
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=gnpl20

Natural Product Research
Formerly Natural Product Letters

ISSN: 1478-6419 (Print) 1478-6427 (Online) Journal homepage: https://www.tandfonline.com/loi/gnpl20

Holistic protocol for callus culture optimization
using statistical modelling

Tiago Fidemann, Gabriela Aparecida de Araujo Pereira, Lia Bossard
Nascimento, Milena Cristina Moraes, Mônica Rosa Bertão, Regildo Márcio
Gonçalves da Silva & Eutimio Gustavo Fernández Núñez

To cite this article: Tiago Fidemann, Gabriela Aparecida de Araujo Pereira, Lia Bossard
Nascimento, Milena Cristina Moraes, Mônica Rosa Bertão, Regildo Márcio Gonçalves
da Silva & Eutimio Gustavo Fernández Núñez (2018) Holistic protocol for callus culture
optimization using statistical modelling, Natural Product Research, 32:9, 1109-1117, DOI:
10.1080/14786419.2017.1380026

To link to this article:  https://doi.org/10.1080/14786419.2017.1380026

View supplementary material 

Published online: 28 Sep 2017.

Submit your article to this journal 

Article views: 105

View Crossmark data

Citing articles: 1 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=gnpl20
https://www.tandfonline.com/loi/gnpl20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14786419.2017.1380026
https://doi.org/10.1080/14786419.2017.1380026
https://www.tandfonline.com/doi/suppl/10.1080/14786419.2017.1380026
https://www.tandfonline.com/doi/suppl/10.1080/14786419.2017.1380026
https://www.tandfonline.com/action/authorSubmission?journalCode=gnpl20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=gnpl20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/14786419.2017.1380026&domain=pdf&date_stamp=2017-09-28
http://crossmark.crossref.org/dialog/?doi=10.1080/14786419.2017.1380026&domain=pdf&date_stamp=2017-09-28
https://www.tandfonline.com/doi/citedby/10.1080/14786419.2017.1380026#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/14786419.2017.1380026#tabModule


Natural Product Research, 2018
VOL. 32, NO. 9, 1109–1117
https://doi.org/10.1080/14786419.2017.1380026

Holistic protocol for callus culture optimization using 
statistical modelling

Tiago Fidemanna, Gabriela Aparecida de Araujo Pereiraa, Lia Bossard Nascimentoa, 
Milena Cristina Moraesa, Mônica Rosa Bertãoa, Regildo Márcio Gonçalves da Silvaa and 
Eutimio Gustavo Fernández Núñezb 
aFaculdade de Ciências e Letras, Departamento de Biotecnologia, Universidade Estadual Paulista (UNESP), 
Assis, Brazil; bCentro de Ciências Naturais e Humanas (CCNH), Universidade Federal do ABC, Santo André, Brazil

ABSTRACT
Plants endue a key role against illnesses caused by oxidative stress. These 
attributes are frequently associated with polyphenolic compounds. 
However, presence and concentration of secondary metabolites are 
affected by abiotic factors. The in vitro culture techniques can solve 
these drawbacks. Peppers can be a suitable alternative to obtain 
polyphenols. Aiming to optimise the callus culture stage from 
Capsicum baccatum to produce polyphenols, this work evaluated 
systemically the effects of the explant’s origin (root, hypocotyl and 
cotyledon), growth hormone type (2,4-dichlorophenoxyacetic acid 
(2,4-D), benzylaminopurine (BAP) and a combination of 2,4-D/BAP at 
five-to-one ratio) and concentration (0.023–10.000 mg L−1) on callus 
culture efficiency parameters using a multilevel factorial design. The 
root explant in combination with BAP at 1.138 mg L−1 ensured the 
optimal values of the assessed responses; ​callus mass (225.03 mg), 
antioxidant activity (35.95%), total phenols (11.48 mg of GAE/g DE) 
and flavonoids (15.92 mg of RU/g DE) production.
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1.  Introduction

The oxidative stress and inflammations are associated with many diseases such as diabetes, 
cancer, cardiovascular and neurodegenerative diseases causing concern worldwide (Zimmer 
et al. 2012). In that sense, the plants have played a key role due to their pharmacological 
properties against these disorders. These attributes are most of the times associated with 
the presence of polyphenolic compounds; among them, phenolic acids and flavonoids are 
highlighted (Ramkissoon et al. 2013). Specifically, flavonoids perform a wide range of func-
tions such as UV-light protection, defence against phytopathogens and antioxidant activity 
(Petrussa et al. 2013).

Peppers, as are well known these horticultural species, have a wide variety of phytochem-
icals with antioxidant properties and can be a suitable alternative to obtaining these chemical 
structures. Among the peppers, the Capsicum genus, which is native to the tropical zones 
of Central and South America, stands out. Capsicum baccatum is one of five main domesti-
cated pepper species, in which also include Capsicum annuum, Capsicum chinense, Capsicum 
frutescens and Capsicum pubescens (Zimmer et al. 2012).

As a rule, the presence of secondary metabolites (SM) and their phytochemical concen-
trations are affected by several environmental factors such as drought, temperature, altitude, 
salinity, metal ions, light and UV radiation (Verma and Shukla 2015). Another drawback, in 
obtaining them directly from plants, is related to the low natural disposition of these com-
pounds. However, these problems can be solved with in vitro alternative techniques like 
plant cell and tissue culture methodologies. Many classes of SMs are synthesised, accumu-
lated and sometimes exuded using some culture systems such as callus culture and cell 
suspension culture (Matkowski 2008).

In vitro plant cell cultures have several advantages for producing SMs compared with 
chemical synthesis or cultivated plant, such as controlled conditions for bioactive metabolite 
production (avoiding or lowering abiotic factors variance) and uniform quality and contin-
uous supply of products using high-production cell lines. However, in vitro plant cell cultures 
are still under development and have some limitations including low yields, genomic insta-
bility and scale-up difficulties (Mustafa et al. 2011). Besides, up to date, the several factors that 
influence on biomass production and product accumulation in vitro plant cell culture are 
mainly studied and set using one-factor-at-a-time strategy, where the multiple interactions 
among process parameters are not taken into consideration (Schmitz et al. 2016).

Thus, the aim of this paper was to optimise the callus culture stage systemically as an 
initial step for developing a plant cell bioprocess to produce SMs with applications in food 
or pharmaceutical industries. The goals in callus culture optimisation were to increase the 
yield of callus mass, polyphenolic secondary metabolites and antioxidant capacity in extracts 
from the horticultural species cells, C. baccatum L. var. pendulum.

2.  Results and discussion

The current study was performed to establish the initial stage (callus culture) of a biotech-
nology to produce SM from C. baccatum L. var. pendulum. The use of explants herein from 
seedling lay on the previous observations which confirmed that young tissue is more respon-
sive to callus initiation than mature plant tissues (Malik et al. 2011). Besides, drastic tissue 
decontamination procedures and time-consuming and low-controlled protocols, when 
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explants are taken from species in natural environments, were avoided. Among the 45 treat-
ments (15 for each explant’s origin), 13 did not form callus (Table S1). The failed experiments 
were distributed as follow: six in root explants, five in hypocotyl and two in cotyledon. The 
successful use of cotyledon in the present work as explant source for obtaining high budding 
indexes respect to other plant tissues utilised in vitro regeneration techniques has also been 
confirmed for other vegetable species, including Chilli peppers (Were et al. 2006; Kothari  
et al. 2010). This superiority may be related to the development of meristematic zones in 
subepidermal cells on the adaxial side of cotyledon explant (Motamedi et al. 2011). However, 
the hormone type and concentration can change this regularity (Kothari et al. 2010).

On the other hand, all models for response variables were significant, and the statistical 
assessment of the studied factors was also performed (Table 1) and discussed in detail below.

2.1.  Wet weight

The callus mass varied widely among the assessed experimental combinations. The best 
result for root was 498.23 mg using 2,4-D/BAP (5:1 ratio) at 1.138 mg l−1. Similarly, the highest 
callus mass (862.43 mg) for hypocotyl was obtained utilising the same hormone mixture 
and concentration. However, for cotyledon, the best value of callus weight (519.13 mg) was 
reached with 2,4-D at 2.253 mg l−1 (Table S1). It was also observed 2,4-D had a better response 
for cotyledon and similar response for root and hypocotyl. On the other hand, the effect of 
BAP utilisation in culture medium was similar in the three evaluated explants. Nevertheless, 
the 2,4-D/BAP had shown better response for hypocotyls and similar response for root and 
cotyledon (Figure S1A). Both hormones are quoted in callus formation due to their capacity 
in promoting cell division and growth. However, this higher response in calli using 2,4-D/
BAP can be related to the synergism during interaction between auxin and cytokinin (George 
et al. 2008).

It was confirmed superior performance in callus weight for hypocotyl and cotyledon 
explants when hormone concentration was in 1.138–2.253 mg l−1 range, but the 1.138 mg l−1 
concentration was more suitable for root explant (Figure S1B). On the other hand, the 

Table 1. Analysis of variance (ANOVA) for each response variable model. Probability values associated 
with the statistical significance tests for models, terms and model lack of fit of the coded response  
variables used to describe callus cultures stage are reported.

Note: The symbol (–) represents the no significant statistical tests.

Source

Response variables

Callus mass 
(mg)

Budding index 
(%)

Antioxidant 
activity (%)

Total phenols 
(mg GAE g−1 DE)

Flavonoids (mg 
RU g−1 DE)

Model significance < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

Term significance

A-Explant’s origin < 0.0001 < 0.0001 – – –
B-Growth 

hormone type or 
mixture

0.0010 – < 0.0001 < 0.0001 < 0.0001

C-Concentration of 
growth hormone

< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

AB < 0.0001 < 0.0001 0.0351 0.0031 –
AC 0.0179 < 0.0001 – – –
BC < 0.0001 < 0.0001 < 0.0001 <  0.0001 <  0.0001
ABC 0.0058 0,0005 – – –
Lack of fit test – – 0.9362 0.9552 0.8695
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1.138 mg l−1 concentration was the optimum value when the hormone mixture 2,4-D/BAP 
(5:1 ratio) was included in the culture medium (Figure S1C). These differences in the callus 
mass obtained at different concentrations and explant’s origin can be related to the different 
sensibility of explant’s origin; for example, roots are more sensitive than hypocotyls about 
auxin (2,4-D). Another point is that concentrations higher than the optimum are inhibitory. 
Besides, the quantity applied in the medium can influence the synthesis and degradation 
of endogenous hormones used in callus propagation (George et al. 2008).

2.2.  Budding ratio

The budding ratio (%) was evaluated to define its relationship with callus mass. It was con-
firmed a direct correlation between callus mass and the budding ratio (Table 1). The highest 
callus weights for each explant’s origin of 862.43 mg (hypocotyl); 519.13 mg (cotyledon), 
498.23 mg (root) had 93.33, 93.33 and 86.67% budding ratio, respectively.

It was possible to observe the same hormone response in the use of BAP and 2,4-D/BAP 
for root, hypocotyl and cotyledon. The use of 2,4-D improved only budding index in cotyle-
don respect to hypocotyl and root explants. However, the growth hormone supplementation 
with BAP and 2,4-D/BAP at five-to-one ratio in explants from root and hypocotyl increased 
significantly the budding ratio (twofold higher than budding ratio for 2,4-D). Thus, it was 
possible to confirm a great likeness between callus mass and budding index models (Figure 
S1A and Figure. S2), and so the hormone type/mixture and concentration seem to influence 
alike the processes of induction of callus from explants and stimulation of cell division.

The highest observed values of callus mass and budding ratio for a hypocotyl explant 
using 2,4-D/BAP is in harmony with results derived from a previous study carried out with 
C. annuum and the synergic effect of auxin and cytokinin hormones in callus culture (George 
et al. 2008; Kothari et al. 2010).

2.3.  Antioxidant activity

The callus antioxidant activity (AA%) showed significant differences in performance for each 
treatment. The ANOVA results showed no significant influence of explant’s origin (Table 1). 
The growth hormones and their concentration resulted in different AA%. For root, the AA% 
varied from 1.14 to 41.48%. For hypocotyl, this response varied from 1.47 to 9.56%. On the 
other hand, in cotyledon, values of AA% were in 0.41–11.19% range.

BAP had better response in root and hypocotyl. However, there was no difference among 
the hormones for cotyledon (Figure S3A). On the other hand, the BAP used at 1.138 mg l−1 had 
an extremely better response (Figure S3B). The best treatment (root using BAP at 1.138 mg l−1), 
with 41.48%, has a higher AA% than a previous value that reported by Bertao et al. (2016) in 
C. baccatum fruits – 22.98% at 5.0 mg l−1 extract concentration (the same used is this study) 
and 32.89% at 10.0 mg l−1 extract concentration. Thus, it is demonstrated the suitability of the 
callus culture for producing SMs with antioxidant activities in Capsicum baccatum.

2.4.  Total phenols (TP)

Total phenols varied widely (Table S1). As observed in AA%, the ANOVA results (Table 1) 
showed no significant influence of explant’s origin. Specifically, the TP values for root explant 
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varied from 0.36 to 13.13 mg GAE g−1 DE. For hypocotyls and cotyledons, values varied from 
0.27 to 10.00 mg GAE g−1 DE and from 0.15 to 6.49 mg GAE g−1 DE, respectively.

The interaction graph among explant’s origin and growth hormone or mixture (Figure 
S4A) revealed that BAP had better response in the TP amount, except for cotyledon. The TP 
amounts obtained in the best treatment (using BAP at 1.138 mg l−1) were 13.13 mg GAE g−1 
DE for root, 10.00 mg GAE g−1 DE for hypocotyls and 6.48 mg GAE g−1 DE for cotyledon (Figure 
S4B). The results follow the same pattern found in (AA%) suggesting a correlation between 
both responses that has been quoted in recent researches about higher AA% related with 
TP (Zimmer et al. 2012; Ramkissoon et al. 2013). Krishnan et al. (2015) also reported for Gynura 
procumbens higher TP concentration in root callus than those values from other plant part 
callus (leaf with 0.483, stem with 0.559, and root with 0.891 mg GAE g−1 Fresh Weight).

2.5.  Flavonoids

The flavonoids did not vary widely among the treatments, except for four treatments using 
BAP (Table 2, Table S1). The treatments using 2,4-D and 2,4-D/BAP (5:1 ratio) showed flavo-
noids contents inferior to 5.0 (mg RU g−1 DE). Conversely, BAP treatments varied from 8.89 
to 20.44 (mg RU g−1 DE).

The treatments with higher flavonoids content were similar to those with higher TP con-
tent and AA% (Figure S3, Figure S4 and Figure S5), reasserting the relation of these com-
pounds with antioxidant activity (Matkowski 2008). However, not all AA% can be related 
only with TP or flavonoids, but also with other non-phenolic compounds like terpenoids 
(Ranilla et al. 2010).

2.6.  Optimisation

The optimisation was done by desirability function; the factors under study were maxim-
ised, and an importance scale among the responses was attributed: callus mass (5), AA% 

Table 2.  Experimental runs (15 for each explant’s origin) associated with multilevel factorial design 
for modelling and optimising callus culture stage from Capsicum baccatum L. var. pendulum cells. All 
combinations were randomly performed in triplicate (48.89%), in duplicate (37.78%) or single sample 
(13.33%).

Explant’s origin Growth hormone type or mixture Concentration of growth hormone (mg l−1)
Root, Hypocotyl or Cotyledon 2,4-D 0.023

1.138
2.253
5.000

10.000
BAP 0.023

1.138
2.253
5.000

10.000
2,4-D/ BAP (5:1 ratio) 0.023

1.138
2.253
5.000

10.000
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(4), TP (3) and flavonoids (3). The budding was adjusted to the range due to its relation with 
callus mass. The best result was defined for root explant using BAP at 1.138 mg l−1. This 
factor set allows the best compromise among callus mass (225.03 mg), antioxidant activity 
(35.95%), total phenols (11.48 mg GAE g−1 DE) and flavonoids (15.92 mg RU g−1 DE) pro-
duction. This result was obtained by avoiding the several abiotic factors that may reduce 
their concentration and unable to be realised the large-scale production (Verma and Shukla 
2015).

3.  Experimental

3.1.  Plant material

The explants were obtained from C. baccatum L. var. pendulum (Cambuci) seedlings in vitro 
germinated (thereby avoiding disinfestation procedures). The seeds were obtained in a local 
market from Assis, São Paulo State (−22º39′42″S,−50º24′44″W). The voucher specimen 
(HASSI-01127) was deposited at the Herbarium Assisense of the Biology Department, UNESP, 
Assis, Brazil.

3.2.  Optimisation of callus culture

The explants (in average 7 mg) were obtained from seedling (pretreated seeds with 1% KNO3 
aqueous solution (w/v) for 10 min and in vitro germinated in culture medium containing 
distilled water, 0.6% agar and 1.88 mg gibberellic acid l−1) with cotyledons’ appearance. The 
plant parts used to obtain callus were roots, hypocotyls and cotyledons. Explants were cut 
and inoculated in Petri dishes (15 × 100 mm) containing 35 mL Murashige and Skoog culture 
medium (MS) (pH 5.75) solidified with phytagel (Sigma Chemical Co., St. Louis, MO) 4 g l−1 
and supplemented with 3% sucrose and different growth hormone types ((2,4-dichlorophe-
noxyacetic acid (2,4-D) , benzylaminopurine (BAP) and a combination of 2,4-D/BAP at five-
to-one ratio) and concentration (0.023, 1.138, 2.253, 5.000 and 10.000 mg L−1) according to 
a multilevel factorial design (Table 2). The five-to-one ratio of 2,4-D and BAP hormones is 
recommended for high yield of secondary metabolites in vitro plant cell culture (Mustafa et 
al. 2011). Each Petri dish had five explants, and the experimental combinations were ran-
domly performed in triplicate (48.89%), in duplicate (37.78%) and a single sample (13.33%). 
The cultures were kept at 30 °C for 30 days in incubator chamber to callus growth (Eletrolab, 
model EL101/3, São Paulo, Brazil).

3.3.  Extracts

Each Petri dish with viable calli, they were frozen and lyophilised (LIOBRAS, model Loitop 
L101, São Carlos, Brazil) (24 h–36 h) to obtain the dry mass. Then it was macerated with N2(l) 
(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−1). Then, they were put in an ultrasound bath (seven 
minutes at 30 kHz), and hereafter, they were centrifuged for 15 min at 2000 rpm (QUIMIS, 
centrifugal microprocessor, model: Q222TM216, Diadema, Brazil). The supernatant was used 
for the chemical assays.
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3.4.  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) an ethanolic solution of DPPH (500 μM) 
and the sample. The samples quantifications were done in triplicate and the absorbance 
values were expressed as percentage by the following Equation (1):

where % AA is the antioxidant activity, AC is the control absorbance and AS is the sample 
absorbance.

3.5.  Quantification of callus wet weight and budding index

The budding index (%) was determined to characterise the effectiveness of callus formation 
in each experimental condition; this parameter was defined considering explants number 
to callus number ratio. On the other hand, the wet weight of each callus was measured in 
analytical balance.

3.6.  Total phenol and flavonoid assays

The content of total phenolic compounds was quantified using the Folin-Ciocalteu colori-
metric method modified by Singleton and Rossi (1965), and the total flavonoids content was 
determined by Zhishen et al. method (1999). The samples were run in triplicate, and the 
results for total phenolic compounds and flavonoids were expressed as milligram gallic acid 
equivalent (GAE) per gram of dry weight of extract (mg GAE g−1 DE), and the rutin equivalent 
per gram of dry weight of extract (mg RU g−1 DE), respectively.

3.7.  Statistical analysis

Experimental planning and data analysis from multilevel factorial design were carried out 
in Design-Expert software (Trial version 10.0.3.1, Stat-Ease, MN, USA). The optimisation of 
callus culture variables was done using Derringer and Suich’s desirability function (Costa  
et al. 2011) implemented in the same software.

4.  Conclusion

This work is likely one of the first studies that uses a systematic approach to describe and 
optimise callus culture stage to initiate a long-term culture with potential pharmaceutical 
properties using a widely consumed pepper (C. baccatum). The flavonoid and total phenol 
content showed a direct relationship with the callus antioxidant properties. The hypocotyl 
explant in combination with 2,4-D/BAP (5:1 ratio) at 1.138 mg l−1 showed the best callus 
mass values. However, the multiple optimisation considering callus mass simultaneously, 
total phenols, flavonoids and antioxidant activity resulted in the following combination of 
factor: root explant, benzylaminopurine hormone at 1.138 mg l−1.

%AA =

[
(

A
C
− A

S

)

A
C

]

× 100
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