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Abstract
A tissue culture technique for micropropagation of chia (Salvia hispanica L.) was established. High percentage of seed
germination (100%) was recorded on Murashige and Shoog medium enriched with 0.4 mg l-1 gibberellic acid and 10
mg l-1 ascorbic acid after one week of culture. The maximum number of shoots per explant (2.7) gave MS medium with
2 mg l-1 6-benzylaminopurine after five weeks of culture. The best plant rooting was achieved on half-strength MS
medium with 0.1 mg l-1 indole-3-butyric acid after four weeks of culture. The multiple plants were successfully ex vitro
adapted with 95% survival. After six months under field conditions, important morphometric traits of ex vitro and in
vivo derived plants were evaluated. Some morphological characteristics as plant height, leaf size, number of branches
and leaves per plant were influenced by the propagation way. Differences between extracts of in vitro, ex vitro and in
vivo developed plants in regard to free radical scavenging activity, flavonoid and lipid composition were not
established. This is the first comparative study of micropropagated and in vivo seed derived chia plants. The study
presents also for the first time data for antioxidant potential and lipid components of leaves of S. hispanica.
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INTRODUCTION

have been reported (Ahmed et al., 1994;
Peiretti and Gai, 2009; Amato et al., 2015). As
it is known, the phenolic compounds have
capacity to act as antioxidants. Although chia
seeds are widely studied for antioxidant activity
(Taga et al., 1984; Muñoz et al., 2013) to the
best of our knowledge there are no data on the
antioxidant action of the leaves.
Plant micropropagation is one of the techniques
to obtain large number of plants with constant
biosubstances, irrespective of season. The
efficacy of propagation depending on the
explant and the type and concentration of used
plant growth regulators. A higher proliferation
of leaves/plant were observed with 0.75 and 1
μM of BA (Bueno et al., 2010). The possibility
of establishing Chia plant and callus cultures
for production of fatty acids were studied
(Marconi et al., 2013). The authors reported
that the fatty acid content of calli is
significantly lower than that of seeds after two
years in culture. The available literature
concerning S. hispanica in vitro cultures is
quite limited.
The aim of present study is to establish in vitro
propagation
protocol
and
compare

Salvia hispanica L. (chia) Lamiaceae is an
annual herbaceous plant native to southern
Mexico and northern Guatemala but it is
cultivated in Argentina, Australia, Bolivia,
Colombia, Guatemala, Mexico, Peru, Southeast
Asia and naturalized in the Caribbean
(Jamboonsri et al., 2012). High nutritional and
pharmacological value of chia seed (Muñoz et
al., 2013) generate interest to be explored
opportunities the species to be grown outside
these areas. The important problem is that at
higher latitudes the plant cannot produce seeds
(Jamboonsri et al., 2012). Preliminary our
study has shown that a chia plant successfully
grown in Bulgaria, but the main limitation is
seed production. However, the plants produce a
large amount of leaves, which could be used as
a source of biologically active substances. In
contrast to the seeds the leaves of Salvia
hispanica have been poorly studied for
chemical composition and pharmacological
activities. The major leaf essential oil
components and leaf metabolites including
flavonoids and phenolic acids of S. hispanica
166

of 1.1 kg cm-2. All chemicals used for
preparing the media were purchased from
Duchefa Biochemie B.V., the Netherlands. The
in vitro cultures were maintained under growth
room conditions at a temperature of 24 ± 1 ºC,
relative humidity of 70% and a 16 h
photoperiod under 40 μmol m–2 s–1 illumination
provided by Philips 36W cool white fluorescent
tubes.
Ex vitro acclimatization
Plants with a well developed root system were
carefully removed from the culture vessels and
their roots were washed to remove agar. Then
they were transferred to the small pots (12 cm
in diameter, 10 cm in height) containing a
mixture: soil, sand and perlite in the volume
ratio 1:1:1, v/v/v. The plants were grown in a
culture room at a temperature of 25 ± 1 ºС
under 16 h photoperiod and 50 μmol m–2 s–1
light intensity. The potted plants were covered
with a transparent polythene membrane to
ensure high humidity (90%). The polythene
membrane was opened after two weeks. The
survival efficiency, defined as the percentage
of plants survived the transfer from in vitro to
ex vitro growth conditions, was determined
after six weeks of acclimatization. After two
months of adaptation, fully acclimatized plants
were transferred to the field.
In vivo seed propagation
The seeds were sown 0.4 cm deep in small pots
(12 cm diameter) filled with a mixture of soil,
sand and perlite 1:1:1, v/v/v (20 seeds per pot,
five pots per treatment). The pots were placed
under the same ex vitro conditions. The seed
germination percentage was determinated after
two weeks of planting. The young seedlings
were transferred separately into the pots with
the same soil mixture. The ex vitro and in vivo
propagated plants were planted at the
experiment field of the Institute of Plant
Physiology and Genetics, Sofia, Bulgaria
(42°50 ́N, 23°00 ́E, and altitude of 595 m).
The soil type at Sofia, classified according to
physical characteristics was sandy loam (0-15
cm, top soil). Each trial was laid out in a
randomized block design with two replications.
The ex vitro and in vivo plants were planting by
hand on 1.5 m x 1.2 m plots, with 50 cm
spacing between rows and 40 cm spacing
between plants. Standard agronomic practices
used included regular watering and hand

morphometric traits, antioxidant activity,
flavonoid and lipid components of leaves of ex
vitro and in vivo derived S. hispanica plants.
MATERIALS AND METHODS
Initial
plant
material
and
surface
sterilization
Chia (S. hispanica) seeds were obtained from
the commercial seed source (Chia Seed
Company, Mexico). The seeds were soaked in
70% ethanol for 30 s and agitated in 15%
bleach solution (ACE Procter & Gamble Co.,
USA) containing 5% active chloride for 5 min.
Then they were washed three times each for 5
min in sterilized distilled water. Each treatment
consisted of 2 replicates with 20 seeds. The
disinfected seeds were germinated on
Murashige and Skoog, 1962 basal medium
(MS) supplemented with 3% sucrose, 7% agar,
0.4 mg l-1 gibberellic acid (GA3) and 10 mg l-1
ascorbic acid (AA). As control medium was
used MS basal medium without GA3 and AA.
The
percentage
of
germination
was
determinated after two weeks of culture. Initial
explants were taken from four weeks old
seedlings for further in vitro cultivation.
Shoot multiplication and in vitro rooting
For shoot multiplication, all tips from three
weeks old seedling were aseptically excised
and cultured on full strength MS media with
vitamins, containing 6-benzylaminopurine
(BAP), zeatin, thidiazuron (TDZ) or 6-(γ,γdimethylallylamino) purine (2-iP) alone (Table
2). The explants were placed in the culture
vessels (tubes 140 х 20 mm), one explant per
10 ml medium. Twenty explants per nutrient
medium were utilized. The frequency of shoot
formation, number of developed shoots and
their length was determined after five weeks of
culture. For root induction, well developed
shoots were cultivated on half strength MS
medium with 2% sucrose, 7% agar and auxin
indole-3-butyric acid (IBA) at concentrations 0;
0.1; 0.5 and 1.0 mg l-1. Twenty shoots per
medium were used. Data were recorded on
percentage rooting, mean number of roots per
plant, and root length after four weeks of
culture.
Each experiment was repeated two times. pH of
the medium was adjusted to 5.8 before
autoclaving at 121°C for 20 min at a pressure
167

2% of H2SO4 in MeOH at 60˚C for 18 h, than
lipids were extracted with n-hexane (2x500 µl)
which was dried with anhydrous Na2SO4 and
evaporated to obtain lipid fraction.
Metabolite analysis
The GC-MS spectra were recorded on a Termo
Scientific Focus GC coupled with Termo
Scientific DSQ mass detector operating in EI
mode at 70 eV. ADB-5MS column (30 m x
0.25 mm x 0.25 m) was used. The temperature
program was: 100-180 oC at 15 oC x min-1,
180-300 20 at 5 oC x min-1 and 10 min hold at
300 oC. The injector temperature was 250 oC.
The flow rate of carrier gas (Helium) was 0.8
ml x min-1. The split ratio was 1:10 1 µl of the
solution was injected.
The metabolites were identified as TMSi
derivatives comparing their mass spectra and
Kovats Indexes (RI) with those of an on-line
available plant specific database (The Golm
Metabolome Database, the NIST 05 database
and mass spectra available in the on-line lipid
library.The measured mass spectra were
deconvoluted by the Automated Mass Spectral
Deconvolution and Identification System
(AMDIS), before comparison with the
databases. RI of the compounds were recorded
with standard n-hydrocarbon calibration
mixture (C9-C36) (Restek, Cat no. 31614,
supplied by Teknokroma, Spain) using AMDIS
3.6 software.
Statistical analysis
The data were subjected to one-way ANOVA
for comparison of means, and significant
differences were calculated according to
Fisher’s least significance difference (LSD) test
at the 5% significance level using a statistical
software package (Statgraphics Plus, version
5.1 for Windows). Data were presented as
means ± standard error.

weeding. In the temperate climate of Bulgaria,
the planting were performed in early spring, the
beginning of April. The leaves and flowers
from plants, propagated by the both ways were
collected at the end of September.
Morphometric analysis
Five plants from each plot were tagged
randomly for data recording (total 10 selected
individuals from each ex vitro and in vivo
origin). The ex vitro and in vivo derived plants
of the same age were evaluated and compared
on the basis of selected morphological
parameters (Table 3).
Antioxidant activity
Metanolic extracts: Air-dried, ground plant
material (1 g) was extracted with 80% (3 x 30
ml) methanol by classical maceration for 24 h.
After evaporation of the solvent the crude
extract was subject to subsequent analysis.
DPPH radical scavenging activity: The effect
of methanolic extracts on DPPH radicals was
estimated according to Stanojević et al. (2009).
The IC50 values were calculated by Software
Prizm 3.00. All of the experiments were carried
out in triplicate.
Flavonoid analysis
Thin layer chromatographic analysis (TLC):
Two TLC sorbents and two mobile phases were
used for the analysis of the methanolic extracts
for flavonoids. Ethyl acetate/formic acid/acetic
acid/ methyl ethyl ketone/water (50:7:3:30:10
v/v/v/v/v) was used for the development of the
extracts on silica gel plates Kiselgel 60 F254
(5554). Acetic acid/water (15:85 v/v) was used
for Cellulose F (5574) plates. Chromatograms
were viewed under UV = 366 nm light before
and after spraying with „Naturstoffreagenz A”:
1% solution of diphenylboric acid 2aminoethyl ester complex in methanol.
Lipid fraction
100 µg of plant material as well as internal
standards of 50 µg of nonadecanoic acid were
placed in 2 ml Ependorf tubes and extracted
with 1 ml of MeOH for 2 h at room
temperature assisted by an ultrasonic bath for
15 min at 70˚C every 30 min, after that the
sample was centrifuged. Aliquot of 800 µl was
transferred in other Ependorf tubes and was
added of 500 µL H2O and 500 µl of CHCl3,
vortexing for 2 min, and the mixture was
centrifuged. The chloroform fraction was
separated, evaporated and transmethylated with

RESULTS AND DISCUSSIONS
In vitro seed germination
Due to the successful sterilization no bacterial
and fungal contamination of the in vitro
cultured seeds of S. hispanica was observed.
Usually after applying of sterilizing agents, the
initial plant material washed three times each
15 min in sterile distilled water (Zayova et al.,
2013) but these small chia seeds easily were
coated with a sticky gel when they were soaked
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in water, so duration time was reduced to 5
min. The results showed that seed germination
depended on nutrient medium composition.
Most efficient proved to be MS basal medium
supplemented with 0.4 mg l-1 GA3 and 10 mg l1
AA ensured 100% seed germination 7 days
after sowing. On the MS control medium
without GA3 and AA the percentage of
germinated seeds was 70% after 14 days of
cultivation.
It might suggest that favorable influence of
GA3 and AA resulted in better seed
germination compared to MS control medium.
This combination was effective for increasing
the speed of germination and good
development of the seedlings (Figure 1a).

induced shoots per explant varied depending on
the type and concentration of cytokinin.
Table 1. Effect of different cytokinin types on shoot
multiplication of S. hispanica
Cytokinin
types

mg
l-1

BAP

0.5
1.0
2.0
0.5
1.0
2.0
0.5
1.0
2.0
0.5
1.0
2.0

Zeatin
TDZ
2-iP
LSD

Shoot
formation,
(%)
NR
45
65
NR
40
50
NR
NR
30
NR
NR
35
-

Number of
shoots per
explant
NR
1. ±0.08b
2.7±0.20 d
NR
1.2±0.06ab
1.8±0.15c
NR
NR
1.0±0.06 a
NR
NR
1.2±0.09ab
0.37

Shoot
height (cm)
NR
1.7±0.15ab
1.4±0.07a
NR
1.6±0.12ab
1.5±0.10ab
NR
NR
1.8±0.10b
NR
NR
2.2±0.10c
0.31

The data are presented as means of 20 individuals per treatment
± standard error. Different letters indicate significant
differences assessed by Fisher LSD test (P≤0.05) after
performing ANOVA multifactor analysis. NR: Not Responded

The shoot induction and multiplication
occurred in the presence of cytokinins BAP and
zeatin at higher concentration. The maximum
number of shoots per explant (2.7 with 1.4 cm
average
height)
gave
MS
medium
-1
supplemented with 2 mg l BAP followed by
MS medium with 2 mg l-1 zeatin after five
weeks of culture (Table 1). The new shoots
induced on MS medium, containing 2 mg l-1
BAP were characterized by normal leaves and
less average shoot height (Figure 1b) compared
to those grown on MS media with the other
tested cytokinins. The cytokinins TDZ or 2-iP
positively influenced the plant growth and
development, but not stimulated shoot
formation. The results show that cytokinins,
particularly BAP or zeatin in the MS culture
medium are important for multiplication of S.
hispanica shoots under in vitro conditions).
Bueno et al. (2010) also reported that higher
concentration BA increased the shoots
formation of S. hispanica. A similar response
has been demonstrated in Salvia santolinifolia
where addition of BA at 2.0 and 3.0 mg l-1
produced maximum number of shoots (Tour
and Khatoon, 2014). The same stimulatory
effect of BAP in MS medium on the shoot
formation in S. officinalis was described by
other authors (Weielgus et al., 2011; Cristea et
al., 2014). For shoot induction and plant growth
of Salvia species often high concentrations of

Figure 1. Micropropagation of S. hispanica: a) in vitro
seedlings on MS basal medium with 0.4 mg l-1 GA3 and
10 mg l-1 AA; b) in vitro propagated plant on MS
medium with 2 mg l-1 BAP; c) in vitro rooted plant on ½
MS medium with 0.1 mg l-1 IBA; d) ex vitro acclimatized
plant; e) ex vitro plant, grown under field conditions; f)
plant with flowers

The seed germination of S. officinalis was also
improved, when 1 mg l-1 GA3 was added in
culture medium (Grzegorczyk et al., 2005).
Dadasoglu and Özer (2014) reported that the
germination is strongly influenced by
gibberellic acid application for five wild
growing Salvia species.
Shoot multiplication and in vitro rooting
The data on shoot formation of tip explants
isolated from four weeks old seedling cultured
on MS medium supplemented with different
concentrations of BAP, Zeatin, TDZ or 2-iP
alone are presented in Table 1. The number of
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cytokinins from adenine type are necessary
(Kintzios, 2000).
The multiple shoots were separated from one
another and transferred to half strength MS root
induction medium with different concentrations
of IBA (Table 2).

found to be the best for hardening (Figure 1d)
and its use ensures high survival rate (95%) of
micropropagated plants. The plants were
successfully transferred to field conditions,
where they continued to grow and develop
(Figure 1e).
In vivo seed propagation
The results showed that the seed germination
on the used mixture (soil, sand and perlite
1:1:1, v/v/v) was reached 80% after two weeks
of sowing. The seedlings in the pots developed
normally (Figure 2a).

Table 2. Effect of auxin IBA on the root induction
of S. hispanica micropropagated plants
IBA
(mg l-1)
0
0.1
0.5
1.0
LSD

Rootin
g (%)
15
100
80
65

Number of
roots per plant
1.0±0.12a
8.6± 0.44d
3.2±0.31c
2.1±0.23b
0.54

Root length
(cm)
0.7±0.09a
1.5±0.17b
1.4±0.14b
1.6±0.16b
0.26

The data are presented as means of 20 individuals per treatment
± standard error. Different letters indicate significant
differences assessed by Fisher LSD test (P≤0.05) after
performing ANOVA multifactor analysis

Initial root formation was observed 14 days
after transferring to the rooting medium. The
best rhizogenesis was observed on ½ MS
medium supplemented with 0.1 mg l-1 IBA,
where 100% of plants produced high number of
roots (average 8.6 roots per plant with 1.5 cm
root length) after four weeks of culture. The
formed roots were short and firmly fixed to the
plant (Figure 1c).
The content of 0.5 mg l-1 IBA in ½ MS medium
was found to be effective for root induction,
too.
Treatment with IBA has been previously
reported for in vitro rooting of Salvia
blancoana and Salvia valentine (Cuenca and
Amo-Marco, 2000). MS medium with 2.7 μM
IBA was efficient for root induction of Salvia
fruticosa (Arikat et al., 2004). In contrast, NAA
were found to have a better effect on
rhizogenesis of S. officinalis than IBA (Cristea
et al., 2014).
The rooted plants of S. hispanica were
successfully ex vitro acclimatized with 95%
survival.
Ex vitro acclimatization
The existence of well developed root system
and controlled reduction of humidity are
important factors for the success of ex vitro
acclimatization.
An appropriate potting substrate was facilitated
the successful transfer of plants from in vitro to
ex vitro conditions. In our case, well drained
mixture (soil: sand and perlite 1:1:1, v/v/v) was

Figure 2. In vivo propagation of S. hispanica: a) in vivo
plants on mix of soil, sand and perlite (1:1:1 v/v/v); b) in
vivo plant, grown under field conditions; c) plant with
flowers

The plants were ready to be transplanted in the
field in the beginning of April within eight
weeks. All plants were healthy and fully
vigorous after planting in the soil (Figure 2b).
It was not observed diseases and pests of
plants.
It should be noted that the plants produced a
prolific amount of leaves, but only a few plants
bloomed with a small number of flowers
(Figures 1f and 2c). Seeds were not obtained
until the end of culturing under the field
conditions.
Morphometric characteristics
A comparative study was conducted between
ex vitro and in vivo grown plants after six
months of cultivation using morphometric
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analyzed for their antioxidant potential
assessed by scavenging of DPPH radicals.
Results presented as IC50 values (µg ml-1) extract concentration providing 50% inhibition
of the DPPH solution.
Differences between extracts of in vitro, ex
vitro and in vivo propagated plants were not
found. The studied extracts showed good
antioxidant activity with IC50 values about
100 µg ml-1 (Figure 3).
This study presents for the first time evidence
for antioxidant potential of leaves of S.
hispanica.

parameters. Morphological differences were
observed (Table 3). The plant height, number
of branches and leaves per plant and leaf size
were influenced by the propagation way. The
ex vitro plants grown under field conditions
were higher (average 160.4±1.52 сm) than
those propagated in vivo (average 125.3±1.34
сm). They exhibited more branches production
when compared to the in vivo plants.
Table 3. Morphometric characteristic of ex vitro and in
vivo propagated S. hispanica plants grown in the field
(six months)
Morphological
Ex vitro
In vivo
character
plants
plants
Plant height, cm
160.4±1.52a
125.3±1.34b
b
Number of branches 19.0±0.55
15.0±0.48a
per plant
Number of leaves per 305.0±1.84b
256.0±1.65a
plant
Leaf length, cm
5.4±0.31b
4.6±0.24a
b
3.4±0.21a
Leaf width, cm
4.2±0.23
a
5.3±0.28a
Internode distance, 5.9±0.30
cm
LSD
1.31
1.10
The data are presented as means of 10 individual’s ± standard
error

Figure 3. DPPH radical scavenging activity of
methanolic extracts of leaves and flowers of in vitro, ex
vitro and in vivo propagated S. hispanica plants

Each plant derived from ex vitro conditions
produced 19.0 branches, while those from in
vivo seeds derived plants - 15.0 branches,
which were fragile and easily break. Similar
tendency was observed for the number of
leaves. Both ex vitro and in vivo chia leaves
looked similar with normal leaf shape, but
differed in their size. The ex vitro plants grow
rapidly and had larger leaves and thicker stems
compared with in vivo plants. Moreover, the
flowers of both ex vitro and in vivo plants also
showed similar morphology. On the other
hands, there were morphometric differences
among obtained in vivo plants; some generally
had higher plant stature, whereas others had
shorter ones. Similar differences were also
observed for number of branches per plant,
while all in vitro propagated and ex vitro
adapted
plants
were
morphologically
homogeneous. The better performance of in
vitro derived plants than the conventionally
propagated plants was reported by other
authors (Gustavsson and Stanys 2008; Singh et
al., 2013).
Antioxidant activity
Methanolic extracts of leaves of in vitro, ex
vitro and in vivo plants of S. hispanica wеre

Flavonoid composition
The methanolic extracts were examined for
occurrence of flavonoids by TLC analysis.
Differences of the flavonoid composition
between in vitro, ex vitro and in vivo developed
plants were not established. Several
components with TLC behavior (Rf-values and
color) of flavonoids were detected. Some of
them were identified with comparative analysis
with reference compounds as luteolin-7-0glycoside, apigenin-7-0-glycoside, orientin
(luteolin-6-C-glucoside),
kaempferol-3-0glucoside and vitexin derivative.
Other components remained unidentified. The
received results showed that the leaves of S.
hispanica are rich in flavonoid compounds,
mainly derivatives of flavones.
This is in accordance with reported data about
flavonoid compounds in Salvia species (Lu and
Foo 2002; Cvetkovikj et al., 2013).
Reported here flavonoid components coincide
with those established by Amato et al. (2015)
as leaf metabolites of S. hispanica plants,
grown in Basilicata, Italy.
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