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Abstract

In this study, the effects of roasting chia seeds at different temperatures (90 and 120 °C) on total phenol, flavonoid, and
carotenoid contents and antioxidant activities were examined. Additionally, the effects of different extraction methods on
the phenolic components of chia seeds and the chemical properties and fatty acids of chia seed oils were investigated. Chia
seed oil was extracted via Soxhlet without roasting as control, yielded 29.62%. The oils from seeds roasted at 90 °C and
120 °C had yields of 32.65% and 33.85%. The control oil had an acidity value of 4.70%. In comparison, the acidity values
were 4.20% and 3.61% for the oils from seeds roasted at 90 °C and 120 °C. The total phenol result of the control sample was
found to be 2.55 mg GAE/g, while the total phenol contents in Chia samples roasted at 90 °C and 120 °C are determined
as 2.34 mgGAE/g and 2.14 mg GAE/g, respectively. Also, the flavonoid contents of the roasted chia samples (90 °C and
120 °C) were reported as 13.71 mgCE/g and 12.91 mgCE/g, respectively. It was observed that the application of roasting
caused a decrease in quercetin and resveratrol values (p <0.01). The highest antioxidant value (80.13%) was established
in chia sample roasted at 90 °C. Quercetin, catechin, resveratrol, kaempferol and izorhamnetin were the main phenolic
components of chia seeds. Other phenolic components such as syringic acid, p-cuoumeric acid, caffeic acid, and gallic acid
were found at quite low levels. It was observed that of roasting application caused a decrease in quercetin and resveratrol
values. The highest fatty acids in chia seeds were linoleic and linolenic acids. Linolenic and linoleic acid results of chia oils
were recorded to be between 64.58 and 68.10% to 17.30 and 18.44%, respectively. The palmitic, stearic, oleic, linoleic and
linolenic (except sonication) acid contents of the chia oils obtained by Soxhlet and sonication systems from roasted seeds
were found high compared to the control.

Keywords Chia seed - Bioactive properties - Fatty acids - Phenolic component - Roasting - Phenolic component - Salvia
hispanica L.

Introduction
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herbaceous plant belonging to the Labiatacae family [1].
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content compared to other seeds, has begun to be used in
the production of other products as an emulsifier due to its
high water retention capacity [5, 6]. Chia seed oils have
become important in human health and nutrition in recent
years due to their high a-linolenic fatty acid content [7].
Qualitatively different from less common vegetable oils such
as flax, chia oil also has a 53.3% a-linolenic acid content and
a high content of polyunsaturated fatty acids [8]. Different
extraction processes can lead to certain changes in the com-
position of the oil. Therefore, consumers assume that pure
oils are healthier than refined oils. In fact, during the pro-
cessing of pure oils, the extraction process preserves all fat-
soluble components [9]. The ultrasound-assisted extraction
method, which increases the efficiency of many processes, is
a state-of-the-art, environmentally friendly, highly scalable
extraction method for the extraction of oil and other bioac-
tive substances from oilseeds [10]. The ultrasound extraction
process, which involves many complex mechanical events
including cavitation bubble formation, vibration, mixing
and pulverization, weakens the cell wall of the seeds, makes
them more permeable and accelerates the mass transfer rate
[11, 12]. When ultrasonic waves propagated through liquids,
the liquid is exposed to a negative pressure and this pressure
causes cavitation in the liquid. The numerous small bubbles
formed in this process create shear forces and turbulence as
they collapse in the system [11]. The most commonly used
extraction type today is the solvent extraction (Soxhlet) type,
which uses solvents such as hexane [13]. In the mechani-
cal pressing method, oilseeds are pressed under high tem-
perature and pressure to release crude oil after preliminary
processes such as cleaning, roasting and grinding. In this
method, the oil content is lower than the solvent extraction
type since not all of the oil in the seed was removed [14].
Mechanical pressing has high advantages as it is safer, sim-
pler and involves fewer processing stages than the solvent
oil extraction method [15]. In this study, the oil samples
were obtained from unroasted and roasted chia seeds (90 °C
and 120 °C) by sonication pre-treatment followed by Sox-
hlet extraction or cold pressing methods. The aim of current
work was to investigate the effects of roasted chia seeds at
different temperatures (90 and 120 °C) on total phenol, fla-
vonoid, carotenoid contents and antioxidant activities, and
the effects of different extraction methods on the phenolic
components of chia seeds and chemical properties and the
fatty acids of their oils.

Materials and methods
Material

After chia seeds provided from a local market in Konya were
brought to the laboratory, the seeds were cleaned of foreign

materials such as stones, soil and leaves. It has been reported
that chia seeds were harvested when they reached full matu-
rity. Black chia seeds were used as chia seeds and the harvest
was done in August 2020. After the seeds were cleaned, they
were stored at+4 °C for a short period of 1 month until anal-
ysis.. The oils of seeds were obtained by ultrasonic-assisted
extraction, Soxhlet and cold press systems.

Method

Seeds were roasted in a conventional oven (90 °C and
120 °C for 1 h and 30 min, respectively). Raw (control) and
roasted chia seeds were ground in a grinder and made ready
for analysis.

Moisture

The moisture of chia seeds were measured with the KERN
Dbs 60-3 infrared moisture analyzer.

Oil extraction

Chia seed oils were extracted by using sonication extraction,
Soxhlet system using petroleum ether and screw cold press.

Soxhlet system After 10 g of ground chia seeds were placed
in the Soxhlet cartridge, the extraction process was carried
out at 40 °C in 5.5 h using petroleum ether. The solvent
(petroleum ether) in the resulting micelle (oil-solvent mix-
ture) was evaporated via rotary vacuum evaporator at 40 °C.
The remaining crude oil was kept until it reached a constant
weight, and then the % fat content was determined gravi-
metrically [16].

Amount of 0il (%) =(Final weighing — Tare)(g)
/(Sample amount)(g) x 100

Ultrasonic assisted extraction (sonication baths) After
12 g of powdered chia seeds were weighed into the filter
paper cartridge in the sonication bath extraction method,
the mouth of the cartridge was closed and put into balloons
separately. Then, petroleum ether (200 ml) was added into
the flask. After 20 min of sonication treatment, it was placed
in the Soxhlet device. The solvent (petroleum ether) in the
micelle accumulated in the balloon was removed by the via
rotary vacuum evaporator at 40 °C. The amounts of oil in
the samples were weighed till constant weight.

Oil extraction by cold press Cold press (Karaerler NF 80,

Turkey) is a screw press that operates at variable speed with
a 220-240 V motor and its capacity is to process 1-12 kg of
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seeds per hour. Chia seeds were slowly placed into the press
in the chamber of the device at a certain constant speed. The
head was heated with a resistance before extraction and the
oil outlet temperature was ensured not to exceed 75-80 °C.
After the necessary procedures were carried out, the oils of
the chia seeds were extracted by pressing.

Fatty acid composition

Seed oil was esterificated according to Multari et al. [17].
The oil (5 mg) was dissolved in hexane (10 ml). The solution
(500 pl) was mixed with 1 ml of 1,2,3-triheptadecanoylglyc-
erol as an internal standard, and the mixture was evaporated.
The dried sample was dissolved in diethylether (1 ml), and
then mixed with methylacetate (25 pl) and sodium methox-
ide (25 pl). After shaking for 5 min, the addition of acetic
acid (6 pl) was applied to stop the reaction, followed by
centrifugation at 4500 rpm for 5 min and then evaporation.
The residue was dissolved in hexane (1 ml) and injected to
gas chromatograph. For that purpose, flame ionization detec-
tor (FID) and capillary column (Tecnocroma TR-CN100,
60 m x 0.25 mm, film thickness: 0.20 pm) were used. Based
on the area of the peaks, the % fatty acids were recorded.

Extract extraction

For extraction, 5 ml of acidic methanolic water (50:50 v/v;
HCI, pH 2) was added onto 0.5 g powdered seed sample
weighed into centrifuge tubes, and the solution was stirred
in a shaking water bath for 1 h. Then, the samples were cen-
trifuged at 6000 rpm for 10 min. After the methanol extract
was filtered, 5 ml of acetone/water (70:30) was added over
the remaining residue. It was kept in water bath for 1 h and
centrifuged again (6000 rpm for 10 min) and acetone extract
was taken. Acetone extract and methanol extract were com-
bined [18].

Antioxidant activity

The antioxidant capacities of chia seeds were determined
using 2,2-diphenyl-1-picrylhydrazyl (DPPH) [19]. After
pretreatments, the absorbance was read at 517 nm. Results
expressed in %

Total phenolic contents

Total phenolic results of the chia seed extracts were defined
by using Folin Ciocalteu (FC) chemical according to the

@ Springer

report stated by Yoo et al., [20]. After pre-analytical tretreat-
ments, absorbance values were recorded at 725 nm. Results
are described as mg GAE/100 g.

Total flavonoid contents

Total flavonoid results of chia seed extracts were deter-
mined according to the report explained by Dewanto
et al. [21]. After preprocessing, absorbance of samples
were read at 510 nm. Total flavonoid results of extracts
were explained as mg catechol equivalents (CE) per dry
weight.

Phenolic compounds

Chromatographic separation of phenolic compounds of
chia seed extracts was carried out by HPLC (Shimadzu)
equipped with a PDA detector and an Inertsil ODS-3 (5 um;
4.6 X250 mm) column. The flow rate of the mobile phase
was 1 ml/min at 30 °C and the injection volume was 20 pl.
The peaks were recorded at 280 with PDA detector. The gra-
dient program was as follows: 0-0.10 min 8% B; 0.10-2 min
10% B; 2-27 min 30% B; 27-37 min 56% B; 37-37.10 min
8% B; 37.10-45 min 8% B. The total running time per sam-
ple was 60 min.

Determination of carotenoid

Total carotenoid results of chia seed extracts were obtained
according to the report studied by da Rocha et al. [22]. After
the preliminary analytical procedures applied to the samples,
the absorbance was read at 450 nm in the spectrophotometer.

Free acidity

Free fatty acidity values of chia oils were anaysed in terms of
5% oleic acid by titration against 0.1 N KOH solution after
dissolving in ethanol/diethylether (1:2 v/v) solution [16].

Peroxide determination

For the peroxide number of the oils, the chloroform/acetic
acid mixture was added to the Chia seed oil sample. Free
iodine released in the dark was determined by titrating
against sodium thiosulphate solution in terms of milliequiva-
lentlan gram O,/kg [16]).

Shear rate
Shear rate measurements of oil samples were determined

by AND Sine Wave Vibro Viscometer, 0.3 to 10,000 mPa-s,
Model SV-10 device.
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Statistical analysis

The results of the research were arranged according to the
coincidence plots trial scheme. After the analysis results
were evaluated by analysis of variance, the changes between
the groups were carried out by the Turkey Multiple Com-
parison Test.

Results and discussion

The moisture amounts and bioactive properties
of chia seeds roasted at different temperaures

The moisture contents and bioactive properties of unroasted
(raw) and roasted (90 °C and 120 °C) chia seeds are dis-
played in Table 1. Statistically significant differences were
detected in the bioactive properties of chia seeds roasted at
different temperatures (p < 0.05). The moisture amount of
the control chia sample was determined as 5.24%, while the
moisture results of roasted chia seeds (90 °C and 120 °C)
are recorded as 2.55% and 2.38%, respectively. The roasting
process applied significantly reduced the moisture value of
Chia seeds. However, a very small difference was observed
between the moisture values of roasted seeds (90 °C and
120 °C). The total phenol content of the control sample
was recorded to be 2.55 mg GAE/g, while the total phe-
nol amounts in roasted chia seeds (90 °C and 120 °C) are
reported as 2.34 and 2.14 mg GAE/g, respectively. While the
highest total phenol result is detected in the control sample,
a decrease was monitored in the total phenol values as the
roasting temperatures increased. While the flavonoid result
of the roasted Chia seeds (90 °C and 120 °C) are estab-
lished as 13.71 mgCE/g and 12.91 mgCE/g, respectively,
the total flavonoid content of the Chia sample belonging to
the control group was detected to be 14.61 mg CE/g. In addi-
tion, while the highest flavonoid amount are reported in the

Table 1 Bioactive properties of unroasted (control) and roasted Chia
seeds

n Control 90 °C 120 °C
Moisture (%) 3 5.24+0.01* 2.55+0.20° 2.38+0.01°
Total phenol 3 2.55+0.16 2344037  2.14+0.21
(mgGAE/g)
Flavonoid (mgCE/g) 3 14.61+0.79 13.71+£0.70 12.91+0.49

Antioxidant activity 3 65.44+0.47° 80.13+1.14* 75.84+1.71°
(%)

Carotenoid (mg/g) 3 —* - -

The values indicated with different letters between a and b were
found to be statistically significant (p <0.05)

*TE: Not detected

control sample, a decrease in flavonoid values was detected
with the application of the roasting process. The antioxi-
dant capacity result of chia seed (control) was determined
to be 65.44%, while the antioxidant capacity results of the
roasted Chia seeds (90 and 120 °C) are found to be 80.13 and
75.84%, respectively. The highest antioxidant capacity result
of chia seed was reported in Chia sample roasted at 90 °C.
A noticeable increase in antioxidant capacity results of Chia
seeds was determined with the application of roasting. Anti-
oxidant capacity results of Chia seeds were established to
be statistically significant. However, carotenoids could not
detected in Chia seeds.

The moisture amount of black Chia seeds originating
from Argentina was measured as 6.19%, while the moisture
content of white Chia seeds is recorded as 5.71% [23]. The
moisture result of Chia seeds was determined to be 7.4%,
6.2% and 6.9% [24]. In a previous study, the moisture con-
tents of chia seeds grown in different locations were close to
each other. The moisture amounts of our study were found
similar compared to results of studies of Barreto et al. [24],
Sargi et al. [25], Tontul et al. [26] and Tungil and Celik [23].
The total phenol amounts of raw (unroasted) and roasted
chia seeds were determined as 3.07 and 3.43 mg GAE/g,
respectively [27]. In another study, Tuncil and Celik [23]
compared white and black Chia seeds from Argentina and
determined the total phenol results of white and black
chia seeds were recorded as 3.52+0.08 mg GAE/g and
3.42+0.06 mg GAE/g, respectively. In other study, Marineli
et al. [28] recorded that the total phenolic amount of Chia
seed was found to be 0.94 mg GAE/g. The total phenol
results of control and roasted Chia seeds (90 °C and 120 °C)
were detectedto be 0.98, 0.91, and 0.88 (mg GAE/100 g),
respectively [29]. When looking at the total phenol result of
the control seed, similar results were obtained in our total
phenol content according to Ghafoor et al. [27] and Tungil
and Celik [23], and Martinez-Cruz and Paredes-Lopez [30].
These results show that the different seed sources used in
the study affected the total phenolic concentration of the
seeds. It has been stated that these changes may be due to the
phenolic content of the seed being affected by many external
factors such as weather and post-harvest conditions. Scapin
et al. [31] obtained Chia seed extracts at different tempera-
tures and ethanol concentrations and reported that the total
flavonoid amount in the extracts varied between 0.055 and
0.162 g/kg EQ. According to another study, the total fla-
vonoid result of Chia seeds is 84.95 mg/g EQ [32]. The
total flavonoid contents of control and roasted Chia seeds
(90 °C and 120 °C) were reported as 17.62, 16.87, 15.43 (mg
CE/100 g), respectively [29]. The flavonoid content of the
control seed was lower than that of Ghafoor et al. [20]. With
the application of the heat treatment, the flavonoid contents
decreased, and since the heat treatment applied is low, it can
be assumed that it is low compared to the control since it can
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not break the walls with the bound form phenolics. Antioxi-
dant activity values of control and roasted Chia seeds (90 °C
and 120 °C) were found to be 88.27%, 85.76%, and 79.57%,
respectively [29]. In the study performed by Martinez-Cruz
and Paredes-Lopez [30], DPPH radical scavenging activity
was found to be 68.83%. In another study, the antioxidant
capacity results of Chia extracts were determined between
3.31 (unroasted) and 4.24 pmol trolox/g (seeds roasted at
120 °C) [27]. Differences in antioxidant activity may be due
to the chemical composition of the seeds or differences in
biochemical pathways and various techniques used for the
extraction process [31, 33].When we look at the antioxidant
content of the ¢ seed (control) in the studies conducted, simi-
lar findings were get in the studies of Ghafoor et al. [29],
Martinez-Cruz and Paredes-Lépez [30] and Noshe and Al-
Bayyar, [34].

Free fatty acidity, peroxide and share rate values
of the oils extracted from chia seeds roasted
at different temperaures

Free fatty acidity, shear rate, oil yield and peroxide results of
chia oils extracted by different extraction methods applied to
the unroasted and roasted chia seeds are displayed in Table 2.
The oil content of chia seeds (control) extracted by Soxhlet
system was found to be 29.62%, while the oil amounts in the
chia seeds roasted at 90 °C and 120 °C are found as 32.65%
and 33.85%, respectively. The lipid content of chia seeds
was determined based on the dry weight of the samples.
While the oil result of the chia seed (control) extracted by
sonication system is found to be 28.40%, the oil amounts
of chia seeds roasted at 90 °C and 120 °C were determined
as 31.73% and 34.68%, respectively. The observed increase
in lipid content after roasting could possibly be due to loss
of volatile matter and moisture, a phenomenon evident in

both control and samples pretreated with ultrasonication.
Ghafoor et al. [27] found that the oil results of unroasted and
roasted Chia seeds were 35.83% and 37.7%, respectively.
The amounts of chia oil obtained by Soxhlet and ultrasonic
extraction methods differed depending on the roasting tem-
perature. It was observed that the amount of oil obtained
by both extraction methods increased with the increase in
roasting temperature compared to the control. These changes
in the oil contents are due to the seeds being affected by
environmental and genetic factors [35, 36]. Ixtaina et al. [37]
observed that the oil quality of Chia seeds was affected by
their extraction methods.

The results of free fatty acidity value of oil obtained by
cold press of raw (control) and roasted seeds (90 °C) were
similar with 3.98% and 3.72%, respectively. The free fatty
acidity value decreased to 2.94% by roasting at 120 °C. The
free fatty acidity result of the control oil was determined
as 4.70% in the oils obtained by the Soxhlet method, while
the free fatty acidity values of the oils of roasted chia seeds
(90 °C and 120 °C) are determined as 4.20 and 3.61%,
respectively. With the application of sonication extraction
method, the free fatty acidity result analysed in the control
oil was found to be 4.56%, while it is determined as 4.14%
and 3.75% at 90 °C and 120 °C, respectively. The highest
free fatty acidity value was determined in the oils obtained
by the application of Soxhlet and sonication extraction meth-
ods of the control group, while the lowest free fatty acidity
result is monitored in the cold press method of the oil of chia
seeds roasted at 120 °C. In general, free fatty acidity value
of Chia oil was observed to be higher in Soxhlet extraction
and sonication extraction methods compared to cold press
system. The free fatty acidity values decreased due to the
increase in roasting temperature. The results of peroxide
value in the oil obtained by cold press of control and roasted
seeds at 90 °C were reported as 1.50 and 1.50 meqO,/kg,

Table 2 Oil content, free fatty acidity, peroxide number and share rate analysis results of Chia oil samples

Extraction types Temperature n Qil content (%) Free fatty acidity (%) Peroxide value Share rate (m.Pas.)
(meq O,/kg)

Cold press Control 3 —* 3.98+0.08 1.50+0.71¢ 30.70+0.56
90 °C 3 - 3.72+0.04 1.50+0.00° 30.80+0.85
120 °C 3 - 2.94+0.04 2.00+0.00¢ 31.00+0.71

Soxhlet extraction Control 3 29.62+0.39 4.70+0.00 2.50+0.70° 31.20+0.28
90 °C 3 32.65+0.85 4.20+0.08 2.25+0.35¢ 30.85+0.78
120 °C 3 33.85+0.71 3.61+0.04 15.75+0.35* 30.55+0.07

Ultrasonic-extraction Control 3 28.40+2.84 4.56+0.04 3.75+1.06° 31.05+1.06
90 °C 3 31.73+0.66 4.14+0.87 8.75+0.35° 30.50+0.57
120 °C 3 34.68+1.77 3.75+0.08 3.50+0.71°¢ 31.40+0.42

The values indicated with different letters between a and ¢ were found to be statistically significant (p <0.05)

*-: Not detected
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respectively. The peroxide value increased to 2.00 meqO,/
kg by roasting at 120 °C. While the peroxide value of the
oil obtained from unroasted Chia seed by the application of
ultrasonic-assisted extraction method is found to be 3.75,
the peroxide values were found as 8.75 meqO,/kg in Chia
oil roasted at 90 °C and 3.50 meqO,/kg in Chia oil roasted
at 120 °C. However, while no significant difference was
observed in the peroxide values of Chia oils roasted at 90 °C
with the control in the cold press and Soxhlet method, an
increase in the peroxide value of Chia oil roasted at 120 °C
was determined. Among the control groups, the highest
peroxide value was determined by sonication extraction
method. In chia oils roasted at 90 °C, the lowest peroxide
value was obtained from the cold press with 1.50 meqO,/kg
oil, while the highest peroxide value is determined as 8.75
meqO,/kg oil by the application of sonication extraction
method. In general, it has been observed that the peroxide
value determined from the cold press in Chia oils was low in
the peroxide results of the oils extracted by Soxhlet and soni-
cation extraction. The share rate values of unroasted Chia
seed oils extracted by pressing method and roasted at 90
and 120 °C were recorded as 30.70, 30.80 and 31.00 mPa.S
(25 °C), respectively. The shear rate value of unroasted
chia oil obtained by the Soxhlet method was reported as
31.20 mPa.S (25 °C). Shear rate results of oils extracted by
sonication extraction from unroasted and roasted Chia seeds
at 120 °C were reported as 31.05 and 31.40 mPa.S (25 °C),
respectively [38]. It is thought that the most important fac-
tors affecting the shear rate in liquids may vary depending
on the ratio of saturated and unsaturated fatty acids in oils.
The free fatty acidity results of the oils of unroasted and
roasted Chia seeds extracted by the Soxhlet method were
found to be 2.17 and 8.53 mgKOH/g, respectively, while
the free fatty acidity values of unroasted and roasted Chia
seed oils provided by pressing were recorded as 1.79 and
3.87 mgKOH/g, respectively [39]. In another study, free
fatty acidity value of control and roasted chia seeds (90 °C
and 120 °C) were found to be 2.85, 5.61, 8.27 (mg KOH/g),
respectively [29]. In a study conducted studies on Australian
Chia seeds, the free fatty acidity value of Chia oil was found
as 2.54 mg KOH/g 38]. The free fatty acidity result of the oil
(control) extracted from Chia seed was higher than the free
fatty acidity value found by Segura-Campos et al. [2] and
Imran et al. [40]. According to the study conducted by Ozcan
et al. [39], while the roasting temperature causes an increase
in the free fatty acidity value, in our study, a decrease was
observed in the free fatty acidity value as the roasting tem-
perature increased. While the peroxide values of unroasted
and roasted Chia seed oils provided by the Soxhlet system
are established as 5.84 and 17.92 meqO,/kg, respectively,
the total peroxide values of unroasted and roasted Chia seed
oils extractedby pressing were 3.65 and 14.12 meqO,/kg,
respectively [39]. In another study, it was determined that

the peroxide value of control and roasted chia seeds (90 °C
and 120 °C) were 3.21, 8.93, 13.76 (meqO,/kg), respectively
[29]. Ixtaina et al. [37] determined the peroxide value in
Argentine Chia oil as 1.0 meq O,/kg. While the peroxide
value in the control chia oils was lower than the peroxide
result obtained by Ozcan et al. [39]. it was determined that
it was higher than the study conducted by Ixtaina et al. [37].
Our findings showed similar properties by the results of
reports carried out by Timilsena et al. [38]. When looking
at the determined oil content, free fatty acidity, peroxide and
share rate results, these differences amoung the studies may
depend on the solvent type, temperature, extraction method
and time applied during oil extraction.

Phenolic profiles of chia seeds roasted at different
temperaures

Phenolic compounds and their quantitative results of
unroasted and roasted-chia seeds are depicted in Table 3.
The contents of quercetin, catechin, resveratrol, kaempferol
and izorhamnetin were found to be the main components,
while the contents of other phenolic components such as
syringic acid, p-coumaric acid, caffeic acid and gallic acid
are found to be quite low (Fig. 1). Statistically significant
differences were detected in the phenolic composition of
chia seeds roasted at different temperatures (p <0.05). The

Table 3 Phenolic component analysis results of unroasted and roasted
Chia seed samples (mg/100 g)

n Control 90 °C 120 °C

Galic acid 3 1.02+£0.06° 1.06+0.12° 4.67+0.04*
3,4-Dihydroxyben- 3 2.84+0.97 3.68+0.41 4.41+0.70

zoic acid
(+)-Catechin 3 14.75+0.99° 7.94+2.19° 10.19+0.40°
1,2-Dihydroxyben- 3 9.95+0.76  12.69+2.81 13.90+4.60

zene
Syringic acid 3 3.18+£0.02 537+1.37 4.50+0.22
Caffeic acid 3 1.52+0.04> 3.13+0.06* 3.20+0.00°
Rutin trihydrate 3 417+1.62 8.72+3.00 5.24+1.18
p-Coumaric acid 3 039+£039 093+047 1.03+1.23
trans-Ferulic acid 3 2224047 256+1.36  7.09+3.03
Apigenin-7-glucozit 3 3.12+2.05 4.12+1.16 5.89+2.33
Resveratrol 3 3577+1.32* 30.99+7.44* 221+3.14°
Quercetin 3 10.85+1.49 9.07+0.71 8.34+3.13
trans-cinnamic acid 3 6.36+0.81 6.26+091  7.31+0.99
Naringenin 3 TE* TE TE
Kaempferol 3 7.82+1.22 844+035 9.06+0.77
Isorhamnetin 3 38.74+0.35 39.46+0.95 39.50+0.55

The values indicated with different letters between a and b were
found to be statistically significant (p <0.05)

“TE: Not detected
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Fig. 1 Phenolic chromatograms of chia seeds roasted at different tem-
peratures

gallic acid result of the chia seed samples were recorded to
be between 1.02 and 4.67 mg/100 g. The chia seed sample
(control) had the lowest gallic acid result(1.02 mg/100 g).
The gallic acid result of chia seeds roasted at 90 °C was
reported as 1.06 mg/100 g and the highest gallic acid value
was observed with 4.67 mg/100 g by roasting at 120 °C.
The caffeic acid result of the control was established to be
1.52 mg/100 g, while the caffeic acid content of chia seeds
are determined as 3.13 mg/100 g and 3.20 mg/100 g by
roasting at 90 °C and 120 °C, respectively. The 1,2-dihy-
droxybenzene result of the control was 9.95 mg/100 g,
while the 1,2-dihydroxybenzene amounts of the roasted
seed samples (90 °C and 120 °C) are reported as 12.69 and
13.90 mg/100 g, respectively. There was an increase in the

@ Springer

values of gallic acid, 1,2-dihydroxybenzene and caffeic
acid in Chia seeds in parallel with the roasting tempera-
ture. While the (+)-catechin content of the control is deter-
mined as 14.75 mg/100 g, the catechin contents of roasted
chia seeds (90 °C and 120 °C) were monitored as 7.94 and
10.19 mg/100 g, respectively. While the syringic result of
the control Chia sample is found to be 3.18 mg/100 g, the
syringic acid results of the samples roasted at 90 °C and
120 °C were reported as 5.37 and 4.50 mg/100 g, respec-
tively. The quercetin result of the control was determined
as 10.85 mg/100 g, while this value decreased to 9.07 and
8.34 mg/100 g, with roasting at 90 °C and 120 °C, respec-
tively. While the resveratrol results of raw (control) and
Chia seeds roasted at 90 °C are recorded as 35.77 and
30.99 mg/100 g, respectively, the resveratrol results of Chia
seeds roasted at 120 °C decreased to 2.21 mg/100 g. Dif-
ferences between resveratrol content in Chia seeds were
established to be statistically significant (p <0.01). Querce-
tin and resveratrol contents of Chia seeds decreased due to
the increase in roasting temperature. In addition, kaemp-
ferol content of the control sample was establishedto be
7.82 mg/100 g, while this value increase from 8.44 mg/100 g
to 9.06 mg/100 g, with the application of 90 °C and 120 °C
temperatures, respectively. The isorhamnetin amount of the
unroasted chia sample was 38.74 mg/100 g, while the isor-
hamnetin result of chia seeds roasted at 90 °C and 120 °C are
determined as 39.46 mg/100 g and 39.50 mg/100 g, respec-
tively. Although the temperature application part caused dif-
ferences in the value of isorhamnetin, no significant change
was observed. In a previous study, the most common phe-
nolics found in raw and roasted Chia seeds at 120 °C were
caffeic acid, (+)-catechin, vanillic acid and coumaric acid,
and it was reported that roasting partially increased the
contents of phenolic components. Caffeic acid and (+)-cat-
echin results of raw and roasted seeds were to be as 3.11
and 3.54 mg/100 g to 1.47 and 1.92 mg/100 g, respectively.
Raw and roasted Chia seeds were established to contain
1.02 and 1.04 mg/100 g of vanillic, 0.41 and 0.54 mg/100 g
of coumaric and 0.21 and 0.29 mg/100 g of ferulic acids,
respectively. The phenolic components of chia seeds dif-
fer depending on the roasting process [27]. The caffeic acid
amount of Chia seeds was found to be 3.089 mg/100 g [5].
In another study, the gallic acid and caffeic acid amounts
of Chia seeds were determined as 1.15 mg/100 g and
2.74 mg/100 g, respectively [30]. Ghafoor et al. [29] exam-
ined the phenolic components of roasted chia seeds (90, 120,
150 and 180 °C) and statistically significant changes were
reported amoung the phenolic constituents. In general, they
found that the phenolic component values decreased with
increasing temperatures. Few differences were monitored
compared to literature values. These differences in the phe-
nolic components were estimated to vary depending on the
different conditions in which the Chia seeds are grown. At
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Table 4 Fatty acid composition of unroasted and oven-roasted Chia seed oils obtained by different extraction methods (%)

Linoleic Arachidic Linolenic Behenic Arachidonic

Stearic Oleic

Palmitic

n

Temperature

Extraction types

TE

TE*

7.74+0.02° 17.30+0.04 0.18+0.01° 64.81+0.06°

2.51+0.00°
2.39+0.01¢

6.58+0.11%

3
3
3
3
3
3
3
3
3

Control
90 °C

Cold Press

TE

TE

67.41 £0.06*
67,37 +0.06°

0.18+0.00a
0.18+0.00°

17.88+0.01

5.38+0.03°

6.02+0.08°

0.07 +0.00*

TE

0.07+0.00°

TE

17.48 +0.00°

5.29+0.02¢ 17.88 +0.06>4

2.29+0.03%

6.10+0.18"

120 °C

67.68 +0.09%>
66.56 +0.201
64.58 +0.07°
68.10+£0.10%
66.24+0.03¢

0.19+0.01°

2.32+0.01¢ 5.59+0.02¢

5.97+0.14¢

Control
90 °C

Soxhlet Extraction

0.06+0.00*

TE

0.06+0.00°
TE

5.82+0.09° 18.22+0.15% 0.18 +0.00°
TE

2.40+0.01°

6.31+0.21%

17.56 +0.04%f
18.44+0.022

6.63+0.02° 18.13 +0.092°

2.72+0.00

6.99+0.11°

120 °C

0.06+0.00*

0.18+0.00° 0.06 +0.00°

2.25+0.03° 5.03+0.02"

5.97+0.19¢

Control
90 °C

Sonication Extraction

0.07 +0.00*

5.91+0.02¢ 0.18 +0.00* 0.08 +0.00*

2.33+0.00¢

5.98+0.01°

5.37+0.11° 17.64 +0.17% 0.18 +£0.00* 67.98+£0.37%® 0.06+0.00° 0.05+0.02*

2.30+0.02%

6.01+0.06°

120 °C

The values indicated with different letters between a and f in each column were found to be statistically significant (p <0.05)

“TE: Not detected

the same time, it is seen that the temperature applied to the
seed affects the results.

Fatty acid profiles of the oils extracted from chia
seeds roasted at different temperaures

Fatty acid compositions of the oils of unroasted and roasted
chia seeds are represented in Table 4. Statistically significant
differences were detected in the fatty acid composition of
oils obtained by different extraction methods from chia seeds
roasted at different temperatures (p < 0.05). The linolenic
acid value in the control Chia oil was found to be 64.81%.
This value increased to 67.41% and 67.37% in seed oils at
which roasting temperatures of 90 °C and 120 °C applied,
respectively. An increase in linolenic acid values were moni-
tored in oils extracted by cold press depending on the tem-
perature (Fig. 2). The linolenic acid results of the control
were rocorded to be higher than the press with 67.685% and
68.10% in oils obtained by Soxthlet and Sonication systems,
respectively. According to these two extraction methods,
the value of linolenic acid decreased in seed oils that were
applied temperature. While there is a significant difference
among the chia oil samples in terms of palmitic, stearic,
oleic, linoleic and linolenic acid, no significant changes were
found in terms of arachidonic and behenic acid (Fig. 2). Ara-
chidic, arachidonic and behenic acid values were identified
below < 1%. In general, it has been determined that the high-
est fatty acid detected in Chia oils was linolenic acid. It is
seen that the linolenic acid value in Chia oils varied between
64.58 and 68.10%. The difference between roasting tempera-
tures did not show a significant change in linolenic acid val-
ues. The amount of linoleic acid in Chia oils is much higher
than the amount of palmitic, stearic and oleic acid. The lin-
oleic acid value in the obtained Chia oils varies between
17.30 and 18.44%. While the linoleic acid value of control
Chia oil is determined as 17.30% in oils extracted by cold
press, the linoleic acid value of the oil obtained as a result
of roasting the seeds increased to 17.88%. However, the dif-
ference between the roasting temperatures of the seeds in the
oils obtained by the press method did not affect the linoleic
acid content. Similarly, the linoleic amount increased when
the roasting temperature was applied in the oils extracted
with Soxhlet system. While the linoleic acid result of Chia
oil (control) applied with sonication extraction system is to
be 17.56%, this value increased to 18.44% in the seed oil
applied at 90 °C, but the linoleic acid value decreased again
to 17.64 in the seed oil applied at 120 °C. This may be due
to the oxidation of linoleic acid at high temperatures. The
oleic acid results of Chia oils varied to be between 5.03
and 7.74%. The highest amount of oleic acid was identified
as 7.74% in the oil provided by cold press of the control,
and this value decreased to 5.38% and 5.29% with 90 °C
and 120 °C roasting process, respectively. While the oleic
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acid content of the control sample is recorded as 5.59% with
Soxhlet application, it was determined as 5.82% and 6.63%
with 90 °C and 120 °C roasting process, respectively. The
oleic acid result of the oils extracted with Soxhlet increased
depending on the temperature. The lowest oleic acid value
(5.03%) was the control chia oil obtained by ultrasonic-
assisted extraction. In the sonication extraction system, a
value of 5.91% oleic acid was found in chia oil roasted at
90 °C, and this value was established to be higher compared
to the control. The oleic acid value was determined as 5.37%
at 120 °C temperature application and it was observed that
the results were similar.

The palmitic acid result of the Chia oil samples provided
by cold press ranged from 5.97% to 6.99%. The palmitic
acid content of Chia oil obtained by cold pressing varies
depending on the applied temperature. Palmitic acid was
identified as 5.97% in Chia oil (control) obtained by Soxhlet
and sonication extraction systems. It was determined that
this value increased a little with the roasting temperature in
both extraction methods. The highest palmitic acid value was
determined as 6.99% in the oil extracted by Soxhlet system
of Chia seeds roasted at 120 °C. The lowest palmitic acid
result (5.97%) was the oil of the control group provided by
Soxhlet and sonication extraction. The stearic acid amounts
of the Chia oil samples had close values between 2.25 and
2.72% and there was no visible difference with the applica-
tion of heat. These findings are in line with those reported
in previous studies. The fatty acid profile of Chia seeds of
Argentina origin was determined as palmitic (6.89%), stearic
acid (2.36%), oleic acid (6.73%), linoleic acid (22.5%), and
linolenic acid (60.35%), respectively [41]. Segura-Campos
et al. [3] determined palmitic (7.47%), stearic acid (0.29),
arachidic acid (0.15%), behenic acid (0.06%), oleic acid
(2.43%), linoleic acid (20.40%), linolenic acid (68.52%) and
arachidonic acid (0.13%) in the oil obtained from Mexico
originated Chia seeds with the Soxhlet method. The most
abundant fatty acids obtained from chia seeds by both cold
press and Soxhlet systems were linolenic acid [39]. Lino-
lenic acid results of unroasted and roasted Chia oils provided
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by pressing and Soxhlet were determined between 66.24%
and 67.84% to 64.98% and 66.75%, respectively. While
the linoleic acid results of unroasted and roasted Chia oils
obtained by pressing vary between 18.34 and 19.61%, the
linoleic acid results of unroasted and roasted Chia oils pro-
vided by the Soxhlet method were reported between 17.25%
and 18.97% [39]. Ghafoor et al. [29] examined the fatty acid
composition of the oils extracted from roasted chia seeds
(90, 120, 150 and 180 °C) and observed that the levels of
fatty acids in general decreased with increasing tempera-
tures. In this study, chia oil contained 6.48-7.08% palmitic,
2.69-2.97% stearic, 9.94-10.09% oleic, 19.47-20.57% lin-
oleic and 58.64-59.84% linolenic acids [29]. Other fatty
acids were detected at minor levels (<0.17%). In another
study where chia oil was obtained by cold press, the fatty
acid composition was determined as palmitic 7.07%, stearic
3.36%, oleic 7.04%, linoleic 18.23% and linolenic 62.80%,
respectively [28]. Ghafoor et al. [27] observed that the oleic
and linolenic acid values increased with increasing of the
roasting temperature. At the same time, stearic and palmitic
acid values decreased as the roasting temperature increased
[27]. Results obtained were supported by the study values of
Ayerza and Coates [41], Ghafoor et al. [27], Ghafoor et al.
[29], Ixtaina et al. [37], Marineli et al. [28] and Segura-Cam-
pos et al. [2]. In the study carried out by Ixtaina et al. [37],
they determined that the fatty acid profiles of Chia oils pro-
vided by Soxhlet and press methods were different from each
other. According to this result, it is seen that the extraction
method has an effect on values of fatty acids. Several factors
may have caused the differences in fatty acid concentration
in Chia seeds. It is estimated that these differences are due to
some analytical factors, environmental differences, climatic
changes, growing year or soil conditions.

Principal component analysis (PCA)
Principal component analysis (PCA) was presented to

evaluate the effect of roasting process on bioactive com-
pounds of chia seeds, which are given in Fig. 3. The first
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Fig.3 Biplot graph drawn with results of PCA for chia seed

Table 5 PCA results in relation to phenolic compounds of chia seed

PC1 PC2
Eigenvalue 11.373 3.627
Variability (%) 75.818 24.182
Cumulative % 75.818 100.000
Correlation
Gallic acid 0.797 —0.605
3,4-Dihydroxybenzoic acid 0.996 —0.095
Catechin -0.753 —0.658
1,2-Dihydroxybenzene 0.996 0.085
Syringic acid 0.701 0.713
Caffeic acid 0.939 0.344
Rutin 0.354 0.935
Coumaric acid 0.971 0.240
Ferulic acid 0.827 -0.562
Apigenin-7-glucoside 0.957 —-0.290
Resveratrol -0.864 0.503
Quercetin -0.995 -0.102
Cinnamic acid 0.735 -0.678
Kaempferol 0.991 —0.135
Isorhamnetin 0.942 0.335

two PCs explained 75.818% and 24.182% for chia seed,
respectively. The main variables of PC1 were found as
3,4-dihydroxybenzoic acid (0.996), 1,2-dihydroxyben-
zene (0.996), caffeic acid (0.939), coumaric acid (0.971),
apigenin-7-glucoside (0.957), kaempferol (0.997) and isor-
hamnetin (0.942). PC2 had positive correlation with rutin
(0.935) (Table 5). Most of the phenolic compounds were

detected in samples roasted at 90 °C and 120 °C, which
were located in the positive area of PC1. The control sam-
ple was located in the negative area of both PC1 and PC2
and contained catechin and quercetin at the maximum
level which were placed in the same area.

Conclusion

It has been determined that chia oil contains high amounts
of Omega-3 fatty acids.

— Roasting at 120 °C is recommended due to the increase
in oil yield and the decrease in acidity due to the increase
in temperature.

— Since no heating process is applied in the cold press
method, it is thought that the components of the oil are
preserved.

— Positive results were obtained in the analysis of oils
extracted by cold press and ultrasonic assisted extraction.

— According to the findings, it has been revealed that the
ultrasonic assisted extraction system is more efficient
than cold press.

— When looking at the phenolic component analysis results
of chia seeds, the results of quercetin, (+)-catechin, res-
veratrol and isorhamnet were recorded as the main com-
ponents.

— The fatty acids found in significant amounts in chia oil
are linoleic, linolenic, oleic and palmitic acids.

— Roasting of oils extracted with the Soxhlet system and
ultrasonic assisted extraction appear to increase the fatty
acid profile of the seed oil.
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