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Abstract. Chia (Salvia hispanica L.) is an annual herbaceous plant belongs to the Lamiaceae
family. Considering the consumer’s interest in healthy and nutritious foods, the cultivation of chia crop
has been globally extended. The current study consists in the creation of introduced varieties of chia in
the Russian Federation and the interrelation of environmental factors of southern forest-steppe of
Western Siberia. This crop has been cultivated in Mexico since ancient times, while in Russia it has
not been grown yet. Until the present, numerous previous studies have focused on the study of a sin-
gle morphological part of chia plant and especially on the seeds, sometimes on leaves and never on
stems. The objective of this study was to determine the total phenolic content (TPC) and its antioxi-
dant activity of chia Seeds, Stems and Leaves (chia SSL). The total phenolic content was measured
by the FolinCiocalteau method with some modification to adapt the assay to 96-well microplates, using
gallic acid as standard while the antioxidant capacity was based on the ability of these plant extracts
(chia SSL) to scavenge DPPH radical. 70% TPC methanol extraction and 70 % TPC ethanol extrac-
tion were compared, with exception of chia seeds extracts significant differences were found in chai
leaves and chia stems. High total phenolic content was detected in Chia leaves (9.183 £ 0.0625 mg
GAE/g methanol extract and 7.809 + 0.157 mg GAE/g ethanol extract), more than 3.2-fold higher than
previously reported, followed by chia Stems (7.819 + 0.225 mg GAE/g methanol extract and 6.695 +
0.626mg GAE/g ethanol extract) for the first time determined, and chia Seeds (1.669 + 0.079 mg
GAE/g methanol extract and 1.614 = 0.040 mg GAE/g ethanol extract) higher than previous report.
Chai Leaves (92.24%) exhibited the strongest antioxidant capacity followed by chia Stems (74.43%)
and chia Seeds (41.35%). Indeed, 70% ethanol and 70% methanol extracts showed similar DPPH
scavenging activity. It can be concluded that the surveyed parts of the Russian-Siberia grown chia
plants could be potential sources of high phenolic content and antioxidant agents.
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AHHOmMauus. Yua (Salvia hispanica L.) — o0HoniemHee mpassiHucmoe pacmeHue, omHocsulee-
CcA K cemelicmgy flamuesbix. Ydyumblieas uHmepec nompebumenel Kk 300p08biM U numamesibHbIM
npodykmam, eblpawjueaHue Kynbmypbl Hua bblio pacwupeHo 80 ecem mupe. Tekywee uccredosa-
Hue 3aKn4yaemcs 8 co3daHuu UHmMpPodyyuposaHHbIX copmos Yyua 8 Pocculickol ®edepayuu u e3au-
Moces3u ¢hakmopoe okpyxarouwiel cpedbi toxxHOU necocmenu 3anadHol Cubupu. Oma Kynbmypa
Kynbmusupyemcsi 8 Mekcuke ¢ dpesHUX 8peMeH, 8 Mo 8peMs Kak 8 Poccuu ee euje He 8bipawjusariu.
Jlo Hacmosiweao epemMeHuU MHO204UCIeHHbIe rpedbidyuue uccrnedosaHuss bbliu cocpedomoYeHbl Ha
u3y4eHuUU 00HOU Mopghorioau4eckol Yacmu pacmeHus yua u 0cobeHHO Ha ceMeHax, uHozoa Ha Jiu-
Cmbsx U HUkoeda Ha cmebnsx. Llenbio daHHo20 uccriedogaHusi bbirio onpedenume obuee codepxa-
Hue ¢peHonos (TPC) u ux aHmuokcudaHmHyo akmugHoCmb 8 ceMeHax, cmebrisx U fucmbsxX dua
(chia SSL). Obwee codepxaHue cheHonos usmepsnu memodom DonuHa Yokanbmo ¢ Hekomopol
moducpukayueli dnss aBanmayuu aHanu3a Kk 96-51yHOYHbIM MUKpOriiaHwemam, Ucronb3ys 2annosyto
Kucrnomy e kayecmee cmaHOapma, 8 mo 8peMsi Kak aHmuokcudaHmHasi crnocobHocms bbina OCHoea-
Ha Ha crnocobHocmu amux pacmumeribHbIX aKkcmpakmos (chia SSL) noeanowams padukan DPPH.
CpasHusgarnu 70%-Hyto s3kcmpakyuro memaHosiom u 70%-Hyr0 aKCmpaKkyuro 3maHOoJIoOM, 3a UCKIIoYe-
HUEeM 3KCMpPaKmoe CeMsiH 4ua, CywecmeeHHble pa3snuyusi Obliu ObHapyXeHbl 8 fluCmbsiX 4Yas u
cmebrnisx Jua. Bbicokoe obujee codepxaHue ¢heHos108 bbiio 0bHapyxeHo 8 nucmbsix Yua (9,183 +
0,0625 me GAE/2e askcmpakma memanona u 7,809 + 0,157 ma GAE/2 akcmpakma smaHosna), Ymo 60-
nee yem 8 3,2 pasa ebille, 4eM coobwanocb paHee, 3a KomopbiMu credyrom cmebnu yua (7,819
0,225 me GAE/2 askcmpakma memaHona u 6,695 = 0,626 m2 GAE/2 smaHOnbLHO20 aKcmpakma) eriep-
eble onpedesnieHo, a ceMeHa yua (1,669 + 0,079 me GAE/e memaHonsHo20 skcmpakma u 1,614 +
0,040 m2 GAE/e smaHonbHO20 3Kkcmpakma) ebiwe, Yem 8 rpedbidyuem omyeme. Jlucmbs 4dasi
(92,24 %) obnadanu Haubonbwel aHMUOKCcUOaHMHOU akmueHOCmbIo, 3a HUMU criedosasnu cmebnu
qua (74,43 %) u cemeHa dua (41,35 %). elicmeumernbHo, akcmpakmbl 70 % amaHona u 70 % Me-
maHoria rokasarsnu CXo0Hyr akmusHocmb no ydaneHuro DPPH. MoxHo cdenampb 661809, 4Ymo uccrie-
doeaHHbIe Yacmu pacmeHul 4Yua, ebipauwjeHHbix 8 Poccuu u Cubupu, moeym 6bimb nomeHyuarnbHbI-
MU UCMOYHUKaMU 8bICOKO20 codepkaHusi QheHO108 U aHMUOKcUdaHmoe.

Knroyesbie cniosa: aHmuokcuGaHmHasi akmueHocmb; 4ua, Salviahispanica L., akcmpakyusi
pacmeopumersiem, obuwee codepxaHue ¢heHor108.

Ana yumupoearusi: O0wee copepxaHne (heHONOB M aHTMOKCMOAHTHAs aKTUMBHOCTbL Liandges uc-
naHckoro (SALVIA HISPANICA L.), nHTpogyumpoBaHHoro B Poccuiickon depepaumm / E. X. F'ebpe-
Meckan [u gp.] // MNonsyHoBckuin BecTHUK. 2023. Ne 4, C. 110-109. doi: 10.25712/ASTU.2072-
8921.2023.04.014. EDN: https://elibrary.ru/NUBPZV.
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1. Introduction

Spanish Sage (Salvia hispanica L.) com-
monly known as chia, is an annual plant of La-
miaceae family. It is cultivated as a native plant
crop in Southern Mexico and Northern Guatema-
la [1]. In 2009, chia seeds were approved as a
novel food by the European Union, and can be
used up to 5% in bread making [1]. As a conse-
quence, industrial production of chia seeds and
food products containing chia seeds has been
rapidly growing in many parts around the world
including Mexico, Argentina, Australia, Bolivia,
Colombia, Ecuador, Nicaragua and Paraguay
[2]. Chia seeds contain a high amount of dietary
fiber superior quality protein, omega-3 fatty ac-
ids, vitamins, minerals and wide range of phenol-
ic antioxidants [3], [4], [5]. It contains a high con-
tent of oil (25-32%), protein (18.5-22.3%) and
fiber (20.1-36.15%), as well as 59.9-63.2% of
Alpha-linolenic acid (ALA) and 18.9-20.1% of
linoleic acid [3]. Furthermore, Scapim et al., [6]
and Kobus-cisowska et al., [7] stated that the
chemical composition of each product can vary
due to different factors such as year of cultiva-
tion, environment of cultivation, and extraction
method used. Majority of the species from genus
salvia have horticultural and homeopathic charac-
ter as a basis of numerous biological active sub-
stances, like phenolic compounds, such as caffeic
acids and chlorogenic as well as flavonoids,
namely myricetin, quercetin and kaempferol [8].

Phenolic compounds are extensively dis-
tributed in plants and serve as important compo-
nents in our daily diets. As secondary metabo-
lites, phenolics are synthesized in plants from
phenylalanine and to a lesser extent tyrosine
during normal growth and development as well
as in response to stress conditions [9] [10]. In
plants, phenolics have multiple functions from
general fithess regulation to defense mecha-
nisms against insects, pathogens, UV light and
extreme environmental conditions [9]. Phenolics
are also responsible for the bitterness and as-
tringency, colour, odour, and oxidative stability of
foods [10]. As dietary bioactive, phenolics and
polyphenolics exhibit various functional and bio-
logical activities but these actions depend on
their chemical structures [11], [12].

Up to now more than 8000 phenolic com-
pounds have been recognized in seeds, fruits,
vegetables, and related products. Most common
phenolics are simple phenols, phenolic acids
and their derivatives, flavonoids and their deriva-
tives, coumarins, stilbenes, lignans and their
polymerized counterparts like tannins and lig-
nins [10]. Phenolics and polyphenolics are
known as powerful antioxidants that inhibit oxi-
dative deterioration of foods and may protect
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human body against oxidative stress-mediated
diseases. Phenolics are excellent free radical
scavengers, metal chelators, singlet oxygen
guenchers, reducing agents and synergists with
other antioxidants. They prevent oxidation of
biomolecules such as LDL-cholesterol, mem-
brane lipids, proteins, and DNA and diminish
related disorders such as inflammation, carcino-
genesis and atherosclerosis [13]. Due to high
diversity of secondary metabolites like phenolic
compounds, chia seeds possess excellent anti-
oxidant capacity as well as antimicrobial activity
and are also used against several pathological
disorders, cardiovascular diseases, diabetes,
antiviral, antifungal, anticancerogenic, cancer
and anti-inflammatory properties [14].

Unlike chia seed research, a few studies
deal with chia plant leaves composition and anti-
microbial properties [15], [16]. Elshafie et al., [16]
reported that the principal constituents of essen-
tial oil extracted from aerial parts of this plant
were sesquiterpenes with a mainstream of caryo-
phyllenes.Furthermore, the authors determined
that this product could be potentially used for mi-
crobial control regarding the antimicrobial effect.

The massive nutritional and therapeutic po-
tential of chia plant is little known, chia plant of-
fers a great future perspective for feed, food,
medical, pharmaceutical and nutraceutical sec-
tors [17]. The present study aimed to explore the
total phenolic contents of introduced samples of
Spanish sage (Salvia hispanica L.) in Omsk
State Agrarian University named after P.A. Sto-
lypin, Omsk, Russia, through the Folin-Ciocalteu
(FC) method, of chia plant seeds, leaves and
stems extracts, obtained using good polarity sol-
vents, and to compare methanol and ethanol
extraction. Moreover, this study also aimed to
identify the antioxidant capacity (AC) of chia
plant seeds, leaves and stems extracts of by 2,2-
diphenyl-1-picrylhydrazyl (DPPH), and further
use of the extracts in the food industry.

2. Materials and methods
2.1. Chemicals and Reagents

Methanol (99.99%), ethanol (99%), Folin—
Ciocalteu (FC), Sodium carbonate, DPPH (1,1-
Diphenyl-2-picrylhydrazine), gallic acid, all ob-
tained from Chem Express (Russia). Deionized
water, were used for dilutions for all measure-
ments and all chemicals used in this study were
of analytical or food grade.

2.2. Cultivation, Sampling and Drying
of Chia Plants

The plant, Chia seeds, stems and leaves
(Chia SSL) used in this study were cultured at
the experimental field belonging to the Omsk
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State Agrarian University named after P.A. Sto-
lypin, Omsk, Russia. The culture was done in the
conditions of Western Siberia, it blooms in July-
August, the seeds ripen in September-October
by triplicate. The samples were taken to the la-
boratory of the department of Agronomy within
the same day, and the green mass and the
seeds of chia were manually separated from
extraneous matter, labeled, and dried at 35°C in
the stove until constant weight. Then after, chia
SSL samples were ground in the laboratory of
International Research Center “Biotechnologies
of the Third Millennium”, ITMO National Re-
search University, Saint Petersburg, Russia us-
ing mill A11 basic BS32 IKA Mill, Sdo Paulo, for
10 s and repeated 5-6 times. The chai SSL
powders were passed through a sieve mesh 40
(0.420 mm). The samples were stored in sealed
bags at -20 °C in airtight bags until being used.

2.3. Preparation of TPC extracts

The TPC were extracted using the methods
proposed by Martinez-Cruz and Paredes-Lépez
[18] with some modifications. A mass of 0.5 g of
chia seeds, leaves and stems were extracted
with 3 mL of aqueous methanol (methanol: wa-
ter, 70:30 v/v), (ethanol: water, 70:30 v/v) for 24
h at 25°C under mechanical shaking, in triplicate.
The mixture was centrifuged at 6,000 rpm for
10 min, and the supernatant was stored at —20°C
until further analysis.

2.4. Total phenolic content

TPC was determined by the Folin-Ciocalteu
assay following previously reported protocols
Martinez-Cruz and Paredes-Lopez [18] with
some modifications to adapt the assay to 96-well
microplates. Briefly, 237 pL of water and 3 pL of
the crude extract were mixed with 15 pyL of wa-
ter-diluted Folin-Ciocalteau reagent (1:1, v/v).
Then, 45 pL of sodium carbonate (7.5% wi/v)
were added and the mixture was incubated for 2
h at ambient temperature (25°C). The absorb-
ance was measured at 760 nm in a Benchmark
plus microplate spectrophotometer reader (Bio-
rad, Hercules, CA) and compared with a previ-
ously prepared gallic acid calibration curve. The
total phenolic content was expressed as gallic
acid equivalents (GAE) in milligrams per gram
sample (mg GAE/g of Chia SSL). A calibration
curve ranging from 20 to 200 yg ml-1 was used
to quantify the TPC content in the seed extracts.
All the measurements were performed in tripli-
cate for each sample analyzed.

2.5. DPPH Radical Scavenging Activity

DPPH (2,2-diphenyl-1-picrylhydrazyl) assay
was performed as described by Corral-Aguayo
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[19]. Briefly, aliquots of 280uL of 100uM
DPPH/methanol solution and 20uL of crude ex-
tracts were added to a 96-well plate. Twenty mi-
croliters of methanol were placed in the first row
as a blank. The plates were incubated for 30min
in the dark and absorbance was read at 517nm
ina  Benchmark plus microplate spectro-
photometer reader (Bio-rad), the measurements
were performed in triplicate. Antioxidant activity
was expressed as an inhibition percent of DPPH
radical and calculated from the equation:

(%) Inhibition = [(Abs control — Abs sam-
ple)] / (Abs control)] x 100

3. Results and discussion

Chia seeds are considered a good source
of different components, particularly due tomain-
ly the crop, and environmental and agronomic
factors. In this work, a phytochemicalanalysis of
the components of chia seed, chia stems and
Chia leaves fromRussian Federation grown in
Western Siberia was carried out,with the aim of
determiningits phenolic composition, antioxidant
activity and its potential benefits for human
health. Our results describe that the main com-
ponentsand functional activities are biological
active substances like phenolic component, rein-
forcing the concept of chia as a complete and-
functional food.Studies on the chemical compo-
nents of plant products are always a challenge,
as a huge number of different families of com-
pounds can be existing, in different concentra-
tions and in different forms, specifically in a free
form or linked to other constituents from the cell
walls. The lack of data concerning the chemical
composition of chia plant products is recognized.
As the usage of chia plant products is growing, it
is significant to undergoes research studies to
determine the biological active substances of
chia plant seeds, stems and leaves. In an at-
tempt to support in the analysis of the total phe-
nolic constituents existing in the crude extracts,
they were subjected to 70% ethanol and 70%
methanol solvents, and technology. The extrac-
tion process can be used for different purposes,
depending on when it is applied. In our study the
70% aqueous methanol extract, 70%aqueous
ethanol extract, mechanical shaking, centrifuge
and spectrophotometer were applied to deter-
mine the total phenolic content and to analyze
their antioxidant capacity. The total phenolic con-
tent (GAE/g) expressed as gallic acid equiva-
lents of methanol extract sample mg/g of chia
grown in Russian-Western Siberia, Chia SSL
extracts and antioxidant activity are expressed in
percentages. Values are the mean + SD of three
determinations.
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3.1. Total phenolic contents

Results obtained for total phenolic content
(TPC) ofSpanish Sageseeds extracted by 70%
methanol extract and 70% ethanol extract were
1.669+0.079 mg GAE/g and 1.614+0.040 mg
GAE/g respectively.

The total polyphenolic content of Spanish
Sageseeds found in this study was higher com-
pared to the values reported by Porras-Loaiza et
al., [20], which evaluated the phenolic content of
Spanish Sage seeds from different locations in
Mexico and reported an average of 0.9, respective-
ly 0.66 mg GAE/g. The result is in accordance with
Martinez-Cruz and Paredes- Lopez [18] 1.64 mg
GAE/g sample. Moreover, this result is compara-
tively higher than the data already reported in lit-
erature by Falco et al. 0.50 [21], Amato et al. 0.530
mg GAE/g chia seeds [22]. However, the value
obtained by 70% methanol and 70% ethanol ex-
traction were lower compared to the data reported
by da Silva Marineli et al., [23], Saphier et al., [23]:
1.99 mg GAE/g sample, and Yi Ding et al., [24]:
2.39 mg GAE/g sample. Furthermore, this value is
higher than the data reported for mango (0.560 mg
GAE/qg), papaya (0.576 mg GAE/g), and pineapple
(0.0258 mg GAE/g) [25]. As chia plant is con-
sumed in parallel with cereals or replacing them in
the human diet it is interesting to compare the re-
sults obtained in our study with the content report-
ed for cereals. The TPC in the crude extracts of
Spanish Sage seeds were higher than those re-
ported by Irakli et al., [26], for extracts of barley
(Hordeum vulgare, 0.37 mg GAE/g), oat (Avena
sativa, 0.39 mg GAE/qg), rice (Oryza sativa, 0.24
mg GAE/g) and corn (Zea mays, 0.15 mg GAE/Q).

Total phenolic content of Spanish Sage plant-
leaves were 9.183 + 0.0625 mg GAE/g methanol
extract and 7.809 £ 0.157 mg GAE/g ethanol ex-
tract. Generally, TPC of the green mass of Spanish
Sage plantis rarely studied. TPC of Spanish sage
plant leaves is more than 3.2-fold higher than re-
ported in literature by Wong et al., [27] 2.43 mg
GAE/g Schismatoglottisahmadii (Leaf) ethanolic
extract. However, it is lower than reported by J. Y.
Wong et al., 10.61 £ 3.12 Aniseiamartinicense
(Leaf) ethanolic extract [27].

Total phenolic content ofSpanish Sage
stems in methanol extracts was 7.819 = 0.225
mMgGAE/g and in ethanol extracts was 6.695 +
0.626mg GAE/g. As we have explored for the
literature, it is for the first time determined from
chia stem plant. This result is more than 2-fold
than edible plant extracts like Heckeriaumbella-
tum (Stem) methanolic extract 2.88 mg + 0.59
GAE/g and 2.06 £ 0.28 ethanolic extract report-
ed by Wong et al., [27].
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Figure 1 — Total phenolic content (as mg of gallic
acid per 1.0 g sample) in Spanish Sage seeds,
leaves and stems, obtained from extraction 70%
ethanol (E) and methanol (M).

* |sstatically significant (p < 0.05), and ns,is no
significant difference (p > 0.05)

PucyHok 1 — Obuiee cogepxaHune deHornos
(B Mr rannoBow kucnotel Ha 1,0 r o6pasua)

B CEMEeHaXx, NIMCTbSAX U CTEBNAX NCNaHCKoro
Wwandes, NoNy4YeHHbIX nyTem akcTpakuum 70 %
ataHonom (E) n metaHonom (M).

* fAlBnaeTcs ctatmyeckn 3Hadmmbim (p < 0,05),
a NS — He UMeeT CYyLLEeCTBEHHOW pasHuMLbl
(p > 0,05).

Figure 1 shows that a higher total phenolic
content was obtained by 70 % methanol extrac-
tion of various parts of the Spanish sage plant
(seeds, stems and leaves) compared with etha-
nol extraction: the result for seeds, leaves and
stems of the plant was 0.055; 1.374 and 1.124
mg GAE/g of the extract. Moreover, it was found
that the total content of phenolic compounds has
the highest value in methanol extracts from plant
leaves (9.183 = 0.0625 mg GAE/g of extract),
which exceeds the studied indicator in stems by
1.364 and in seeds by 7.514 mg GAE/g of meth-
anol extract, respectively.

3.2. Antioxidant activity

The results of the antioxidant activity of chia
seeds obtained in this research (41.35 = 0.2%)
are shown in Figure 2 andit is in harmony with
the DPPH radical scavenging activity of Salvia
hispanica species such as Salvia caespitosa,
41.3%; Salvia hypargeia, 34.6%; and Salvia
candidissima subsp. Candidissima, 49.7% re-
ported by Tepe et al., [28].

The DPPH radical scavenging activity of
the Spanish sage plant leaves (92.24 + 0.3%) is
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in accordance with the DPPH radical scavenging
activity of the Lamiaceae family has already
been described in species such as Salvia offici-
nalis (92.3 £ 0.5%), Salvia sclarea (92.9 £ 0.4%),
Salvia glutinosa (91.5 £ 0.5%) and Salvia
pratensis (93.0 + 0.5% IDPPH) by Miliauskas et
al., [29]. Additionally, this result is 1.5-fold higher
than the inhibition percentage reported by Zuni-
ga-Lopez et al. [30]. The antioxidant activity of
Chia plant stem was for the first determined
(74.43 + 0.3%). Generally, the DPPH radical
scavenging activity of chia SSL showed high
inhibition percentage.

Natural antioxidants from plant materials
are mainly polyphenols (phenolic acids, flavo-
noids, anthocyanins, lignans and stilbenes), ca-
rotenoids (xanthophylls and carotenes) and vit-
amins (vitamin E and C)[31][32].The high antiox-
idant capacity of chia SSL detected could be
attributed to the presence of phenolic com-
pounds. Our result was in harmony with the pre-
vious report like Kahkonen et al., [33] showed
variation in phenolic content between different
parts of different trees.

m Antioxidant

100,00%
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0,00%
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Inhibition %

Seed Leaves Stems

Spanish Sage

Figure 2 — Antioxidant capacity of chia SSL
extracts
PucyHok 2 — AHTHOKCMaaHTHasA CnocoBHOCTb
9KCTPAKTOB CEMSIH Yma

Figure 2 shows the highest antioxidant ac-
tivity in the leaves of the Spanish sage plant
(92.24%), surpassing this indicator in the stems
of the plant by 17.81% and chia seeds by
50.89%.

4. Conclusions

The result of the chia plant (Spanish Sage
seeds, leaves and stems) introduced to Russian
Federation, which was grown in southern forest-
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steppe of Western Siberia shows high phenolic
content and antioxidant capacity. The results
exhibited that the phenolic content in Salvia his-
panica L. seeds can be extracted with ethanol
and methanol solutions. The ethanolic extract
and methanolic extract of chia leaves and stems
showed significant difference, while for the chia
seeds there was no significant difference. Fur-
thermore, in this study the leaves and stems
showed higher TPC and antioxidant activity as
compared to other edible plants and in compari-
son, with in the Spanish Sage plants, green
leaves quantified higher TPC and antioxidative
activities followed by chia stems and chia seeds.
Thus, this study supplies new information of the
chia SSL introduced in the Russian federation
about the main phenolic content present in chia
products, which are important dietary sources of
natural antioxidants for prevention of diseases
caused by oxidative stress. The phenolic com-
pounds found in these samples may decrease
the invasiveness of cancer cells, remove ROS
(reactive oxygen species) and improve the clini-
cal outcome. Nevertheless, it is necessary to
evaluate the antioxidant activity against oxidative
injury including absorption mechanism of the
phenolic compounds in vitro and in vivo assays.
As indicated with the results of chia seeds in
combination with yogurt in our pervious study
reported by L.A. Nadtochii et al., [34], these
Spanish Sage plantseeds, stems and leaves can
be used as ingredients for functional food and for
food supplements production due to the high
bioactive properties. Moreover, the consumption
of chia seeds can be an important alternative to
improve consumer’s health, and the results ob-
tained suggest its use as a functional food in
human daily diet.

Acknowledgements

The authors express their gratitude to In-
ternational Research Center “Biotechnologies of
the Third Millennium”, ITMO National Research
University, Saint Petersburg, Russia for the fa-
cilities provided for the lab analysis.

REFERENCES

1. M.R. Segura-Campos, et al. “Physicochemi-
cal characterization of chia (Salvia hispanica) seed oil
from Yucatan, México,” Agricultural Sciences, vol. 5,
no. 3, pp. 220-226, Feb. 2014. doi
10.4236/AS.2014.53025.

2. Y.P. Timilsena, J. Vongsvivut, R. Adhikari,
and B. Adhikari. “Physicochemical and thermal char-
acteristics of Australian chia seed oil,” Food Chem,
vol. 228, pp. 394-402, 2017. doi : 10.1016/j.foodchem.
2017.02.021.

115



YE. H. GEBREMESKAL, L. A. NADTOCHII, N. G. KAZYDUB,
R. V. CHERNOV, WEIHONG LU

3. P. Porras-Loaiza, M.T. Jiménez-Munguia,
M. E. Sosa-Morales, E. Palou and A. Lépez-Malo.
“Physical properties, chemical characterization and
fatty acid composition of Mexican chia (Salvia hispan-
ica L.) seeds,” Int J Food Sci Technol, vol. 49, no. 2,
pp. 571-577, Feb. 2014. doi : 10.1111/ijfs.12339.

4. M.A. Rincon-Cervera, et al. “Vegetable oils
rich in alpha linolenic acid increment hepatic n-3
LCPUFA, modulating the fatty acid metabolism and
antioxidant response in rats,” Prostaglandins Leukot
Essent Fatty Acids, vol. 111, pp. 25-35, Aug. 2016.
doi : 10.1016/j.plefa.2016.02.002.

5. Yemane, H.G., Liudmilla, A.N., Tatyana, F.C.
Hifzur, R. Set. “Biological active substances based on
chia seeds (Salvia Hspanica L.). "Polzunovskiy vest-
nik, vol 2, pp. 136-146. June 2023, EDN:
https://elibrary.ru/HIWSVY. doi 10.25712/ASTU.
2072-8921.2023.02.018.

6. S. Scapim, B.E. Campos, T.D. Ruivo, G.S. Ma-
drona and R.D.C. Bergamasco. “LWT - Food Science
and Technology Optimization of the mucilage extrac-
tion process from chia seeds and application in ice
cream as a stabilizer and emulsi fi er,” vol. 65,
pp. 874-883, 2016. doi : 10.1016/j.Iwt.2015.09.021.

7. B. Kulczynski, J. Kobus-Cisowska, M.
Taczanowski, D. Kmiecik, and A. Gramza-
Michatowska. “The Chemical Composition and Nutri-
tional Value of Chia Seeds-Current State of
Knowledge,” Nutrients 2019, Vol. 11, Page 1242, vol.
11, no. 6, p. 1242, May 2019. doi
10.3390/NU11061242.

8. V.Y. Ixtaina, et al. “Characterization of chia
seed oils obtained by pressing and solvent extraction,”
Journal of Food Composition and Analysis, vol. 24,
no. 2, pp. 166-174, 2011, doi: 10.1016/j.jfca.2010.
08.006.

9. C.H. Beckman. “Phenolic-storing cells: Keys
to programmed cell death and periderm formation in
wilt disease resistance and in general defence re-
sponses in plants,” Physiol Mol Plant Pathol, vol. 57,
no. 3, pp. 101-110, 2000. doi : 10.1006/pmpp.2000.
0287.

10. M. Naczk and F. Shahidi. “Extraction and
analysis of phenolics in food,” Journal of Chromatog-
raphy A, vol. 1054, no. 1-2. pp. 95-111, Oct. 29, 2004.
doi : 10.1016/j.chroma.2004.08.059.

11. A.C. de Camargo, M.A.B. Regitano-d’Arce,
and F. Shahidi, “Phenoclic Profile of Peanut By-
products : Antioxidant Potential and Inhibition of Al-
pha-Glucosidase and Lipase Activities,” JAOCS,
Journal of the American Oil Chemists’ Society, vol. 94,
no. 7, pp. 959-971, Jul. 2017. doi : 10.1007/s11746-
017-2996-9.

12. T.L.C. Oldoni, et al. “Bioassay-guided isola-
tion of proanthocyanidins with antioxidant activity from
peanut (Arachis hypogaea) skin by combination of
chromatography techniques,” Food Chem, vol. 192,
pp. 306-312, Jul. 2016. doi : 10.1016/j.foodchem.
2015.07.004.

13.Y. Zhong and F. Shahidi. “Lipophilized epi-
gallocatechin gallate (EGCG) derivatives as novel
antioxidants.” J Agric Food Chem, vol. 59, no. 12,
pp. 65266533, Jun. 2011. doi : 10.1021/jf201050;j.

14. 1. Cvetkovikj, et al. “Polyphenolic characteri-

116

zation and chromatographic methods for fast assess-
ment of culinary Salvia species from South East Eu-
rope.” J Chromatogr A, vol. 1282, pp. 38-45, Mar.
2013. doi : 10.1016/j.chroma.2012.12.068.

15. M. Amato, et al. “Nutritional quality of seeds
and leaf metabolites of Chia (Salvia hispanica L.) from
Southern ltaly.” European Food Research and Tech-
nology, vol. 241, no. 5, pp. 615-625, Nov. 2015. doi :
10.1007/s00217-015-2488-9.

16. H.S. Elshafie, L. Aliberti, M. Amato, V. de
Feo and |. Camele. “Chemical composition and anti-
microbial activity of chia (Salvia hispanica L.) essential
oil,” European Food Research and Technology, vol.
244, no. 9, pp. 1675-1682, Sep. 2018. doi
10.1007/s00217-018-3080-x.

17. R. Ullah, et al. “Nutritional and therapeutic
perspectives of Chia (Salvia hispanica L.): a review,” J
Food Sci Technol, vol. 53, no. 4, pp. 1750-1758,
2016. doi : 10.1007/s13197-015-1967-0.

18. O. Martinez-Cruz and O. Paredes-Lopez,
“Phytochemical profile and nutraceutical potential of
chia seeds (Salvia hispanica L.) by ultra-high perfor-
mance liquid chromatography.” J Chromatogr A, vol.
1346, pp. 43-48, Jun. 2014. doi :
10.1016/j.chroma.2014.04.007.

19. R.D. Corral-Aguayo, E.M. Yahia, A. Carrillo-
Lopez and G. Gonzalez-Aguilar. “Correlation between
some nutritional components and the total antioxidant
capacity measured with six different assays in eight
horticultural crops.” J Agric Food Chem, vol. 56,
no.22, pp. 10498-10504, Nov. 2008. doi
10.1021/jf801983r.

20. P. Porras-Loaiza, M.T. Jiménez-Munguia,
M.E. Sosa-Morales, E. Palou and A. Lépez-Malo.
“Physical properties, chemical characterization and
fatty acid composition of Mexican chia (Salvia hispan-
ica L.) seeds,” Int J Food Sci Technol, vol. 49, no. 2,
pp. 571-577, Feb. 2014. doi : 10.1111/1JFS.12339.

21. B. de Falco, A. Fiore, R. Rossi, M. Amato,
and V. Lanzotti. “Metabolomics driven analysis by
UAEGC-MS and antioxidant activity of chia (Salvia
hispanica L.) commercial and mutant seeds.” Food
Chem, vol. 254, pp. 137-143, Jul. 2018. doi
10.1016/J.FOODCHEM.2018.01.189.

22. M. Amato, et al. “Nutritional quality of seeds
and leaf metabolites of Chia (Salvia hispanica L.) from
Southern ltaly.” European Food Research and Tech-
nology, vol. 241, no. 5, pp. 615-625, Nov. 2015. doi :
10.1007/s00217-015-2488-9.

23.R. da S. Marineli, E.A. Moraes, S.A.
Lenquiste, A.T. Godoy, M.N. Eberlin and M.R.
Mardstica. “Chemical characterization and antioxidant
potential of Chilean chia seeds and oil (Salvia hispan-
ica L.).” LWT, vol. 59, no. 2P2, pp. 1304-1310, 2014.
doi : 10.1016/J.LWT.2014.04.014.

24.Y. Ding, et al. “Nutritional composition in the
chia seed and its processing properties on restruc-
tured ham-like products.” J Food Drug Anal, vol. 26,
no. 1, pp. 124-134, Jan. 2018. doi
10.1016/J.JFDA.2016.12.012.

25. N. Balasundram, K. Sundram and S. Sam-
man. “Phenolic compounds in plants and agri-
industrial by-products: Antioxidant activity, occur-
rence, and potential uses,” Food Chem, vol. 99, no. 1,
pp. 191-203, 2006. doi 10.1016/j.foodchem.

1OJ/13YHOBCKWN BECTHUK Ne 4 2023



TOTAL PHENOLIC CONTENT AND ANTIOXIDANT ACTIVITY OFSPANISH SAGE
(SALVIA HISPANICA L.) INTRODUCEDIN THE RUSSIAN FEDERATION

2005.07.042.

26. M.N. Irakli, V.F. Samanidou, C.G. Biliaderis
and I.N. Papadoyannis. “Development and validation
of an HPLC-method for determination of free and
bound phenolic acids in cereals after solid-phase ex-
traction.” Food Chem, vol. 134, no. 3, pp. 1624-1632,
Oct. 2012. doi : 10.1016/J.FOODCHEM.2012.03.046.

27.J.Y. Wong, P. Matanjun, Y.B.H. Ooi and
K.F. Chia. “Evaluation of antioxidant activities in rela-
tion to total phenolics and flavonoids content of se-
lected malaysian wild edible plants by multivariate
analysis.” Int J Food Prop, vol. 17, no. 8, pp. 1763-
1778, Sep. 2014. doi : 10.1080/10942912.2012.724756.

28.B. Tepe, M. Sokmen, H.A. Akpulat and
A. Sokmen. “Screening of the antioxidant potentials of
six Salvia species from Turkey.” Food Chem, vol. 95,
no. 2, pp. 200-204, Mar. 2006. doi : 10.1016/J.
FOODCHEM.2004.12.031.

29. G. Miliauskas, P.R. Venskutonis and
T.A. van Beek. “Screening of radical scavenging acti-
vity of some medicinal and aromatic plant extracts,”
Food Chem, vol. 85, no. 2, pp. 231-237, 2004. doi :
10.1016/J.FOODCHEM.2003.05.007.

30. M.C. Zuhniga-Lopez, G. Maturana, G. Camp-
majo, J. Saurina and O. Nufez. “Determination of
bioactive compounds in sequential extracts of chia
leaf (Salvia hispanica |.) using uhplc-hrms (g-orbitrap)
and a global evaluation of antioxidant in vitro capa-
city.” Antioxidants, vol. 10, no. 7, p. 1151, Jul. 2021.
doi : 10.3390/ANTIOX10071151/S1.

31. A. Podsedek. “Natural antioxidants and anti-
oxidant capacity of Brassica vegetables: A review,”
LWT - Food Science and Technology, vol. 40, no. 1,
pp. 1-11, Jan. 2007. doi : 10.1016/J.LWT.2005.07.023

32. Xu, D.P., Li, Y., Meng, X. Zhou, T,
Zhou, Y., Zheng, J. Zheng, J. Zhang & Li, H.B. (2017).
Natural antioxidants in foods and medicinal plants:
Extraction, assessment and resources. International
journal of molecular sciences, 18(1), 96.

33. Ka, M.P., Hopia, A.l,, Vuorela, H.J., Rau-
ha, J.-P., Pihlaja, K., Kujala, T.S. & Heinonen, M.
(1999). “Antioxidant activity of plant extracts contain-
ing phenolic compounds”. ACS Publications, 47(10),
3954-3962. https://doi.org/10.1021/jf990146l.

34. L.A. Nadtochii, et al. “Rheological and physi-
cal-chemical properties of yogurt with oat-chia seeds
composites,” Agronomy Research, vol. 18, no. S3,
pp. 1816-1828, 2020. doi : 10.15159/AR.20.142.

Information about authors

Ye. H. Gebremeskal - PhD student at ITMO
National Research University; engineer; re-
searcher at the International Research Center
«Biotechnologies of the Third Millennium at
ITMO National Research University.

L. A. Nadtochii - PhD, Associate Professor
at the Faculty of Ecotechnology, ITMO Universi-
ty; researcher at the International Research Cen-
ter «Biotechnologies of the Third Millennium» at
ITMO National Research University and in Saint-
Petersburg State Chemical and Pharmaceutical
University.

N. G. Kazydub - PhD, Associate Professor
at the department of Agronomy Plant Breeding
and Seed Production of Omsk State Agrarian
University named after P.A. Stolypin, Omsk,
Russia.

R. V. Chernov - PhD student at the depart-
ment of Agronomy Plant Breeding and Seed
Production of Omsk State Agrarian University
named after P.A. Stolypin, Omsk, Russia.

Weihong Lu - Professor at the Harbin Insti-
tute of Technology, Harbin, China.

Asmopsi 3asenst0m 06 omcymcmauu KOHGh/IUKmMa UHmMepecos.
The authors declare that there is no conflict of interest.

Cmambsi nocmynuna e pedakuyuro 11 anpens 2023; o0obpeHa rocne peueH3upogaHusi 18 ceH-
msabps 2023; npuHsama k nybnukayuu 20 Hosi6ps 2023.
The article was received by the editorial board on 11Apr 2023; approved after editing on 18 Sep

2023; accepted for publication on 20 Nov 2023

POLZUNOVSKIY VESTNIK Ne 4 2023

117



