
Vol.:(0123456789)1 3

Plant Cell, Tissue and Organ Culture (PCTOC) (2022) 151:235–251 
https://doi.org/10.1007/s11240-022-02347-9

ORIGINAL ARTICLE

Production of rosmarinic acid and biomass from adventitious root 
cultures of Ocimum basilicum by optimization of medium components 
in airlift bioreactors

İlhami Karataş1 

Received: 5 April 2022 / Accepted: 24 June 2022 / Published online: 25 July 2022 
© The Author(s), under exclusive licence to Springer Nature B.V. 2022

Abstract
Optimization of medium components for each species is critically important to produce valuable bioactive compounds at high 
yields in plant tissue and organ culture methods using bioreactor systems. Rosmarinic acid production in different in vitro 
culture methods of Ocimum basilicum L. (sweet basil) was evaluated in previous studies, however, to our knowledge, there 
was no available literature on adventitious root culture under bioreactor culture conditions. The aim of this study was to 
evaluate the effects of indole-3-butyric acid (IBA) concentrations (0.50, 1.0, 2.0 and 4.0 mg L−1) and Murashige and Skoog 
(MS) medium salt strengths (0.50, 0.75, 1.0 and 1.5) on biomass, accumulation of bioactive compounds (rosmarinic acid, 
total phenolic and flavonoid) in adventitious root cultures of sweet basil using a balloon-type bubble bioreactor. In addition 
to, antioxidant capacities (DPPH, ABTS and FRAP) and phenylalanine ammonia lyase activities (PAL) of adventitious 
roots were assessed. Also, the changes caused by these medium components in antioxidant enzymes activities (catalase, 
superoxide dismutase, peroxidase) and some stress parameters (malondialdehyde, hydrogen peroxide and proline) were 
investigated. The rosmarinic acid content of the adventitious roots was analyzed using UHPLC-HESI-MS/MS. Among 
the used medium components, 0.75 MS and 2 mg L−1 IBA were found to be the most appropriate quantities for biomass, 
PAL activities, accumulation of rosmarinic acid, phenolics and flavonoids, and activities of DPPH, ABTS and FRAP. The 
maximum accumulation of rosmarinic acid was determined as 20.98 ± 1.38 mg g−1 DW at 2 mg L−1 IBA which was 1.45, 
1.19 and 4.02 times higher than 0.5, 1 and 4 mg L−1 IBA, respectively. Moreover, the content of rosmarinic acid at 0.75 MS 
was 1.94, 2.66 and 5.99-fold greater than 0.5, 1 and 1.5 MS, respectively. At these optimum conditions, the activities of 
antioxidant enzymes and the levels of stress parameters were generally determined to be lower. Overall, the results of our 
study make an important contribution to the mass production of rosmarinic acid in adventitious root cultures of sweet basil.

Key message 
Optimum IBA concentration and MS medium salt strength are critically important determinants for production of rosmarinic 
acid and biomass in sweet basil adventitious root cultures through a balloon-type bubble bioreactor.

Keywords  Adventitious roots · Antioxidant activities · Bioreactor culture · Medium salt strength Ocimum basilicum · 
Rosmarinic acid
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POD	� Peroxidase
RA	� Rosmarinic acid
SOD	� Superoxide dismutase

Introduction

Ocimum basilicum L. (basil) is a medicinal and aromatic 
plant used in traditional medicine for the treatment of kidney 
problems, coughs, colds, malaria, asthma, fevers, bronchitis, 
flu, influenza, diarrhea, and stomach aches. This plant is 
also an important essential oil source that is used in food, 
health, and fragrance industries (Shahrajabian et al. 2020). 
In addition, thanks to the various compounds found in the 
basil, it can show variety of activities such as antioxidant, 
anti-inflammatory, antimutagenic, antibacterial, antiviral, 
antifungal, antitoxic, antihyperglycemic, hypolipidemic, 
immunomodulatory, hepatoprotective, insect repellency and 
depigmenting (Khair-ul-Bariyah et al. 2012). The chemical 
constituents of O. basilicum include various pharmaceuti-
cally active substances belonging to the class of flavonoids, 
alkaloids, phenolics and terpenoids (Açıkgöz 2020). In terms 
of phenolics, basil contains different types of phenolic com-
pounds, and its main phenolic compound is rosmarinic acid 
(Zeljković et al. 2020; Teofilović et al. 2021). In addition 
to the rosmarinic acid, the most recent studies suggest that 
main phenolic compounds are also chicoric acid, caftaric 
acids (Prinsi et al 2020; Bajomo et al. 2022) and caffeic acid 
(Bajomo et al. 2022), depending on the cultivar.

Rosmarinic acid is a phenolic compound that is an ester 
of caffeic acid and 3,4-dihydroxyphenyl lactic acid, and 
it is synthetized from L-tyrosine and L-phenylalanine 
amino acids by the catalysis of eight enzymes includ-
ing phenylalanine ammonia lyase (PAL). This molecule 
exhibits a multitude of biological and pharmacological 
activities including antioxidant, antibacterial, antiviral, 
anti-inflammatory, antiallergic, antitumor, neuroprotec-
tive and antiangiogenic effects (Petersen 2013; Kim et al. 
2015). However, many plants producing this compound 
are threatened with biodiversity loss and extinction due to 
environmental changes, over-collecting and unscientific 
harvesting (Swamy et al. 2018). On the other hand, the 
chemical synthesis of rosmarinic acid is complex, and 
natural resources of compound are limited (Jiang et al. 
2016). These problems can be overcome with alternative 
approaches using biotechnological methods (Swamy et al. 
2018). The biotechnological approaches play a critical role 
in the production of high value pharmaceuticals to con-
tribute to industrial production and to reduce the overuse 
of natural resources (Isah et al. 2018). In line with this 
purpose, the culturing of plant cells, tissues and organs is 
an alternative biotechnological method to plant cultivation 
to produce valuable bioactive metabolites with high yield 

and consistent quality (Li et al. 2016; Jakovljević et al. 
2022). In this context, to meet the growing demand for 
rosmarinic acid, various biotechnological methods have 
been developed using plant cell and hairy root cultures 
(Khojasteh et al. 2014). For this purpose, several stud-
ies were carried out using different cell, tissue and organ 
cultures in many plant species such as callus culture of 
Satureja hortensis (Tepe and Sokmen 2007a), cell suspen-
sion culture of Satureja khuzistanica (Sahraroo et al. 2016) 
and Mentha × piperita (Krzyzanowska et al. 2012), in vitro 
shoot cultures of Salvia officinalis (Kračun-Kolarević et al. 
2015) and hair root culture of Coleus blumei (Bauer et al. 
2009) and Dracocephalum moldavica (Weremczuk-Jeżyna 
et al. 2013). In case of O. basilicum, there are many pub-
lications evaluating rosmarinic acid production in callus 
cultures (Nazir et al. 2019; Duran et al. 2019), cell suspen-
sion cultures (Açıkgöz 2020), hairy root culture (Srivas-
tava et al. 2016), in vitro root cultures (Biswas 2020) and 
in vitro propagated plants (Verma et al. 2016), however, 
no reports are available on adventitious root culture under 
bioreactor culture conditions. Therefore, optimization of 
culture conditions is needed for rosmarinic acid produc-
tion in adventitious root of O. basilicum using bioreactors.

Adventitious roots are defined as roots that develop from 
non-root tissues of plants such as leaves and stems (Steffens 
and Rasmussen 2016). Adventitious root culture is an effec-
tive and attractive method to produce valuable plant second-
ary metabolites and biomass. Compared to other plant cell, 
tissue and organ culture methods, adventitious root cultures 
have several advantages including stable metabolite produc-
tivity, fast growth rates, high root proliferation, high biomass 
accumulation and high genetic stability (Baque et al. 2013; 
Lee et al. 2015; Murthy et al. 2016). In addition, these cul-
tures enable the production of plant bioactive compounds for 
commercial applications through bioreactors (Rahmat and 
Kang 2019). Successful production of the valuable metabo-
lites under in vitro culture conditions requires consideration 
of culture conditions and individual plant species together 
with different genotypes (Ho et al. 2019). Moreover, opti-
mization of the culture medium is a critical determinant for 
stable commercial production of plant secondary metabolite 
in adventitious root cultures (Cui et al. 2013). In this con-
text, some basic components of culture medium which could 
influence accumulation of biomass and compounds consist 
of suitable medium, amount and types of carbohydrates, 
growth regulator concentration and levels of nitrate and 
phosphate (Murthy et al. 2014). Among these ingredients, 
medium salt strength is one of the most important factors 
in regulating secondary metabolite accumulation and root 
growth (Yin et al. 2013). Similarly, plant growth regula-
tors in the culture medium play a critical role in metabolite 
production, growth and proliferation of adventitious roots 
(Murthy et al. 2014).
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We summarized above some of the previous studies on 
rosmarinic acid production in callus, suspension, in vitro 
shoot, in vitro root, and hair root cultures of basil plants. 
However, to our knowledge, there was no available literature 
regarding the optimization of medium components in adven-
titious root culture of O. basilicum for rosmarinic acid pro-
duction under bioreactor culture conditions. Therefore, the 
aim of this study was to optimize MS salt strength and IBA 
concentration for biomass and rosmarinic acid production 
in adventitious root culture of O. basilicum using balloon-
type bubble bioreactors (BTBBs). In addition, some basic 
biochemical parameters were analyzed to understand the 
underlying reasons of differences in compound and biomass 
levels caused by the medium components. Also, antioxidant 
capacities of adventitious roots were evaluated according 
to three different methods. In this context, total phenolic 
and flavonoid contents, enzymatic (catalase, superoxide dis-
mutase, peroxidase) and non-enzymatic antioxidant activi-
ties (DPPH, ABTS and FRAP), PAL activities and some 
stress parameters (malondialdehyde, hydrogen peroxide and 
proline) of adventitious roots were assessed.

Materials and methods

Plant materials

Sweet basil (Ocimum basilicum, green colored) used as plant 
material was grown from mature seeds under in vitro culture 
conditions. The seeds of sweet basil were obtained from 
Zengarden traditional seed company (Izmir, Turkey). The 
surface sterilization of the seeds was achieved by soaking in 
a 70% ethanol (v/v) for 30 s and then gently mixing in a 4% 
sodium hypochlorite solution (v/v) for 30 min. Afterwards, 
the seeds were rinsed four times using sterile distilled water. 
Upon completion of the sterilization process, the seeds were 
planted into glass jars containing 50 mL of nutrient medium 
consisting of 4.4 g L−1 MS (Murashige and Skoog 1962), 
30 g L−1 sucrose and 2 g L−1 phytagel. In preparation of 
the medium, the pH was adjusted to 5.8 using 1 M NaOH 
or 1 M HCl before autoclaving at 121 °C for 20 min. After 
the 8-day germination period of the seeds in the dark, the 
sprouting plants were transferred to a photoperiod of 16 h 
light/8 h dark for 22 days and then cut for using adventitious 
root culture studies.

Induction and proliferation of adventitious roots

Adventitious roots were induced from the stem segment 
explants (the stem region between the cotyledon leaves and 
root) of sweet basil plants grown in vitro culture conditions. 
The explants were cultured in nutrient medium contain-
ing 4.4 g L−1 MS (Murashige and Skoog 1962; Duchefa 

Biochemie BV, Haarlem, The Netherlands), 30 g L−1 sucrose 
and 2 g L−1 phytagel, and 2 mg L−1 IBA at 25 ± 2 °C under 
the dark conditions. In preparation of the culture medium, 
the pH of nutrient solutions was adjusted to 5.8 using 1 M 
NaOH or 1 M HCl and then autoclaved at 121 °C with 1.2 
atmospheres pressure for 20 min. The adventitious roots 
grown in semi-solid culturing conditions were excised from 
the explant sources after 25 days of culture and used to 
initiate suspension culture. The suspension cultures were 
established for two weeks to propagate adventitious roots 
obtained from semi-solid nutrient medium. Adventitious 
roots (2 g) were inoculated into Erlenmeyer flasks contain-
ing 100 mL of nutrient medium consisting of 4.4 g L−1 MS, 
30 g L−1 sucrose and 2 mg L−1 IBA and incubated on a 
shaker operating at 120 rpm under dark conditions (Fig. 1).

Bioreactor cultures

To optimize IBA concentration and strength of MS medium, 
adventitious roots of sweet basil were cultured in 1 L bal-
loon-type bubble bioreactor (BTBB) containing 0.5 L of cul-
ture medium for 30 days. Bioreactor cultures were initiated 
by inoculating 3.5 g of adventitious root that were obtained 
from suspension cultures, and airflow rate of cultures were 
adjusted to 0.1 vvm (air volume/culture volume per min). 
The adventitious roots were applied with different strengths 
of MS medium (0.5 MS, 0.75 MS, 1 MS and 1.5 MS) sup-
plemented with 2 mg L−1 IBA and 30 g L−1 sucrose. After 
determining the suitable strength of MS medium, adventi-
tious roots were cultured in medium augmented with differ-
ent concentrations of IBA (0.5, 1, 2 and 4 mg L−1), 0.75 MS 
and 30 g L−1 sucrose (Fig. 1).

Determination of adventitious root biomass

Adventitious roots of Ocimum basilicum were harvested 
after 30 days of the culture and separated from the medium 
by filtration through a sieve. Subsequently, these roots were 
rinsed three times with double distilled water. After remov-
ing unwanted surface water on the roots with blotting paper, 
fresh weights (FW) were determined by weighing. To deter-
mine dry weights (DW), the fresh adventitious roots were 
dried an incubator at 50 °C for 48 h to a constant dry weight. 
The growth ratio (GR) was calculated using the following 
equation:

Preparation of adventitious root extracts

For the determination of secondary metabolite contents (ros-
marinic acid, total phenolic and flavonoid,) and antioxidant 

GR = [harvested FW(g) − inoculated FW(g)]∕inoculated FW(g)
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activities (DPPH, ABTS and FRAP), 0.20 g powder of dried 
adventitious root was extracted in 10 mL of a methanol/
dichloromethane solution (4:1). The mixture was vortexed 
and then filtered using a syringe filter (0.22 µm pore size). 
The extracts were kept in the dark at 4 °C until further 
analyses.

Rosmarinic acid analysis by UHPLC‑HESI‑MS/MS

Rosmarinic acid contents of adventitious roots were deter-
mined according to the method described by previous stud-
ies with some modifications (Kračun-Kolarević et al. 2015; 
Katanić Stanković et al. 2020). Quantification and identifi-
cation of rosmarinic acid in adventitious root extracts were 
performed by using Dionex Ultimate 3000 UHPLC system 
(Thermo Fisher Scientific, Germany) coupled with TSQ 
Quantum Access Max (triple-quadrupole mass spectrometer, 
Thermo Fisher Scientific). Elution was executed at 30 °C 
on Hypersil ODS column (250 × 4.6 mm) with 5 µm parti-
cle size (Thermo Fisher Scientific, USA). The mobile phase 
consisted of 0.1% formic acid in water (A) and methanol 
(B), which were applied in the following gradient program: 
0–1.00 min 100% A, 1.01–25.00 min 5% A and 95% B and 
25.01–34.00 min 100% B. The injection volume and flow 
rate were set as 20 µL and 0.7 mL min−1, respectively. The 

mass spectrometry data was acquired in negative ionization 
mode on a TSQ Quantum Access Max triple-quadrupole 
mass spectrometer equipped with heated electrospray ioni-
zation (HESI) source. The operating conditions of the mass 
spectrometer were set as follows: capillary temperature of 
300 °C, vaporizer temperature of 350 °C, sheet gas pressure 
of 30 Arb, aux gas pressure of 13 Arb, discharge current of 
4.0 µA and spray voltage of 2500 V (negative polarity). The 
collision energy was set to 44 eV and 20 eV, and the col-
lision gas was used argon. Rosmarinic acid was identified 
by direct comparison with collision-induced fragmentation 
patterns of standard compound and retention time. The total 
amount of rosmarinic acid was evaluated using the calibra-
tion graph of standard compound.

Content of total phenolic compound

The content of total phenolic compound of adventitious roots 
was determined spectrophotometrically using Folin–Ciocelt-
aus reagent. Briefly, 4.5 mL of the distilled water and 100 μL 
of Folin–Cioceltaus reagent (2 N) were added to 100 μL 
of the adventitious root extracts, respectively. After 5 min, 
300 μL of Na2CO3 (2% w/v) was added to reaction mixture 
and incubated under room conditions for 2 h. The absorb-
ance of the reaction mixture was recorded at 760 nm using 

Fig. 1   Schematic representation of adventitious root culture stages of 
Ocimum basilicum in balloon-type bubble bioreactors. In  vitro cul-
tured plants for explant sources (A). Hypocotyl explants (B). Adventi-
tious root induction from hypocotyl explants in petri-dish culture (C). 
Proliferation of adventitious roots in Erlenmeyer flasks (D). Cultiva-

tion of adventitious roots in bioreactors containing different concen-
trations of IBA and MS medium (at the beginning of culture) (E). 
Proliferation of adventitious roots in bioreactor for 30 days (F). Har-
vested adventitious roots (G)
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a UV–Vis spectrophotometer. The content of compounds 
of the roots were determined using the calibration graph 
prepared from gallic acid (Slinkard and Singleton 1977).

Flavonoid content

The flavonoid content of adventitious roots was analyzed 
by the method of Pekal ve Pyrzynska (2014) with a slight 
modification. Briefly, 1.5 mL of ethanol, 100 µL of AlCl3 
(10% w/v), 100 µL of NaCH3COO (1 M) and 3.1 mL of 
distilled water were pipetted onto 200 µL of the adventi-
tious root extracts, respectively. Then, the reaction mixtures 
were strongly shaken and incubated at room conditions for 
30 min, their absorbance was measured with a spectropho-
tometer at 427 nm. The flavonoid contents of the adven-
titious roots were determined using the calibration graph 
prepared from quercetin.

DPPH radical scavenging activity

The determination of free radical scavenging activity 
(DPPH•) of adventitious roots was carried out according to 
the procedure described by Blois (1958). Briefly, the final 
volumes of the tubes containing different concentrations of 
extract (50–400 µg mL−1) were filled to 3 mL with ethanol. 
Afterwards, 1 mL of DPPH• solutions (0.26 mM) prepared 
in ethanol were added to the tubes and were vortexed vigor-
ously. After 30 min incubation in the dark, the absorbance of 
the reaction mixture was measured in a spectrophotometer 
at 517 nm. The activity results were expressed as the IC50 
value, which was concentration of the adventitious roots that 
scavenged 50% of the DPPH• radical. IC50 values were cal-
culated using the graph equations of sample concentration 
versus activity (%). The activity of adventitious roots was 
determined using the equation given below.

Activity % = [(control absorbance-extract absorbance)/
control absorbance] × 100.

ABTS cation radical scavenging activity

The determination of ABTS+ (2,2′-azino-bis 3-ethylbenzo-
thiazoline-6-sulfonic acid) cation radical scavenging capac-
ity of adventitious roots was carried out according to the 
procedure described by Re et al. (1999). Briefly, the final 
volumes of the tubes containing different concentrations of 
extracts (50–200 µg mL−1) were completed to 3 mL with 
0.1 M phosphate buffer (pH 7.4). Then, 1 mL of ABTS-
K2S2O8 solution, which was prepared by mixing 2 mM 
ABTS solution and 2.45 mM K2S2O8 solution at a ratio of 
1:2 and incubating for six hours in dark, was added to these 
tubes. After 30 min incubation in the dark, the absorbance 
of the reaction mixture was measured in a spectrophotometer 
at 734 nm. The activity results were expressed as the IC50 

value, which was concentration of the adventitious roots that 
scavenged 50% of the ABTS cation. IC50 values were cal-
culated using the graph equations of sample concentration 
versus activity (%). The activity of adventitious roots was 
determined using the equation given below.

Activity % = [(control absorbance-extract absorbance)/
control absorbance] × 100.

Ferric ions (Fe.3+) reducing antioxidant power 
(FRAP)

The reducing power activities of the adventitious roots 
were determined spectrophotometrically according to the 
procedure described by Oyaizu (1986). Briefly, different 
amounts of extracts (100–400 µg mL−1) were taken, and 
their final volumes was completed to 1.25 mL with 0.2 M 
phosphate buffer (pH 6.6). Afterwards, 1.25 mL of K3Fe 
(CN)6 (%1) solutions were added to this mixture and incu-
bated for 20 min at 50 °C. At the end of the incubation 
period, 1.25 mL of TCA (10%) and 0.25 mL of FeCl3 (0.1%) 
were added to the mixture, and their absorbance at 700 nm 
was measured by a spectrophotometer. The results of the 
reducing power were determined using the equation of the 
standard graph prepared from trolox standard antioxidant 
compound (µmol TE g−1).

Determination of antioxidant enzyme activities

For the determination of antioxidant enzyme activities (CAT, 
POD and SOD), 0.25 g of adventitious roots was homog-
enized in 2 mL of 50 mM KH2PO4 (pH 7.0) buffer con-
taining 1% polyvinyl pyrrolidone (w/v) and 0.1 mM EDTA. 
The supernatant used as the enzyme source was obtained by 
centrifuging the homogenate at 12,000 g at 4 °C for 15 min.

For the measurement of CAT activity, 3 mL of reaction 
mixture was prepared consisting of 50 mM KH2PO4 (pH = 7) 
buffer, 15 mM H2O2 and 3 µL enzyme extract. The decrease 
in absorbance of H2O2 at 240 nm was measured in the spec-
trophotometer for two min. One unit of CAT activity (EU) 
was expressed as the amount of enzyme that provides the 
decomposition of 1 µmol H2O2 per minute and was calcu-
lated using the extinction coefficient (0.036 cm2 µmol−1) of 
H2O2 (Havir and Mchale 1987).

To determine the activity of POD, 3 ml of reaction mix-
ture was prepared consisting of 50 mM KH2PO4 (pH = 6.5) 
buffer, 15 mM H2O2, 10 mM guaiacol and 5 μL enzyme 
extract. Then, the increase in the absorbance of tetra guai-
acol was measured in a spectrophotometer at 470 nm for two 
min. One unit of enzyme (EU) was expressed as the amount 
of enzyme catalyzing the oxidation of 1 µmol guaiacol per 
minute and was calculated using the extinction coefficient 
(26.6 mM−1 cm−1) of tetra guaiacol (Angelini et al. 1990).
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SOD activity was determined using the procedure 
described by Beyer and Fridovich (1987). The assay medium 
comprised of 13 mM methionine, 0.1 mM EDTA, 50 mM 
phosphate buffer (pH 7.8), 60 mM nitroblue tetrazolium 
(NBT) and 100 μL enzyme extract in a final volume of 3 mL. 
Then, 60 mM riboflavin was added to these mediums and 
the reaction mixtures were illuminated under two cool white 
fluorescent lamps (60 W) for 30 min. The reaction mixture 
without enzyme was used as the control. The reaction was 
stopped by turning off the light and its absorbance was meas-
ured in a spectrophotometer at 560 nm. One unit of SOD 
(EU) activity was expressed as the amount of enzyme that 
inhibited 50% of NBT photoreduction.

Proline content

The proline content of adventitious roots was measured 
spectrophotometrically using the method of Bates et al. 
(1973). Adventitious roots (0.2 g) were extracted in 4 mL of 
3% sulfosalicylic acid and then centrifuged at 10.000 g for 
10 min. One milliliter of supernatant was mixed with 1 ml 
of ninhydrin reagent and 1 mL of glacial acetic acid (96%), 
and reaction mixtures were incubated at 100 °C for one hour. 
Then, the reaction was stopped by placing the test tubes in 
an ice bath and 2 mL of toluene was added into mixture. The 
absorbance of toluene phase was recorded at 520 nm and the 
content of proline was determined with a standard graph.

Malondialdehyde (MDA) content

To determine the MDA content, adventitious roots (0.4 g) 
were extracted in 4 mL of 0.1% (w/v) trichloroacetic acid 
(TCA) solution and then centrifuged at 10.000 g for 20 min. 
The reaction mixture was prepared from 0.5 mL of the 
supernatant and 1 mL of TBA (0.5%) in 20% TCA. The 
sample tubes were placed in boiling water for 30 min and 
then cooled in an ice bath. After this stage, the samples were 
rapidly cooled in an ice bath and centrifuged at 10,000 g 
for 10 min. The absorbance of the mixtures was recorded at 
532 nm, and then the absorbance measured at 600 nm was 
subtracted from this absorbance value to correct for nonspe-
cific turbidity. The amount of MDA was determined utiliz-
ing the extinction coefficient of 155 mM−1 cm−1 (Velikova 
et al. 2000).

H2O2 content

To evaluate the H2O2 content, adventitious roots (0.25 g) 
were extracted in 2.5 mL of 0.1% (w/v) TCA solution in ice 
bath and then centrifuged at 12.000 g for 20 min. Briefly, 
0.5 mL of 10 mM KH2PO4 buffer (pH 7.0) and 1 mL of 1 M 
KI were pipetted onto 0.5 mL of the supernatant, respec-
tively. The absorbances of the mixtures at 390 nm were 

read and the amount of H2O2 was calculated using standard 
graphics (Velikova et al. 2000).

Determination of phenylalanine ammonia lyase 
(PAL) activity and protein content

The PAL activities of adventitious root were determined 
by the method of Beaudoin–Eagan and Thorpe (1985) with 
some modification. Adventitious roots (0.5 g) were homog-
enized in a mortar at 4 °C with 5 mL of 50 mM Tris–HCl 
buffer (pH 8.5) containing 2% polyvinyl pyrrolidone(w/v), 
15 mM 2-mercaptoethanol and 0.2 mM EDTA. The superna-
tant used as the enzyme source was obtained by centrifuging 
the homogenate at 12,000 g for 15 min at 4 °C. The reaction 
mixture was prepared from 0.5 mL of 10 mM L-phenyla-
lanine, 1 mL of 50 mM Tris- HCl buffer (pH 8.5), 0.4 mL 
of distilled water and 0.1 mL of enzyme extract and incu-
bated at 37 °C for 60 min. The reaction was terminated by 
the addition of 50 µL of 5 N HCl, and then the absorbance 
of the samples at 290 nm was measured to determine the 
content of trans-cinnamic. The activities were expressed as 
nmoles of trans cinnamic acid formed in mg−1 protein h−1. 
The protein content in the adventitious roots was determined 
as described by Bradford (1976) method utilizing bovine 
serum albumin as the standard.

Statistical analysis

All experiments in this study were performed in triplicates, 
and statistical analyzes of the data were performed using 
the SPSS 20 (Armonk, NY: IBM Corp.) program. The dif-
ferences between the values for experimental groups were 
determined by one-way ANOVA according to Duncan’s mul-
tiple range test (Duncan, 1955). The results were expressed 
as the mean ± standard error (SE). The correlation analysis 
was conducted by bivariate (Pearson’s) correlation test at 
p < 0.05 significance level.

Results and discussion

The effects of MS medium salt strength on biomass, 
secondary metabolite accumulation and PAL 
activity in O. basilicum adventitious roots

The optimum concentration of medium salt strength has a 
critical impact on the growth of the roots and the production 
of bioactive compounds in plant cell and organ cultures. To 
determine the optimum MS medium salt strength for produc-
tion of rosmarinic acid and biomass, adventitious roots of 
sweet basil were cultured for 30 days in a 1 L bioreactor at 
different salt strengths of MS medium (0.50 MS, 0.75 MS, 
1 MS and 1.5 MS). The fresh weight (FW), dry weight (DW) 
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and growth ratio (GR) in adventitious roots of O. basilicum 
were significantly affected by MS medium salt strength. 
Among the applied MS medium salt strengths, 0.75 MS was 
found to be appropriate medium for biomass accumulation 
(Table 1). Notably, the highest FW (87.0 ± 5.56 g L−1), DW 
(4.93 ± 0.32 g  L−1), and GR (11.42 ± 0.79) of O. basili-
cum adventitious root cultures were obtained at 0.75 MS 
medium. FW, DW and GR of adventitious roots increased 
up to 0.75 MS salt strength, then decreased with increasing 
salt strength. The effect of MS salt strength on adventitious 
root growth may differ according to the plant species. The 
results obtained from present study are consistent with those 
of Wu et al. (2018) in which 0.75 MS medium provided 
the maximum FW, DW and GR in bioreactor cultures of 
Echinacea pallida and E. purpurea adventitious roots. In 
addition, in previous studies, it was determined that differ-
ent MS strengths such as 0.25 MS (Cui et al. 2013), 0.5 MS 
(Baque et al. 2013), and 1 MS (Yin et al. 2013) were the 
most suitable concentrations for the growth of adventitious 
roots. On the other hand, the root growth was inhibited in 
medium stronger than 1 MS and, this may be due to high 
osmotic stress (Cui et al. 2013; Yin et al. 2013). Ho et al. 
(2021) stated that concentrations exceeding 1 MS strengths 
may reduce the water potential, which inhibited the intake of 
water and mineral substances from medium, thereby inhibit-
ing root growth. In our study, root growth was significantly 
reduced at 1.5 MS strength, in accordance with previous 
studies.

The rosmarinic acid content of the adventitious roots was 
analyzed using UHPLC-HESI-MS/MS (liquid-chromatog-
raphy tandem mass spectrometry). The identification and 
quantification of this compound was evaluated by comparing 
the retention time and MS spectra with commercial standard 
compound. Rosmarinic acid produced a [M–H] ion at m/z 
359.18 as a major parent ion, and its fragment ions were at 
m/z 134.30 and 162.20. In addition, the retention time for 
this compound was determined as 17.82 min. The values 
obtained from present study are consistent with those of 
Kračun–Kolarevic´ et al. (2015) in which parent ion was 
found as a [M − H] – ion at m/z 359.061.

MS medium salt strength significantly affected the accu-
mulation of rosmarinic acid, phenolics, and flavonoids, and 
the results were similar to adventitious root biomass find-
ings. The contents of rosmarinic acid and phenolics at low 
MS salt strength (0.5 and 0.75 MS) was higher than at high 
MS salt strength (1 and 1.5 MS). The maximum accumu-
lation of rosmarinic acid, phenolics and flavonoids were 
achieved at 0.75 MS salt strength as 18.51 ± 1.43 mg g−1 
DW, 19.47 ± 1.18 mg g−1 DW and 2.41 ± 0.06 mg g−1 DW 
respectively. The content of rosmarinic acid in the adventi-
tious roots at the 0.75 MS medium was 1.94, 2.66 and 5.99 
times higher than 0.5, 1 and 1.5 MS medium, respectively. 
As shown in Table 1, 0.75 MS salt strength was determined 
to be the most suitable medium not only for root growth but 
also for rosmarinic acid production. Similar results were also 
observed by Wu et al. (2018) who stated that the maximum 
phenolic and flavonoid content was obtained at 0.75 MS 
salt strength. However, some previous studies reported that 
0.5 MS medium was appropriate concentration for phenolic 
and flavonoid accumulation in adventitious root cultures of 
Echinacea angustifolia (Wu et al. 2006), Hypericum perfo-
ratum L. (Cui et al. 2010), and Morinda citrifolia (Baque 
et al. 2013). In hairy root cultures of Dracocephalum mol-
davica, the rosmarinic acid content at 0.5 MS salt strength 
was found by Weremczuk–Jeżyna et al. (2013) to be higher 
than 1 MS. Considering all these studies, the optimum MS 
salt strength for secondary metabolite production varies 
depending on the target compound, culture type and plant 
species.

PAL catalyzes the first step of the phenylpropanoid 
pathway, one of the most important secondary metabolic 
pathways of plants, in which a wide variety of phenolic 
compounds with different structural and defense-related 
functions are produced (Ejtahed et al. 2015). The phenyl-
propanoid pathway is triggered in various stress situations 
resulting in productions of different phenolic compounds 
which support the plant to overcome environmental con-
straints. Phenolic compounds also play a critical role 
in the developmental stages of plants such as nutrient 
mineralization, photosynthetic activity, cell division, 

Table 1   Effects of MS medium salt strength on biomass, secondary metabolite accumulation and PAL activity in bioreactor cultures of sweet 
basil adventitious roots

*The different letters within the same column show significant differences according to Duncan’s multiple range test (p < 0.05). The data are 
expressed as the mean ± standard error (n = 3)

MS salt strength Fresh weight 
(g L−1)

Dry weight 
(g L−1)

Growth ratio Rosmarinic 
acid (mg g−1 
DW)

Total phenolics 
(mg g−1 DW)

Flavonoids 
(mg g−1 DW)

PAL activity 
nmol h−1 mg-1 
protein

0.50 69.2 ± 6.04 b* 3.73 ± 0.24 b 8.88 ± 0.86 b 9.5 ± 0.40 b 12.45 ± 0.29 b 1.69 ± 0.11 b 11.80 ± 1.22 b
0.75 87.0 ± 5.56 a 4.93 ± 0.32 a 11.42 ± 0.79 a 18.51 ± 1.43 a 19.47 ± 1.18 a 2.41 ± 0.06 a 18.92 ± 1.32 a
1.0 53.1 ± 3.51 b 3.19 ± 0.23 b 6.57 ± 0.50 b 6.94 ± 1.19 b 10.06 ± 0.65 bc 1.75 ± 0.04 b 6.67 ± 0.83 c
1.5 31.0 ± 2.45 c 1.86 ± 0.16 c 3.48 ± 0.35 c 3.09 ± 0.61 c 7.63 ± 1.62 c 1.56 ± 0.03 b 4.17 ± 0.65 c



242	 Plant Cell, Tissue and Organ Culture (PCTOC) (2022) 151:235–251

1 3

hormonal regulation, and reproduction (Sharma et  al. 
2019). As shown in Table 1, the PAL enzyme activity of 
sweet basil adventitious roots was significantly affected 
by MS salt strength. The activity increased with the ele-
vation at MS salt strength up to 0.75 MS salt strength, 
decreased thereafter. The activity of adventitious roots at 
0.75 MS medium, where the highest PAL enzyme activ-
ity was observed, was 1.60, 2.83 and 4.53 times higher 
than 0.5 MS, 1 MS and 1.5 MS, respectively. In addi-
tion, the stimulation of PAL enzyme activity by MS salt 
strength showed strong positive linear relationship with 
accumulation of rosmarinic acid (R2 = 0.972), phenolics 
(R2 = 0.979) and flavonoids (R2 = 0.820) (Fig. S2). Simi-
larly, Baque et al. (2010a) stated that there was a strong 
and positive correlation between PAL activity and phe-
nolic compound accumulation in Morinda citrifolia adven-
titious root culture applied at different MS salt strengths.

The tissue culture of Ocimum basilicum is a very prom-
ising approach to produce valuable metabolites. However, 
for mass propagation of basil cell and organ cultures, vari-
ous factors must be considered such as genotype, cost, and 
protocol development (Jakovljević et al. 2022). Moreover, 
the optimization of the culture medium is a critical determi-
nant for stable commercial production of plant secondary 
metabolite in adventitious root cultures (Cui et al. 2013). In 
accordance with this, in our study, the optimum MS medium 
salt strength (0.75 MS provided an increase in rosmarinic 
acid content up to 5.99-fold compared to other applied MS 
medium salt strengths. Nevertheless, the effects of essen-
tial medium components on metabolite production have not 
been extensively studied in in vitro cultures of basil. On the 
other hand, in recent years, studies on in vitro cultures of 
basil cultivars have focused on the evaluation of the effects 
of various elicitors on the biosynthesis of valuable com-
pounds, including rosmarinic acid. Most of these studies 
were performed in the callus and suspension culture. In this 
context, rosmarinic acid contents of callus cultures obtained 
from different cultivars of Ocimum basilicum increased with 
the application of suitable levels (or forms) of melatonin 
(Duran et al. 2019), copper oxide nanoparticles (Nazir et al. 
2021a), different spectral lights (Nazir et al. 2020a), yeast 
extract (Zaman et al. 2022), different LEDs (light emitting 
diodes) (Nadeem et al. 2019), light regime (with salicylic 
acid) (Nazir et al. 2021b), and UV–C radiation (Nazir et al. 
2020b). As for the cell suspension cultures of basil cultivars, 
previous studies have demonstrated that rosmarinic acid con-
tent increased with the appropriate levels of elicitors such 
as methyl jasmonate (Pandey et al. 2019), sorbitol (Açıkgöz 
2021), yeast extract, cadmium chloride and silver nitrate 
(Açıkgöz 2020). Overall, elicitor application is an effective 
strategy to obtain high amounts of rosmarinic acid in in vitro 
cultures of Ocimum basilicum, and the effectiveness of these 
treatments may be greater when the studies are combined 

with optimum medium conditions, including MS medium 
salt strength.

The effects of MS medium salt strength 
on the activities of CAT, POD and SOD enzyme, 
and contents of MDA, H2O2 and proline in O. 
basilicum adventitious roots

Medium salt strength remarkably influenced the activi-
ties of SOD, CAT and POD antioxidant enzymes (Fig. 2). 
In general, a gradual increase in the activities of these 
enzymes was detected as the salt strength increased from 
0.5 to 1.5 MS. Only, the POD activity of adventitious roots 
at 0.5 MS medium was higher than at 0.75 MS, but the dif-
ference between them was not statistically significant. The 
activities of enzymes at high MS strengths (1 and 1.5 MS) 
were significantly higher than those at low MS strengths (0.5 
and 0.75 MS). The highest activities for three enzymes were 
determined in adventitious roots cultured at 1.5 MS.

Reactive oxygen species (ROS) production increases as 
a result of exposure of plants to a wide variety of stresses 
such as mineral deficiency, drought, salinity, temperature 
extremes. In case of overproduction of ROS, the balance 
between the antioxidant defense system and ROS levels is 
disrupted and oxidative damage occurs (Kusvuran et al. 
2016). ROS derivatives such as free radicals (superoxide 
anion, hydroperoxyl radical, alkoxy radical and hydroxyl 
radical) and nonradical molecules (hydrogen peroxide and 
singlet oxygen) can interact with cellular macromolecules 
including DNA, proteins, lipids, and pigments. The scaveng-
ing and detoxification of overproduced ROS is provided by 
an effective antioxidant defense system consisting of enzy-
matic (ascorbate peroxidase, catalase, peroxidase, superox-
ide dismutase, glutathione reductase) and non-enzymatic 
(ascorbic acid, phenolics, flavonoids, α-tocopherol, carot-
enoids, glutathione and proline) antioxidants (Ozturk et al. 
2012; Sen and Alikamanoglu 2013; Hasanuzzaman et al. 
2020). Especially, antioxidant enzymes such as POD, SOD 
and CAT are effective protection mechanism against oxi-
dative stress, and the activities of these enzymes markedly 
increase under stress conditions (Karataş et al. 2014). In 
our study, it was determined that the activities of antioxi-
dant enzymes enhanced in parallel with the increase in the 
amount of H2O2 and MDA, particularly at high MS strengths 
(1 and 1.5 MS). These increases are thought to be due to 
osmotic stress that may occur in adventitious root culture at 
high MS salt strength (≥ 1 MS). Similarly, Cui et al. (2013) 
stated that osmotic stress was provoked in adventitious root 
culture at high MS salt strength (≥ 1 MS). Furthermore, 
Lee et al. (2014) reported that the water potential reduced 
essentially with increasing MS medium strength and this 
potential of the medium decreased sharply at higher than 
1 MS. Similar results were also observed by Baque et al. 
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(2010a) who determined that osmotic stress was triggered 
at higher salt strength (1.5 and 2 MS), and CAT, G-POD 
and SOD activities of adventitious roots elevated especially 
at 2 MS medium.

The level of MDA, the main final product of membrane 
lipid peroxidation, is frequently used as an indicator of oxi-
dative stress. One of the other important parameters used 
to evaluate the stress levels of plants is the accumulation 
of H2O2, a type of reactive oxygen species (ROS) (Ozturk 
et al. 2012). In sweet basil adventitious roots, the content 
of MDA and H2O2 were significantly affected by MS salt 
strength (Fig. 2). The quantities of MDA and H2O2 gradu-
ally increased with increasing MS salt strength. Thus, 
the highest amounts of H2O2 and MDA were observed in 

adventitious roots cultured at high MS concentrations (1 
and 1.5 MS), while the lowest amounts were detected at 
lower MS salt strengths (0.5 and 0.75 MS). Consistent with 
these results, Baque et al. (2010a) observed that the content 
of H2O2 and MDA in the adventitious roots increased pro-
gressively with elevating MS medium strength. Likewise, 
in another study, a sharp increase in MDA and H2O2 levels 
was also reported for the roots of chickpea under osmotic 
stress, heat stress, and their combination. However, a pre-
treatment (coronatine, a jasmonate analog) that increased the 
activities of H2O2-scavenging enzymes such as APX, CAT, 
POX protected the roots against lipid peroxidation (Ceylan 
et al. 2013). Moreover, it has been reported that there was a 
negative correlation between SOD, POX and CAT activities 

Fig. 2   The effects of MS medium salt strength on the activities of 
CAT (A), POD (B) and SOD (C) enzymes and contents of H2O2 (D), 
MDA (E) and proline (F) in bioreactors cultures of sweet basil adven-

titious roots. The different letters in each graph show significant dif-
ferences according to Duncan’s multiple range test (p < 0.05). Bars 
represent means ± standard error (n = 3)
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and MDA content in in vitro propagated beet shoots treated 
with PEG 6000 (polyethylene glycol) but increase in anti-
oxidant enzymes were insufficient to prevent lipid peroxida-
tion (Sen and Alikamanoglu 2013). Similarly, in our study, 
the increase in amount of MDA and H2O2 at a high MS 
salt strength (1 and 1.5 MS) indicated that the antioxidant 
enzymes were not sufficient to alleviate the deleterious 
effects of oxidative stress in adventitious roots.

Proline, a useful parameter to evaluate the stress toler-
ance capacity, accumulates in many plants in response to 
the imposition of various abiotic and biotic stresses. Against 
the adverse effects of stress, the main functions of proline 
include the protection of proteins and membranes, osmotic 
adjustment, stabilize subcellular structures and scavenge 
free radicals (Ozturk et al. 2012; Karataş et al. 2014). How-
ever, proline cannot be considered from some publications 
as a marker for salt tolerance due to the decrease in its level 
in many salt-stressed plants unlike the increase in many 
types of stress such as heat, drought, and starvation (Sairam 
et al. 2002). As shown in Fig. 2, the accumulation of pro-
line increased up to 0.75 MS salt strength and thereafter 
decreased with increasing MS salt strength. Contrary to the 
general approach concerning the increase in proline content 
under stress conditions, in this study, the proline content was 
significantly decreased at 1 and 1.5 MS strengths, where 
oxidative stress parameters were significantly increased. 
Also, the highest proline content was determined at 0.75 MS 
medium where the levels of these stress parameters were sig-
nificantly lower compared to those with high MS strengths 
(1 and 1.5 MS). Findings from the present study are consist-
ent with those published in a previous study in which the 
accumulation of proline at low MS strengths such as 0.25 
and 0.5 MS was significantly higher than at 1 MS medium 
in callus culture (Cingöz and Karakaş 2016). On the other 
hand, another study reported that the amount of proline 
noticeably increased with elevating MS salt strength in 
adventitious root culture (Baque et al. 2010a). Considering 
the findings obtained from this study and previous studies, 
proline accumulation varies considerably according to the 
type and severity of stress in addition to plant species.

The effects of IBA concentration on biomass, 
secondary metabolite accumulation and PAL 
activity in O. basilicum adventitious roots

To determine the optimal IBA concentration for efficient 
production of rosmarinic acid and biomass, adventitious 
roots were cultured in media containing different concen-
trations of IBA (0.5, 1, 2 and 4 mg L−1) for 30 days in a 
1 L bioreactor. As shown in Table 2, the concentration of 
IBA significantly influenced the fresh weight (FW), dry 
weight (DW) and growth ratio (GR) in adventitious root 
cultures of O. basilicum. FW, DW and GR of adventi-
tious roots increased up to 2 mg L−1 IBA, then decreased 
with increasing hormone concentrations. The maximum 
FW (96.50 ± 8.43 g  L−1), DW (5.26 ± 0.46 g  L−1) and 
GR (12.78 ± 1.20) were achieved at 2 mg L−1 IBA. On 
the other hand, considering the decrease in FW, DW and 
GR at 4 mg L−1 IBA, it was clearly seen that high IBA 
concentration strongly inhibited the growth of sweet 
basil adventitious roots. Earlier studies showed that the 
effect of auxin group hormones on adventitious root 
growth varies according to the concentration and type of 
auxin in addition to the plant species. In this context, the 
results obtained from present study are consistent with 
those of Jiang et al. (2015) and in which FW and DW of 
adventitious elevated increasing the IBA concentrations 
from 2 to 3 mg L−1 but IBA concentrations higher than 
3 mg L−1 (4 and 5 mg L−1) showed an inhibitory effect 
on biomass parameters. In another previous study exam-
ining the effects of IBA concentrations on adventitious 
root growth, the highest FW, DW and growth index were 
obtained from the culture medium containing 2 mg L−1, 
consistent with our study (Ho et al. 2021). Similarly, Wu 
et al. (2006) reported that among the studied IBA concen-
trations, the highest FW, DW and GR in adventitious roots 
were obtained from the medium containing 2 mg L−1 IBA. 
However, in some previous studies, it was reported that 
high IBA concentrations such as 5 mg L−1 (Baque et al. 
2010b) and 7 mg L−1 (Lulu et al. 2015) were appropriate 
concentrations for the growth of adventitious roots.

Table 2   Effects of IBA concentration on biomass, secondary metabolite accumulation and PAL activity in bioreactor cultures of sweet basil 
adventitious roots

*The different letters within the same column show significant differences according to Duncan’s multiple range test (p < 0.05). The data are 
expressed as the mean ± standard error (n = 3)

IBA (mg L−1) Fresh weight 
(g L−1)

Dry weight 
(g L−1)

Growth ratio Rosmarinic 
acid (mg g−1 
DW)

Total pheno-
lics (mg g−1 
DW)

Flavonoids 
(mg g−1 DW)

PAL activity nmol 
h−1 mg-1 protein

0.5 65.00 ± 5.85 b* 3.86 ± 0.26 b 8.28 ± 0.83 b 14.37 ± 072 c 15.31 ± 0.79 b 1.81 ± 0.09 c 9.04 ± 0.57 c
1 74.50 ± 7.28 b 4.48 ± 0.37 ab 9.64 ± 1.04 b 17.62 ± 0.63 b 19.49 ± 0.84 a 2.29 ± 0.10 b 11.44 ± 0.72 b
2 96.50 ± 8.43 a 5.26 ± 0.46 a 12.78 ± 1.20 a 20.98 ± 1.38 a 21.55 ± 1.77 a 2.70 ± 0.06 a 14.57 ± 1.29 a
4 25.08 ± 2.11 c 1.50 ± 0.11 c 2.57 ± 0.30 c 5.21 ± 0.55 d 7.31 ± 0.13 c 2.21 ± 0.11 b 4.34 ± 0.26 d
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IBA concentration significantly affected the production 
of rosmarinic acid, phenolics and flavonoids in adventitious 
root cultures of sweet basil, and results for the accumulation 
of these metabolites showed a similar trend to the results 
obtained from the biomass parameters. A gradual increase 
in the accumulation of these metabolites was detected as the 
IBA concentration increased from 0.5 to 2 mg L−1, and then 
a sharp decrease in metabolite content was determined. As it 
can be seen from the Table 2, the maximum accumulation of 
rosmarinic acid, phenolics and flavonoids were determined 
in medium containing 2 mg L−1 IBA as 20.98 ± 1.38 mg g−1 
DW, 21.55 ± 1.77 mg g−1 DW and 2.70 ± 0.06 mg g−1 DW 
respectively. As for the PAL enzyme activities of sweet 
basil adventitious roots, the activity varied significantly 
with the studied IBA concentration. The activity increased 
with increasing IBA concentration up to 2 mg L−1 IBA, then 
decreased. The PAL enzyme activity of adventitious roots at 
2 mg L−1 IBA, where the highest activity was obtained, was 
1.61, 1.27 and 3.35 times higher than 0.5, 1 and 4 mg L−1, 
respectively. Also, the induction of PAL enzyme activity by 
IBA concentration showed strong positive linear relationship 
with accumulation of rosmarinic acid (R2 = 0.978) and phe-
nolics (R2 = 0.968) but weakly correlated with the flavonoid 
content (R2 = 0.342) (Fig. S2). Findings from current study 
agree with those declared in previous research in which the 
highest phenolic and flavonoid content was determined at 
2 mg L−1 IBA in adventitious roots of Echinacea angusti-
folia. Also, IBA concentrations higher than 2 mg L−1 IBA 
markedly suppressed metabolite accumulation (Wu et al. 
2006). Similarly, Ho et al. (2021) demonstrated that the 
highest contents of phenolics and flavonoids in adventitious 
root culture were obtained in medium supplemented with 
2 mg L−1 IBA. However, in previous publications, it was 
reported that the highest accumulation of phenolic and fla-
vonoid compound in adventitious root cultures occurred at 
very different IBA concentrations such as 1 mg L−1 (Baque 
et al. 2010b), 3 mg L−1 (Jiang et al. 2015) and 9 mg L−1 
(Lulu et al. 2015).

When it comes to adventitious root culture and in vitro 
root culture (formed from root explants) of Ocimum basili-
cum, the effects of auxin hormones on production of ros-
marinic acid, phenolic and flavonoid have not been com-
prehensively investigated in previous studies. However, 
the effects of hormone types and concentrations on these 
metabolites were evaluated in callus cultures and in vitro 
propagated plants of basil. In this context, Nazir et al. (2019) 
reported the effects of some plant growth regulators, includ-
ing NAA (α-naphthalene acetic acid), on production of phe-
nylpropanoid metabolites in callus culture of purple basil. 
Among NAA concentrations applied alone (0.1, 1.0, 2.5, 5, 
10 and 20 mg L−1), it was observed that the maximum accu-
mulation of rosmarinic acid, total phenolic and flavonoid 
was achieved at 2.5 mg L−1 NAA. In addition, rosmarinic 

acid content of purple basil callus cultures increased up to 
2.5 mg L−1 NAA, then decreased with increasing hormone 
concentrations, except for 20 mg L−1 NAA. Likewise, in 
the current study, the rosmarinic acid content of sweet basil 
adventitious roots increased with increasing IBA concen-
tration up to 2 mg L−1 IBA, then decreased. In a previous 
study on callus culture of Thai basil, the effects of different 
concentrations of 6-benzylaminopurine (BAP), gibberel-
lic acid (GA3) alone or along with 1 mg L−1 NAA on phe-
nolic compounds were studied. As a result of this study, 
it was found that the highest accumulation of rosmarinic 
acid and phenolics was obtained under optimal callus cul-
ture conditions consisting of a combination of BAP: NAA 
(5 mg L−1:1 mg L−1) (Nazir et al. 2020c). Similarly, in cur-
rent study, the optimum IBA concentration (2 mg L−1 IBA) 
increased rosmarinic acid content up to 4.02-fold compared 
to other applied concentrations. Also, the effects of 6-benzy-
ladenine (BA) on the rosmarinic acid content of three differ-
ent cultivars of O. basilicum grown in vitro conditions were 
evaluated in another study. It was reported that BA applica-
tion decreased the content of rosmarinic acid in purple-leaf 
cultivar (Dark Opal) but increased in the green-leaf cultivars 
(Genovese and Superbo) (Kiferle et al. 2011). Moreover, 
in an earlier study on Ocimum basilicum, the root parts of 
axenic plants grown in in vitro were cultured in MS liquid 
medium including 1 mg L−1 NAA. As a result of this study, 
Tada et al. (1996) stated that the main phenolic compound 
of these root cultures was rosmarinic acid, and its amount 
increased continuously during the culture period. Overall, 
production of rosmarinic acid in basil in vitro cultures is 
affected by the type, concentration and combination of the 
hormone used. Another important point in terms of ros-
marinic acid production is that different cultivars of the basil 
are affected differently by hormones applied. Consequently, 
the optimum IBA concentration is a critical determinant to 
produce rosmarinic acid in the adventitious root culture of 
sweet basil under bioreactor conditions.

The effects of IBA concentration on the activities 
of CAT, POD and SOD enzyme and contents of MDA 
and proline in O. basilicum adventitious roots

The activities of SOD, CAT and POD enzyme were sig-
nificantly affected by the concentration of IBA in adventi-
tious root culture of sweet basil. As the IBA concentration 
increased from 0.5 to 2 mg L−1 IBA, a gradual decrease 
in the activities of these enzymes was determined (Fig. 3). 
The lowest activities for the SOD, CAT and POD enzymes 
were detected in adventitious roots cultures supplemented 
with 2 mg L−1 of IBA. On the other hand, the H2O2 con-
tent limitedly increased with the increase of IBA concen-
tration. This increase in H2O2 content is probably due to a 
decrease in antioxidant enzyme activities. Also, there was no 
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significant difference between 1 and 2 mg L−1 IBA concen-
trations in terms of H2O2 accumulation. Similarly, Šípošová 
et al. (2021) expressed that exogenous application of IBA 
to maize plant affected antioxidant enzyme activities such 
as SOD, CAT and APX depending on concentration. Also, 
IBA at low concentration (10–11 M) did not affect H2O2 con-
tents or antioxidant enzymes activities, while the higher IBA 
concentration (10–7 M) only increased the H2O2 contents. In 
another study, it was reported by Li et al. (2009) that CAT, 
an H2O2-catalyzing enzyme, was inactivated by H2O2 dur-
ing adventitious root development of mung bean seedlings. 
Also, H2O2 treatments of seedlings significantly reduced 

POD activity. On the other hand, in the same study, POD 
activity in IBA-treated seedlings significantly decreased at 
the beginning of the incubation period (3 h and 12 h) com-
pared to the control group but increased significantly at 36 h 
of incubation. In our study, due to insufficient biomass in 
adventitious root cultures at 4 mg L−1 IBA, the activities of 
antioxidant enzymes and H2O2 content could not be deter-
mined. As for the MDA and proline content in adventitious 
root cultures of sweet basil, the results agree with those from 
the antioxidant enzyme activities. The amount of MDA and 
proline significantly decreased with increasing IBA concen-
tration up to 2 mg L−1 IBA, then increased with elevating 

Fig. 3   The effects of IBA concentration on the activities of CAT (A), 
POD (B) and SOD (C) enzymes and contents of H2O2 (D), MDA 
(E) and proline (F) in bioreactors cultures of sweet basil adventitious 

roots. The different letters in each graph show significant differences 
according to Duncan’s multiple range test (p < 0.05). Bars represent 
means ± standard error (n = 3)
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IBA concentration (Fig. 3). The results obtained from pre-
sent study are consistent with those of Sarropoulou et al. 
(2013) in which proline content decreased with increasing 
IBA concentrations from 1 to 2 mg dm−3. As with antioxi-
dant enzymes, the lowest amount of MDA and proline was 
determined in adventitious root culture including 2 mg L−1 
of IBA. Also, the findings obtained from the stress param-
eter are compatible with the findings obtained from biomass 
(Table 2). The highest biomass parameters were achieved at 
2 mg L−1 IBA concentration, where activities of CAT, POD, 
and SOD enzyme and contents of MDA and proline were 
observed as the lowest.

The effects of MS medium salt strength and IBA 
concentration on the activities of DPPH, ABTS 
and FRAP in O. basilicum adventitious roots

Antioxidant capacities of sweet basil adventitious roots 
were evaluated using DPPH, ABTS and FRAP methods. 
The activity results of DPPH and ABTS were expressed 
as the IC50 value, while FRAP results were calculated as 
equivalent to trolox, a standard antioxidant compound. 
The activities of DPPH, ABTS and FRAP in adventitious 
roots of O. basilicum were significantly affected by IBA 
concentration and MS salt strength. The antioxidant activi-
ties for these three methods increased gradually as the IBA 
concentration enhanced from 0.5 to 2 mg L−1, and then a 
sharp decrease in antioxidant activities was determined. 
As shown in Fig. 4, the highest DPPH, ABTS and FRAP 
activities in adventitious root cultures were determined at 
2 mg L−1 IBA. However, there was no statistically signifi-
cant difference between 1 mg L−1 IBA and 2 mg L−1 IBA 
for three antioxidant methods. As for the effects of MS salt 
strength, activities of DPPH, ABTS and FRAP increased 
up to 0.75 MS salt strength, then decreased with increasing 
salt strength. The highest activities for the three methods 
were observed in adventitious roots grown in medium sup-
plemented with 0.75 MS salt strength. Similarly, Wu et al. 
(2018) demonstrated that the highest activities of DPHH 
and reducing power in adventitious root were obtained in 
0.75 MS medium. Contrary to the findings from our study, 
Baque et al. (2010a) stated that DPPH activity increased 
with increasing medium salt strength in adventitious root 
culture of Morinda citrifolia.

The correlation analysis between secondary metabo-
lite content and antioxidant activity in adventitious roots 
obtained from different culture media was performed with 
bivariate (Pearson’s) correlation test (Table 3). A very strong 
positive correlation between FRAP activity and content of 
rosmarinic acid and total phenolic was found in adventi-
tious roots grown at different MS salt strengths and IBA 
concentrations. Also, the rosmarinic acid and total phenolic 
contents of adventitious roots treated with different MS salt 

strengths and IBA concentrations were strongly negatively 
correlated with IC50 values of ABTS and DPPH. The rea-
son for the negative direction of correlation is due to the 
determination of DPPH and ABTS activity results as IC50. 
The IC50 values, which was amount of the adventitious roots 
that scavenged 50% of the initial radical concentration, are 
inversely related to the antioxidant activity. Thus, as the 
IC50 values decrease, the antioxidant capacity of adventi-
tious roots increases. In our study, the lowest IC50 values for 
ABTS and DPPH, that is, the highest antioxidant activity, 
were determined in medium with high metabolite content. 
In addition, there was a very strong correlation between fla-
vonoid content and antioxidant activity in adventitious roots 
obtained from different MS salt strengths, while a weak or 
moderate correlation was found in those obtained from dif-
ferent IBA concentrations. Findings from the present study 
are consistent with those published in a previous study in 
which high correlation was observed between rosmarinic 
acid and total antioxidant potential in hairy roots of Ocimum 
basilicum (Srivastava et al. (2016). Similarly, Tepe et al. 
(2007) stated that rosmarinic acid and its derivatives are 
more probably responsible for most of the antioxidant activ-
ity determined in Salvia species, and there was a powerful 
correlation between the content of rosmarinic acid and anti-
oxidant capacities. In a different study, Weremczuk-Jezyna 
et al. (2013) demonstrated that the activity of DPPH and 
reducing power in hairy roots of Dracocephalum moldavica 
were well correlated with total phenolic compounds and less 
with rosmarinic acid. On the other hand, Gülçin et al. (2007) 
analyzed the antioxidant activity of basil herb with various 
methods including DPPH and reducing power and reported 
that it has strong antioxidant activity. Considering this and 
previous studies, the antioxidant capacity varies significantly 
according to the culture media, applications to the culture 
and the antioxidant test method. The reason for the differ-
ences in antioxidant activities is probably due to the change 
in the amount and composition of secondary metabolites 
depending on the growth conditions of plant cells. Our study 
showed that sweet basil adventitious roots have high anti-
oxidant activity, and this activity is strongly correlated with 
accumulation of rosmarinic acid and total phenolic.

Conclusion

Adventitious root cultures under the bioreactor conditions 
provide an alternative and efficient production of medically 
important secondary metabolites. In this study, the optimiza-
tion of MS salt strength and IBA concentration for biomass 
and bioactive compound accumulation in adventitious root 
of Ocimum basilicum was performed in bioreactor systems. 
Also, the effects of these media components on antioxidant 
enzyme activities, some stress parameters and PAL activity 
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were evaluated. Overall, in our study, 0.75 MS medium salt 
strength and 2 mg L−1 IBA concentration in culture medium 
were found to be optimal conditions for production of ros-
marinic acid and biomass. In these optimum conditions, the 
levels of biomass, secondary metabolite, non-enzymatic 

antioxidant activities (DPPH, ABTS and FRAP) and PAL 
activity were determined to be high, while the levels of 
antioxidant enzyme activities and stress parameters were 
found to be low. In this context, the highest accumulations 
of rosmarinic acid, flavonoid and fresh weigh were achieved 

Fig. 4   The effects of MS salt strength and IBA concentration on the 
activities of DPPH (A and D), ABTS (B and E) and FRAP (C and F) 
in bioreactors cultures of sweet basil adventitious roots. The different 

letters in each graph show significant differences according to Dun-
can’s multiple range test (p < 0.05). Bars represent means ± standard 
error (n = 3)

Table 3   Correlation between 
secondary metabolite content 
and antioxidant activity in sweet 
basil adventitious roots obtained 
from different media conditions

**Correlation is significant at the 0.01 level (2-tailed)

MS salt strength IBA concentrations

FRAP DPPH ABTS FRAP DPPH ABTS

Rosmarinic acid 0.916** − 0.922** − 0.934** 0.940** − 0.955** − 0.979**
Total phenolic 0.860** − 0.886** − 0.915** 0.986** − 0.965** − 0.975**
Flavonoid 0.852** − 0.796** − 0.818** 0.411 − 0.28 − 0.423
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as 20.98 ± 1.38 mg g−1 DW, 2.70 ± 0.06 mg g−1 DW and 
96.50 ± 8.43 g L−1 at 2 mg L−1 IBA concentration, respec-
tively. As for 0.75 MS medium salt strength, the amounts of 
rosmarinic acid, flavonoid and fresh weigh were determined 
as 18.51 ± 1.43 mg g−1 DW, 2.41 ± 0.06 mg g−1 DW and 
87.0 ± 5.56 g L−1, respectively. The results of this optimi-
zation study can be used for the large-scale production of 
rosmarinic acid in adventitious root cultures of sweet basil 
and may also be beneficial for research on the physiology 
and biochemistry of plants.
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