thick and not as tightly curved
around the kernel, making it easier to separate the
kernel at harvest time (Hackett 2018).

Oat hulls, which make up about 25—-35% of the weight
of oat seeds, are essential for shielding kernels from
fungal diseases and threshing. Although dehulling oats
raises industry costs, naked oats offer a more afford-
able option. Additionally, like cereal straw in terms
of protein and calorie content, oat hulls provide ben-
eficial nutrition to livestock, such as cattle, sheep, and
horses (Jawad et al. 2013).

Oat hulls have potential applications in biorefinery
operations, the creation of bio-based packaging materi-
als, and construction composites in addition to animal
feed. According to Schmitz et al. (2020) burning rice
and oat husks at 950 °C produces calcium hydroxide,
which improves
of cement. Although disposing of oat hulls, the main
by-product of oat milling, is a problem worldwide, they
can be used to produce hydrogen, extract cellulose, and
produce furfural and food-grade fiber (Girardet and
Webster 2011; Menon et al. 2016; Oliveira et al. 2017).

Oat hulls are made up of cellulose, hemicellulose,
lignin, ash, protein, and fat, and they mostly comprise
the cell wall (Welch et al. 1983). Oat hulls, which are
rich in lignin, are used in animal feed to enhance
energy intake and support gut health by promoting
a balanced microbiota and strengthening gut barri-
er integrity. A 3% oat husk diet can improve devel-
opment and carcass weight costs for broiler chickens
(Den Besten et al. 2013; Ndou et al. 2018; Adewole
et al. 2020). The use of oat hulls in animal husbandry
can lead to cost savings.

Oat grains contain higher levels of protein and crude
lipid content than other cereals. The elevated lipid con-
tent in oats serves as a significant energy source and
provides unsaturated fatty acids (UFAs). While linole-
ic, oleic, and palmitic acids are the predominant fatty
acids (FAs) in both naked and hulled oats, their rela-
tive proportions vary (Pokhrel et al. 2022). The com-
position of oat lipids has been documented to consist
of 51% triacylglycerols, 7% free fatty acids, 3% sterols,
3% sterol esters, 8% glycolipids, and 20% phospholip-
ids. Additionally, oat lipids are categorised into two
types: polar and non-polar fractions. The majority
(around 80%) of the lipids are non-polar and contain

the calcination characteristics

valuable fatty acids such as palmitic acid, oleic acid, lin-
oleic acid, and fat-soluble antioxidants (Sahasrabudhe
1979). Four different batches of oat hulls grown in com-
parable areas but with different climatic conditions had
lipid levels ranging from 0.5 to 1.5 g-100 g™ (Schmitz
et al. 2020). The concentrations of SFAs 18:1 and 18:2
ranged from 24 to 36.5 g-100 g™! (mean 30.4 g-100 g™),
25.7 to 36.3 g100 g! (mean 29.4 g100 g!), and
28.8 to 35.8 g-100 g! (mean 31.7 g-100 g™') in seven
distinct Swedish oat husk samples. Additionally, the
authors noted that the hulls' average total lipid content
was 3 g-kg™! dry matter (DM) (Bryngelsson et al. 2002).

In the previous paper, the lipid content and FA com-
position of naked and hulled oats with and without
hulls was evaluated (Kourimska et al. 2021). However,
information about the lipid content and FA composi-
tion of oat hulls was missing there. Thus, the objective
of this study was to evaluate the lipid content and FA
composition of the hulls of two hulled oats and com-
pare them with naked oats and dehulled oat grains.
We additionally scrutinised the impact of dehulling
on the FA profile of oat grains.

MATERIAL AND METHODS

Oat samples

The oat samples utilised in the present study were
provided by the Selgen a.s. breeding station (Stupice,
Czech Republic). The oat varieties used in this study
were registered between 2002 and 2018. Of the eight
yellow varieties, two (Atego and Korok) were hulled
oats and six (Kamil, Marco Polo, Oliver, Patrick, San-
tini, and Saul) were naked oats. All these samples have
been described in Table 1.

Post-harvest sample characteristics. The post-har-
vest characterisation of the samples was undertaken
using a FOSS Infratec 1241 grain analyser (FOSS An-
alytical A/S, Hillerod, Denmark) that quantified es-
sential quality parameters for procurement, including
total protein and moisture content. Each sample was
measured ten times, with a relative standard deviation
of the method below 1%. The post-harvest characteris-
tics of the samples are also given in Table 1.

Sample preparation and evaluation of lipid con-
tent. In the case of hulled oats, grains, and hulls were
separated manually to prevent breakage and avoid mix-
ing oat grains or their parts with the hulls. From 30 g
hulled oats of the Atego and Korok varieties, 7.3 and
7.6 g hulls, respectively, were obtained, with a grain-
to-hull ratio of approximately 4:1. The separated hull,
hulled oats, dehulled oat grains and naked oats were
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Table 1. Descriptions and post-harvest characterisation of analysed yellow oat samples

. . Protein Moisture

Oat cultivar Origin Regl;é;itlon content content
(g100g™")

Atego (hulled) Gramena x Auron 2002 14.91 11.36
Korok (hulled) Atego x KR 93682 2011 14.39 10.22
Kamil (naked) Izak x (10029 Cn x KR 9478) 2012 18.10 9.71
Marco Polo (naked) Tibor x Atego 2018 18.36 9.80
Oliver (naked) (vL8250 x D16/84) x (Jumbo x KR 90-40) 2012 17.41 9.80
Patrik (naked) Avenuda x (Azur x Master) 2015 15.66 9.93
Santini (naked) Tibor x Atego 2018 17.49 9.82
Saul (naked) (Dragon x S 16908) x KR 5278 2006 17.72 9.89

Post-harvest characterisation # = 10, relative standard deviation (RSD) < 1%

then grounded for three min using a Scarlett Silver
Line SL 1545 coffee grinder (Ariette-Scarlett, Firenze,
Italy). Ground samples, weighing approximately 15 g,
were placed in high-performance cellulose extraction
thimbles of Cytiva Whatman grade and sealed with
cotton. The lipid was obtained following the procedure
documented by (Kourimska et al. 2018) using petro-
leum ether 40-65 °C (V\X/R®) in a Soxhlet extraction
apparatus (Carl Roth, Germany) for four hours. The
same petroleum ether extraction procedure was
used to determine the lipid content and subsequent
the FA composition analysis. A rotary vacuum evap-
orator (Heidolph Hei-VAP Core HL G3; Heidolph
Instruments GmbH, Schwabach, Germany) was uti-
lised to evaporate petroleum ether at the temperature
of 35 °C. The lipid content was quantified gravimetri-
cally following drying at 103 + 2 °C until reaching con-
stant weight. Each sample was analysed in triplicate.

Evaluation of fatty acid composition. The meth-
od detailed in (Kourimska et al. 2018) was employed
to analyse the FA composition of the samples. Near-
ly half grams of lipid was re-esterified and analysed
in accordance with ISO 12966-2:2011 specifications,
utilising gas chromatography-mass spectrometry
(GC-MS) on an Agilent 7890 (Agilent Technologies).
Each extract was prepared three times and injected
twice to ensure accuracy and precision. Methylated
FAs were detected with the Restek Food Industry
FAME mix (cat#35077) and compared to mass spec-
tra available in the National Institute of Standards
and Technology Library (NIST) database in the USA.
The relative quantity of FAs was calculated through
the area normalisation method and then presented
as a percentage of total identified FAs.
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Statistical evaluation. Statistical evaluation com-
prised one-way analysis of variance (ANOVA) con-
ducted with IBM SPSS Statistics 29.0.0.0 (Armonk,
New York, USA), with a level of significance of P = 0.05.
The average + standard deviation was assessed using
Tukey's HSD (honestly significant difference) test.

Table 2. Lipid content in naked oats, hulled oats with and
without husks, and husks from hulled oats

Fat content Fat in DM content

Sample

(g100g™)

Atego after bede

dehulling 4.13 £ 0.32 4.62
Atego before o

dehulling 3.20 £ 0.19 3.61
Atego hull 0.63 + 0.12f 0.70
Kamil 6.03 + 0.372 6.68
Korok after bede

dehulling 427 +0.29 471
Korok before de

dehulling 3.21 + 0.09 3.47
Korok hull 0.68 + 0.06f 0.71
Marco Polo 4.29 + 0.17bcde 4.67
Oliver 4.60 + 0.23% 5.10
Patrik 5.27 + 0.38% 5.85
Santini 3.73 + 0.21¢d 4.14
Saul 4.48 + 0.20P 4.97

DM - dry matter; values are expressed as mean * stand-
ard deviations (SD); number of replication (# = 3); mean
values with different superscript letters were significantly
different (P > 0.05)
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RESULTS AND DISCUSSION

Lipid content. The lipid content of naked and hulled
oats, as well as their hulls and dehulled oat grains, is pre-
sented in Table 2. The findings revealed that naked oats
had a higher lipid content than hulled oats, with or with-
out hulls, excluding naked Santini which had a lower
lipid content than both the hulled cultivars before de-
hulling. The lipid content observed in naked oats ranged
from 4.14 to 6.68 g-100 g~' DM, aligning with previous
studies conducted by various researchers (Kourimska
et al. 2018, 2021; Capouchova et al. 2020).

Among the naked oat cultivars, Kamil demonstrated
the topmost lipid content (mean 6.68 g-100 g~ DM),
followed by Patrik (5.85 g-100 g™* DM). In contrast,
Santini had significantly lower lipid content as com-
pared to Kamil, with values 0f4.14 g-100 g~ DM. Hulled
Atego had the lowest lipid content (3.61 g-100 g~ DM)
among all the tested oat varieties. Dehulling of Korok
and Atego hulled oats increased the lipid content of the
grains compared to most naked oats. The lipid content
in the Atego hull was 0.70 g-100 g~ DM, while in the
Korok hull, it was 0.71 g-100 g~ DM.

Concerning Patrik, the reported lipid content val-
ues of 5.59 g:100 g~* DM (Kourimska et al. 2018) and
6 g-100 g™! DM (Capouchova et al. 2021) are consis-
tent with the present study outcomes. Additionally,
the lipid content of naked oats, as observed by Boeck
et al. (2018), was higher for Oliver (6.02 g-100 g), Ka-
mil (7.36 g-100 g™'), and Saul (5.41 g-100 g™') compared
to present study. Several variables, including location
and year, genetics, harvesting time, soil type and nu-
trition, and post-harvest treatments, could be respon-
sible for the observed difference. Furthermore, oats
high lipid content indicates a higher risk of rancidity
and the possibility of sticking during the milling pro-
cess. Notwithstanding these possible disadvantages,
oats' FA content makes them extremely beneficial for
human consumption. Consequently, high lipid oats are
regarded as an indicator of quality in oats as discussed
by (Decker et al. 2014).

Furthermore, the lipid content of hulled oats, Ate-
go, and Korok before dehulling was approximately
3.5 g-100 g~ DM. The lipid content of Korok was re-
ported at 2.85 g-100 g~! DM Kourimska et al (2018),
which aligns with the current findings. They added
that the value rose to 4.31 g-100 g~ DM once the hull
was removed. A similar phenomenon can be observed
in the current study, upon hull removal the value
of lipid content reached 4.71 g-100 g™* DM in dehu-
lled Korok grain. Similarly, after dehulling, the value

reached 4.62 g-100 g'! DM in dehulled Atego grain.
Notably, when comparing the lipid content of dehulled
oat grains to naked oats, it is crucial to highlight that
both have comparable lipid content. Additionally, Ate-
go oat hulls contained 0.70 g-100 g~ DM of lipid, while
Korok had 0.71 g-100 g' DM. Research conducted
by Welch et al. (1983) discovered a higher lipid content
(1-2.2 g-100 g™) in oat hulls than in the current study.

The lipid content results differ from those in previous
studies by (Banas et al. 2007) reporting lipid contents
of 7-11 g-100 g, and (Flander et al. 2007) revealing
5-9 g-100 g~ lipid contents in oats. According to these
authors, oats had a higher lipid content in comparison
several other grains, such as durum wheat, common
wheat, rye, barley, and triticale.

Fatty acid composition. The FA compositions
of hulled oats, their hulls, and dehulled oat grains are
illustrated in Table 3. As expected, the most remarka-
ble FAs identified in the analysed samples were linoleic
acid (C18:2 cis cis—9.12), oleic acid (C18:1 cis—9), and
palmitic acid (C16:0), and their sum ranged from ap-
proximately 91.2-96.6% in oats and 88% in oats hulls.
Steric acid (C18:0) and a-linolenic acid (C18:3 all-
cis—9; 12; 15) were also present in reasonable amounts.
Additionally, other FAs were also detected and quanti-
fied, such as C14:0, C16:1 cis-9, C17:0, C17:1 cis 10,
C20:0, C20:2 cis, cis—11;14, C22:0, C22:1 cis—-13,
C24:0, C24:1 cis—15, with contents ranging from
0.01 to 0.99%. Some exceptional cases can be observed
in the hulls.

The hulled oats, Korok and Atego, contained 21.3%
and 21.6% of palmitic acid, 34.8% and 36% of oleic
acid, and 23.4% and 33.9% of linoleic acid, respec-
tively. Differences were observed in hulled and naked
oats. The concentration of oleic and linoleic acid was
less in hulled oats than in naked oats, which is consist-
ent with previous research of (Kourimska et al. 2018).
Specifically, Patrik a naked oat contained the highest
oleic acid in the studied samples, and it had signifi-
cant differences not only with hulled oats but also with
dehulled oat grains and hulls. Similarly, the content
of stearic acid in Kamil (naked oat) is higher and differs
significantly from hulled oats and dehulled oat grains.

Moreover, this study investigated the impact of hull
removal on the FA composition. Upon the removal
of the hull, discernible alterations in FA composition
were noted. The distribution of SFAs, oleic acid, and li-
noleic acid in Atego hulls were 30.9%; 35.4% and 29.6%;
respectively. In Korok hull, the percentages were 33.2%
for SFAs, 34.7% for oleic acid, and 28.3% for linoleic
acid. The palmitic acid in dehulled Korok grain de-
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Table 3. Composition of fatty acids in hulled oats with and without husks, and hulls (in % of all fatty acids)

Fatty acid Atego Atego hull Dehulleq Dehulleq Korok Korok hull
Atego grain Korok grain
C14:0 0.46 + 0.05¢ 1.00 + 0.18" 0.51 + 0.1 0.56 + 0.024  0.57 +0.08%¢ 1.34 + 0.09
C16:0 21.58 +0.81%*  23.23+1.64*>  26.17 £2.23°  20.87 +0.31%>¢ 21.34 +1.69®®>  24.81 + 0.18%
C16:1 cis-9 0.28 + 0.09° 0.49 + 0.02° 0.34 + 0.07° 0.33 + 0.00P 0.46 + 0.22° 0.90 + 0.02?
C17:0 0.09 + 0.00P 0.26 + 0.00P 0.10 + 0.02° 0.99 + 0.00? 0.15 + 0.00° 0.50 £ 0.11°
C17:1 cis-10 0.04 + 0.00P ND 0.05 + 0.00P ND 0.31 + 0.07° ND
C18:0 2.46 + 020> 2,99 + (.35 2.42 +0.554 193 + 0.05¢ 2.68 + 0.09>«d 3.52 + 0.08%
C18:1 trans-9 0.87 £ 0.11% 1.58 + 0.29% ND ND 1.41 + 0.13% ND
C18:1 cis-9 35.99 +1.93>° 3540 +2.19°  30.11 +1.579  33.73 +£1.17°¢  34.85 + 0.40"° 34.78 + 1.10"°
C18:2 CiS, abc c ab a ab c
5912 33.91 + 0.40 29.66 + 3.11 35.35 + 3.56 38.32 + 0.72 35.43 + 1.38 28.35 + 0.61
C20:0 0.42 + 0.07° 1.28 + 0.26* 0.28 + 0.08° 0.22 +0.01° 0.29 + 0.07° 1.08 + 0.09*
218931;11 5 2.22 +0.352 1.54 + 0.17° 3.57 + 0.712 2.88 + 0.052 1.75 + 0.00° 2.70 + 0.002
Cclfolf ;: ND ND 0.08 + 0.01 0.09 + 0.00 ND ND
C22:0 0.72 + 0.32b¢ 1.69 + 0.27° 0.33 £ 0.11¢ 0.36 + 0.03¢ 0.25 + 0.00¢ 1.32 £ 0.05*
C22:1 cis-13 0.22 + 0.09 ND 0.27 + 0.05 0.19 + 0.00 0.21 + 0.02 ND
C24:0 0.23 + 0.07° 0.53 + 0.052 0.31 + 0.10° 0.27 £ 0.01° 0.30 + 0.02° 0.67 + 0.05*
C24:1 cis-15 0.18 + 0.012 ND 0.15 + 0.042 0.12 + 0.00%¢ ND ND
> SFA 25.96 + 1434 30.97 +3.37?>  30.12 £ 3.16®> 24.31 + 0.27°>4 2558 + 1.60°4  33.23 + 0.80*
> MUFA 39.79 +2.06®  39.00 + 1.40%>  22.03 £2.24°  37.25+1.07°° 3899 +0.53*>  38.38 + 1.07%*
> PUFA 33.91 + 0.40"°  29.66 + 2.11¢ 47.83 +2.93® 38.41+0.72° 3543 +1.38> 2835+ 0.61¢

n = 3; ND — not detected; values are expressed as mean + standard deviations (SD); mean values with different superscript
letters in the same row were significantly different (P > 0.05); SFA — saturated fatty acids; MUFA — monounsaturated fatty

acid; PUFA — polyunsaturated fatty acid

clined to 20.9%, whereas in dehulled Atego grain,
it increased and reached the maximum among all the
samples, including naked oats, at 26.2%. The propor-
tion of oleic acid also declined upon hull removal, with
a significant decrease in Atego, approximately by 6%,
indicating a significant difference in monounsaturated
fatty acid (MUFAs) levels. When comparing the de-
hulled oat grains and hulls significant differences can
be seen in linoleic acid. These findings are consistent
with a prior study by Bryngelsson et al. (2002), which
documented a range of 30.4% for SFAs, 29.4% for
oleic acid, and 31.7% for linoleic acid in an aggregate
of Swedish oat hull samples.

When the Korok oat's hull is removed, linoleic acid
levels increase but the distribution of oleic, palmitic,
and stearic acids decreases. For Atego, removing the
hulls resulted in a considerable decrease in oleic acid
and an increase in the relative amount of linoleic and
palmitic acids. However, hull removal dramatically in-
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creased the amount of linoleic acid while drastically
decreasing the percentage of palmitic and stearic acids
Biel et al. (2014). Furthermore, Liu (2011), compared
the fatty acid profiles of hulled and dehulled oat grains
and found that the latter exhibited a 4% increase in oleic
acid (from 32.3 to 36.5%) and nearly double the lipid
content, whereas palmitic, stearic, linoleic, and lino-
lenic acids significantly dropped. Furthermore, 42.2%
linoleic acid was found in hulled and 40.3% in dehulled
oat grains, according to the author.

Except for Saul and Santini, dehulled Atego grain
had a higher amount of palmitic acid than dehulled
Korok grain and naked oats. Furthermore, linoleic
acid increased from 35.4% to 38.3% in dehulled Korok
grain and from 33.9 to 35.3% in dehulled Atego grain
as a result of hull removal. The amounts of linoleic
acid in hulled and dehulled oats were similar to those
in naked oats (33—38%). Unlike the present study, Biel
et al. (2014) found that hulled oats had a lower linoleic
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acid content, which was 28% and increased to 32% upon
hull removal, while naked oats contained 34% linoleic
acids. The finding of the current study aligns with the
earlier observations by (Kourimska et al. 2021), who also
observed an increase in linoleic acid concentration after
hull removal. Furthermore, polyunsaturated fatty acids
(PUFAs) — which include linoleic acid — act as a precur-
sor to eicosanoids, which are hormone-like chemicals
that are essential for maintaining the body's physiologi-
cal equilibrium. Examples of these include prostaglan-
dins and leukotrienes. While a lack of linoleic acid can
result in atherosclerosis, it has a beneficial effect on the
blood serum of those with diabetes mellitus. Between
5 and 8% of total calories should be consumed as linoleic
acid (Batalova et al. 2019).

Oat hulls contained a comparable FA profile to other
samples, although some variations can be observed.
Hulls contained a relatively high amount of palmitic
acid but less than dehulled Atego grain. Similarly, hulls
are also rich in stearic acid compared to hulled oats and
dehulled oat grains. Interestingly, all the samples, in-
cluding naked oats, contained less than 1% of myristic
(C14:0), arachidic (C20:0), and behenic (C22:0) acids

while both hulls exceeded 1% of these FAs, making the
hulls rich in SFAs. Additionally, oat hulls contained
significantly lower amounts of linoleic acid (approxi-
mately 29%), and they differ from the other samples.
The FA compositions of naked oats are present-
ed in Table 4. Naked oats contained a lower amount
of palmitic acid (19.4-21.8%) in comparison to hulls,
dehulled oat grains, and hulled oats, which is in agree-
ment with Biel et al. (2014). Among naked oats, Saul
contained the highest proportion of palmitic acids.
However, the current study showed higher palmitic
acid levels than (Batalova et al. 2019), who studied
seven oat cultivars reporting 15.34% to 17.41% pal-
mitic acid. Almost comparable ranges of oleic and li-
noleic acid concentrations were observed in naked
oats at 36.2—39.3% and 33.1-38.02%, respectively. The
FA composition in the current study aligns with (Kra-
silnikov et al. 2018) who investigated the seven types
of naked oats intended for breeding purposes, show-
ing similar proportions of palmitic (15.3-17.8%), oleic
(33.5-36.7%), and linoleic (36.2—38.7%) acids. The
linoleic to oleic acid ratio is close to one suggesting
that oat oil can be categorised within the oleic-linoleic

Table 4. Composition of fatty acids in naked oats (in % of all fatty acids)

Fatty acid Kamil Marco Polo Oliver Patrik Saul Santini
C14:0 0.28 +0.10¢ 047 +0.08% 058 +0.22¢ 0.39+0.10¢¢  0.63+0.11°  0.51 +0.17¢
C16:0 20.09 + 0.71*  19.65 + 0.87°¢  20.56 + 0.08"° 19.44 + 0.98° 21.79 + 0.98°® 21.01 + 0.75%
C16:1 cis-9 0.36 + 0.10° 048 +0.09® 048 +0.12° 044 +0.10°> 039+0.06° 0.39 +0.01°
C17:0 0.08 + 0.03° ND 0.15+0.04>  0.68+0.18 ND 0.10 + 0.01°
C17:1 cis-10 0.05 + 0.01° ND 0.09 + 0.01° ND 0.03 +0.01>  1.03+0.27°
C18:0 462 +0.89°  1.80+0.204 1.99+0.67¢ 0.92+065¢ 263+0.46°¢ 1.88 +0.09%
C18:1 trans-9 ND ND ND 0.10 + 0.07° ND ND
C18:1 cis-9 37.99 + 0.83% 37.21 £ 0.06°> 37.89 + 0.18® 39.34 + 0.64* 36.03 + 1.92°> 36.16 + 1.92°
C18:2 cis, cis-9,12 33.08 + 0.50" 38.02 + 0.21®® 35.49 + 1.39® 36.54 + 2.29%" 36.34 + 0.37°> 36.67 + 0.59%
C20:0 0.44 +0.08>  0.19+0.02°  022+0.06" 021+004> 025+0.02° 0.21 +0.03
C18:3 all ¢is-9,12,15 1.37+£0.13>  0.17 £ 0.01° 1.42+021° 1.32+017° 1.16+0.15°  1.28 +0.15
C20:2 cis, cis-11,14 0.18 + 0.06 ND 0.29 + 0.04 ND 0.14 + 0.01 0.07 + 0.01
C22:0 0.16 +0.01°  0.13+0.02°  0.25+0.09°  0.11+0.04° 0.08+0.05  0.09 + 0.05°
C22:1 cis-13 0.19 + 0.08 ND 0.17 + 0.01 0.23+0.03  0.16 + 0.04 0.18 + 0.01
C24:0 0.26 + 0.02° 0.17+0.02°  020+0.03> 017 +0.09° 022+001°> 026 +0.07°
C24:1 cis-15 0.06 +0.01°  0.10 £0.01>°  0.12 +0.01**° 0.07 + 0.05®*° 0.06 £ 0.01°  0.11 + 0.03*°
¥ SFA 25.92 + 1434 2241 +1.21¢  23.95+0.999¢ 2192 +150¢ 2559 + 1.53°¢ 24,06 + 1.54%¢
¥~ MUFA 40.02 + 0.73®> 37.95 + 0.10*° 40.16 + 0.70®> 41.49 + 0.81* 37.83 + 2.03%*° 39.16 + 2.322
T PUFA 33.26 + 0.44> 38.23 +0.33°® 3578+ 1.17%" 36.54 +2.29°® 36.48 + 0.37%® 36.74 + 0.59*

n = 3; ND — not detected; values are expressed as mean + standard deviations (SD); mean values with different superscript
letters in the same row were significantly different (P > 0.05); SFA — saturated fatty acids; MUFA — monounsaturated fatty

acid; PUFA - polyunsaturated fatty acid
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group. The quality and the purpose of oil are influenced
by the ratio of oleic acid and linoleic acid. Naked oats
also contained 0.9-4.6% of stearic acid.

There are noticeable differences in the fatty acid
composition of naked oats in Table 4 and hulled oats,
including their hulls and dehulled oat grains, as seen
in Table 3. Generally speaking, naked oats have lower
levels of palmitic and a-linolenic acids and higher lev-
els of oleic and linoleic acids than other types of hulled
oats. While dehulled Korok grain had the highest per-
centage of linoleic acid (38.2%), dehulled Atego grain
had the highest quantity of palmitic acid. Additionally,
Kamil had the highest level of stearic acid (4.6%), and
Patrik had the highest amount of oleic acid (39.3%)
in naked oats. Surprisingly, dehulled Atego grains had
around half as much MUFAs (22%), while the number
of PUFASs rose to 47.8%. In comparison to the naked,
hulled, and dehulled oat grains, the oat hulls contained
the most SFAs. The percentage of SFAs in Atego and
Korok hulls was over 31%. Out of all the samples exam-
ined, the Patrik variety had the fewest SFAs. Lastly, na-
ked oats showed unsaturated/saturated ratios ranging
from 2.9 to 3.6, while Atego and Korok hulls had ratios
of just 2.2 and 2.0, respectively.

18 varieties of whole oat grains were examined
by Martinez et al. (2010) in a semi-arid setting. They
discovered that the grains contained 23.2% palmitic
acid, 2.3% stearic acid, 42.8% oleic acid, and 24.9% lin-
oleic acid. Higher levels of linoleic acid and lower levels
of oleic acid were found in the current investigation.
In line with earlier studies (Pokhrel et al. 2022), which
indicated a range of 1.21 to 2.24, the PUFAs/SFAs ratio
in oats, including dehulled oats, ranged from 1.3 to 1.7.
On the other hand, the ratio for hulled oats was less
than 1. Among cereals, naked oats are notable for hav-
ing a greater proportion of UFAs (Biel et al. 2014).

Furthermore, oats had higher UFA at 80.12%, simi-
lar to rye at 81.46% (Kan 2015). It is worth noting that,
under low temperatures, oleic, linoleic, and eicosenoic
acids increased, while myristic, palmitic, and palmit-
oleic acids decreased (Saastamoinen et al. 1990). Oats
accumulate oil in the endosperm, unlike maize which
stores it in the embryo. The FA profile of oats is more
affected by environmental conditions than genetics
(Ben Halima et al. 2015), thus the growing environ-
ment significantly impacts their composition.

CONCLUSION

In comparison to naked oats, the study examined
the lipid content and FA compositions of hulled, de-
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hulled, and hulled oat grain. The lipid content of na-
ked oats was higher than that of hulled oats. Hulled
oats had a lower lipid content than naked oats, and
after the hull was removed, the lipid content of the
dehulled oat grains was similar to that of naked oats.
In a similar vein, oat hulls had a significantly lower
lipid content. In terms of the FA profile, oleic acid
was the most prevalent acid in naked oats. The dis-
tribution of FAs in naked oats and dehulled oat grain
was comparable. Additionally, oat hulls have high
concentrations of stearic and palmitic acids, which
raised the SFA content. Hulls had lower PUFA levels
than naked oats, dehulled oat grains, and hulled oats.
As seen in the instance of dehulled Atego grain, where
there was an increase in palmitic acid and a decrease
in oleic acid, leading to greater PUFAs and lower MU-
FAs proportions, the removal of hulls had a notice-
able effect on FA composition. Similarly, in Korok,
hull removal enhanced linoleic acid while decreasing
oleic, palmitic, and stearic acid proportions.
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