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Capsinoids are non-pungent analogues of capsaicinoids in pepper (Capsicum spp). The absence of pungency, in
addition to their biological activities similar to that of capsaicinoids such as anti-inflammatory, antimicrobial, and
antioxidant properties, makes capsinoids an excellent option for increasing use in human and animal nutrition, as well
as health and pharmaceutical industries. There are only few sources of pepper producing capsinoids, and one of them
(accession 509–45-1), Capsicum annuum L., is a potential source for increasing capsinoids content using strategies as
controlled elicitation during plant production in the greenhouse. In this research we evaluated the effect of weekly and
one-day-before-harvest foliar applications of hydrogen peroxide, salicylic acid and a xyloglucan oligosaccharide on
the concentration of capsiate in fruits of this pepper accession, as well as the gene expression of phenylalanine
ammonia-lyase (pal), putative aminotransferase (pamt), capsaicin synthase (at3) and β-keto acyl synthase (kas).
Results showed that the two tested concentrations of H2O2 significantly increased capsiate content and gene
expression associated with capsaicinoids (pamt, at3 and kas) and the phenylpropanoids (pal) pathways. Plant yield
was not affected using this induction strategy. Our results indicated that the pre-harvest and weekly application of
hydrogen peroxide and xyloglucan oligosaccharide improved production of capsiate in C. annuum L.
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application of salicylic acid, hydrogen peroxide and a xyloglucan oligosaccharide on capsiate content and gene expression associated with
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1.

Introduction

The type of diet, lack of exercise, oxidative stress provoked
by the environment, among other factors, cause damage to
the health of humans (Kampa and Castanas 2008; Cross
et al. 2010; Booth et al. 2012; Kok et al. 2013). Phytochemicals are compounds found in plant foods which have
Keywords.

bioactive properties that improve health; for this reason, the
demand for plants with higher contents of phytochemicals is
increasing (Amin et al. 2009; Dinkova-Kostova and Kostov
2012; Valin et al. 2013; Bigliardi and Galati 2013). The fruits
of Capsicum spp have compounds like carotenoids, ascorbic
acid, phenolic compounds, vitamins A and E, as well as
capsaicinoids, with activities as antioxidant, anticancer and
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anti-inflammatory (Wong and Gavva 2009; Rubi et al. 2013).
Capsaicinoids are the principal compounds causing pungency in
chili peppers and are employed as food additives for human and
animal nutrition as well as in pharmaceutical applications
(Chapa-Oliver and Mejia-Teniente 2016). In fact, the pungency
of capsaicinoids has low levels in many cases for use in certain
foods and pharmaceuticals (Jarret et al. 2014).
On the other hand, capsinoids are non-pungent analogues of
capsaicinoids that were first reported in a sweet pepper cultivar
named CH-19 (Kobata et al. 1998). Interestingly, capsinoids
display biological activities as antioxidants and anti-inflammatory, promoting energy metabolism and suppressing body fat accumulation, similar as those reported for capsaicinoids but with
no pungency (Ohnuki et al. 2001; Rosa et al. 2002; Masuda et al.
2003; Tani et al. 2004; Sasahara et al. 2010). Based on the
aforementioned bioactivities, capsinoids are considered important compounds for uses in several industries as additives, and
thus it will be necessary to obtain capsinoids-rich sources. A
Capsicum annuum germplasm containing high contents in
capsinoids (ca. 1 mg/g fresh weight) was recently obtained
(Jarret et al. 2014). Meanwhile, a patent of a genetically modified
pepper that produces high levels of capsinoids was published in
2011 (Kisaka et al. 2011). This genetically modified pepper was
altered in the pamt gene of the capsaicinoids pathway, thus
abolishing this activity, and then causing a reduction reaction
from vanillin to vanillyl alcohol instead of conversion from
vanillin to vanillylamine, and a further esterification reaction with
branched chain fatty acid, resulting in capsinoids production.
On the other hand, elicitors are chemicals or biological factors
that can induce physiological and morphological responses in
plants and other living organisms (Zhao et al. 2005; MejíaTeniente et al. 2013; Chapa-Oliver and Mejia-Teniente 2016).
Some elicitors used in plants for inducing secondary metabolites
production and crop protection are salicylic acid, oligosaccharides, jasmonic acid and hydrogen peroxide (Zhao et al. 2005;
Tierranegra-Garcia et al. 2011; Mejía-Teniente et al. 2013). It is
known that the elicitor’s recognition, signal transduction, gene
expression and secondary metabolites produced by plants can
induce different gene expression and biochemical pathways in
different parts and times within the plant (Zhao et al. 2005).
Thus, the induction of specific secondary metabolites must be
studied evaluating different elicitors. Several aspects related to
elicitors in relation to their concentration and form of application
should be studied to be employed in future agricultural production systems. The present work aimed the evaluation of the effect
of three elicitors (hydrogen peroxide, salicylic acid and a
xyloglucan) on the production of capsinoids (capsiate) in a
C. annuum L. germplasm. The obtained results suggested significantly increased production of capsiate and gene expression
associated with the capsaicinoids and phenyl propanoids biosynthesis pathway. Implications for the development of pepper
biosystems for overproducing capsiate for industrial purposes
are discussed.
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2.

Materials and methods
2.1

Plant material

Dr Robert L Jarret kindly provided Capsicum annuum L.
accession 509–45-1 from USDA/ARS/PGRU, USA. The
accession 509–45-1 is characterized by producing capsiate
and not capsaicinoids.
2.2

Statistical analysis

A completely randomized experimental design was used to
evaluate the effect of the foliar application of elicitors on
capsiate content and gene expression studies. The arrangement
of the experiment was 6 treatments with an experimental unit of
12 plants, with triplicates for each treatment (36 plants in total
for each treatment). Data were subjected to analysis of variance
(ANOVA) and the differences between means were compared
using Tukey’s test (P=0.05) using the program JMP 8.0.
2.3

Plant growth

The seeds of C. annuum were immersed for 24 h in a
solution of Marci TS growth solution at a concentration of
2 mL/10 L to stimulate germination. Germinated seeds were
placed in seedbeds with peat moss substrate. The seedling
was placed in a dark room until germination. One month
after germination, the transplant was done; the seedlings
were placed in plastic bags with tezontle substrate and maintained in a greenhouse of 1000 m2 with temperature between
25–30°C, relative humidity between 50–60% and photoperiod according to natural light (14 h light/10 h dark).
2.4

Application of treatments with elicitors

Elicitors were applied by spray to drop point weekly and
one-day prior to harvest. The elicitors used were: 1 mM and
0.1 mM of Salicylic Acid (SA, brand reagent J.T. Baker),
400 mM and 200 mM of hydrogen peroxide (H2O2, brand
Golden bell ™ Reagents) and xyloglucan (Xh, PEL 101 GV,
ELICYTIL, OligoTech®) to 6 ppm (dose recommended by
the manufacturer). As control, deionized water was sprayed
in the same times on the plants.
2.5

HPLC quantification of capsiate in fruits of C. annuum

The method described by Singh et al. (2009), with some
modifications was used for capsiate quantification.
Capsiate standard was purchased from Chiralix B.V
(The Netherlands). Capsinoids extractions consisted of
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placing 200 mg of fresh weight ground sample in a
falcon tube 50 mL to which was then added 10 mL of
HPLC-grade acetonitrile, and then the sample was sonicated in the falcon tubes during 3 h in water bath at
35°C–45°C with intense stirring every 30 min. The
falcon tubes were shaken every 30 min, and then centrifuged at 8000 rpm for 10 min at 4°C, the supernatant
was filtered on acrodisc with pores of 0.45μm and the
filtrate was placed in amber vials. The vials were stored
at −20°C until determinations. Quantification was performed on an Agilent 1200 series HPLC, UV-VIS 6120
Quadrupole using an Eclipse plus C18 5μm particle size
column. The mobile phase was acetonitrile: water
(70:30).
2.6

Gene expression of pamt, at3, pal and kas genes

Total RNA extraction of pepper fruits was carried out
using TRIzol® Reagent kit in combination with the
Promega SV Total RNA Isolation System. Total RNA
was converted into cDNA with Revert Aid First Strand
cDNA Synthesis Kit Thermo Scientific. The cDNA was
taken (500 ng) for the analysis of gene expression in the
team CFX96 Touch™ Real-Time PCR Detection Systems
(Bio-Rad Laboratories, Inc). Specific oligonucleotides for
the genes involved in the capsinoids pathway (pamt, kas
and at3), and pal (phenylpropanoids pathway) were used
in the analysis, the amplification conditions were according to Abraham-Juarez et al. (2008). The ubiquitin gene
was used as housekeeping gene in the gene expression
analysis. The sequences of all these oligonucleotides are
shown in table 1.
3.

Results and discussion

The effect of foliar application of the evaluated elicitors in
C. annumm L. is shown in table 2. Hydrogen peroxide at 200
mM displayed the largest increase in capsiate contents. This

concentration induced an augment of 134% compared to control
(table 2). The second best treatment increasing (75%) capsiate
was 400 mM hydrogen peroxide. The application of xyloglucan
to 6 ppm, increased approximately 22% the content of capsiate.
SA showed the minor increase in capsiate, but significant in some
cases (6% in one-day-before-harvest at 0.1 and 1 mM, and at 1
mM weekly) compared to control. Results of gene expression
analysis of capsinoids pathway and pal genes are shown in figure
1. As seen in the figure, the application of elicitors, except for SA,
significantly increased the expression of genes pamt, kas, pal and
at3. Hydrogen peroxide was the elicitor with the highest gene
expression induction (figure 1). The concentration of hydrogen
peroxide at 200 mM, displayed the highest overexpression of the
genes involved in capsiate synthesis, especially pal and at3 genes
were overexpressed up to 150 and 170 times, respectively,
compared to the control. These same genes also displayed a
higher expression in the treatment of hydrogen peroxide 400
mM; pal expression was up to 40 times, while pamt had a 50times higher expression compared to the control. Treatment with
oligosaccharides of xyloglucan (Xh) displayed a similar result as
the H2O2 400 mM treatment (figure 1). Interestingly, none of the
elicitors evaluated in the present study affected height, basal stem
diameter and yield of fruits per plant (data not shown). There are
some studies using hydrogen peroxide as elicitor showing an
increase in the content of phytochemicals in several plants. For
instance, Vargas-Hernández et al. (2017) evaluated the effect of
H2O2 on the antimicrobial activity, content of flavonoids, phenolic compounds and capsaicin in methanolic extracts from
C. chinense fruits. H2O2 treatment increased 0.9 to 2 mg of
capsaicinoids by gram of dry sample. In other plant species, a
similar response was obtained using foliar application of H2O2 at
0.05 and 0.5 mM on Mentha piperita plants, where this elicitor
significantly increased the content of phenolic compounds, flavonoids and other secondary metabolites (Figueroa-Pérez et al.
2014). Another study showed that the use of hydrogen peroxide
on Aquilaria sinensis influenced the sesquiterpene content, a
secondary metabolite present in this species (Zhang et al. 2014).
On the other hand, the use of oligosaccharides increased the
content of plant secondary metabolites. Zamboni et al. (2006)

Table 1. Sequence of oligonucleotides designed for gene expression analysis of capsiate biosynthesis pathway in C. annuum L. 509–45-1
Name
CapAmt-F
CapAmt-R
CaKas-F
CaKas-R
CaUbiqutin-F
CaUbiqutin-R
CfrAT3-F
CfrAT3-R
CchPal-F
CchPal-R

Sequence oligos (5′-3′)
GGATCCAAAGCTTGTTTATCCTAA
GGATCCTGTAAATAATTGTGGATAA
GGATCCTGTCCAAATTTGCTTGT
GGATCCTTAGGTAGAAGGGGT
CGTGGTGGCTTTTGAGAAT
AAGCACACAAACACAATGTCA
AGAAGGGAAACTGCCATTTG
TCTTTCAGGTCTTCCCCATC
ATTCGCGCTGCAACTAAGAT
CACCGTGTAAGGCCTTGTTT

Product size (bp)

Genbank accession No.

148

AF085149

154

AF085148

100

AY496112

115

AY819026

94

AF088847
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Control

H2O2
200 mM

H2O2
400 mM

SA 0.1 mM

SA 1 mM

Xh 6 ppm

Figure 1. Gene expression one-day-before-harvest of phenylalanine ammonia-lyase (pal), putative aminotransferase (pamt), b-keto acyl
synthase (kas) and capsaicin synthase (at3) genes in C. annuum L. fruits treated with three elicitors. The results obtained for weekly
treatments was no significantly different from the ones displayed in this figure (not shown). Different letters in the bars indicate significant
difference using Tukey's test (P=0.05).

discovered that the use of oligosaccharides influenced the content
of resveratrol in cell culture of different genotypes grape (Vitis
spp.). The use of oligosaccharides also induces the accumulation
of alkaloids in Papaver somniferum L, and is known to produce
morphine, thebaine, codeine, papaverine and noscapine. Khan
et al. (2011) showed that a concentration of 120 ppm of alginate
oligosaccharides increased the production of morphine 54.3%
more than the control, while the content of thebaine, codeine
and noscapine did not show significant changes. These data show
that use of H2O2 and oligosaccharides might increase secondary
metabolites contents in several plants including pepper. Hydrogen
peroxide within the plant influences gene expression of

Table 2. Capsiate levels in C. annuum 509–45-1 fruits in the
different elicitation treatments evaluated. Different letters in the
column indicates significant difference using Tukey's test (P=0.05)
Treatment

mg capsiate/g fresh sample
One-day-before-harvest

Control
H2O2 200 mM
H2O2 400 mM
SA 1 mM
SA 0.1 mM
Xyloglucan (Xh) 6 ppm

0.55e
1.36a
1.02b
0.62d
0.62d
0.71c
Weekly

Control
H2O2 200 mM
H2O2 400 mM
SA 1 mM
SA 0.1 mM
Xyloglucan (Xh) 6 ppm
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0.57e
1.12a
1.08a
0.61d
0.54e
0.68c

transcription factors, MAP kinases, miRNAs and other molecules
important in plant response to environmental stimuli (Chen et al.
2015). The case of pamt overexpression is interesting because this
is the affected gene that causes the production of capsiate instead
of capsaicin in this accession. The aminotransferase encoded by
pamt catalyses the production of vanillylamine, that is condensed
with the 8-methyl-6-nonenoyl-CoA to produce capsiate by at3.
Our gene expression results strongly indicates that the mutation in
pamt gene is somehow affecting at post-transcriptional level
within the plant, thus explaining the phenotype of capsiate production. Moreover, all the latter results agree with other authors,
indicating that plant production of ROS (reactive oxygen species), such as H2O2 during the oxidative burst caused by the
application of elicitors, is one of the ways in which it can induce
overexpression of genes involved in plant defense and
secondary metabolism. Chen et al. (2015) showed that the use
of H2O2 at a concentration of 80 μg/mL in cell culture of
Cistanche salsa influences overexpression of genes related to
bioactive components such as phenylethanoid glycosides.
Madson et al. (2003) showed that structural changes in cell wall
hemicellulose induces the activation of defense mechanism of
the plant. Regarding the influence of oligosaccharides on the
expression of genes involved in the synthesis of secondary
metabolites, Ochoa-Villarreal et al. (2011) displayed that foliar
applications of pectin-derived oligosaccharides on Vitis vinifera
at a concentration of 1.5 mg/L induces the expression of pal
gene in fruits of flame seedless grapes. Villegas et al. (2016)
obtained similar results. These latter authors showed that pal,
myba1, myb5a genes increased their expression due to the
application of pectin-derived oligosaccharides. In the present
work the foliar application of a xyloglucan influenced the
expression of genes involved in the synthesis of capsinoids.
The elicitors evaluated in this work, especially H2O2 200 mM,
significantly increased both the content of capsiate as well as the
gene expression associated with capsiate biosynthesis

Elicitors’ effects on capsiate production in pepper
(capsaicinoids and phenyl propanoids pathways). Our results
suggested that the use of these elicitors one day before harvest
is sufficient to positively influence the production of capsiate in
fruits of C. annuum L. The strategy of foliar application of
elicitors one day before harvesting, especially the use of hydrogen
peroxide of 200 mM, may be useful in obtaining a larger amount
of capsiate in fruits of C. annuum L. Thus, controlled elicitation of
the studied capsiate-producing accession using H2O2 might be a
new strategy to increase the contents of capsiate in these plants.
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