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Approximately 90% of the chili peppers consumed in the world are harvested in Mexico. The present article
describes the untargeted 1H NMR-based metabolomic proﬁling of 11 cultivars of Capsicum annuum species which
are routinely consumed worldwide. The metabolomic ﬁngerprinting detected via 1H NMR contained 44 metabolites including sugars, amino acids, organic acids, polyphenolic acids and alcohols which were identiﬁed by
comparison with the literature data, with Chenomx database and by 2D NMR. Statistical approaches based on
principal component analysis (PCA) and linear discriminant analysis (LDA) were used to classify the Capsicum
annuum cultivars according to their metabolite proﬁle. LDA revealed metabolomic diﬀerences and similarities
among Capsicum annuum cultivars, whereas hierarchical cluster analysis (HCA) signiﬁcantly separated the cultivars according to the phylogenetic trees obtained. Substantial endogenous levels of free amino acids and
carbohydrates were detected in all the studied cultivars but interestingly, Capsicum annuum cv. mirasol and C.
annuum cv. chilaca contained almost three-fold more endogenous levels of vitamin C than the other cultivars.
Considering that this antioxidant was found in crude aqueous extracts, its abundance could be directly proportional to its bioavailability for human nutrition. The results suggest that 1H NMR is an eﬀective method to
determine diﬀerences among cultivars of the Capsicum annuum species.

1. Introduction
The genus Capsicum is constituted by 25 wild species and 5 domesticated species including C. annuum, C. frutescens, C. chinense, C.
baccatum and C. pubescens. These species contain > 200 cultivars
(Troconis-Torres et al., 2012). Three diﬀerent species of Capsicum are
extensively cultivated in Mexico (143, 975 ha; 16.22 tons per hectare
per year) (Montes-Hernández, 2010). The most common cultivars of
chili peppers in Mexico are named agua, anaheim, árbol, caribe, chilaca, chorro, cuaresmeño, húngaro, mirasol, poblano or ancho and
serrano. These cultivars belong to the C. annuum species, while habanero and manzano cultivars belong to the C. chinense and C. pubescens
species, respectively (González-Zamora et al., 2013). Chili pepper is the
⁎

most popular and emblematic Mexican condiment which represents an
alternative source of vitamins and nutraceuticals such as ascorbate,
carotenoids, tocopherols, ﬂavonoids, and capsaicinoids (HervertHernandez, Sayago-Ayerdi, & Goñi, 2010; Maji & Banerji, 2016; Pino
et al., 2007). There are several studies regarding the antioxidant activity (Tan, Ali, & Zainal, 2012; Vega-Gálvez et al., 2009) and nutritional content at diﬀerent stages of chili peppers development (Serrano
et al., 2010). Metabolomic studies of chili peppers have mainly focused
in the identiﬁcation and quantiﬁcation of carotenoids, capsaicinoids,
ascorbic acid, and ﬂavonoids (Lee, Howard, & Villalon, 1995). To our
knowledge, there is limited information on non-targeted 1H NMR-based
metabolomics approaches in chili peppers (Becerra-Martínez et al.,
2017; Jang, Jung, Lee, Choi, & Lee, 2015; Villa-Ruano et al., 2018). This
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Martínez et al., 2017; Hohmann, Christoph, Wachter, & Holzgrabe,
2014; Villa-Ruano et al., 2018). Each pepper was squeezed into a
mortar, and the juice was centrifuged for 20 min at 15900g. For subsequent 1H NMR analysis, 900 μL of the aqueous upper phase was
combined with 100 μL of a solution containing 7 mM TSP, 10 mM EDTA
and 2 mM NaN3 in D2O at pH 5.42 ± 0.05. Finally, 600 μL of this solution was placed into a 5 mm NMR tube.

analytical technique is often used for the simultaneous detection of
primary and secondary metabolites in biological samples (ﬂuids, tissues, cell cultures and foods) (Picone et al., 2013; Picone et al., 2016;
Trimigno et al., 2018). The 1H NMR-based metabolomics proﬁling and
multivariate analyses represent a powerful tool for establishing biochemical associations among metabolites (Wahyuni et al., 2014). It is
also a recurrent strategy to identify signiﬁcant diﬀerences based on
geographical origin (Jang-Eun et al., 2010; Verpoorte, Choi, Mustafa, &
Kim, 2008), taxonomical markers, and physiological conditions
(Georgiev, Ali, Alipieva, Verpoorte, & Choi, 2011). This information
should be very valuable to determine or even to classify foods produced
under diﬀerent conditions. 1H NMR spectroscopy combined with principal component analysis (PCA) have been extensively used to obtain
the metabolomic proﬁling of honey (Consonni, Cagliani, & Cogliani,
2012), meat (Jung et al., 2010), mango juice (Koda, Furihata, Wei,
Miyakawa, & Tanokura, 2012), tea (Van Dorsten, Daykin, Mulder, &
Van Dyunhoven, 2006), wine (Anastasiadi et al., 2009) and cheese
(Rodrigues et al., 2011). Unlike other analytical techniques, sample
preparation for 1H NMR is relatively easy and various organic chemical
species (sugars, lipids, amino acids, and organic acids) are accurately
and simultaneously detected (Savorani, Rasmussen, Mikkelsen, &
Engelsen, 2013). Thus, the aim of this study was to determine the
metabolomic ﬁngerprinting of eleven chili pepper cultivars belonging
to the Capsicum annuum species. We emphasize speciﬁc diﬀerences in
the 1H NMR ﬁngerprinting of these cultivars based on the principal
component analysis (PCA).

2.4. Nuclear magnetic resonance (NMR) experiments
1

H NMR experiments were performed in a Bruker 750 MHz spectrometer (Bruker Biospin, Rheinstetten, Germany) equipped with a
5 mm TXI cryoprobe. Aqueous extracts of peppers were measured at
298.1 ± 0.1 K without rotation and with 4 dummy scans prior to 64
scans. Acquisition parameters were set as follows: FID size = 64 K,
spectral
width = 10.00 ppm,
receiver
gain = 1,
acquisition
time = 2.18 s,
relaxation
delay = 10 s,
and
line
width
resolution = 0.45 Hz. Data acquisition was achieved with a NOESY presaturation pulse sequence (Bruker 1D noesypr1d) with water suppression via selective irradiation of the water frequency during recycling
and mixing time delays (Becerra-Martínez et al., 2017; Villa-Ruano
et al., 2018).
Four NMR experiments were performed to corroborate signal assignments: 13C NMR spectroscopy, homonuclear correlation spectroscopy (2D 1He1H COSY), heteronuclear single quantum correlations
(2D 1He13C HSQC) and heteronuclear multiple bond correlation (2D
1
He13C HMBC). The parameters for the 13C NMR spectrum
(188.6 MHz) the following acquisition parameters were used: 2048
scans, acquisition time = 0.72 s, relaxation delay = 2 s, spectral
width = 45,459.21 Hz, and FID size = 64 k data (Fig. S3). COSY measurements were made with a spectral width of 7500.00 Hz in either
dimension; 2 k × 128 were acquired with 256 scans per increment and
a 2 s relaxation delay (Fig. S4). For gHSQC, there were 1024 scans and
128 increments with an acquisition time of 0.065 s and a relaxation
delay of 1.5 s. The spectral width was 7500.00 and 45,459.21 Hz for the
1
H and 13C dimensions, respectively, with 1JCH = 145 Hz (Fig. S5). For
gHMBC, there were 128 scans and 128 increments with an acquisition
time of 0.26 s and a relaxation delay of 2 s. The spectral widths were the
same as for gHSQC (Fig. S6).

2. Materials and methods
2.1. Plant source
The chili pepper fruits samples were harvested from an experimental ﬁeld of INIFAP-Zacatecas (Longitude: 102° 39′ 34.0“, Latitude:
22° 54’ 31.3”, Altitude: 2197 masl) from July to August in 2016. For
this study, the following cultivars were considered. (a) C. annuum cv.
agua, (b) C. annuum cv. anaheim, (c) C. annuum cv. árbol, (d) C. annuum
cv. caribe, (e) C. annuum cv. chilaca, (f) C. annuum cv. chorro, (g) C.
annuum cv. cuaresmeño, (h) C. annuum cv. húngaro, (i) C. annuum cv.
mirasol, (j) C. annuum cv. poblano, (k) C. annuum cv. serrano. Ten
pepper fruits from each cultivar (110 samples) were processed and
analyzed (Table S1 and Fig. S1). All samples were properly washed with
deionized water to remove soil particles. The samples were stored at
−20 °C prior to sample processing. The fruits were selected based on a
similar color, size, texture, and weight. Similarities in color and texture
among the samples were estimated by the perception of the harvester.
Length, width and weight of the peppers were determined in accordance with the Mexican Oﬃcial Norms NMX-FF-025-SCFI-2014
(Normas Oﬁciales Mexicanas, 2015). The length was measured from the
base of the fruit (excluding the peduncle) to the apex and the width was
measured from the widest point. The weight was estimated using an
analytical balance (Table S1).

2.5. Metabolite proﬁling
Metabolite identity was assigned in accordance with the literature
and it was additionally corroborated by 1D and 2D NMR experiments
(Table S3 and Figs. S2–S6). The metabolites identity was performed as
previously reported (Becerra-Martínez et al., 2017; Ritota, Marini,
Sequi, & Valentini, 2010). The relative abundance of metabolites was
determined using the Chenomx NMR suite. This software compares the
integral of a known reference signal (TSP) with that of the signals from
a library containing known chemical shifts and peak multiplicities for
all the studied metabolites (Beltran et al., 2012). The data sets were
converted into Microsoft Excel format prior to the chemometric analysis.

2.2. Chemicals

2.6. Post-processing of NMR data

Deuterium oxide (D2O, D 99.9 atom %) was purchased (Cambridge
Isotope Laboratories, Inc.) and used as solvent. For 1H NMR analysis, 3(trimethylsilyl)-1-propanesulfonic acid sodium salt (Sigma-Aldrich Co.;
TSP, 97%) was the internal standard; EDTA (ethylenediaminetetraacetic acid) and sodium azide (NaN3) (Merck®) were also added to
prevent bacterial growth. NaOH and HCl (Sigma-Aldrich Co.) were used
to adjust the pH.

Firstly, the 1H NMR spectra were automatically phased. Posteriorly,
the baseline was corrected and each spectrum calibrated to the TSP
signal at 0.0 ppm with the MestReNova program (version 6.0.2;
MestReC, Santiago de Compostela, Spain). The resulting 1H NMR
spectra were imported into the processor module of Chenomx NMR
Suite version 8.2 (Chenomx, Edmonton, Canada). In the processor
module, the 1H NMR spectra were subjected to baseline correction, line
broadening, phase correction and shim. In this module, the spectra
were calibrated to the signal of the internal standard (TSP) and the pH
was set within a range of 4–9. The relative metabolite abundance was

2.3. Sample preparation
The preparation of the sample was performed in accordance with
protocols previously reported and validated for Capsicum sp. (Becerra13
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inspection of the 1H NMR spectra of eleven cultivar of Capsicum annuum, 44 metabolites were accurately identiﬁed. Table S2 shows the
diﬀerential metabolites stablished in the studied cultivars. The results
show that the sugar concentration was very diﬀerent across the samples
(region 3.0–5.5 ppm). Six cultivars, C. annuum cv. árbol, C. annuum cv.
caribe, C. annuum cv. chilaca, C. annuum cv. cuaresmeño, C. annuum cv.
mirasol, and C. annuum cv. serrano contained the highest concentration
of α-glucose and β-glucose. The metabolite proﬁling of C. annuum cv.
mirasol had a diﬀerent content and abundance of aliphatic and aromatic compounds versus the other studied samples; the amino acid
content and its abundance was higher than in the other cultivars. The
signal at 2.60 and 2.72 ppm assigned to citric acid was remarkably high
in C. annuum cv. mirasol. Thus, citric acid could be a possible biomarker
of this cultivar (Fig. 2 and Table S2).

determined in the Proﬁler module. From each spectrum, a list of
compounds and their relative abundance was produced and then, it was
subjected to statistical analysis.
2.7. Multivariate statistical analysis
Chemometric analysis was done using SIMCA version 13.0.3
(Umetrics, Kinnelon, NJ, USA) and Past3.20 software (Øyvind Hammer,
April 2018). The concentration data were imported into SIMCA and
principal component analysis (PCA), an unsupervised pattern recognition method, was initially performed to examine intrinsic variation in
the data set and to obtain an overview of the variation among groups.
All variables were UV for multivariate analysis (Eriksson, Johansson,
Trygg, & Vikström, 2013). Linear discriminant analysis (LDA) was
performed in Past3.20 software. This analysis is commonly used for
studying the association between a set of predictors versus a categorical
response. Thus, this strategy was applied in order to ﬁnd the best linear
separation between groups by determining the minimal dimensions at
which groups can be separated (Gromski et al., 2014). A one-way
ANOVA was performed using the GraphPad Prism 7.0 software to determine signiﬁcant diﬀerences in metabolite levels. Tukey-Kramer
multiple-comparison tests were performed to reveal pair-wise diﬀerences between means (p < 0.05).

3.2. Multivariate data analyses and metabolic classiﬁcation of Capsicum
samples
For each cultivar of C. annuum, 10 replicates were used and a total
of 110 samples were processed in the multivariate analysis. In order to
group these data, a principal component analysis was used. The respective clustering of PCA is shown in Fig. 3A and some outliers corresponding to C. annuum cv. agua and C. annuum cv. mirasol was observed. These data didn't ﬁt well in 95% conﬁdent ellipse in which
65.9% of variance is described by this model in accordance with
PC1 = 54.9% and PC2 = 11.0%. Further PCA was performed by removing the outliers detected. As expected, a better pattern of clustering
was obtained and the main diﬀerences according to PC1 = 32.5% were
among the cultivars C. annuum cv. arbol, C. annuum cv. serrano, C.
annuum cv. chilaca, C. annuum cv. caribe (located in the right side of
PC1) and the cultivars C. annuum cv. anaheim, C. annuum cv. chorro, C.
annuum cv. hungaro and C. annuum cv. poblano (located at the left
side). For the particular case of the cultivar cuaresmeño, it was diﬃcult
to determine a clear separation with this score plot, which had a total of
49.1% of total variance according to PC1 and PC2 (Fig. 3B).
Fig. 3C shows a plot describing which variables were associated to
the similarity/dissimilarity between the observations of this study.
According to these approaches, the cultivars C. annuum cv. arbol, C.
annuum cv. serrano, C. annuum cv. cuaresmeño and C. annuum cv.
chorro contained similar type an relative abundance of metabolites
(16.6% in the loading score plot), while other similarities were observed among the cultivars C. annuum cv. caribe, C. annuum cv. hungaro, C. annuum cv. poblano, C. annuum cv. anaheim and C. annuum cv.
chilaca. In contrast to these results, a signiﬁcant dissimilarity was determined for C. annuum cv. anaheim, C. annuum cv. chorro, C. annuum
cv. hungaro and C. annuum cv. poblano and the group composed by C.
annuum cv. arbol, C. annuum cv. serrano, C. annuum cv. chilaca and C.
annuum cv. caribe (in accordance with PC1 = 32.5%; Fig. 3C).
To optimize the separation among cultivars, a Linear Discriminant
Analysis (LDA) was carried out. The cultivars C. annuum cv. agua and C.
annuum cv. mirasol were excluded considering its designation as outliers in the PCA previously performed (Fig. 3A). After LDA, four principal groups were delimited according to the two components
LD1 = 38.64% and LD2 = 27.09%. In the ﬁrst quadrant, the cultivars
C. annuum cv. poblano were found whereas in the second quadrant C.
annuum cv. arbol, C. annuum cv. cuaresmeño, C. annuum cv. serrano
were located. In the third quadrant only C. annuum cv. chilaca was
observed and ﬁnally, in the fourth quadrant the cultivars C. annuum cv.
caribe, C. annuum cv. chorro were observed. Interestingly, the cultivar
C. annuum cv. anaheim was located between the ﬁrst and the fourth
quadrant while the C. annuum cv. hungaro was placed between the
third and fourth quadrants (Fig. 4).
In order to understand the similarities of the studied cultivars, a
clustered heatmap hierarchical clustering analysis was done (Fig. 5).
The analysis showed the average proﬁle of each compound in the studied cultivars. Red lines in this graphic indicates a high amount of

3. Results and discussion
3.1. Identiﬁcation of metabolites in Capsicum aqueous extracts by 1D and
2D NMR
The 1H NMR spectrum obtained at 750 MHz revealed a complex
pattern of signals in the metabolic ﬁngerprint from Capsicum annuum
cv. chilaca (Fig. 1). After water suppression, the spectrum revealed the
presence of sugars (fructose, glucose, and sucrose) and organic acids
(citric acid). The 750 MHz 1H NMR spectrum was divided into three
main spectral regions. The ﬁrst one (0.5–3.0 ppm) contained signals of
aliphatic amino acids and organic acids. Signals from 0.90 to 1.10 ppm
were related to the presence of valine, leucine, and isoleucine. Signals
for alanine and threonine were observed as a doublet at 1.47 ppm and
1.32 ppm, respectively. Asparagine, aspartic acid, γ-aminobutyrate,
methionine, and proline were also detected in this region. Proline was
the major aliphatic amino acid.
Organic acids such as acetic, citric, lactic, pyruvic and succinic acids
were also observed in this region. Citric acid appeared as an AB system
at 2.60 and 2.72 ppm and was the most abundant organic acid. It is well
known that citric acid has the role of calcium, magnesium and sodium
chelator, thus enhancing line widths in a NMR spectrum. To achieve
high resolution and optimize line widths, a small amount of EDTA was
added to each sample (Dona et al., 2016). Ethanol was observed as a
weak triplet signal at 1.17 ppm in the high ﬁeld. This type of alcohol
can be associated with microbial activity in the bacterial symbionts.
The second region (3.0–5.5 ppm) exhibited intense and overlapping
signals corresponding to the most abundant sugars. These compounds
were easily recognizable in the anomeric region at 4.01, 4.63, 5.22, and
5.40 ppm for fructose, β-glucose, α-glucose, and sucrose, respectively.
Several weak signals were detected at 4.5–5.5 ppm indicating the presence of galactose and maltose. Capsicum cultivars are a good source of
ascorbic acid, which was observed as a doublet at 4.57 ppm. The third
region was located at 6.0 and 9.0 ppm, these signals were relatively
weak and represent aromatic groups from amino acids and phenolic
compounds. The most abundant signal in this region was for phenylalanine; however, histidine, tyrosine, tryptophan, adenosine, cytidine,
guanosine and uridine were also identiﬁed. The characteristic singlets
of formic and fumaric acids were observed at 8.44 and 6.52 ppm, respectively, and were additionally detected in the same region.
A similar metabolite proﬁling was veriﬁed in the 1D NMR spectra
from the diﬀerent cultivars of Capsicum annuum (Fig. 2). After careful
14
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Fig. 1. Characteristic 1H NMR spectrum obtained at 750 MHz from aqueous extracts of Capsicum annuum cv. chilaca. Signal assignments were based on 2D NMR
experiments and the literature (Becerra-Martínez et al., 2017; Villa-Ruano et al., 2018).

subgroups were separated; the ﬁrst subgroup contained the cultivars C.
annuum cv. anaheim, C. annuum cv. chorro and C. annuum cv. poblano.
The second subgroup comprised the cultivars C. annuum cv. caribe and
C. annuum cv. hungaro. The third one was conformed for C. annuum cv.

metabolites whereas blue lines indicates the opposite case. The corresponding dendrogram in this ﬁgure showed a similar grouping pattern
than those of LDA (Fig. 4). Two groups were obtained from this dendrogram, which were denominated as A, and B. In the group A, three

15
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Fig. 2. Representative 750 MHz 1H NMR spectra of eleven chili pepper cultivars belonging to Capsicum annuum. (a) C. annuum cv. agua, (b) C. annuum cv. anaheim,
(c) C. annuum cv. árbol, (d) C. annuum cv. caribe, (e) C. annuum cv. chilaca, (f) C. annuum cv. chorro, (g) C. annuum cv. cuaresmeño, (h) C. annuum cv. húngaro, (i) C.
annuum cv. mirasol, (j) C. annuum cv. poblano, (k) C. annuum cv. serrano.

Fig. 3. A) General PCA. B) PCA score plot without outliers and, C) the corresponding loading of scatter plots generated from the 1H NMR spectra (750 MHz) of
Capsicum annuum cultivars.). (a) C. annuum cv. agua, (b) C. annuum cv. anaheim, (c) C. annuum cv. árbol, (d) C. annuum cv. caribe, (e) C. annuum cv. chilaca, (f) C.
annuum cv. chorro, (g) C. annuum cv. cuaresmeño, (h) C. annuum cv. húngaro, (i) C. annuum cv. mirasol, (j) C. annuum cv. poblano, (k) C. annuum cv. serrano.
16
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Fig. 4. Linear Discriminant Analysis (LDA) generated from the 1H NMR spectra
(750 MHz) of Capsicum annuum cultivars. (b) C. annuum cv. anaheim, (c) C.
annuum cv. árbol, (d) C. annuum cv. caribe, (e) C. annuum cv. chilaca, (f) C.
annuum cv. chorro, (g) C. annuum cv. cuaresmeño, (h) C. annuum cv. húngaro,
(j) C. annuum cv. poblano, (k) C. annuum cv. serrano.

characteristic fruity ﬂavor and indicate fruit maturity degree (Aizat
et al., 2014; Luning et al., 1994; Soyer, Koca, & Karadeniz, 2003). This
study identiﬁed some organic acids (Table S2) and their relative ratios
among the studied cultivars based on the corresponding peak areas
observed in their 750 MHz 1H NMR spectra. The levels of malic acid
were particularly high in C. annuum cv. húngaro, and fumaric acid was
high in C. annuum cv. árbol (Fig. S8). These organic acids might be
considered as putative biomarkers of these cultivars.
According to López-Hernández, Oruña-Concha, Simal-Lozano,
Vázquez-Blanco, and González-Castro (1996), samples of Capsicum annuum grown in Galicia contain 45% free sugars including fructose and
other reducing sugars such as glucose. Contrary to the present study,
sucrose was not reported by these authors. In this and other studies, it
was suggested that the presence of these monosaccharides is correlated
with sweetness and ripeness (Birch & Pepper, 1983; Luning, Rijk,
Withers, & Roozen, 1994; López-Hernández et al., 1996; Osuna-García,
Wall, & Waddell, 1998). Glucose and fructose were detected in high
concentrations, while galactose and sucrose were only found in a small
concentration (Fig. S9). Some cultivars such as Capsicum annuum cv.
agua and Capsicum annuum cv. anaheim revealed a little concentration
of sucrose. Fructose and glucose were detected in all samples; however,
their lowest abundance was seen in C. annuum cv. chorro (Fig. S9). On
the contrary, the highest relative abundance of galactose was observed
in C. annuum cv. mirasol. Interestingly, the sucrose levels were remarkably higher in C. annuum cv. mirasol; this strongly suggests than
invertase activity was markedly lower in this cultivar at least under the
current study conditions. This observation suggests that C. annuum cv.
mirasol could be the sweetest cultivar studied here; nevertheless, the
high endogenous levels of citric and formic acids should aﬀect the

cuaresmeño and C. annuum cv. serrano. In the group B, only the cultivars C. annuum cv. árbol and C. annuum cv. chilaca were included.
3.3. Relative abundance of metabolites in Capsicum extracts and NMR
analyses
Amino acids are the most abundant group of compounds observed
in Capsicum species and its cultivars (Table S2). The presence and high
abundance of these metabolites has been reported in other works
(Jarret, Berke, Baldwin, & Antonious, 2009; Khan et al., 2013;
Okunlola, Akinwale, & Adelusi, 2016). Alanine, asparagine, aspartic
acid, glutamine, histidine, isoleucine, leucine, phenylalanine, threonine, tryptophan, tyrosine, valine, and GABA were detected in all
samples but interestingly methionine was limited to some cultivars of
Capsicum annuum, such as C. annuum cv. anaheim, C. annuum cv. caribe,
C. annuum cv. chorro, C. annuum cv. húngaro, C. annuum cv. mirasol,
and C. annuum cv. Poblano (Table S2). Remarkably, the amino acid
content was more abundant in both C. annuum cv. mirasol and C. annuum cv. agua than in the rest of the chili peppers studied (Fig. S7).
Thus, Capsicum annuum cv. mirasol and C. annuum cv. agua were observed as outliers in the PCA analysis (Fig. 3A). From the studied cultivars, Capsicum annuum cv. mirasol was the best source of essential and
non-essential amino acids for human consumption.
Sugars and organic acids are key factors involved in the organoleptic properties of chili pepper. The content of these compounds
usually varies in accordance with the speciﬁc genotype and ripening
stage of the chili peppers. It is also known that growing conditions and
post-harvesting stress can aﬀect the endogenous levels of these metabolites (Ritota et al., 2010). Organic acids also contribute to the

Fig. 5. Heatmap, a clustered heat map for nine cultivars of Capsicum annuum. The vertical dendrogram shows the cultivars and the horizontal labels represent the
compounds clustered by similarity.
17
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organoleptic properties of this cultivar (Fig. S8). Despite this eﬀect
could be occurring, a sensory evaluation should be performed in order
to endorse this hypothesis (Aprea et al., 2017). Considering the high
levels of sucrose, glucose, and fructose in C. annuum cv. mirasol, osmotic dehydration might be occurring to consequently reduce the shelf
life of this chili pepper cultivar. Thus, sugar content could be the key
factor to diﬀerentiate chili pepper samples. For instance, sucrose and
galactose can be considered biomarkers in C. annuum cv. mirasol because of their high concentrations (Fig. S9).
Ascorbic acid is clearly the predominant metabolite in some of the
studied cultivars (Fig. 6). Surprisingly, C. annuum cv. chilaca contained
almost three-fold more endogenous levels of vitamin C than the other
samples. This result suggested that glucose is rapidly converted into
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4. Conclusions
We report the 1H NMR-based metabolomic proﬁling of eleven cultivars of Capsicum annum produced in Mexico and consumed worldwide. The results demonstrate that the combination of 1H NMR spectral
data and multivariate analyses are a powerful tool to obtain metabolite
ﬁngerprints in chili peppers. The analytical strategy revealed a simultaneous determination of carbohydrates, amino acids, organic
acids, and vitamin C. The nutritional content and nutraceutical potential of chili peppers can be easily obtained considering the simplicity,
reproducibility, and robustness of this method. This work provides
valuable metabolomics data from chili pepper samples cultivated under
open ﬁeld conditions; however, metabolomics ﬁngerprinting under
controlled conditions should be studied further.
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