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PHARMACOGNOSTIC ANALYSIS OF SALVIA HISPANICA L. SEEDS
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The aim. The aim of this work was to conduct a microscopic and phytochemical study of the seeds of chia (Salvia his-
panica L.).

Materials and methods. Chia seeds were examined macroscopically and microscopically. To study the qualitative com-
position of the main groups of biologically active substances, histochemical, microchemical and chemical reactions
were used. Hydroxycinnamic acids were identified by paper chromatography. To obtain a lipophilic extract, a Soxhlet
apparatus and an exhaustive chloroform extraction method were used. The study of the quantitative content of fatty
acids was carried out by gas chromatography. The content of polysaccharides in the raw material was determined by
the gravimetric method. According to the SPhU method, the raw material swelling index was determined.

Results. The main macro- and microscopic features of chia seeds have been established. Histochemical reactions, mi-
crochemical reactions made it possible to establish the presence of mucus and fatty oils in chia seeds. With the help of
chemical reactions, the presence of flavonoids in the raw material was established. The quantitative content of fatty oils
is 24.0x1.2 %. The content of water-soluble polysaccharides in the whole raw material was 4.01£0.07 %, in the
crushed raw material - 5.04 + 0.05 %. As a result of determining the swelling index, it was found that this indicator for
the whole chia seeds was 20, and for the crushed ones — 17. The content of hydroxycinnamic acids in the chia seeds was
1.07+0.03 %. 9 fatty acids have been identified, among which linoleic acid predominates in terms of content.
Conclusions. The presence and quantitative content of mucus, fatty oils, water-soluble polysaccharides, flavonoids,
hydroxycinnamic acids, fatty acids was confirmed in the seeds of chia (Salvia hispanica L.). The obtained data can be
used to develop regulatory documentation for chia seeds in order to use this raw material in pharmacy and medicine
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1. Introduction

Modern dietary nutrition, natural products - the
key to healthy longevity [1]. One of the reasons for inter-
est in a healthy lifestyle is the increase in the number of
people suffering from obesity, hypertension, diabetes and
other comorbidities [2, 3]. Of particular note is the seeds
of chia (Salvia hispanica L.), which has become quite
common in dietary [4] and preventive nutrition [5, 6]. In
2009, “The Official Journal of the European Union”
published a permit to place chia seeds on the European
market as a new food ingredient (Appendix 1) [7].

Numerous studies confirm the prospects for the
use of chia seeds in medicine and pharmacy [1,3]. In
Ukraine, there is currently no regulatory documentation
for the pharmaceutical industry for chia seeds. Therefore,
there is a need for phytochemical studies of this raw
material for further use in the development of quality
control methods.

Botanical affiliation of Spanish sage: kingdom -
Plants (Plantae), clade — Angiosperms (Magnoliophyta),
class — Dicotyledons (Magnoliopsida), order — Lamiales,
family — Lamiaceae, genus — Salvia L., species — Salvia
hispanica L. Synonyms: Kiosmina hispanica (L.) Raf.;

S. chia Colla; S. prysmatica Cav.; S. schiedeana Stapf;
Salvia tetragona Moench [8].

Salvia hispanica L. — source of dietary fiber, pro-
tein, fatty acids, carbohydrates [9, 10]. The content of
dietary fiber in chia seeds is also quite significant - up to
40 g per 100 g [9]. Studies by foreign scientists indicate a
significant effect of chia seeds in the correction of patho-
logical conditions of cardiovascular diseases [11], kidney
disease [12], obesity [13]. Some studies suggest that chia
seeds have tonic and antioxidant activity [14, 15]. Cur-
rently, studies on the effectiveness of chia seeds in diabe-
tes, obesity, cardiovascular disease [15, 16].

The presence of a wide range of biologically ac-
tive substances (BAS) in chia seeds predicts their health
benefits. In addition, the safety and efficacy of this me-
dicinal plant raw materials (MPRM) must be confirmed
by the results of appropriate experiments.

Data from literature sources and our previous
studies confirm that the main active substances of chia
seeds are mucus and fatty oils [17, 18]. But the most
common foods on the Ukrainian market are yogurts and
puddings, which are hydrophilic products. Therefore,
there is a need to study flavonoids, polysaccharides,
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hydroxycinnamic acids of chia seeds, which can get into
these products during production.

Given the above, our studies are devoted to the
pharmacognostic study of chia seeds.

The aim of the research. The aim of the work was
to conduct a microscopic study of chia seeds and phyto-
chemical study of the composition of the main types of
BAS of selected MPRM, as well as to create conditions
for further use of the results in developing quality control
methods for raw sage seeds.

2. Research planning

The analysis of scientific publications indicates
that the chemical composition of S. hispanca seeds enter-
ing the Ukrainian market is insufficiently studied, which
limits its use in medicine and pharmacy. This type of raw
material requires the development of quality control
methods, so it requires a more in-depth phytochemical
study. It was decided to conduct an in-depth study of
macro-, microscopic features of raw materials, and dif-
ferent classes of BAS that provide the pharmacological
action of this plant. The study includes the following
stages, shown in Fig. 1.

Carry out histochemical reactions to the main biologically active substance

Carry out chemical reactions on different groups of BAS

Carry out identification of hydroxycinnamic acids

¢

Determine the swelling index of raw materials

¢

Establish the qualitative and quantitative content of fats and fatty acids

Determine the quantitative content of water-soluble polysaccharides

Determine the quantitative content of hydroxycinnamic acids

Fig. 1. Stages of sequential study of chia seeds

3. Materials and methods

The research was conducted on the basis of the
Department of Pharmacognosy and Botany of the Na-
tional Medical University named after O. O. Bogomolets
(2019-2020). Samples of chia seeds, the main supplier of
which to the Ukrainian market is Peru, were bought in
Ukraine in food chain stores: seeds in paper bags, weight
0.5 kg, production (packaging) — eco-farm “Zemledar”,
Ukraine, country of origin — Peru. ldentification of
MPRM was performed by macroscopic and microscopic
methods [19].

Macroscopic analysis was performed with the na-
ked eye and with a magnifying glass (magn. 1x10) [20].
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Microscopic analysis of seeds was performed us-
ing stereo and light microscopy [19]. The main diagnos-
tic features of chia seeds from cross-sections, powder and
whole seeds were studied. Seed preparations were first
examined under a Leica S9i Stereozoom stereomicro-
scope at a magnification of 128 times on the basis of
“ALT Ukraine Ltd.”, in the department of microscopy
and histopathology, as well as with a ULAB binocular
light microscope at a magnification of 40, 100 and
400 times. Slices were photographed using a Canon EOS
550 SLR camera [20].

Histochemical reactions to mucus were performed
according to the classical method with methylene blue,
with mascara, with sodium hydroxide, with Sudano IlI,
with Lugol's solution on whole raw materials (cross sec-
tion) and powdered. The results of the reaction were exam-
ined with the naked eye and under a microscope [20].

Phytochemical analysis used chemical reactions to
detect the following groups of BAS in aqueous and
aqueous-alcoholic extracts with MPRM: tannins, sapo-
nins, flavonoids and alkaloids [21].

Identification of hydroxycinnamic acids was per-
formed by paper chromatography (PC). For chromato-
graphic analysis, 1.0 g of skimmed raw material was
placed in a conical flask with a section, filled with 10 ml
of 70 % ethyl alcohol, combined with a reflux condenser
and heated in a water bath for 30 minutes The resulting
extract was cooled and filtered through a paper filter. PC
studies were performed on Filtrak chromatographic paper
(FN-12, 14); samples of caffeic, chlorogenic and ferulic
acids were used for comparison. Chromatographic study
was performed in a system of 15 % acetic acid solution
(Merck, p.a.) After passing the front to the finish line, the
plate was removed from the chamber, dried, determined
spots of hydroxycinnamic acids in visible and UV light at
a wavelength of 254 nm to and after treatment with am-
monia vapor [22].

Soxhlet's apparatus and the method of exhaustive
extraction with chloroform (Merck, p.a.) were used to
obtain the lipophilic extract [23]. Determination of lipo-
philic content was performed for crushed raw materials.
The study of the quantitative content of fatty acids was
performed by gas chromatography (GC) on a chromato-
graph series “Color-500” in isothermal mode with a
flame-ionizing detector under the following conditions:
glass column (dimensions 3.0x0.3 cm), filled phase 5 %
polyethylene glycol succinate with a grain size of 0.125-
0.160 mm, column temperature — 190 °C, evaporator
temperature — 250 °C, nitrogen and hydrogen consump-
tion — 35 ml/min, air flow rate — 200 mm/min, chart
speed — 240 mm/h, the sensitivity of the amplifier scale —
10-7 A, the volume of the injected sample — 5 ul, the
duration of the analysis — 20 minutes. To identify fatty
acids, we compared the retention times of the peaks of
methylated fatty acid derivatives and the standard mix-
ture. The content of fatty acids was calculated as a per-
centage of their sum [24].

Quantitative determination of the amount of hy-
droxycinnamic acids in the studied chia seeds was per-
formed using the method of spectrophotometry (SP),
which is described in the monograph SPhU 2.0 T.3 Ash
leaves [25]. UV-1800 Shimadzu spectrophotometer was
used. The measurements were performed at a wavelength
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of 525 nm. The content of the sum of hydroxycinnamic
acids was calculated as a percentage, based on chloro-
genic acid [26].

Determination of the swelling index was per-
formed according to the method of SPhU [19].

The content of polysaccharides in raw materials
was determined by gravimetric method according to the
method described in the monograph SPhU 2.0 T.3 Al-
thaea roots [25].

4. Research results

Macroscopic examination of Salviae hispanicae
semina.

Chia seeds are small, have a flattened, oval shape.
Seed skin brown, gray, black or white with a relief pat-
tern, smooth and shiny. Seeds 2 mm long, 1.3 mm wide,
0.6 mm thick; one end is rounded, the other is beveled
(Fig. 2). There is a scar on the beveled edge. Beneath the
seed coat is a narrow, whitish endosperm and an embryo
of two round, flat oily cotyledons.

Fig. 2. Appearance of chia seeds: a — (magn. x40);
b — (magn. x20)

Microscopic analysis of Salviae hispanicae semina

The results of the study of chia seeds under a ste-
reomicroscope revealed that the seed coat is shiny, leath-
ery, porous, with a relief pattern and grooved surface,
endosperm - oily, yellowish-white, fleshy (Fig. 3).

As a result of studying chia seeds under a light
microscope, we determined: fragments of the endosperm

parenchyma with aleurone grains and fatty oil in oleo-
plasts (Fig. 4); fragments of the epidermis with a wrin-
kled cuticle; T-similar mucus-containing two-cell hairs
on the cross section of the seed and on the whole raw
material after the reaction with methylene blue (Fig. 4);
fragments of the inner epidermis of the seed coat of cells,
polygonal with thickened shells, with drops of fatty oil
after reaction with Sudan Il (Fig. 4); fragment of the
seed scar.

b

7 ‘{(‘n =

Fig. 4. Fragment of the parenchyma of the endosperm of

Spanish sage seeds (magn. 1 x 100): 1 — polygonal cells

of the epidermis with thickened shells; 2 — drops of fatty
oil after reaction with Sudan I11
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Fig. 5. T-shaped mucous two-cell hairs on the whole raw
material after reaction with methylene blue (1:5000)
(magn. 1x40).

Histochemical reactions

The complex of researches allowed to establish
the presence of mucus and fatty oils in the studied
MPRM (Figs. 4, 5).

Chemical reactions

The presence of flavonoids in the raw material
was established by qualitative analysis. All qualitative
reactions that were carried out to identify them gave a
positive result, except for the cyanidin reaction and the
reaction with aluminium chloride [20].

The analysis shows the absence of saponins, tan-
nins and alkaloids in chia seeds.

Identification of hydroxycinnamic acids

The PC method (solvent system: 15 % acetic acid
solution) in the alcoholic extract of chia seeds revealed
chlorogenic acid, which in UV light appeared green-blue
color after treatment with ammonia vapor.

Quantitative content of fatty acids

The vyield of lipophilic extract of chia seeds was
24.0 + 4.2 %. When determining the quantitative content
of fatty acids of the obtained lipophilic fraction, the ex-
perimental data showed a difference from the literature
(Tablel).

Table 1
Quantitative content of fatty acids in the chia seeds

The content
Index FA of fatty acids, %
Cis0 | Myristic acid 0.3+0.01
Cis50 | Pentadecanoic acid 0.3£0.01
Cio | Palmitic acid 8.7+0.36
Ci70 | Margaric acid 0.3+0.01
Cigo | Stearic acid 2.3£0.08
Cig1 | Oleic acid 9.5+0.38
Cio» | Linoleic acid 78.0+£3.04
Cg3 | Linolenic acid 0.3£0.01
Cy.4 | Arachidonic acid 0.3£0.01
¥ saturated FA 11.9
¥ unsaturated FA 88.1
¥ poli unsaturated FA 78.6

The obtained experimental data show that linoleic
acid (78.0 % of the total fat content) predominates in the
samples we study in terms of quantitative content, and its
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content is 17—22 % in terms of literature data. The con-
tent of linolenic acid, on the contrary, prevails according
to the literature (56-65 %), and in our samples it is al-
most absent (0.3 %) [27].

Swelling index

According to SPhU, one of the indicators of the
quality of raw materials containing mucus is the swelling
index [19]. The swelling index is the volume in ml,
which occupies 1 g of medicinal plant material after its
swelling in an aqueous medium for 4 hours, including
sticky mucus.

As a result of determining the swelling index, it
was found that this indicator for whole chia seeds
was 20, and crushed — 17, which indicates a significant
content of mucus in the studied raw materials.

Quantitative content of polysaccharides

As a result of research of polysaccharide com-
pounds in raw materials by gravimetric method it was
found that the content of water-soluble polysaccharides
in whole raw materials is 4.01+0.07 %, and when using
crushed raw materials — 5.04+0.05 %.

Quantitative content of hydroxycinnamic acids

The content of hydroxycinnamic acids in the chia
seeds was 1.07+£0.03 %.

5. Discussion of research results

Macro- and microscopic, histochemical studies of
chia seeds revealed its specific anatomical and morpho-
logical features that are important for the diagnosis of
MPRM: seeds are small, oval, one end is rounded, the
other is bevelled, the skin with a relief pattern, smooth,
shiny, has T-like mucus-containing two-celled hairs,
which retain mucus after swelling; the inner epidermis of
the seminal vesicle consists of polygonal cells with
thickened shells; endosperm parenchyma with wrinkled
cuticle, with aleurone grains and fatty oil in oleoplasts.
The conducted researches give the chance to identify the
whole and powdered plant raw materials, and also to
differentiate it with possible impurity.

The results of phytochemical and histochemical
studies of whole and powdered MPRM revealed the pres-
ence of mucus, fatty oils, water-soluble polysaccharides,
flavonoids, hydroxycinnamic acids and confirmed the ab-
sence of chia saponins, tannins and alkaloids in the seeds.

Chemical reactions to flavonoids indicate the ab-
sence of oxidized phenylchroman derivatives in the raw
material and the presence of reduced phenylchroman
derivatives — halocatechins (positive reaction with a
solution of vanillin in sulfuric acid and negative reaction
with aluminium (111) chloride) [20]. It is known from the
literature that chia seeds contain kaempferol and querce-
tin, but the content of these substances is not significant,
which is confirmed by studies [27].

It was found that grinding affects the yield of mu-
cus and polysaccharides of chia raw materials: the swell-
ing index for whole chia seeds was 20, and crushed — 17;
the content of water-soluble polysaccharides in the whole
raw material is 4.01+0.07 %, and in the crushed —
5.04+0.05 %.

According to HFCs, the swelling index of
branched plantain seeds is not less than 10, and for flax
seeds — not less than 4 [25]. According to the results of
our research, the index of swelling of chia seeds is
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2 times higher than the index of swelling of branched
plantain seeds and 5 times higher than that of flax seeds.
This indicates the viability of using chia seeds as a
source of mucus.

Given the important role of polysaccharides in the
functioning of organs and systems in the body and in
pathology (lipid metabolism, normalization of intestinal
microbiota, detoxification processes), the studied MPRM
can be considered as an important source of BAS [28].
The obtained results on the content of mucus and poly-
saccharides confirm the studies of other authors [17, 20]
and indicate the possibility of using chia seeds as MPRM
with enveloping, mild laxative and anti-inflammatory
action in diseases of the gastrointestinal tract.

The presence of hydroxycinnamic acids makes it
possible to predict the antioxidant, immunomodulatory,
hepatoprotective, etc. effects of chia seeds [29].

The experimental data obtained in the study of the
fatty acid composition of chia seeds show an advantage
in the quantitative content of linoleic acid (78.0+3.04 %),
which differs from the literature data, according to which
in the studied MPRM quantitative content is dominated
by linolenic acid (56-65 %) [27]. This may be due to the
long transportation and storage of raw materials, which
does not change the total amount of unsaturated fatty
acids, but affects its quality composition. The fatty oil
of the studied chia seeds can be attributed to semi-
drying fatty oils, as it is dominated by glycerides of
linoleic acid.

Study limitations. The obtained results could be
used to state that the chia seeds may have a wide range of

pharmacological action, but do not confirm these as-
sumptions.

Prospects for further research. Further research
can be aimed at establishing different types of pharmaco-
logical activity of chia seeds: anti-inflammatory, laxa-
tive, antioxidant, hepatoprotective and others.

6. Conclusions

1. A comprehensive macro- and microscopic, histo-
chemical and phytochemical study of chia seeds was per-
formed.

2. Confirmed the presence of chia seeds in the
composition of mucus, fatty oils, water-soluble polysac-
charides, flavonoids, hydroxycinnamic acids.

3. The swelling index for whole seeds is — 20, and
crushed — 17. The content of water-soluble polysaccha-
rides in the whole raw material is 4.01+£0.07 %, and in
the crushed — 5.04+0.05 %.

4. The quantitative content of hydroxycinnamic
acids (1.07£0.03 %) was established.

5. The quantitative content of fatty oils (24.0+1.2 %)
was determined. 9 fatty acids in chia seeds with a pre-
dominant quantitative content of linoleic acid (78.0+3.04 %)
were identified by GC method.

6. The obtained results can be used as a basis for the
development of quality control methods for chia seeds for
further use of this raw material in medicine and pharmacy.
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