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Abstract: Flaxseeds (Linum usitatissimum L.) (FS) and chia seeds (Salvia hispanica L.) (ChS) contain fatty acids (FA)
with beneficial health effect for the human body. Some people often use them as part of boiled or baked dishes. There-
fore, the aim of this study was to observe the effect of FS and ChS heat treatments at 40 °C and 150 °C for 20 min on the
content of fat, FA, atherogenicity index (AI) and thrombogenicity index (TI), and total antioxidant activity (TAA)
in comparison with heat treatments at 20 °C. The content of fat in FS was higher in comparison with ChS (P < 0.05).
Similarly, the content of alpha-linolenic acid, oleic acid, polyunsaturated FA, and monounsaturated FA was greater
(P < 0.05) in FS when compared with ChS. However, n6 : n3 ratio [n6 — omega 6 polyunsaturated FA (PUFA), with
first double bound on 6 carbon; n3 — omega 3 PUFA, with first double bound on 3 carbon], Al and TI were low-
er (P < 0.05) in FS in comparison with ChS. The TAA in FS was 37% lower (P < 0.05) compared to ChS, moreover
TAA in FS decreased (P < 0.05) at 150 °C in comparison with 20 °C and 40 °C. No effect of different heat treatments
was observed on the content of FA or Al and TIin FS and ChS.
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Flaxseeds (Linum usitatissimum L.) and chia seeds
(Salvia hispanica 1.) are sources of nutritional com-
pounds important in nutrition. It is well known that
both seeds are sources of polyunsaturated fatty ac-
ids (PUFA), fibre, protein and antioxidants, and their
consumption has a positive effect on human health
(Bowen et al. 2016; Opyd et al. 2018). The quality of fat

is also characterized by the atherogenicity index (AI)
and thrombogenicity index (TI) (Razmaité et al. 2021).

The seeds are consumed either raw or processed
under high temperature (Zettel and Hitzmann 2018).
However, the heat treatment of food may have a nega-
tive effect on the nutritional value of products (Moussa
et al. 2014) and therefore, the question has been raised
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whether the heat treatment adversely affects the con-
tent of fatty acids (FA) either in flax or chia seeds.

Both flax and chia seeds contain polyphenols which
are characterized by antioxidant activities and there-
fore, these compounds may have a protective ef-
fect against negative external conditions (Nykter
et al. 2006). Therefore, the nutritional value of seeds
during thermal processing could be protected by these
compounds. The results of studies which compared the
effect of heat treatment on the content of fatty acids
(FA) in flaxseeds are controversial. In some studies,
the content of FA in flaxseeds was adversely affected
by high temperature (Ganorkar and Jain 2014; Moknat-
jou et al. 2015), however, in the others it was not (Epa-
minondas et al. 2011). The studies aimed at the effect
of heat treatment on the content of FA in chia seeds are
scarce (Imran et al. 2016; Ghafoor et al. 2018).

Therefore, the aim of the present study was to compare
the effect of heat treatment at different temperatures
on the content of fat, FA, Al, TI and total antioxidant
activity (TAA) in flaxseeds and chia seeds. The compari-
sons of both plant seeds were also performed.

MATERIAL AND METHODS

Samples and experimental design. The study was
performed using brown flaxseed (Linum usitatissi-
num L.) and chia seeds (Salvia hispanica 1.). Tested
samples of seeds of each plant were of the same batch.
Samples were obtained by purchasing from a regular
market store. There were 3 treatments, with 4 repli-
cates per each treatment and per seeds of each tested
plant. A total of 1 500 g either flax or chia seeds were
milled. After that, from the batch of the milled sample,
3 treatments with a total of 12 replicates per tested
seeds were formulated. The weight of each replicate was
125 g. Treatments were as follows: treatment at am-
bient temperature of 20 °C, treatments with thermal
processing at 40 °C and 150 °C for 20 min. The samples
of the treatment at 20 °C were stored in a room with
a controlled environment. The heat treatment was per-
formed in a combi oven at dry heat, with a controlled
temperature environment. After the heat treatment,
the samples were cooled at room temperature and the
chemical analyses were performed.

Chemical analyses and calculations. In the sam-
ples of tested seeds, the content of dry matter (DM),
fat, FA and TAA were analysed. The TAA was analysed
using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) meth-
od — radical scavenging activity. The content of DM and
fat was determined according to Association of Official
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Agricultural Chemists [AOAC (1990): Official Meth-
ods of Analysis of the Association of Official Analytical
Chemists. 15" ed. Arlington, AOAC Intl.].

The radical scavenging activity of samples was mea-
sured using DPPH according to the procedures de-
scribed by Sédnchez-Moreno et al. (1998). An amount
of 1 mL of extract was added to 4 mL of DPPH solution
(0.025 g DPPH in 100 mL ethanol). The absorbance
of the reaction mixture was determined using the
spectrophotometer (6405 UV/Vis; Jenway, England)
at515nm. The radical scavenging activity of the samples
was expressed as Trolox equivalent antioxidant capac-
ity (mg TEAC-g! extract) (TEAC — trolox-equivalent
antioxidant capacity). Dry matter content was deter-
mined gravimetrically. The samples were dried using
a laboratory BMT Venticell 707 oven at 103 + 2 °C for
24 h. After then the samples were cooled in a desicca-
tor and 5 g of the samples were put back into the dryer
and dried at 103 + 2 °C for 4 hours until the given tem-
perature was reached.

The fat content was determined by Soxhlet extrac-
tion method after extraction of 3 g of the homog-
enized sample with petroleum ether in a SER148
Soxhlet extractor (Velp Scientifica, Italy) for 6 h.
The solvent was added to the boiling flask, the vol-
ume of which was 1.5 times larger than the volume
of the extractor. After the extraction was finished and
the solvent was distilled off, the flask with the fat was
dried and the fat content was determined by weighing.
The content of FA was analysed after extraction of the
samples with petroleum ether and subsequent esterifi-
cation with an esterifying agent, such as methyl esters
of FA, by gas chromatography using a GC 6890N gas
chromatograph (Agilent Technologies, USA). The con-
tent of fat and FA was expressed either as g-kg™' of DM
or as g-(100 g) ! of fat.

Atherogenicity index (AI) and thrombogenicity in-
dex (TI) were calculated according to Ulbricht and
Southgate (1991) and Senso et al. (2007).

Statistical analysis. Statistical analyses of experi-
mental data were performed using one-way ANOVA
of Statgraphic Plus (Software package, version 3.1; Sta-
tistical Graphic Corp. 1997, USA). The effect of heat
treatment and the effect of different plant seeds on the
examined data was observed. When a significant value
for the treatment effect (P < 0.05) was obtained, the dif-
ferences between means were assessed using Fisher's
LSD procedure. The presented data are means of the
values obtained in the experiment using individual rep-
licates. For a comparison of flaxseeds and chia seeds,
the values of all treatments within the flax or chia were
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polled together. Each replicate was considered an ex-
perimental unit.

RESULTS AND DISCUSSION

Fat and fatty acid content. The fat content in flax-
seed was 21% higher (P < 0.05) in comparison with
chia seeds (Table 1). Similar results were also reported
in other studies (Nitrayova et al. 2014; Kaur et al. 2018).
The major FA in flax and chia are palmitic, stearic, ole-
ic acid, linoleic acid (LA) and a-linolenic acid (ALA).
The content of other FA in both seeds is represented
to a minor extent (Table 1). This is in agreement with
the results published by Matthius and Ozcan (2017)
and Ghafoor et al. (2018). The greatest difference be-

tween the tested seeds was observed in arachidic acid,
whose content was 80% greater in chia seed in com-
parison with flaxseed (P < 0.05). However, the con-
tent of oleic acid in flaxseed (65.51 g-kg™! DM) was
65% greater (P < 0.05) when compared with chia seed
(23.06 g-kg™' DM). Similarly, the content of ALA was
25% greater (P < 0.05) in flaxseed than in chia seed.
The content of other FA in the seeds varied between 21%
and 41% (P < 0.05). There were no differences observed
in the content of saturated fatty acids (SFA) between the
seeds. However, the content of monounsaturated fatty
acids (MUFA) and PUFA was 64% and 17% higher, re-
spectively, (P < 0.05) in flaxseed than in chia seeds.
Both ALA and LA are essential because the human
body is not able to synthesize them and therefore, their

Table 1. The content of studied parameters in tested flaxseed and chia seed (means of all treatments + SD; n = 12)

Tested seed

Item Unit of measurement

flaxseed chia seed
Dry matter % 96.92 + 1.02° 95.51 + 1.12°
Fat gkg! DM 427.64 + 3.70* 336.69 + 20.20"
Caprylic acid gkg! DM 0.43 £ 0.02 0.51 +0.41
Capric acid gkg! DM 0.43 + 0.02° 0.34 + 0.01°
Lauric acid g'kg™t DM 0.43 + 0.02* 0.34 + 0.01°
Myristic acid gkg! DM 2.00 + 0.81 2.07 +0.13
Palmitic acid gkg! DM 24.55 + 3.03 23.34 + 0.95
Palm-oleic acid gkg! DM 0.43 + 0.02 0.56 + 0.54
Heptadecanoic acid gkg! DM 0.43 + 0.02° 0.34 + 0.05°
Stearic acid gkg! DM 10.85 + 2.11 7.41 + 0.53
Oleic acid gkg! DM 65.51 + 7.29° 23.06 + 1.08°
Linoleic acid gkg DM 57.84 + 5.87 59.32 + 3.57
a-linolenic acid gkg! DM 223.19 + 20.53% 168.20 + 11.80°
Arachidic acid gkg DM 0.50 £ 0.17° 0.90 + 0.18°
Eicosenoic acid gkg! DM 0.57 + 0.23% 0.34 + 0.01°
Arachidonic acid gkg! DM 0.43 + 0.23% 0.34 + 0.01°
Behenic acid gkg! DM 0.50 £ 0.23 0.39 £ 0.01
SFA gkg! DM 37.82 + 3.84 34.35 + 1.62
MUFA gkg! DM 66.01 + 7.26° 23.73 + 0.93"
PUFA gkg! DM 273.52 £ 39.05° 227.57 + 14.67°
n6 : n3 ratio - 0.3 +0.0° 0.4 +0.0°

Al -
TI -
TAA mg TEAC-g™! extract

0.128 + 0.006"
0.653 + 0.018"
2.9 +0.3

0.098 + 0.015%
0.506 + 0.0142
2.1 +£0.3%

ab statistically significant differences (P < 0.05); SD — standard deviation; SFA — saturated fatty acids; MUFA — monoun-
saturated fatty acids; PUFA — polyunsaturated fatty acids; DM — dry matter; Al — atherogenicity index; TI — thromboge-
nicity index; TAA — total antioxidant activity; TEAC — trolox-equivalent antioxidant capacity
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dietary intake is necessary (Gorjao et al. 2009). Flaxseed
and chia seed are good sources of PUFA, however, the
content of PUFA is higher in flaxseed in comparison
with chia seed. Similar results were reported by other
studies (Kaur et al. 2018).

The positive effect of ALA on human health is well
documented (The European Food Safety Authority,
EFSA 2011). The content of ALA is greater in flaxseed
in comparison with chia seed. Contrary to our results,
Nitrayova et al. (2014) reported no difference in the
content of ALA between chia seed and flaxseed. How-
ever, in their study, the content of FA was expressed
as of FA ratio (%). When the content of ALA in the pres-
ent study was expressed per 100 g of fat, no differences
were observed in the content of ALA between the flax
and chia seeds (Table 2). The content of SFA expressed
per 100 g of fat was greater (P < 0.05) in chia seed com-
pared with flaxseed, however, the content of MUFA
was 54% greater (P < 0.05) in flaxseed in comparison
with chia seed.

Dietary n6 : n3 ratio. The ideal dietary ratio in-
take of n6 : n3 FA for humans should be in the range

https://doi.org/10.17221/159/2022-CJES

of 1:1 to 3:1. However, a modern western diet pro-
vides a dietary ratio of n6 : n3 which is considerably
higher. Therefore, the inclusion of dietary fats with low
n6 : n3 ratio will be beneficial to health of the body (Si-
mopoulos 2016). The n6 : n3 ratio was lower in flaxseed
when compared with chia seed (0.3 vs. 0.4; P < 0.05)
(Table 1). Similarly, Dubois et al. (2007) reported the
n6 : n3 ratio in flaxseed 0.3, however, for comparison,
in sunflower seed, olive seed and soybean the ratio was
131, 16 and 6.7, respectively.

Atherogenicity and thrombogenicity indices.
The quality of fats may also be expressed by Al and
TI. The TI shows to form clots in blood vessels, while
the AI indicates the relationship between the sum
of the main SFA and that of the main classes of un-
saturated fatty acids, the former being considered pro-
atherogenic (favouring the adhesion of lipids to cells
of the immunological and circulatory system), and
the latter anti-atherogenic (inhibiting the aggregation
of plaque material and diminishing the levels of esteri-
fied fatty acids, cholesterol, and phospholipids, thereby
preventing the appearance of micro- and macro-cor-

Table 2. The content of fatty acids in tested flaxseed and chia seed (means of all treatments + SD; n = 12)

Tested seed

Item Unit of measurement

Caprylic acid
Capric acid
Lauric acid
Myristic acid
Palmitic acid

Palm-oleic acid

Heptadecanoic acid

Stearic acid
Oleic acid
Linoleic acid
a-linolenic acid
Arachidic acid
Eicosenoic acid
Arachidonic acid

Behenic acid

SFA
MUFA
PUFA

n6 : n3 ratio

g(100 g)~! fat
g(100 g)~! fat
g(100 g) ! fat
g-(100 g)~! fat
g(100 g) ! fat
g(100 g)~* fat
g-(100 g)~! fat
g(100 g)~! fat
g(100 g)~* fat
g(100 g)~* fat
g(100 g) ! fat
g(100 g)~* fat
g(100 g)~* fat
g(100 g)~* fat
g(100 g)~* fat

g(100 g)~* fat
g-(100 g)~! fat
g(100 g)~! fat

flaxseed chia seed
0.10 + 0.00 0.15 + 0.00
0.10 + 0.01 0.10 + 0.01
0.10 + 0.00 0.10 + 0.00
0.47 +0.18 0.62 + 0.04
5.73 + 0.52 6.93 + 0.25
0.10 + 0.00 0.17 £ 0.16
0.10 + 0.01 0.10 + 0.01
2.54 + 0.49 2.20 + 0.14
15.30 + 1.25° 6.85 + 0.30
13.51 + 0.96 17.62 + 1.00P
52.15 + 3.46 49.95 + 3.17
0.12 + 0.04° 0.27 + 0.05°
0.13 + 0.05 0.10 + 0.01
0.10 + 0.01 0.10 + 0.00
0.12 + 0.04 0.12 + 0.04
8.83 + 0.64% 10.20 + 0.44°
15.42 + 1.25° 7.05 + 0.28"
63.77 + 6.97 67.58 + 4.16
0.3 + 0.0 0.4 + 0.0

b statistically significant differences (P < 0.05); SD — standard deviation; SFA — saturated fatty acids; MUFA — monoun-

saturated fatty acids; PUFA — polyunsaturated fatty acids
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Table 4. Total antioxidant activity (TAA) in flaxseed and chia seed at different heat treatments (mean + SD; n = 4)

Flaxseed treatment

Chia seed treatment

Item Unit of measurement

20 °C 40 °C

150 °C 20 °C 40 °C 150 °C

TAA mg TEAC-g™! extract 2.4 +0.2%

2.0 £ 0.1%

1.7 +0.1° 2.8 +0.3¢ 3.0+ 0.1¢ 3.0 £ 0.3°

&b cgtatistically significant differences (P < 0.05); SD — standard deviation; TAA — total antioxidant activity; TEAC — trolox-

equivalent antioxidant capacity

onary diseases) (Ulbricht and Southgate 1991; Senso
etal. 2007). Healthy food is characterized by low Al and
TI (Razmaité et al. 2021). In the present study, differ-
ences were observed between flaxseed and chia seed
in Al and TI; both were lower (P < 0.05) in flax-
seed (Table 1). Similar results were reported in other
studies (Nitrayova et al. 2014). For a comparison,
Al and TT in salmon meat are 0.543 and 0.209, respec-
tively (Moussa et al. 2014), while for pig meat they are
0.52 and 1.23, respectively (Razmaité et al. 2011).

Effect of heat treatment on individual parame-
ters. Flaxseed and chia seed contain PUFA which have
a positive effect on human health; however, they are
not stable under high temperatures (Bowen et al. 2016;
Opyd et al. 2018). It has been documented that dur-
ing the heat treatment of some foods, the content of FA
is changed, and the quality of fats is adversely affected
(Moussa et al. 2014). Chia seed or flaxseed are usually
included in the products like cakes or porridges, which
are prepared under the high temperatures and there-
fore, there is a possibility that the content of FA will
change (Ganorkar and Jain 2014). Although flaxseed
and chia seed contain PUFA which are not stable under
thermal conditions (Schorno et al. 2010), in the pres-
ent study there were observed no differences in the
content of FA, n6 : n3 ratio, Al or TI between the dif-
ferent heat treatments of seeds (Table 3). The differ-
ences were observed only between the chia seed and
flaxseed. Similarly, Imran et al. (2016) reported that
the content of ALA in flaxseed is stable after extru-
sion at a temperature of 150 °C. This was observed also
during roasting for 15 min (Epaminondas et al. 2011).
Opposite to these results, other studies reported dif-
ferences in the content of FA in flaxseeds at different
heat treatments (Moknatjou et al. 2015). However, the
temperatures used in these studies were in the range
of 150 — 350 °C. It has been reported that in extracted
flaxseed oil the temperature up to 75 °C did not affect
FA content, however, at the temperature above 105 °C,
an adverse effect on the content of FA was observed
(Zhang et al. 2013).

Antioxidant activity. Flaxseed and chia seed contain
flavonoids and polyphenols, which are characterized

26

by antioxidative activity, and they have a protective ef-
fect against antioxidative damage (Nykter et al. 2006).
In the present study, the TAA was 28% lower (P < 0.05)
in flaxseed compared with chia seed (Table 1). This
is in accordance with other studies (Sargi et al. 2013).
Moreover, TAA in chia seed was not changed under
the different heat treatments, however, in flaxseed
it decreased (P < 0.05) at 150 °C in comparison with
temperatures of 20 °C or 40 °C (Table 4). Although the
oxidative stability of flaxseed oil decreases at a high
temperature, it remains still high (Herchi et al. 2016).
The flavonoids and polyphenols, which are beneficial
to oil stability during heating (Marinova et al. 2012),
have a protective effect against FA damage at high
temperatures, even though the seeds are milled and
the coating layer, which protects seeds, is broken
(Cammerer and Kroh 2009). This is the reason for
the greater stability of FA in flax and chia seeds un-
der different ambient conditions. The intensity of the
temperature and the length of the time used during
the heat treatment are factors that influence changes
in FA contents, as was observed in the studies in which
the heat treatment up to 350 °C or for a long time was
performed (Moknatjou et al. 2015; Herchi et al. 2016).

CONCLUSION

Content of fat in flaxseed is 21% higher in comparison
with chia seed. The major FA in flax and chia are pal-
mitic, stearic, oleic acid, LA and ALA. Greater content
of ALA was observed in flaxseed, however, when the
content of FA was expressed per 100 g of fat, no differ-
ence was observed in the content of ALA between flax
and chia seeds. The content of MUFA and PUFA is low-
er in flaxseed when compared with chia seed. Both flax-
seed and chia seed have low n6 : n3 ratio, Al and TI,
however, lower values were observed in flaxseed.
The TAA is higher in chia seed when compared with
flaxseed. No effect of heat treatment of flaxseed and
chia seed was observed at 40 °C or 150 °C for 20 min
on the content of FA, Al and TI when compared with
20 °C. However, in flaxseed, the TAA decreased at 150 °C
in comparison with 20 °C and 40 °C.
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