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Abstract

This work aimed to optimize statistically the culture medium composition for cell plant suspension culture using as a model
Capsicum baccatum L. var. pendulum cells. The cell growth was maximized as well as the secondary metabolite yields
with antioxidant activity, which could find applications in pharmaceutical and food industries. A Box—Behnken statisti-
cal design was utilized to optimize the basal Murashige and Skoog medium, which is widely used in plant cell culture.
Three relevant ingredients, saccharose (A, 15-45 g L™!), KH,PO, (B, 0.085-0.255 g L™!) and KNO, (C, 0.95-2.85 g L™
were considered. The cell growth index as well as antioxidant activity, total phenolic compounds and flavonoids from dry
extracts (DE) derived of cell cultures, were determined. Growth index (GI) and flavonoids content (F) were sensitive to the
changes in nutrient composition in culture medium, and they were modeled statistically according to modified quadratic
(GI = 1.76 + 0.59A — 0.32B — 0.42AC) and two-factor interaction (F(mg of rutin/g DE) = 0.88 + 0.35AC — 0.29BC) models,
respectively. Antioxidant activity and total polyphenols were independent of the nutrient concentrations within the range
under study. The optimized culture medium composition was defined for two approaches: maximization of the cell growth
(45 g L™! saccharose, 0.09 g L™! KH,PO,, 0.95 g L} KNO;) and maximization of flavonoids production (45 g L' saccha-
rose, 0.09 g L! KH,PO,,2.85¢g L! KNO;). According to the current results, other elicitation strategies should be assessed
to make this bioprocess more efficient for manufacturing secondary metabolites with antioxidant activity from suspension
culture of Capsicum baccatum L. var. pendulum cells.

Keywords Bioprocess optimization - Capsicum baccatum L. var. pendulum - Plant cell culture - Polyphenolic compounds -
Suspension culture

Introduction

Plant-derived compounds form a significant slice of eco-
nomically important pharmaceuticals (taxol, ginsenosides,
artemisinin, etc.), food additives (flavors, fragrances, and
colorants) and agrochemicals (biopesticides) in the current
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societies from over the world. Most of these active ingredi-
ents are classified as secondary metabolites. Part of them are
irrelevant by-products of metabolic routes due to indistinct
enzyme activity, while some do have a remarkable role in
the interaction of the plant with its environment, thus can
be considered biologically active (Zhou and Zhong 2010b).

The production of secondary metabolites is often low,
less than 1% dry weight, and depends on the plant spe-
cies, plant’s physiological and development stage as well
as environmental factors (Zhou and Zhong 2010b; Wilson
and Roberts 2012). Due to the limited availability of these
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compounds and the difficulties to set a robust commercial
process for them from natural sources, other technological
platforms have been explored such as chemical synthesis,
heterologous production (bacteria, yeast, and alternatives
plant species) and plant cell culture (Wilson and Roberts
2012). Specifically, plant cell culture is an attractive source
for production of high-value secondary metabolites with
complex chemical structures (Davies and Deroles 2014).

Plant cells are biosynthetically totipotent, which means
that each cell in culture retains entire genetic information,
consequently its ability to produce the spectrum of chemi-
cals found in the parent plant. However, there exist still trou-
bles in the production of metabolites by cell cultures because
of the instability of cell lines, low yields, slow growth and
scale-up problems (Ramachandra Rao and Ravishankar
2002; Wilson and Roberts 2012).

Among the strategies to make efficient the secondary
metabolite production in technologies based on plant cell
culture, the manipulation of growing conditions is one of
the most fundamental approaches (Smetanska 2008). Many
chemical and physical factors, such as media components,
pH, temperature, and light, affect the yield of secondary
metabolites in this biotechnology. Specifically, there are
several reports of how the application of nutrient stress
to plant-cell and tissue culture can reduce growth and pri-
mary metabolism and promote differentiation and second-
ary metabolism. As a rule, plant cell culture media include
inorganic components (macroelements and microelements),
organics (saccharose) and phytohormones. Thus, a suitable
handling of concentrations for these three categories of com-
ponents in the culture medium can improve the bioprocess
productivity (Yeoman and Yeoman 1996; Smetanska 2008).

On the other hand, peppers, as are well-known, have a
broad spectrum of secondary metabolites with antioxidant
properties and can be a suitable alternative to obtain these
chemicals. This class of compounds is extremely useful to
minimize or control critical health disorders such as diabe-
tes, cancer, cardiovascular and neurodegenerative diseases.
Among the peppers, the Capsicum genus, which is native
to the tropical zones of Central and South America, stands
out. It includes an enormous variety of species with many
fruit’s shapes, sizes, and flavors, having significant economic
and cultural values. Capsicum baccatum is one of five main
domesticated pepper species, in which also include Cap-
sicum annuum, Capsicum chinense, Capsicum frutescens,
and Capsicum pubescens (Lannes et al. 2007; Zimmer et al.
2012). Specifically, plant cell culture approaches involving
C. annuum, C. chinense, and C. frutescens species have been
deeply assessed to obtain beneficial health compounds like
capsaicinoids (Prasad et al. 2006; Ferri et al. 2017). How-
ever, equivalent studies including C. baccatum species are
scarce. Our group has been recently focused on the initial
in vitro culture steps (in vitro germination and callus culture)
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for obtaining antioxidant compounds from C. baccatum spe-
cies (Fidemann et al. 2016, 2017).

This work aimed to optimize statistically the culture
medium composition for suspension culture of Capsicum
baccatum L. var. pendulum cells to maximize the cell growth
and the yield of secondary metabolites with antioxidant
activity, which could find applications in pharmaceutical
and food industries.

Materials and methods
Plant material

The hypocotyl explants were obtained from Capsicum bac-
catum L. var. pendulum (Cambuci) seedlings in vitro germi-
nated. The seeds were obtained in local markets from Assis,
Sédo Paulo State (—22°39'42"S, —50°24'44"W). The voucher
specimen (HASSI-01127) was deposited at the Herbarium
Assisense of the Biology Department, UNESP, Assis, Bra-
zil. The experiments were performed at Laboratério de Bio-
tecnologia Vegetal, UNESP—FCL, Assis/SP-Brasil.

Callus culture

The hypocotyl explants (in average 7 mg) were obtained
from seedling (pretreated seeds with 1% KNO; aqueous
solution (w/v) for 10 min and in vitro germinated in cul-
ture medium containing distilled water, 0.6% agar, and
1.88 mg L~! gibberellic acid) with cotyledons appearance.
The detailed procedures for the culture initiation were pre-
viously reported (Fidemann et al. 2016). With the aid of
sterilized tweezers and scissors, explants were cut and inocu-
lated in Petri dishes (15X 100 mm) (five explants per dish)
containing 35 mL Murashige and Skoog culture medium
(MS) (pH 5.75) (Murashige and Skoog 1962) solidified with
Phytagel (Sigma Chemical Co., St. Louis, MO) 4 g L™/,
supplemented with 3% sucrose and 2,4-0/BAP (5:1 ratio) at
1.138 mg L~! (these conditions were optimized in previous
work of our team) (Fidemann et al. 2017). The culture media
were previously autoclaved at 121 °C, 1 atm for 20 min.
The calluses were removed from Petri dishes for inoculum
preparation after 30 days of culture at 30 °C in darkness.

Inoculum preparation

A fresh mass of callus to guarantee an initial cell concentra-
tion of 12.5 g L™! was utilized for beginning propagation and
adaptation of Capsicum baccatum L. var. pendulum cells to
suspension culture in Murashige and Skoog culture medium
(Murashige and Skoog 1962) supplemented with 2,4-0/BAP
(5:1 ratio) at 1.138 mg L™!. The inoculum preparation for
experimental design comprised three serial passages, using
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the same initial concentration and culture medium. All the
passages were performed in 100 mL Erlenmeyer flask (cot-
ton plug) with 20 mL working volume. Each stage lasted
14 days. The cell separation over the course of inoculum
preparation was done by sedimentation.

Optimization of culture medium composition

The optimization of the modified Murashige and Skoog cul-
ture medium (Murashige and Skoog 1962) supplemented
with 2,4-p (1.138 mg L") and BAP (0.228 mg L") for
suspension cell culture of Capsicum baccatum L. var. pen-
dulum was focused on carbon, phosphorus, nitrogen and
potassium sources. Three ingredients were considered, sac-
charose (15-45 g L™!), KH,PO, (0.085-0.255 g L™!) and
KNO; (0.95-2.85 g L_l); their concentrations were studied
in +50% range, taking as a reference the standard concen-
tration of each ingredient in Murashige and Skoog culture
medium.

A Box—Behnken statistical design with three repetitions of
the central point in the experimental domain was utilized to
optimize the culture medium (Table 1). The Box—Behnken
designs are second-order designs, which require fewer factor
levels and experiments than other experimental designs uti-
lized to determine optimal conditions (Chen et al. 2006). Thus,
this statistical approach was chosen based on experimental
economic issues. Fifteen runs were performed at 28 +1 °C in

Table 1 Box-Behnken experimental design to define de culture
medium composition for suspension culture of Capsicum baccatum
L. var. pendulum cells to maximize and model the yield of secondary
metabolites with antioxidant activity

Run Concentrations of culture medium ingredient (g L")
Saccharose KH,PO, KNO;
1? 30 0.170 1.90
2 30 0.255 0.95
3% 30 0.170 1.90
15 0.085 1.90
5 30 0.255 2.85
6* 30 0.170 1.90
15 0.170 2.85
8 45 0.255 1.90
30 0.085 2.85
10 15 0.170 0.95
11 45 0.085 1.90
12 45 0.170 2.85
13 30 0.085 0.95
14 45 0.170 0.95
15 15 0.255 1.90

*Experimental combinations including the typical concentrations of
saccharose, KH,PO,, and KNO; in the MS basal medium (control
treatment, or central point in the experimental domain)

darkness. The inoculated dry cell mass guaranteed an initial
cell concentration equal to 0.76 g L™!. The agitation speed
was 100 rpm. The cell cultures were performed in 100 mL
Erlenmeyer flask (cotton plug) with 15 mL working volume.

The end of suspension cell culture for all experimental runs
was set on fifteenth day after inoculation. The culture was
monitored by dissimilation curve method, which was defined
previously by Schripsema et al. (1990).

Quantification of dry cell mass, extracts obtaining
and growth index

The wet cells from each Erlenmeyer flask (corresponding to
the run of experimental design) at the end of culture were sep-
arated by sedimentation, frozen and lyophilized (LIOBRAS,
model Loitop L101, Sdo Carlos, Brazil) (24-36 h) to obtain
the dry mass. The dry cell mass was measured in analytical
balance. Then it was macerated with N, (77 K) to obtain the
vegetable powder. The solutions were prepared in the ratio of
5 mg (powder) per 1 mL in ethanol 70% (v/v). Then, they were
put in an ultrasound bath (7 min at 30 KHz), and hereafter
were centrifuged for 15 min at 2000 rpm (QUIMIS, centrifu-
gal microprocessor, model: Q222TM216, Diadema, Brazil).
The supernatant was used for the chemical assays. The growth
index was defined as the ratio between the dry cell mass at
the end (DM,,;) of culture respect to equivalent mass at the
inoculation moment (DM, ..uaiion) (EQ. 1).

. DMend
Growth index = —— e))

inoculation

In vitro antioxidant activity

The in vitro antioxidant activity was determined using the
1,1-diphenyl-2-picrylhydrazyl (DPPH) methodology described
by Blois (1958) with modifications. In each tube was added
absolute ethanol, acetate buffer (100 mM pH 5.5), ethanolic
solution of DPPH (500 pM) and the sample. The control tube
was done excluding the sample addiction. The reaction mix-
tures were stirred by vortex and kept in the dark for 30 min.
The absorbance was measured using a Femto-600 Plus UV/Vis
spectrophotometer (Sao Paulo, Brazil) at 517 nm. The samples
quantifications were done in triplicate to guarantee statisti-
cal robustness of the results and the absorbance values were
expressed as percentage by the following Eq. (2):

A.—A
%AA = l(CA—S)] x 100 2)

C

where % AA is the antioxidant activity, A is the control
absorbance and Ay is the sample absorbance.
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Total phenol and flavonoid assays

The content of total phenolic compounds was quantified
using the Folin—Ciocalteu colorimetric method modified
by Singleton and Rossi (1965). A reaction mixture contain-
ing extract (ethanol 70%) was added distilled water and
Folin—Ciocalteu reagent. After 3 min, saturated Na,CO,
solution was added, and the mixture was kept standing for
60 min. The absorbance was measured using a Femto-600
Plus UV/Vis spectrophotometer (Femto, Sdo Paulo, Brazil)
at 765 nm. The samples were run in triplicate for statistical
analyses, and the results expressed as milligram gallic acid
equivalent (GAE) per gram of dry weight of extract (mg of
GAE/g DE).

The total flavonoids content was determined by Vis spec-
trophotometry, and the samples prepared based on flavo-
noids complexation with AICl; as the colorimetric method
described by Zhishen et al. (1999). A reaction mixture con-
taining extract (ethanol 70%) was added distilled water and
5% (w/v) NaNO, solution. After 6 min, 10% (w/v) AICL,/
H,O solution and 1 M NaOH solution were added. Then the
reaction mixtures were stirred by vortex and kept standing
for 15 min. The absorbance was measured using a Femto-
600 Plus UV/Vis spectrophotometer at 510 nm. The samples
were also run in triplicate, and the results expressed as the
rutin equivalent per gram of dry weight of extract (mg of
RU/g DE).

Statistical analysis

Experimental planning and data analysis from Box—Behnken
design were carried out in Design-Expert software (Trial
version 10.0.3.1, Stat-Ease, MN, USA). The level of signifi-
cance (o) for statistical decisions was 0.05. The optimiza-
tion of culture medium composition for maximizing dry cell
mass of Capsicum baccatum L. var. pendulum and antioxi-
dant activity associated with the corresponding extracts as
well as polyphenolic compounds and flavonoids were done
using Derringer and Suich’s desirability function (Costa
et al. 2011) implemented in the same software.

Results and discussion

Among phenolic extracts and compounds with antioxidant,
antimicrobial and cytotoxic activities, produced by plant
cell culture, the anthocyanin extracts, betalains, phenolic
acids, and flavonoids have been more extensively studied
(Dias et al. 2016). On the other hand, peppers (Capsicum)
are good sources of this kind of phytochemicals as well as
capsaicinoids, which are strong antioxidants and play a cen-
tral role in the prevention of cardiovascular disease, cancer
and neurological disorders (Loizzo et al. 2015). Thus, we
herein focused on the establishment of the basis for bio-
process (culture medium optimization) based on Capsicum
baccatum L. var. pendulum cells to obtain efficiently second-
ary metabolites of interest.

Table 2 Analysis of the adjusted statistical models regarding coded factors for the four monitored biochemical parameters

Parameters Response
Growth index Antioxidant activity Total polyphenols (mg of  Flavonoids (mg of RU/g DE)
(%) GAE/g DE)
Model Modified quadratic Mean Mean Modified two-factor interaction
Probability values
Statistical test
Model significance 0.0005* - - 0.0184%
Lack of fit 0.0650 0.3754 0.6482 0.0711
Model terms
Saccharose (A) 0.0003* 0.2950 0.8289 0.0916
KH,PO, (B) 0.0183* 0.2651 0.4679 0.2957
KNO; (C) 0.1877 0.1059 0.2852 0.7601
AB 0.1326 - - 0.0956
AC 0.0245* - - 0.0247*
BC 0.9834 - - 0.0497*
A? 0.0943 - - -
B? 0.1405 - - -
c? 0.0533 - - -

 represents the statistically significant model terms
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Four biochemical indexes (growth index, as well as anti-
oxidant activity, total phenolic compounds and flavonoids
in extracts) were studied statistically to fulfill the main goal
of this research. The results for each of them are discussed
below.

Growth index

One of the most important parameter to characterize the sus-
pension plant cell culture is the growth index. The growth
index for Capsicum baccatum L. var. pendulum cells was
described by a modified quadratic model (Table 2). This
biochemical index was influenced positively by saccharose
concentration (A) in the culture medium. Contrariwise, the
KH,PO, (B) and the two-factor interaction between A and
KNO; (C) showed an inverse correlation concerning growth
index (Eq. 3, the model regarding coded factors).

Growth Index = 1.76 + 0.59A — 0.32B — 0.42AC 3)

The high values (> 2) for the growth indexes (Fig. 1a)
were associated with culture media containing saccharose
in 30-45 g L™! concentration range (run numbers 8, 9, 11,
13, 14). Specifically, the highest growth index (3.11) was
observed for run 11 comprising the maximum saccharose
concentration, the lowest KH,PO, concentration and the
intermediate concentration of KNOj in the ranges under
study (Table 1). In line with this result, the synergistic effect
of AC two-factor interaction on growth index was confirmed
when high saccharose concentrations are combined with
low KNOj; concentrations (Fig. 2). This maximum growth
factor for Capsicum baccatum L. var. pendulum was like
those, previously reported for Capsicum chinense Jacq. in a
modified Murashige and Skoog culture medium (Kehie et al.
2016). Also, as the high values of saccharose concentra-
tions ensured high growth indexes, the negative impact of
high concentrations of this carbon source on culture medium

Fig. 1 Results of the four A
monitored biochemical param- 35 1.8
eters at the end of plant cell
culture derived from samples 3.0 o
included in the Box—Behnken ?n
experimental design (Table 1). 25 S
a Growth index and flavonoids. 9 E
b Antioxidant activity and total 3 2.0 °°D
polyphenols E g
15 3
g B
© 5
1.0 2
[
0.5 1 r 0.2
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osmolality was not observed for Capsicum baccatum L. var.
pendulum cells within the saccharose concentration range
under study (Murthy et al. 2014).

As a rule, higher levels of phosphate were found to
enhance the cell growth (Ramachandra Rao and Ravishankar
2002). This finding was not confirmed in the present work.
Probably, this fact occurred because the high phosphate con-
centrations for these pepper cells were outside of the study
range. On the other hand, the confirmed high cell growth
at a low concentration of KNO; could be mainly explained
by the major contribution of potassium ion concentration
to the osmotic potential, a specific requirement for protein
synthesis, and an activator for particular enzyme systems
(Zhou and Zhong 2010a).

The weight loss in flasks (dissimilation curves), where
plant cell culture is performed, usually correlates well with
the cell growth. In the current study, this pattern was not
confirmed perfectly. Among the assessed samples with rela-
tively high growth index, just runs 13 and 14 showed high
values of weight loss caused by metabolism of sugars (> 1 g)
(Fig. 3). The KNOj; concentrations in culture medium asso-
ciated with both runs were minimum (0.95 g LY (Table 1).
However, four runs (3, 12, 13, 14) with relatively high
weight loss corresponded also to culture media comprising
saccharose in 30-45 g L™! concentration range. The failure

Fig.2 Interaction graph sac-
charose (A)-KNO; (C) for the
adjusted growth index model

X = A: Saccharose
Y = C: KNO3

O Design Points

B C.0950gL"!
A C+2850gL"!

Growth index

Actual Factor
B: KH,PO,=0.17g L™
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correlation could be caused by significant sugar consump-
tion for cell maintenance (Wilson 1987) in some nutrient
arranges and the use of cotton plug as flask stoppers for
performing the suspension plant cell culture. The high water
evaporation through this stopper has been reported, caus-
ing changes in the ratio of water evaporation between flasks
(Schripsema et al. 1990).

Antioxidant activity

The antioxidant activity of the derived extracts from Cap-
sicum baccatum L. var. pendulum plant cell culture was
independent of the concentrations of the three nutrients
within the corresponding assessed ranges (Table 2). The
antioxidant activity showed an average value equal to 1.85%
(Fig. 1b) within the experimental domain under considera-
tion. Besides, the antioxidant activities herein (suspension
cell culture) were lower than those previously obtained for
our group in callus culture with homologous basal culture
medium and hormone supplementation, as well as, explant
origin (7.58 +4.07%) (Fidemann et al. 2017).

Among the phytochemicals with remarkable antioxidant
properties in C. baccatum, the red and yellow carotenoids,
ascorbic acid and phenolic compounds including flavonoids
stand out (Rodriguez-Burruezo et al. 2009). Therefore, the

3.11 - C: KNOs(g L")
2.44
1.76 -
]
s
1.09 —
0.41-
| | | | |
1500 2250 30.00 37.50 45.00

A Saccharose (g L)



Plant Cell, Tissue and Organ Culture (PCTOC) (2018) 133:137-146

143

changes in the nutrient composition of the culture medium
seemed no affect positively the cell metabolism of Capsi-
cum baccatum L. var. pendulum to stimulate the secondary
metabolites production with significant antioxidant activity.

Total phenolic compounds

The phenolic compounds in the extracts showed a similar
behavior to the antioxidant activity. Neither, this biochemi-
cal parameter correlated to three nutrient concentrations
within the experimental region (Table 2). The values of phe-
nolic compounds in the extracts oscillated around 1.69 mg
of GAE/g DE. These results were in harmony with previous
findings in callus culture of Capsicum baccatum L. var. pen-
dulum for our group (2.77 +1.19 mg of GAE/g DE) (Fide-
mann et al. 2017).

The content of phenolic compounds in the assessed sus-
pension cell system was drastically lower than levels for

Fig.3 Monitoring of weight a

this family of phytochemicals reported for fruit and seeds of
Capsicum baccatum L. var. pendulum culture conventionally
(Zimmer et al. 2012). This confirms the hypothesis that the
evaluated changes in culture medium for suspension culture
of Capsicum baccatum L. var. pendulum did not improve the
secondary metabolism for chemical structures with antioxi-
dant activity. Thus, the chemical stress caused by nutrients
in the culture medium, which can induce the activation of
secondary metabolism (Yeoman and Yeoman 1996; Davies
and Deroles 2014) was not observed in the present work, at
least for total phenols.

Flavonoids

Flavonoids in conjunction with phenolic acids, lignans, and
coumestans compose the phenolic compounds, an impor-
tant class of secondary metabolites with antioxidant activ-
ity (Martins et al. 2016). Thus, flavonoids are secondary

loss over the course of suspen- 2.0
sion plant cell culture (the
evaporation of culture medium
was considered and removed)
caused by cell metabolism (dis-
similation curves) (Schripsema
et al. 1990). a Run numbers
from 1 to 8 (Table 1). b Run
numbers from 9 to 15 (Table 1)
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metabolites with wide application in food and pharmaceuti-
cal industries.

In this study, the occurrence of these compounds in
extracts derived from Capsicum baccatum L. var. pendu-
lum plant cell culture was described by a modified two-
factor interaction (Table 2). The statistical model regard-
ing coded factors is represented by Eq. 4.

mg of RU

Flavonoids <
¢ DE

> =0.88 +0.35AC - 0.29BC (4)

The direct relationship between AC two-factor inter-
actions and flavonoids content in extracts demonstrated
that relative high flavonoids amounts are obtained when
culture medium comprises combinations of high concen-
trations of saccharose and KNOj, or low concentration of
both nutrients (Fig. 4a). Contrary, the significant BC two-
factor interactions showed an inverse relationship between
KH,PO, and KNO; concentrations and flavonoids. Thus,
high flavonoids amounts were observed for high-low com-
binations of both nutrients in culture medium (Fig. 4b).

The induction of phenolic compounds using nitrate
reduction in cellular suspension has been reported for sev-
eral medicine species (Nicasio-Torres et al. 2012). Despite
KNOs; is included in both significant two-factor interactions,
the reported individual effect for nitrate was not confirmed
in Capsicum baccatum L. var. pendulum cells cultured in
Murashige and Skoog medium. Regardless of significant
correlation between flavonoids content and nutrient concen-
trations, the content of flavonoids from suspension culture of
Capsicum baccatum L. var. pendulum cells was lower than
others reported in different parts of the plant (Zimmer et al.
2012; Loizzo et al. 2015).

Optimization

Two optimization approaches were explored in this work.
One of them was addressed to maximize only the cell
mass. This approach could be useful to develop efficient
cell expansion strategies aiming the scalability of a bio-
process for secondary metabolites production based on
Capsicum baccatum L. var. pendulum plant cell when
other elicitation techniques are utilized to increase the
yield of secondary metabolites of interest (Table 3, solu-
tion 1). The other optimization approach was directed to
maximize the flavonoids yield with Capsicum baccatum
L. var. pendulum plant cell just by nutrient elicitation
(Table 3, solution 2). Maximization flavonoids approach
could be suitable to establish a compact bioprocess to
obtain valuable compounds of this family of chemical
compounds.

The optimal nutrient composition of culture medium
for both approaches differed just in KNO; concentration.

@ Springer
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For maximizing cell mass concentration, the concentra-
tion of KNO; was the lowest (0.95 g L~ within consid-
ered range. Conversely, the concentration of KNO; was
the assessed highest one (2.85 g L™!), when maximization
flavonoids approach was chosen.

The previous findings are likely caused by the relative
high concentrations of potassium and nitrate in the basal
MS medium, which was initially developed for tobacco
cells (Bhatia 2015). Specifically, potassium concentration,
which regulates osmotic potential, at the lowest considered
KNOs; level could be suitable for growth of Capsicum bac-
catum L. var. pendulum cells. Otherwise, at the highest
concentration could induce an osmotic stress with impact
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Table 3 An optimized culture medium according to two different criteria using the Derringer and Suich’s desirability function
Solution  Response variable Optimization criterion Importance Optimal component concentra-  Response value  Desir-
tion (g L1 ability
value*
Saccharose KH,PO, KNO;
1 Growth index Maximum +++4++ 45 0.09 0.95 3.09 0.988
Flavonoids (mg of RU/g DE) None - -
2 Growth index Maximum +++4++ 45 0.09 2.85 224 0.727
Flavonoids (mg of RU/g DE) Maximum ++++ 1.52

*Desirability function values next to 1, and 0 mean a high or low correspondence with the optimization criteria, respectively (Maran et al. 2015)

on flavonoids production. Besides, nitrate ion participates
in the synthesis of amino acids (Bhatia 2015). As aromatic
amino acids are precursors of phenylpropanoid structures
like flavonoids (O’Connor 2015), the increase of KNO,
could be also stimulating directly the flavonoids produc-
tion through their own metabolic route.

Conclusions

The influences of three important ingredients in Murashige
and Skoog culture medium (saccharose, KH,PO, and
KNO;) supplemented with 2,4-D (1.138 mg L™!) and
BAP (0.228 mg L™!)-on biochemical parameters related
to the suspension cell culture of Capsicum baccatum L.
var. pendulum, which characterize cell growth and sec-
ondary metabolite yield, were defined. Cell growth was
also maximized using a culture medium with concentra-
tions of 45, 0.09, and 0.95 g L™!, corresponding to sac-
charose, KH,PO,, and KNOj;, respectively. Besides, flavo-
noids yield was maximized with similar culture medium
composition, just KNO; concentration (2.85 g LY dif-
fered. The antioxidant activity and the content of phenolic
compounds in derived extracts were not sensitive to the
changes in culture medium composition. The results could
be useful for developing bioprocesses based on Capsicum
baccatum L. var. pendulum cells to obtain efficiently sec-
ondary metabolites of interest.
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