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Abstract The present study is the first account of in vitro
carotenoid pigment induction in Cleome rosea , a Brazilian
herbaceous species frequently found near the coast in ecosys-
tems submitted to intense anthropic degradation.
Micropropagated plants obtained from in vitro roots were
used as source of internodal explants for callus cultures. The
callus cultures were induced on MS medium supplemented
with different concentrations of 2,4-dichlorophenoxyacetic
acid (2,4-D) and 4-amino-3,5,6-trichloropicolinic acid
(picloram) in the light or in the dark. The use of different
culture media (B5, Nitsch and White) supplemented with 2,4-
D was also evaluated. Although callogenesis was obtained in
all treatments, a high production of biomass was achieved
from the cultures that were maintained in light. The highest
biomass accumulation was reached by cultures established on
MS medium supplemented with 0.2 mg L−1 2,4-D. The ex-
posure of cultures to light was an essential factor for caroten-
oid production. Pigment induction was observed on calli

maintained in all tested media, and the highest pigment yield
was obtained by cultures established on MS medium with
0.2 mg L−1 2,4-D. Callus cultures were subjected to treatments
with elicitors (chitosan, methyl jasmonate, and yeast extract)
at different concentrations and exposure times. The highest
pigment production was achieved on cultures treated with
60 mg L−1 methyl jasmonate (MeJa), which resulted in a
six-fold increase in the carotenoid yield when compared to
non-elicited cultures. A chromatographic analysis showed that
the addition of MeJa induced β-carotene production. Elicited
and non-elicited calli were used to establish cell suspension
cultures. These cultures were evaluated during three subse-
quent subcultures, showing an increased production of carot-
enoids during the first subculture. This study showed that
in vitro cultures of C. rosea , especially after elicitation, may
become an efficient alternative source of carotenoids indicat-
ing the success of plant tissue culture techniques for secondary
metabolite production.
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Abbreviations

B5 Gamborg medium
CSC Cell suspension culture
CS Chitosan
2,4-D 2,4-dichlorophenoxy acetic acid
MeJa Methyl jasmonate
MS Murashige and Skoog medium
Picloram 4-amino-3,5,6-trichloropicolinic acid
TC Total carotenoid
YE Yeast extract

A. Silva da Rocha : L. M. Alves :B. Amaral de Moraes :
T. Carvalho de Castro :N. Albarello :C. Simões-Gurgel
Núcleo de Biotecnologia Vegetal, Instituto de Biologia Roberto
Alcantara Gomes, Universidade do Estado do Rio de Janeiro (UERJ),
Rio de Janeiro, Brazil

E. K. Rocha
Departamento de Biologia Celular, Instituto de Biologia Roberto
Alcantara Gomes, Universidade do Estado do Rio de Janeiro (UERJ),
Rio de Janeiro, Brazil

C. Simões-Gurgel (*)
Instituto de Biologia Roberto Alcantara Gomes, Núcleo de
Biotecnologia Vegetal - Laboratório de Biotecnologia de Plantas
(LABPLAN), Universidade do Estado do Rio de Janeiro - Centro
Biomédico, Rua São Francisco Xavier, 524 - PHLC, Sala 509,
Maracanã, 20550-013 Rio de Janeiro, RJ, Brasil
e-mail: csimoes04@yahoo.com.br

J. Plant Biochem. Biotechnol. (January–March 2015) 24(1):105–113
DOI 10.1007/s13562-013-0241-7



Introduction

Carotenoids are yellow to orange-red tetraterpenoid pigments
that are distributed in some non-photosynthetic bacteria and
fungi and in all photosynthetic organisms (Tanaka et al. 2008).
Carotenoids are valuable compounds with many functions in
the nutraceutical, cosmetic and food industries (Jaswir et al.
2011). These pigments have long been used as food colorants
and, due to their strong antioxidant properties, they have a
broad range of functions regarding human health, including
the prevention of chronic diseases, such as cardiovascular
diseases and cancer (Fraser and Bramley 2004; Kopsell and
Kopsell 2006; Bélanger and Johns 2008). The economic
demand for these pigments is growing, and it is estimated that
the global market of carotenoids has reached US$ 1.2 billion
in 2010, with a chance to grow to US$ 1.4 billion in 2018
(BCC Research 2011). The most useful carotenoids are
obtained by chemical synthesis or extracted from plants, and
most of the biotechnological processes used to obtain these
pigments are based on the cultivation of microorganisms, such
as yeast and microalgae (Dufossé 2009). However, the in-
creasing demand for natural pigments and the challenge of
producing these compounds on an industrial scale have led to
an intense search for new production strategies. In this con-
text, production by plant cell culture techniques becomes a
viable alternative system. In fact, many in vitro protocols have
been successfully established from a great variety of plant
species, especially considering the production of pharmaceu-
tically important compounds (Collin 2001; Rao and
Ravishankar 2002; Simões et al. 2012; Wilson and Roberts
2012). Moreover, many studies have been undertaken to find
practical approaches to increase the yield of secondary metab-
olites under in vitro conditions. Some of these approaches
include the use of elicitors, which involves exposing cell
cultures to biotic stress factors or to compounds that are
regarded as signaling molecules in plant stress responses
(Karuppusamy 2009; Aijaz et al. 2011).

The genus Cleome comprises herbaceous annual or peren-
nial plants and shrubs that are widely distributed in tropical
and subtropical regions. Many of these species are used in
traditional medicine and have been investigated with respect
to their pharmacological and phytochemical aspects (Aparadh
et al. 2012). Cleome rosea is a Brazilian herbaceous species
frequently found near the coast in ecosystems submitted to
intense anthropic degradation. The medicinal potential of C.
rosea has been investigated (Simões et al. 2006, 2010a;
Simões-Gurgel et al. 2012), and biotechnological studies
performed using this species have been efficient in developing
in vitro propagation protocols (Simões et al. 2004, 2009a, b)
and also in establishing callus and cell suspension culture
producers of anthocyanic pigments (Simões et al. 2009b;
Simões-Gurgel et al. 2011). Due to the promising results
already achieved with C. rosea , the present work aimed to

develop in vitro carotenoid-producing cell lines and to opti-
mize the pigment production by applying elicitation methods.

Materials and methods

Plant material

In vitro propagated plants of C. rosea previously established
from root segments were used as an explant source (Simões
et al. 2009a). These plants were kept on MS medium
(Murashige and Skoog 1962) with 30 g L−1 sucrose devoid
of growth regulators (MS0). The medium was adjusted to a
pH of 5.8 before adding agar (8 g L−1), autoclaved at 121 °C
for 15 min and dispensed (30 mL) into flasks (11×5 cm)
closed with polypropylene caps. For subcultures, the apical
portion (2 cm) was excised and inoculated in fresh MS0
medium. The flasks were maintained in a growth chamber at
26±2 °C under a 16 h photoperiod provided by cool white
fluorescent tubes (45 μmol m−2 s−1). After approximately
30 days in culture, these plants were used to initiate the callus
cultures.

Callus cultures

The cultures were initiated from internodal explants (0.5 cm)
inoculated on MS medium supplemented with 30 g L−1 su-
crose and with the auxins 2,4-dichlorophenoxyacetic acid
(2,4-D) or 4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid
(picloram) at concentrations of 0.2, 0.5, 1.0, 5.0 and
10.0 mg L−1. The culture flasks were incubated in a growth
chamber at 26±2 °C in the dark or under a 16 h photoperiod
(45 μmol m−2 s−1). In a second set of experiments, the
callogenesis process was evaluated using the B5 (Gamborg
et al. 1968), Nitsch (Nitsch and Nitsch 1969) and White
(White 1934) basal culture media. These media were
supplemented with 20 g L−1 sucrose and 2,4-D at the same
concentrations previously used. These cultures were incubat-
ed in a growth chamber at 26±2 °C under light (16 h
photoperiod/45 μmol m−2 s−1). All experiments were
performed using 15 flasks containing four explants per treat-
ment and were repeated twice. The callus biomass accumula-
tion was estimated after 60 days of culture based on fresh
(FW) and dry (DW) weight. The dry mass was obtained after
drying at 45 °C to a constant weight.

Carotenoid extraction, identification and quantification

Extraction of carotenoids was conducted according to Jacques
et al. (2009) with small modifications. Briefly, 2 g callus
samples were ground with cold acetone (25 mL). The mixture
was agitated for 10min, followed by filtration usingWhatman
No. 1 filter paper. The filtrate was transferred into a separation
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funnel and partitioned with petroleum ether (20 mL). To
remove the acetone, the filtrate was washed with distilled
water (100 mL) and the lower phase was discarded. The
procedure was repeated twice. The petroleum ether layer
was filtrated using Whatman No. 1 filter paper covered with
5 g of anhydrous sodium sulfate to remove residual water. The
petroleum ether extracts were pooled, and the volume was
adjusted to 25 mL with petroleum ether.

The extracts were submitted to spectrophotometric analysis
(300–600 nm) using a UV–vis spectrophotometer (Shimadzu
UV – 160, Japan). After this first analysis, the absorbance was
measured at 450 nm to determine the total carotenoid content
using the following formula:

Total carotenoids μg β� carotene g−1
� � ¼ A� V 25mLð Þ � 104

E1%1cm � P 2 gð Þ

where A Absorbance at 450 nm, V Total extract volume, P
Sample weight and E1%1cm Extinction coefficient of β-
carotene in petroleum ether=2592.

For the HPLC analysis, the extracts were evaporated until
dryness under reduced pressure using a rotary vacuum evap-
orator (Markoni, Brazil) at 40 °C, lyophilized and then
resuspended in acetone PA (1 mg mL−1). The analysis was
performed using a Dionex HPLC system (Dionex Ultimate
3000, Sunnyvale, California USA) coupled with a photodiode
array detection (DAD) system, a Rheodyne auto-sampler and
the Chromeleon software package. The samples were ana-
lyzed using an Acclaim C18 column (250×4.6 mm i.d.,
5 μm particle size) with an injection volume of 20 μL and
column temperature of 29 °C. The flow rate was 2 mL min−1,
and the detection was at 450 nm. TheHPLC analysis utilized a
mobile phase of methanol:acetonitrile:ethyl acetate (80:10:10
v/v/v) (Campos et al. 2003). The chromatograms were com-
pared with an authentic β-carotene standard.

Elicitation

To determine the effect of the elicitation treatments on the
biomass accumulation and production of carotenoids, three
different elicitors were tested at different concentrations. Yeast
extract (YE) was dissolved in deionized water and used at
concentrations of 200 and 400 mg L−1. Methyl jasmonate
(MeJa ) was f i r s t d i s so lved in a few drops o f
dimethylsulfoxide, diluted with deionized water and then
applied at concentrations of 20, 40 and 60 mg L−1. Chitosan
(CS) was dissolved in 2 % (v/v) acetic acid, diluted with
deionized water and then used at 1.0, 2.5 and 5.0 mg L−1.
Sixty-day-old-calli with the highest biomass accumulation
and production of carotenoids according to the first series of
experiments were used in this assay. The elicitor solutions

were added to the culture media and calli were maintained in
contact with the elicitors for 7 or 14 days, and then transferred
to fresh medium without these substances. Biomass accumu-
lation (FW and DW) and total carotenoid (TC) production,
expressed as μg β-carotene g−1, were evaluated 60 and
90 days after the elicitation treatment. The experiments were
performed using 15 flasks containing four calli per treatment
and was repeated twice.

Establishment of cell suspension cultures

Cell suspension cultures (CSC) were initiated from non-
elicited and elicited callus cultures established in the cultures
conditions that resulted in the highest biomass accumulation
and production of carotenoids. The CSC were obtained by
transferring 1.5 g of friable calli (1.50±0.10 g FW/0.12±
0.06 g DW) to 50 mL Erlenmeyer flasks containing 25 mL
of liquid medium with the same composition used for the
callus culture. The flasks were closed with double-aluminum
caps and maintained on a shaker (New Brunswick Scientific,
Enfield, Connecticut, USA) (110 rpm) at 26±2 °C with a 16 h
photoperiod (45 μmol m−2 s−1). To determine the growth
pattern, the cells were harvested by filtering through a nylon
mesh (45 μm) using a filter unit (Nalgene™ Cat. No. 320-
2533, Kansas City, Missouri, USA) connected to a vacuum
pump (GAST Manufacturing, Rochester, Indiana, USA). The
biomass accumulation was estimated by measuring the FW
and DW. Cells were collected every 4–5 days during a 43 day
period, and each point of the growth curve represents the
mean of three independent determinations (flasks). After
establishing the growth curve, the CSC were evaluated at the
exponential growth phase for three subcultures. During each
subculture, the biomass accumulation (FWand DW) and total
carotenoid content (TC) were determined as previously de-
scribed. All experiments were performed using ten flasks per
treatment and was repeated twice.

Statistical analysis

The experiments were organized in a completely randomized
design and repeated twice. Data were analyzed using a one-
way analysis of variance (ANOVA), and the differences
among the means were tested using the Tukey test at a 5 %
level of significance. The analyses were performed using the
statistical software GraphPad Prism 5.

Results and discussion

Callus cultures

The callogenic response in cultures maintained on MS medi-
um supplemented with 2,4-D or picloram was observed in the
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first week through the swelling of the explants with subse-
quent production of friable and non-organogenic calli. This
response was initially observed at the cut end that was in direct
contact with the culture medium, and the response was sub-
sequently observed throughout the whole explant. The
callogenic process was positively affected by light (Fig. 1a).

The use of 2,4-D at lower concentrations (0.2, 0.5,
1.0 mg L−1) resulted in the highest production of callus bio-
mass, mainly on medium supplemented with 0.2 mg L−1 2,4-D
(Fig. 2). On the other hand, cultures established on media
supplemented with 5.0 and 10.0 mg L−1 2,4-D exhibited a
significant reduction in callus growth (Fig. 1b). This inhibitory
effect can be related to a herbicide-like activity of 2,4-D, as
reported by Wernicke and Milkovits (1984). The presence of

high concentrations of 2,4-D also inhibited callus growth on
cultures of Litchi chinensis (Mesquita et al. 2003) and Salyx
humboldtiana (Santos et al. 2005). The inhibitory action
caused by the high concentrations of 2,4-D was not observed
on cultures established on media with picloram when this
phytoregulator was used at high concentrations (Fig. 2).

The calli maintained under light produced an orange pig-
ment on their surface after the third week in culture (Fig. 1c).
The spectrophotometric analysis of the extracts prepared with
these calli presented maximum absorption bands at approxi-
mately 451 nm and 478 nm, which is a characteristic for the
absorbance spectra of carotenoids. The HPLC-DAD analysis
of calli obtained on MS medium supplemented with
0.2 mg L−1 2,4-D showed the presence of three peaks

Fig. 1 Callus cultures ofC. rosea . a Cultures established onMSmedium
supplemented with 0.2 mg L−1 2,4-D in the light or dark after 60 days in
culture; b Cultures established on MS medium supplemented with
10.0 mg L−1 2,4-D in the light or dark after 60 days in culture; c Callus
produced on MS + 0.2 mg L−1 2,4-D showing the production of pigment

in its surface after 3 weeks in culture; d Rhizogenic callus produced on
B5 medium supplemented with 0.2 mg L−1 2,4-D; e Organogenic callus
showing the development of buds (arrows) produced on Nitsch medium
supplemented with 0.5 mg L−1 2,4-D. Bars a =1.4 cm; b =1.4 cm; c=
0.7 cm; d=0.8 cm; e=0.94 cm

Fig. 2 Biomass accumulation
(fresh and dry weight) in callus
cultures of C. rosea maintained
on MS medium supplemented
with different concentrations of
2,4-D or picloram after 60 days of
culture in the presence of light.
Asterisks over the bars of the
same color in each graph indicate
that the means are not
significantly different by the
Tukey test at 5 %
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(Fig. 3a) that were characteristic for the absorption spectra of
carotenoids, with maximum absorption bands between
452 nm and 475 nm (Peak 1), 451 nm and 478 nm (Peak 2)
and between 452 nm and 477 nm (Peak 3). Peak 3 was
identified as β-carotene after the co-injection of callus sam-
ples with the β-carotene commercial standard, resulting in an
increase in the peak area intensity (Fig. 3b).

Based on the results obtained on MS medium, new assays
were performed to evaluate the influence of different basal
culture media on callus growth associated with carotenoid
induction. Considering the previous results, the cultures were
maintained under light and the media were supplemented with
different concentrations of 2,4-D. Although the callogenic
process was achieved in all treatments, organogenic calli were

Fig. 3 HPLC-DAD profiles of callus samples of C. rosea. a Callus
maintained on MS medium supplemented with 0.2 mg L−1 2,4-D; b
Co-injection of callus samples with the β-carotene commercial standard,
showing an increase in the intensity of peak 3; c Callusmaintained onMS

medium supplemented with 0.2 mg L−1 2,4-D after 60 days of elicitation
with methyl jasmonate (60 mg L−1/7 days). Peak numbers refers to
carotenoids as reported in the text

Fig. 4 Biomass accumulation (fresh and dry weight) in callus cultures of
C. rosea maintained on B5 (a), Nitsch (b) and White (c) culture media
supplemented with different concentrations of 2,4-D after 60 days of

culture in the presence of light. Asterisks over the bars in each graph
indicate that the means are not significantly different by the Tukey test at
5 %
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obtained in cultures maintained on B5 and Nitsch media. The
calli cultured on B5 medium showed the production of roots
(Fig. 1d), whereas they formed buds on the Nitsch medium
(Fig. 1e). The cultures maintained on White medium resulted
in non-organogenic calli. However, compared to the cultures
established on B5 and Nitsch media, calli produced on White
medium achieved the lowest biomass accumulation (Fig. 4).
As verified on MS medium, the callus cultures maintained on
B5, Nitsch and White media achieved the highest biomass
contents at the lowest concentrations of 2,4-D (Fig. 4) and
showed the induction of carotenoids on their surface.

The callus cultures of C. rosea established on MS medium
supplemented with 2,4-D exhibited the greatest biomass ac-
cumulation associated with the carotenoid production. Al-
though only a few studies have demonstrated the induction
of carotenoids by plant cell tissue culture strategies, most of
them used the 2,4-D, such as in cell suspension cultures of

Vaccinium ashei (Nawa et al. 1993), callus and cell suspen-
sion cultures of Barringtonia racemosa (Behbahani et al.
2011) and callus cultures of Calendula officinalis (Legha
et al. 2012). The in vitro induction of carotenoids has also
been achieved on culture media supplemented with 2-(4-
chlorophenyl-thio) triethylamine hydrohloride (CPTA), such
as in cell suspension cultures of tomatoes (Fosket and Radin
1983; Rhodes et al. 1991; Engelmann et al. 2010).

The light, which was an important factor for callus growth,
was essential for carotenoid induction on callus cultures of C.
rosea because the production of pigments on the callus sur-
face was only observed under this condition. It is well-known
that light participates in the regulation of carotenoid biosyn-
thesis (Bramley 2002; Simkin et al. 2003; Pizarro and Stange
2009). The presence of light was also important for lycopene
synthesis induction in callus and cell suspension cultures of
Barringtonia racemosa (Behbahani et al. 2011). In Citrus

Table 1 Total carotenoid (TC) production and biomass accumulation (FWand DW) in C. rosea callus cultures treated with different elicitors for seven
days (7 d) or fourteen days (14 d)

Elicitor mg L−1 (exposure time) Period of culture after elicitation

60 days 90 days

TC (μg g−1) FW (g) DW (g) TC (μg g−1) FW (g) DW (g)

Chitosan
* 1.37±0.06b 3.28±0.83ab 0.18±0.03a 5.12±0.63b 3.84±0.72a 0.24±0.04a

1.0 (7 d) 1.95±0,72b 2.73±0.36b 0.17±0.02a 10.73±0.82a 3.19±0.73a 0.21±0.05a

1.0 (14 d) 3.45±1.07b 2.90±0.52b 0.13±0.03a 9.11±2.55ab 3.38±0.31a 0.17±0.01ab

2.5 (7 d) 2.80±1.50b 5.23±1.46a 0.26±0.13a 4.16±0.86b 4.37±0.99a 0.29±0.08a

2.5 (14 d) 3.70±1.40b 4.34±1.08ab 0.24±0.09a 5.47±1.47b 4.36±0.80a 0.28±0.06a

5.0 (7 d) 7.91±2.07a 2.09±0.85b 0.10±0.05ab 9.43±2.20ab 4.03±0.79a 0.27±0.03a

5.0 (14 d) 4.30±1.59b 2.28±0.96b 0.14±0.03a 7.29±2.36b 3.17±1.01a 0.20±0.07a

Yeast extract
* 3.56±1.16b 5.86±1.19a 0.21±0.07b 3.83±0.36ab 4.83±0.82a 0.27±0.05a

200 (7 d) 5.87±1.68ab 4.65±1.11a 0.20±0.05b 2.25±1.66b 5.99±1.09a 0.35±0.05a

200 (14 d) 8.66±0.81a 4.79±0.97a 0.20±0.04b 3.05±1.16ab 4.68±0.78a 0.29±0.04a

400 (7 d) 5.96±1.12ab 3.88±0.63a 0.19±0.03b 1.73±0.62b 4.86±1.13a 0.26±0.05a

400 (14 d) 5.28±1.70ab 5.62±1.06a 0.38±0.09a 5.70±2.10a 4.71±2.66a 0.29±0.15a

Methyl jasmonate
* 1.89±1.04c 3.56±1.39a 0.21±0.09a 4.00±0.06b 3.73±0.61a 0.25±0.02a

20 (7 d) 9.09±4.82ab 4.94±1.11a 0.28±0.14a 5.27±1.62ab 3.29±1.01a 0.23±0.05a

20 (14 d) 7.33±1.83b 4.06±2.57a 0.26±0.18a 7.04±0.34a 4.54±0.90a 0.29±0.06a

40 (7 d) 11.49±1.54ab 2.92±0.98a 0.14±0.07a 5.62±1.47ab 3.92±0.82a 0.26±0.04a

40 (14 d) 8.81±1.56b 3.70±0.87a 0.15±0.02a 4.75±2.91ab 4.89±0.78a 0.28±0.08a

60 (7 d) 13.62±1.87a 3.80±0.27a 0.17±0.01a 9.43±3.54a 4.59±0.98a 0.30±0.05a

60 (14 d) 13.59±1.34a 2.16±0.29a 0.10±0.01a 5.77±2.34ab 4.28±1.23a 0.28±0.05a

Data represent mean ± standard deviation

For each elicitor, the same letters on each column are not significantly different according to the Tukey test at 5 %

FW fresh weight; DW dry weight
* Callus maintained on MS + 0,2 mg L−1 2,4D without elicitation
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callus, effect of light on carotenoid biosynthesis varied with
different genotypes and, although light regulates the expres-
sion of several carotenogenesis genes, its presence may not
necessarily result in significant changes in carotenoid produc-
tion (Gao et al. 2011).

Elicitation

To optimize the production of carotenoids, calli developed
under the culture conditions selected as the most efficient for
the high biomass accumulation of friable and non-
organogenic calli, i.e., MS medium supplemented with
0.2 mg L−1 2,4-D and maintained in light, were exposed to
different elicitors.

The elicitation process was an efficient strategy for opti-
mizing the carotenoid production in callus cultures of C.
rosea , regardless of the elicitor used. Table 1 presents the
effect of chitosan (CS) on the total carotenoid (TC) accumu-
lation. The highest TC accumulation 60 days after the elicita-
tion process was reached by calli treated with 5 mg L−1 CS for
7 days (7.91±2.07 μg g−1). The carotenoid content was three-
times greater than the pigment production obtained with non-

elicited control cultures (1.37±0.06 μg g−1). The TC content
90 days after the elicitation continued to increase, mainly on
cultures treated with 1 mg L−1 and 5 mg L−1 CS. In addition,
to effectively optimize the production of carotenoids, the
elicitation process did not result in significant changes in the
biomass accumulation.

When yeast extract (YE) was used as an elicitor, an in-
crease in the carotenoid content was achieved 60 days after
elicitation (Table 1). The maximum TC accumulation was
observed in cultures exposed to 200 mg L−1 YE over 14 days
(8.66±0.81 μg g−1 vs. 3.56±1.16 μg g−1 in the control cul-
tures). Nevertheless, the production was reduced after 90 days
in culture. Unlike CS, a longer exposure time (14 days) to YE
resulted in an increased production of pigments. However, as
previously observed with the CS treatment, the elicitation
process did not significantly influence the biomass
accumulation.

Elicitation with methyl jasmonate (MeJa) was the most
effective treatment in optimizing the carotenoid production
(Table 1). A maximum TC accumulation after 60 days of
elicitation was obtained when 60 mg L−1 MeJa was added to
the cultures, independently of the exposure time (13.62±

Fig. 5 Growth curve of cell
suspension cultures of C. rosea
obtained in liquid MS medium
supplemented with 0.2 mg L−1

2,4-D during 43 days of culture

Table 2 Total carotenoid (TC) production and biomass accumulation (FWandDW) inC. rosea cell suspension cultures established from non-elicited or
elicited calli cultivated on MS medium supplemented with 0.2 mg L−1 2,4-D

Subcultures Source of cells

Non elicited calli Elicited calli

TC (μg.g−1) FW (g) DW (g) TC (μg.g−1) FW (g) DW (g)

1st 0.87±1.20b 1.77±0.26b 0.11±0.04b 2.76±1.19b 1.33±0.37b 0.09±0.02b

2nd 2.22±1.54ab 3.67±1.61a 0.33±0.18a 2.80±0.45b 3.96±0.96a 0.20±0.07a

3rd 5.19±2.21a 3.76±0.54a 0.24±0.06a 6.13±1.59a 4.36±1.57a 0.25±0.08a

Data represent mean ± standard deviation

Same letters on each column are not significantly different by the Tukey test at 5 %

Elicited calluses were treated with 60 mg L−1 of methyl jasmonate for 7 days

FW fresh weight; DW dry weight
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1.87 μg g−1 and 13.59±1.34 μg g−1, after 7 and 14 days,
respectively). These values represent a six-fold increase in
pigment production when compared to the non-elicited con-
trol cultures (1.89±1.04 μg g−1). Although the cultures
exhibited a reduction in carotenoid content after 90 days of
elicitation with MeJa, the productivity levels remained higher,
especially in cultures treated with 60 mg L−1 MeJa for 7 days
(9.43±3.54 μg g−1). As already observed with the other
elicitors tested, the treatment with MeJa did not result in
significant changes in the callus growth.

The kinetics of carotenoid accumulation varied with the
different elicitors applied to callus cultures of C. rosea . The
highest yield was achieved 60 days after treatment in cultures
exposed to YE and MeJa. The use of CS resulted in a higher
production 90 days after treatment. As reported by
Vasconsuelo and Boland (2007), although the classes of me-
tabolites induced by the elicitation process depend on the plant
species, the kinetics of induction and/or accumulation levels
vary with the different elicitors.

In the present work, the elicitor exposure time was not a
relevant factor in inducing the carotenoid accumulation.
Vasconsuelo and Boland (2007) reported that the time re-
quired for maximum secondary metabolite accumulation is
characteristic of each plant species and is normally preceded
by an increase in activity of the involved metabolic enzymes.
The exposure time, like the elicitor concentration, must be
empirically determined for each culture.

The biomass accumulation in callus cultures of C. rosea
was not influenced by the elicitors used. However, elicitation
can lead to significant changes in growth rates. A significant
reduction in the biomass accumulation was observed after
elicitation with MeJa on callus cultures of Taxus x media var.
Hatfieldii (Furmanowa et al. 1997) and hairy roots of cotton
(Frankfater et al. 2009). In contrast, an increase in biomass was
achieved in cell suspension cultures ofHypericum perforatum
after the addition of jasmonic acid (Walker et al. 2002).

The chromatographic analysis of extracts obtained from the
elicited calli treated withMeJa (60mg L−1 for 7 days) revealed
a significant increase in the β-carotene content (Fig. 3c) when
compared to the non-elicited calli (Fig. 3a, peak 3). The
identification was confirmed after the co-injection of callus
samples with aβ-carotene commercial standard. However, the
peaks related to the other two carotenoids, previously ob-
served on the non-elicited calli (Fig. 3a, peaks 1 and 2), were
not detected in the elicited cultures. The use of MeJa also led
to qualitative changes in the alkaloid pattern produced by
somatic hybrid cell suspension cultures of Rauwolfia
serpentina x Rhazya stricta (Sheludko et al. 1999).

Cell suspension cultures

The CSC were established from non-elicited and elicited
(60 mg L−1 MeJa for 7 days) calli. Regardless of the callus

source, the cell suspensions were characterized by a 4-day lag
phase followed by an exponential phase lasting until day 24 of
culture, with the most significant growth occurring between
days 14 and 18. The stationary phase began after day 24
(Fig. 5) and was followed by a gradual reduction in cell
density. Despite the lower yield achieved when compared to
the callus cultures, the CSC presented an increase in the
biomass accumulation during the subcultures, achieving a
two-fold increase at the third subculture (Table 2). The CSC
initiated from elicited calli exhibited the greatest production of
carotenoids at the third subculture, although the TC accumu-
lation did not show significant differences when compared to
cultures initiated from non-elicited calli.

The results from the present work show that in vitro cul-
tures of C. rosea , especially after elicitation, may become an
efficient alternative source of carotenoids. Therefore, the de-
veloped protocol could be used as a suitable system for the
in vitro production of such pigments.
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