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A B S T R A C T   

Many species of chili peppers have overlapping morphological characters and delimitation by visual descriptors 
in many cases fails to differentiate one species from another. In Peru, there are 413 accessions of native chili 
pepper and 296 accessions of rocotos conserved in the Germplasm Collections of the National Institute of 
Agrarian Innovation (INIA), of which five accessions (three species from three locations) were selected for the 
present metabolomic study. The Discrimination of the three species of native chili peppers and identification of 
biomarkers was performed using untargeted metabolomic approach based on profiling by UHPLC-HRMS and 
multivariate data analysis. The samples of fresh chili peppers (whole fruit) from Chincha area were used to 
construct an OPLS-DA model. To validate the biomarkers (identified 15 biomarkers, mainly flavonoids), an 
external validation set of the OPLS-DA model was constructed using Chiclayo and Huaral collection datasets. 
Consequently, the OPLS-DA based on Chincha samples model has a high predictive capacity demonstrating that 
the biomarkers have a high probability of continuity in any culture space, being successful in discriminating the 
species by untargeted metabolomics.   

1. Introduction 

The Capsicum genus (Solanaceae) exhibits a remarkable diversity of 
aromas, colors, flavors, fruit shapes and growth habits. From the point of 
view of classical taxonomy, many species also casually present similar 
morphological characters that fail to differentiate one species from the 
other (Walsh and Hoot 2001). This problem is evident, for example, in 
the delimitation of the species Capsicum annuum, C. chinense and 
C. frutescens, which form a taxonomic complex poorly differentiated 
(Hernández-Verdugo, Dávila, and Oyama, 2017). The Capsicum annuum 
species can be difficult to separate from the point of view of classical 
taxonomy from cultivated C. chinense (the hottest pepper) and 
C. frutescens (Tabasco pepper) and their morphological characteristics 
can overlap. These three species share the same ancestral gene pool and 
are sometimes referred to as the “annuum-chinense-frutescens complex” 
(Zhigila et al., 2014). Despite the limitations in the classification and 
identification of species in the genus Capsicum, 38 species have been 

identified, of which C. annuum, C. chinense, C. frutescens, C. baccatum and 
C. pubescens are found as the five species domesticated in Peru and the 
world (Eshbaugh, 1983; Bosland and Votava, 2012). 

At present, identification studies of the species from genus Capsicum 
are carried out with molecular tools such as AFLP (amplified fragment 
length polymorphism) and cytogenetics (Moscone et al., 2014; Patricia 
Toquica et al., 2003; Wahyuni et al., 2013). Metabolomics has the 
advantage of studying the chemical phenotype in comparison with 
molecular tools that investigate genetic information. The phenotype 
refers to the genotypic expression of an organism and is influenced by 
the environmental characteristics in which the genes are expressed. Due 
to this environmental influence, organisms express different phenotypes 
as they develop (Orgogozo, Morizot, and Martin, 2015). Metabolomic 
studies can also provide metabolomic phenotype information that can 
be used as a guiding strategy for genetic improvement programs for chili 
peppers with specific phenotypic quality traits (Wahyuni et al., 2013). 

High-performance liquid chromatography coupled with high- 
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resolution mass spectrometry is currently the most widely used 
approach for studying metabolic phenotypes through targeted and 
untargeted analyses (H. Gika et al., 2019). Therefore, the untargeted 
metabolomic fingerprints are proposed as an alternative taxonomic 
descriptor for species discrimination through biomarker identification 
for the characterization of these native species. 

The importance of studying chili peppers (Capsicum spp.) lies in that 
is one of the most important crops in the world (Ortiz et al., 2010); and 
its fruits express important sources of metabolites beneficial to human 
health such as ascorbic acid (vitamins C), tocopherols (Vitamin E), ca
rotenoids (provitamin A), flavonoids (antioxidants) and capsaicinoids, 
the latter being responsible for its pungency (Wildman, 2007). 

Currently, efforts are being made in Peru to rescue and conserve 
native chili peppers. Thus, in 2013, the National Institute of Agrarian 
Innovation (INIA), with the collaboration of Bioversity International 
(Libreros et al., 2013) managed to collect and make possible the con
servation of 413 accessions of chili peppers of the species C. annuum, 
C. baccatum, C. chinense and C. frutescens and 299 accessions of 
C. pubescens from 11 departments of Peru. The conservation of these 
collected chili peppers was carried out at the INIA Donoso Agrarian 
Experimental Station located in the Huaral province of the Lima region, 
the assignment of the species to the conserved materials (accessions) 
was determined by comparing their taxonomy and agro-morphological 
characteristics of the fruit, flowers, leaves and other phenotypic traits. 
Given the great diversity of native peppers, the metabolomic study and 
its relationship with the assigned species are pending (Libreros et al., 
2013; Meckelmann et al., 2013). In 2016, INIA in collaboration with the 
Universidad Peruana Cayetano Heredia (UPCH) carried out the agro- 
morphological, chemical, nutritional, antioxidant and sensory charac
terization of 32 accessions preserved by INIA, 18 materials from Chin
cha, Pucallpa and Chanchamayo (Patel et al., 2016). From this last 
study, five promissory materials were identified based on their agro
nomic behavior and recommendations of gourmets (Chefs). The present 
metabolomic study aims to the characterization and identification of 
biomarkers for the discrimination of these three species from the Peru
vian diversity. 

In order to establish the link between species and chemical finger
prints, samples of five accessions (charapita, dulce rojo, miscucho, 
ayucllo and tomatito rojo) from three species (C. baccatum, C. frutescens, 
C. chinense) harvested in three distinct areas (Chincha, Chiclayo and 
Huaral) profiled by LC-MS. These five native accessions of the present 
study, have not been domesticated and have not carried out molecular 
studies or non-targeted metabolomics. At present, only a characteriza
tion of species has been carried out by classical taxonomy of morpho
logical similarity: C. frutescens (charapita), C. baccatum (ayucllo and 
tomatito rojo), C. chinense (miscucho and dulce rojo) (see Table 1). 

2. Material and methods 

2.1. Plant material 

The conservation of native chili pepper was made at the National 
Collection of germplasm at the Donoso Experimental Station (Central 
Peruvian coast) of INIA. The five accessions were previously taxonom
ically characterized by classical visual descriptors by the INIA and 
grouped into three species. The ayucllo (C. baccatum) and Charapita 
(C. frutescens) accessions were originally collected in the San Martin 
region of Peru (Central forest). Also, the tomatito rojo (C. baccatum) and 
dulce rojo (C. chinense) accessions were originally collected in the 
Ucayali region (Central forest). The Miscucho accession (C. chinense) 
was originally collected in the Lambayeque region (North Coast). The 
five accessions of chili peppers were transferred from the National 
Collection of germplasm to the experimental places at the Peruvian 
coast. 

The native chili peppers were cultivated between September and 
December 2016 in three locations on the Peruvian coast and harvested 
in January and March 2017. The places were the following: 1) Nursery 
of the Agroexport Topara Company located in Chincha Alta 200 km 
south of Lima, 13◦ 12′32.33′′ south latitude, west longitude 76◦ 9′22.78′′

and altitude of 448 masl, temperatures between 18 and 20 ◦C and 
relative humidity 77–78%; 2) Vista Florida Experimental Station from 
the district of Picsi, province of Chiclayo, department of Lambayeque 
with the south latitude of 06◦ 43′34′′, west longitude 79◦ 46′49′′ at the 
altitude of 30 masl with average temperature 30◦ C, 800 mm precipi
tation and 70% relative humidity; 3) Donoso Experimental Station 
located in Huaral department of Lima (Fig. 1) at 11◦ 31′22.8′′ south 
latitude, west longitude 77◦ 13′53.6′′ and altitude of 180 masl, tem
peratures between 27.8 and 28.8 ◦C and relative humidity between 79% 
− 80%. The production of chili peppers from Chincha was organic 
agricultural management, while for the other two localities the agri
cultural management was conventional. A representative sample of each 
native chili accession (between 5 and 10 kg) was collected from each of 
the three harvest locations: Chincha, Chiclayo, and Huaral. From each 
representative sample, 50 g of fresh whole native peppers per accession 
were lyophilized. Freeze-dried native peppers were ground and stored at 
− 20 ◦C for later analysis by UHPLC-HRMS. 

2.2. Metabolite extraction and profiling UHPLC-HRMS 

The extraction of the metabolites of the 15 lyophilized chili peppers 
(Table 1) from the three locations (Fig. 2A, 2B) was carried out in 
triplicate with 80% methanol (HPLC grade, Thermo fisher/water v/v) 
(type I water, 18 MΩ.cm), according to the following steps: 1) In 
eppendorf centrifuge microvials of 1.7 μL, 10 mg of lyophilized chili 

Table 1 
Total samples of peppers by harvest place and analytical samples.  

Number of samples Accession Species Analytical replicates Harvest place Agricultural management Sample set for external validation of biomarqueurs 

1 Ayucllo C.baccatum 4 

Chincha Organic Training set 
2 Tomatito rojo C.baccatum 4 
3 Dulce rojo C.chinense 4 
4 Miscucho C.chinense 4 
5 Charapita C.frutescens 4 

6 Ayucllo C.baccatum 4 

Chiclayo Conventional Test set 
7 Tomatito rojo C.baccatum 4 
8 Dulce rojo C.chinense 4 
9 Miscucho C.chinense 4 
10 Charapita C.frutescens 4 

11 Ayucllo C.baccatum 4 

Huaral Conventional Test set 
12 Tomatito rojo C.baccatum 4 
13 Dulce rojo C.chinense 4 
14 Miscucho C.chinense 4 
15 Charapita C.frutescens 4  
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pepper were weighed in triplicate, 800 μL of 80% methanol was added, 
then 1 min by vortex and 10 min by ultrasound and again 1 min by 
vortex, 2) Samples were centrifuged using an eppendorf model 5804 R 
centrifuge at 14,000 rpm/20913 xg for 10 min at 4◦ C; 3) then 600 µL of 
the supernatant was taken and transferred to another centrifuge 
microvial, 4) Steps 1 to 3 were repeated for the second extraction, 
obtaining a total volume of 1200 µL of extract, this was done in triplicate 
5) From each sample group (from the triplicate) a new sample was 
prepared consisting of 200 µL of each, which was considered as a “fourth 
replica” whose final volume was 600 µL. Also, samples were prepared for 
blank and quality control (QC). The blank consisted of a sample of 80% 
aqueous methanol solvent, subjected to steps 1–4 of the previous 
extraction procedure, and the QC was prepared by taking 100 µL of each 
“fourth replica”, until a volume of 1500 µL was obtained. The extracts of 
the 15 × 4 repeats of native peppers were injected into the UHPLC 
system. The QCs and blanks were injected into the UHPLC system 
intermittently every 3 samples, resulting in a total of 6 QCs samples and 
six blanks. The samples were profiled in the two ESI ionization modes 
(+, − ) using the UHPLC – DAD – LTQ Orbitrap XL instrument (Ultimate 
3000, Thermo Fisher Scientific, Hemel Hempstead, UK). In UHPLC, UV 
detection was performed using a 210–400 nm diode array detector; Runs 
were performed in binary gradient mode using a Waters Acquity UHPLC 
BEH C18 Particle size 1.7 µm, 2.1x100 mm column, ULTRA Holder 
column guard (Phenomenex UHPLC 2.1 at 4.6 mm ID). Mobile phase A: 
H2O + 0.1% FA; and phase B: ACN + 0.1% FA; (FA = formic acid, LC-MS 
grade, Sigma Aldrich, ACN = acetonitrile, HPLC grade, Thermo fisher) 
the gradient conditions were: 0 → 5 min 95% A, 5% B; 5 → 12.2 min, 5% 
A, 95% B (Chervin et al., 2017). In HRMS Orbitrap, mass detection was 
performed using an ESI (+, − ) electrospray source with a resolving 

power of 15,000 (full width at half maximum (FWHM) at 400 m / z). The 
mass scan range was 100–2000 m/z. The capillary temperature was 
300 ◦C and the spray voltage was set at 4 kV (positive mode) and 4.2 kV 
(negative mode). The mass measure was externally calibrated before 
starting the experiment. Each full mass was followed by MS/MS data- 
dependent on the three most intense peaks using collision-induced 
dissociation (CID) stages (35% normalized collision energy, isolated 
with 2 Da width, Q 0.250 activation). At the end of the analysis, a total of 
72 chromatograms (60 extracts, 6 QCs, 6 Blanks) were obtained (Fig. 2 
C). The chromatograms of the QC samples in both ionization modes are 
shown in Figs. S1 and S2 (supplementary information). 

2.3. Data processing 

The conversion of the raw data (72 chromatograms) from Thermo *. 
RAW format to *.ABF format was carried out with ABF Convert software 
(Reifycs Abf Converter, https://www.reifycs.com/AbfConverter/) and 
processed with MS-DIAL version 4.48 (Tsugawa et al., 2015). For the 
alignment and deconvolution of the characteristics or metabolites, it was 
set at a m/z range of 100 to 2000 Da and retention time of 0 and 15 min. 
The tolerance MS1 and MS2 were established at 0.01 and 0.4 Da 
respectively in centroid mode. The minimum peak height or Amplitude 
(A) was calculated by MS-DIAL experiments by interpolation of the plot 
Amplitude versus the number of MS2 features in each ionization mode. 
For ESI (+) a number of features of 189 (A = 15E5) and 193 for ESI (− ) 
(A = 10E5) were approximated for each harvest of peaks. The peaks 
were aligned on a quality control (QC) file with a mass tolerance of 
0.015 Da and a retention time tolerance of 0.05. The aligned results were 
exported in *.TXT format (Raw data matrix and normalized data matrix) 

Table 2 
Results of the SUS-plot analysis and identification of the biomarkers of the species C. baccatum, C. chinense and C. frutescens of the chili peppers of Chincha location.  

Species RT 
(min) 

Exact 
mass 

Molecular 
formula 

Error (Da) Adduct Metabolite name Chemical class Source 
data basea 

Final 
scoreb 

C. baccatum 3.805 610.132 C30H26O14 − 0.0002209 [M− H]− 3′,4′,5,7,8-Pentahydroxyflavone; 7-O-[4- 
Hydroxy-E-cinnamoyl-(→6)-β-D- 
glucopyranoside] 

Flavonoid Capsicum 15.236 

C. baccatum 2.841 350.064 C16H14O9 0.0083056 [M− H]− 3,5,7-trihydroxy-6-methoxy-2-(2,4,5- 
trihydroxyphenyl) − 2,3-dihydro-1- 
benzopyran-4-one 

Flavonoid Capsicum 14.3606 

C. baccatum 4.344 1080.535 C51H84O24 0.00953 [M +
H]+

Spirostane-2,3-diol; 3-O-[β-D- 
Galactopyranosyl-(1 → 2)-[b-D- 
glucopyranosyl-(1 → 3)]-β-D- 
glucopyranosyl-(1 → 4)-β-D- 
galactopyranoside] 

Steroid Capsicum 11.4656 

C. baccatum 3.908 581.151 C26H29O15 0.0050966 [M]+ Cyanidin 3,5-diglycosides; 3-O-β-D- 
Xylopyranoside, 5-O-β-D-glucopyranoside 

Anthocyanin Capsicum 15.519 

C. baccatum 3.845 568.194 C30H32O11 − 0.0016146 [M− H]− Hypochoeroside D;(+) -Hypochoeroside D Cinnamic acids 
and derivatives 

UNPD 7.5549 

C. frutescens 4.628 572.226 C30H36O11 − 0.0044145 [M− H]− Physalin B; 2,3-Dihydro, 2α-ethoxy, 
5β,6β-epoxide 

Steroid Solanaceae 9.8859 

C. frutescens 3.857 432.088 C21H20O8S − 0.0026879 [M− H]− Roseochelin B Carboxylic acid Npatlas 7.6464 
C. frutescens 2.559 358.069 C18H14O8 − 0.009009 [M− H]− 3,5-dihydroxy-2-(2-hydroxyphenyl)-7- 

methoxy-4-oxochromen-8-yl acetate 
Flavonoid Capsicum 15.2364 

C. frutescens 5.498 556.231 C30H36O10 − 0.0055291 [M− H]− Cerberalignan J; 8′-Deoxy Lignan Capsicum 13.4496 
C. frutescens 4.944 868.368 C50H52N4O10 0.0045674 [M− H]− N-acetyl-D-glucosaminyl-(1 → 4)-N- 

acetylmuramoyl-L-alanyl-D-glutamyl-6- 
carboxy-L-lysine 

Aminoacids ChEBI 6.1943 

C. chinense 1.049 328.095 C18H16O6 0.0052118 [M− H]− 2′,6,8-Trihydroxy-7-(hydroxymethyl) 
flavone; 2′,6-Di-Me ether 

Flavonoid Capsicum 15.494 

C. chinense 2.847 444.178 C24H28O8 − 0.0058586 [M− H]− 3,4′,5,6,7-Pentahydroxy-3′-(8-hydroxy-7- 
methyloctyl) flavone 

Flavonoid Capsicum 14.202 

C. chinense 10.451 710.388 C37H58O13 0.0037655 [M− H]− Mandelalide B Macrolide UNPD 6.6717 
C. chinense 0.74 224.053 C7H12O8 0.0077409 [M− H]− 2,4,5-trihydroxy-3-methoxy-1,6- 

hexanedioic acid 
Carboxylic acid UNPD 7.1142 

C. chinense 10.547 710.388 C37H58O13 0.0039655 [M− H]− 2,3,16,23-Tetrahydroxy-12-oleanene- 
24,28-dioic acid; 2-Me ether, 3-O-β-D- 
glucopyranoside 

Terpenoid Capsicum 12.7498 

aSource: family = Solanaceae, genus = Capsicum, (from DNP = Dictionary of natural products), UNPD = Universal Natural Products Database, Npatlas = Natural 
products Atlas. 
bFinal scores = from MSClean input multiplier of: genus×2, family ×1.5, generic ×1. 
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and the total number of “all peaks” of each ionization mode for data 
treatment using the MS-CleanR workflow (Fraisier-Vannier et al., 2020). 

2.4. Cleaning the data and annotation of metabolites 

The MS-CleanR package was used to tackle degenerate features and 
filter artifacts and noise signals. The filters were selected using a default 
value for cleaning the MS-DIAL peak list table: with a minimum blank 
ratio set to 0.8, a maximum relative standard deviation (RSD) set to 30, 
and a relative mass defect (RMD) ranging from 50 to 3000. The 
maximum mass difference for the detection of features relationships was 
established at 0.005 Da and the maximum retention time (RT) difference 
was established at 0.025 min. The Pearson correlation to compute 
cluster was set with correlation ≥ 0.8 and statistically significant α =
0.05. Then MS-CleanR uses the MSCombine (Calderón-Santiago et al., 
2016) tool to combine the ESI data tables (+, − ) and to maintain positive 
and negative common features. After filtering, for ESI (+, − ) the number 
of features was reduced to 228 and 269 respectively out of a total of 662 
for ESI (+) and 783 for ESI (− ). The filtered peaks were exported to MS- 

FINDER (version 3.5) (Lai et al., 2018). The annotation of metabolites 
was carried out with the MS/MS spectra mirrored to in silico spectra 
modeled by MS-FINDER using the generic database: KNApSAcK (Natural 
products), NANPDB (Natural products), PlantCyc (Plant), UNPD (Nat
ural products), ChEBI (Biomolecules), DrugBank (Drug), Pubchem 
(Biomolecules), FooDB (FooD), STOOF (Environment), NPA (Natural 
products Atlas), COCONUT (Natural product) and LipidMAPS (Lipids), 
and the Dictionary of Natural Products (DNP on DVD, v26.2 CRC Press) 
database comprising compounds from the genus Capsicum and the 
family of Solanaceae. The annotation was prioritized according to the 
biological source levels for genus, family and generic (DNP and internal 
MS-FINDER database) respectively. The score was calculated as the 
value of the experimental fragmentation of MS2 reflected to in silico 
similarity. The total score was calculated using a multiplier associated 
with the biological source to prioritize the annotations. The multipliers 
2: 1.5: 1 were considered for genus, family and generic respectively. The 
generated file contained the combined ESI (+, − ) feature prioritization 
database with the MS-FINDER score levels was used for multivariate 
statistical analysis. 

Fig. 1. Map of Peru showing the three zones of the Peruvian coast Chincha, Chiclayo and Huaral where the Accessions of Native Chilies are harvested: A) Dulce Rojo 
(C. chinense), B) Miscucho (C. chinense), C) Ayucllo (C. baccatum), D) Tomatito Rojo (C. baccatum), E) Charapita (C. frutescens). Map obtained from https://www.ar 
cgis.com. 
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Fig. 2. Metabolomic workflow diagram by UHPLC-HRMS for the identification and validation of biomarkers.  

Fig. 3. The top (A) is of PCA of class species for samples of chili peppers (3 species) of three locations, Chincha, Chiclayo and Huaral, (R2 = 0.976), by MS-CleanR 
approach, in B, 1) QC-based Correction of final data of MS-CleanR by EigenMS Normalization, 2) PCA by species after of Correction. 
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2.5. Data normalization 

Principal component analysis (PCA), of the data obtained by MS- 
CleanR is shown in Fig. 3A. The normalization was carried out to 
eliminate sources of systematic variation originating from features 
related to growth, climate or agroecological treatment. This variation is 
observed as intraclass variation in PCA within each species of chili 
pepper. The online software NOREVA 1.0 was used for normalization (Li 
et al., 2017). The software performs a correction based on the QC in
formation using the QC-RLSC algorithm. For this, a preprocessing of the 
data was carried out with the default parameters: Filter criterion = 0.8, 
Bias-variance tradeoff = 0.75, Regression model = Local polynomial fits 
and Imputation algorithm = K-Nearest Neighbour (KNN). Among the 20 
normalization methods tested, the EigenMS normalization method was 
chosen (Karpievitch et al., 2014) as it presented the best performance. 
Finally, the performance of the normalization method was evaluated by 
evaluating the PCA and ROC graph (supplementary information, 
Figs. S5-S6). 

2.6. Multivariate statistical analysis 

2.6.1. Species discrimination 
For species discrimination, a supervised OPLS-DA analysis 

(discriminant analysis of orthogonal projections of latent structures) of 
the data normalized by EigenMS was performed using SIMCA-P (version 
15.1, Sartorius Stedim Biotech, Umetrics, Umeå, Sweden), (Fig. 2 C). 
The clusters formed (three species) faced one by one to form 2 new 
OPLS-DA models (C. baccatum vs C frutescens and C. chinense vs 
C. frutescens). These two OPLS-DA models were used to perform a Shared 
and Unique Structure plot (SUS-plot) analysis. In addition, a hierarchical 
Clustering Heatmap diagram was built for the 15 discriminant metab
olites obtained from the SUS-plot analysis using Distance Measure 
Euclidean and the Clustering Algorithm Ward of the PLS-DA model, in 
which the discrimination of the 3 species stands out, using the software 
Metaboanalyst 5.0 (Xia et al., 2015). 

Same discriminant models were tentatively constructed for separa
tion of accessions and localities. 

2.6.2. Biomarker validation 
The validation of the OPLS-DA models was done using SIMCA P 

(Fig. 2 D). The raw data (three locations) was divided into three data 
blocks of 20 individuals each, with the same number of variables (me
tabolites) by locations, Chincha, Chiclayo and Huaral. The OPLS-DA 
model of the Chincha data was used as a training set (TS) and the data 
of the chili peppers from the town of Chiclayo and Huaral was used as a 
work set. The probability of fit to Chincha’s OPLD-DA model was 

assessed using a threshold greater than 0.5. The same strategy was also 
carried out with 1/3 of the samples to model the “accessions” and 2/3 of 
the samples as test samples and observe the results. 

3. Results 

An electrospray ionization (ESI) interface, in both positive and 
negative ion modes, was used for the detection of metabolomic profiles, 
since they are complementary. The results of the chromatograms in the 
ESI (+, − ) ionization modes are shown in Figs. S1 and S2 (supplemen
tary information). In ESI (+), two chromatographic peaks with greater 
relative peak area were identified, cis-Capsaicin and Dihydrocapsaicin 
(Table 2). 

The major compounds class, found in the UHPLC-HRMS profile in the 
five native peppers are flavonoids (12%), followed by carboxylic acids 
(8%), steroids (7%), phenols (5%). In phenols, seven capsaicinoids have 
been identified (Nordihydrocapsaicin, cis-Capsaicin, Homocapsaicin II, 
Homodihydrocapsaicin, N - [(4-hydroxy-3-methoxyphenyl) methyl] 
octanimidic acid, N-Vanillylnonanamide and Dihydrocapsaicin) 
(Table 3). The following are Carbohydrates (4%), others (28%), un
known (36%), Fig. S11 (supplementary information). This reveals the 
large number of metabolites yet to be discovered. In ESI (− ), near the 
beginning of the chromatogram, compounds belonging to the genus 
Capsicum and the Solanacea family were identified. With the chemical 
class Benzoic acids and derivatives, two compounds were identified: 2- 
diazoniobenzoate and anthranilate that were found in the genus 
Capsicum. Some Carbohydrates like (2R, 3R, 4S, 5R, 6R) − 2- (hydrox
ymethyl) − 6 - {[(2S, 3R, 4R, 5R, 6R) − 4,5,6-trihydroxy-2- (hydrox
ymethyl) oxan-3-yl] oxy} oxane-3,4,5-triol, were found in the family 
Solanaceae and 2,3-dioxo-L-gulonate was found in the genus Capsicum. 
Carboxylic acids such as citric acid and Malic acid were found in the 
Solanaceae family, and the compounds (3S) − 3-amino-3-carbox
ypropanoate, (− ) - quinate, 4-Hydroxy-2-pyrrolidinecarboxylic acid; N- 
Me, (2S) − 5-amino-2 - [(1-hydroxyethylidene) amino] pentanoic acid 
and tyrosin are found in the genus Capsicum (Table 4). The acidic 
compounds with the greatest relative peak area are citric acid and ma
leic acid (see Fig. S2, supplementary information). 

The boxplot diagrams and ANOVA analysis of cis-Capsaicin and 
Dihydrocapsaicin (Fig. S3, supplementary information) of their 
normalized relative areas did not show significant differences for the 
three species. While in the ESI (− ) chromatograms, two peaks with the 
greater relative area were identified; citric acid (citrate) which shows a 
significant difference for the C. baccatum species compared to the other 
two species and could be considered as a biomarker for this species, and 
a low concentration of malic acid was also observed, which could be a 
differentiating metabolite of this species with respect to the species 

Table 3 
Capsaicinoids identified in the 5 native peppers.  

RT 
(min) 

Exact 
mass 

Molecular 
formula 

Error (Da) Adduct Metabolite name Chemical class Source data 
basea 

Final 
scoreb 

72.68 294.206 C17H27NO3  0.0000702 [M +
H]+

Nordihydrocapsaicin Pseudoalkaloids UNPD 8.3223 

7.281 306.206 C18H27NO3 − 0.0000298 [M +
H]+

Cis-Capsaicin Alkaloids Capsicum 13.479 

7.807 320.222 C19H29NO3 − 0.0000798 [M +
H]+

Homocapsaicin II Alkaloids Capsicum 15.073 

8.249 322.238 C19H31NO3 0.0001703 [M +
H]+

Homodihydrocapsaicin Alkaloids Capsicum 13.656 

7.727 308.221 C18H29NO3 0.0008202 [M +
H]+

Dihydrocapsaicin Alkaloids Capsicum 14.309 

6.7 280.188 C16H25NO3 0.0026201 [M +
H]+

N-[(4-hydroxy-3-methoxyphenyl) methyl] 
octanimidic acid 

Alkaloids Capsicum 14.128 

7.183 294.206 C17H27NO3 0.0002702 [M +
H]+

N-Vanillylnonanamide Alkaloids Capsicum 14.327 

aSource: genus = Capsicum, (from DNP = Dictionary of natural products), UNPD = Universal Natural Products Database. 
bFinal scores = from MS-CleanR input multiplier of: genus ×2, family ×1.5, generic ×1. 
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C. frutescens and C. chinense (supplementary information, Fig. S3). In 
general, in the ESI (+) ionization mode for chili samples, polar com
pounds are observed at the beginning of the chromatogram that are 
common to sugars and organic acids. For ESI (− ), metabolites with a 
greater area at the beginning of the chromatogram and semi-polar me
tabolites are observed in the center of the chromatogram. The align
ment, deconvolution, and the use of the MS-CleanR package allowed the 
annotation of 162 metabolites out of a total of 182 metabolites in both 
ionization modes. The annotations (based on MS2 spectral similarity) 
were at significance level 2 according to the Metabolomic Standard 
Initiative (Sumner et al., 2007). First, a Principal Component Analysis 
was used to show patterns in few dimensions, as well as exploring the 
relationships between independent and dependent variables (Fig. 3A). 
The PCA score plot showed that independent variables such as agro
ecological practices and climatic conditions could modify the response 
(relative areas of metabolites). No outliers were observed since the 
samples were distributed within the Hotelling normality area of the el
lipse with 95% confidence. It was possible to formulate as a first hy
pothesis three classes or clusters of samples differentiated by “species”. 
The QCs (quality control) were plotted near the center of the PCA 
denoting a good overall reproducibility and robustness during LC-MS 
profiling of all samples (Broadhurst et al., 2018; H. G. Gika et al., 
2007). Also, the effect of QC-based signal drift correction on intensities 
is observed (Fig. 3B-1). As an example, a selected feature is given by m/z 
= 151.03502 (To see other examples see supplementary information, 
Fig. 4). The correction was made using the QC-RLSC algorithm of the 
NOREVA Online platform. The QC-RLSC was used to estimate data 
quality and eliminate unwanted variations (features). This procedure 
was performed after the data imputation procedure (Luan et al., 2018). 
The variations observed could be of biological, agroecological or 
instrumental origin, such as the performance of the instrument, loss of 
signal intensity due to the run time, performance of the LC column, 
accumulation of contaminants in the source of MS ions or MS sensitivity, 
among others (Karpievitch et al., 2014). These variations were seen as 
an intraclass variation in PCA. To improve the PCA results, we pro
ceeded with the normalization of the chromatographic data with di
mensions [182x66] columns × rows. The EigenMS normalization 
method and the correction procedure based on the QC-RLSC allowed 
eliminating irrelevant information for the categorical classification by 
species. After normalization by species, it was observed that 13 “errors” 
of unknown origin were eliminated from the original table (metabo
lites), obtaining a final data matrix of [169x66]. To evaluate the 

performance of the normalization method and its ability to reduce 
intraclass variation, the PCA and ROC curves (receiver operating char
acteristic curves) were evaluated to show the balance between sensi
tivity and specificity (Alonso et al., 2015). The PCA results show good 
inter-species separation with an explained variance of 90% by species 
and AUC = 1 (supplementary information, Fig. S5-S6). The normalized 
table was exported to the SIMCA-P software to perform the multivariate 
OPLS-DA analysis using Pareto scaling. The OPLSDA was performed on 
Chincha samples and then evaluated for validity using other locations. 
Fig. 4A shows the OPLS-DA model for the discriminant analysis by 

Table 4 
Carbohydrates and Carboxylic acids of 5 accessions of chili peppers.  

Species RT 
(min) 

Exact 
mass 

Molecular 
formula 

Error (Da) Adduct Metabolite name Chemical class Source data 
basea 

Final 
scoreb 

C. baccatum 0.742 191.013 C6H8O7 − 0.0002209 [M− H]− Citrate Carboxylic acid Solanaceae 11.802 
C. baccatum 0.739 133.009 C4H6O5 0.0083056 [M− H]− Malic acid Carboxylic acid Solanaceae 12.336 
C. baccatum 1.064 147.025 C7H4N2O2 0.00953 [M− H]− 2-diazoniobenzoate  Benzoic acids and 

derivatives 
Capsicum 12.151 

C. baccatum 0.706 138.054 C7H7NO2 0.0050966 [M +
H]+

Anthranilate  Benzoic acids and 
derivatives 

Capsicum 12.903 

C. frutescens 0.676 132.026 C4H7NO4 − 0.0026879 [M− H]− (3S)-3-amino-3-carboxypropanoate Carboxylic acid Capsicum 14.244 
C. frutescens 0.702 191.049 C7H12O6 − 0.009009 [M− H]− (− )-quinate Carboxylic acid Capsicum 15.318 
C. frutescens 0.709 146.079 C6H11NO3 − 0.0055291 [M +

H]+
4-Hydroxy-2-pyrrolidinecarboxylic acid; N- 
Me 

Carboxylic acid Capsicum 15.723 

C. frutescens 0.726 175.106 C7H14N2O3 0.0045674 [M +
H]+

(2S)-5-amino-2-[(1-hydroxyethylidene) 
amino]pentanoic acid 

Carboxylic acid Capsicum 15.315 

C. chinense 0.896 182.079 C9H11NO3 0.0052118 [M +
H]+

Tyrosin Carboxylic acid Capsicum 15.409 

C. baccatum 0.73 365.102 C12H22O11 − 0.0016146 [M +
Na]+

(2R,3R,4S,5R,6R)-2-(hydroxymethyl)-6- 
{[(2S,3R,4R,5R,6R)-4,5,6-trihydroxy-2- 
(hydroxymethyl)oxan-3-yl]oxy}oxane- 
3,4,5-triol 

Carbohydrates Solanaceae 11.547 

C. frutescens 0.892 191.013 C6H8O7 − 0.0044145 [M− H]− 2,3-dioxo-L-gulonate Carbohydrates Capsicum 15.589 

aSource: family = Solanaceae, genus = Capsicum, (from DNP = Dictionary of natural products). 
bFinal scores = from MS-CleanR input multiplier of: genus ×2, family ×1.5, generic ×1. 

Fig. 4. The top (A) it is OPLS-DA of class species for samples of chili peppers (3 
species) of data set of Chincha location by normalization EigenMS, (R2 

=

0.976), in B, 1) SUS-plot class species, (OPLS-DA, M4 = C. baccatum vs 
C. frutescens), (OPLS-DA, M5 = C. frutescens vs C. chinense). The diagram has 
been obtained by comparing the OPLS-DA, M4 and M5 models. In the vertices 
of the diagram, the biomarkers for each species were identified. 
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species of Chincha samples. The quality of the OPLS-DA model was 
evaluated with R2X = 0.998 and Q2Y = 0.998 values greater than 0.7 
expressed a good quality of fit and prediction, respectively (Mickiewicz 
et al., 2015). The CV-ANOVA value confirmed the quality of this model 
(p-value = 3.14075e-0.35) (Eriksson, Trygg, and Wold, 2008). Then, 
OPLS-DA analyses were carried out facing two categories (2 species, 
Fig. 4A), to construct SUS-plot analyzes for identification of biomarkers 
(Fig. 4B). Fig. 5A shows the hierarchical analysis diagrams of Cluster via 
Heatmap of the relative areas of the 15 biomarker metabolites for each 
species (Table 2) and importance values (VIP) from biomarkers in 
Fig. 5B is showed, VIP < 1 is considered as the potential specific 
biomarkers. 

Similarly, the samples were analyzed by accessions. The PCA of the 
accessions class by MS-CleanR approach is seen in Fig. S7. Figure S8 and 
S9 show the results of normalization by EigenMS of the original data 

with dimensions [182x66] columns × rows using the NOREVA platform, 
allowing to eliminate 17 “errors” of unknown origin, obtaining a final 
matrix of dimensions [165x66]. The normalized table was exported to 
the SIMCA-P software to perform the multivariate OPLS-DA analysis 
using Pareto scaling as shown in Fig. S9 (supplementary information). 

From the OPLS-DA model by normalized accessions, two OPLS-DA 
models were constructed to determine the biomarkers that discrimi
nate the accessions of the same species from the Chincha Area that is 
observed in Fig. S12: ayucllo vs tomatito rojo and miscucho vs dulce 
rojo. S-plot analysis was performed for OPLS-DA model respectively and 
discriminant biomarkers were identified as seen in Table S5 (Supple
mentary information). 

From table S5, 20 biomarkers stand out for the discrimination of the 
accessions of which nine biomarker metabolites have an unknown 
structure: three unknowns from tomato rojo, four unknowns from 

Fig. 5. In A) Cluster hierarchical analysis via Heatmap of biomarker metabolites from the PLS-DA model of the species class of the whole chili fruit from the Chincha 
location, in B) importance values (VIP) from biomarkers. The tick marks in green (C. baccatum) and red (C. frutescens) are the most contributing variables in the 
discrimination of the species in the PLS-DA model, VIP greater than 1. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
web version of this article.) 
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ayucllo and two unknown miscucho respectively. This indicates the 
great scientific work that remains to be done to elucidate these chemical 
structures. 

To validate the capacity of the model to classify species indepen
dently from collection area, samples from Huaral and Chiclayo were 
used as test set. The mean predicted class probabilities of each accession 
sample was measured for their respective species. A value above 0.5 
indicates a high level of confidence in the predicted class (Fig. 6). The 
data was taken from the SIMCA-P classification list (supplementary in
formation, Tables S1 and S2). The results of the bar chart show the 
predicted class probabilities of the OPLS-DA classification with values 
greater than 0.5. 

The same procedure was used to validate the biomarkers of the ac
cessions. Samples from Huaral and Chiclayo were used as a test set to 
validate the model’s ability to classify accessions. A value greater than 
0.5 indicates a high level of confidence in the predicted class (Fig. S10, 
Supplementary Information). Data were taken from the SIMCA-P clas
sification list (Supplementary information, Tables S3 and S4). 

4. Discussion 

The objective of this study was to use metabolomic as a comple
mentary tool to molecular tools and classical taxonomy visual de
scriptors for the discrimination of C. baccatum, C. chinense and 
C. frutescens species by identifying their biomarkers. To do this, the chili 
peppers from the town of Chincha were chosen to annotate biomarkers 
of each species. To verify the ubiquity of the biomarker metabolites in 
the three species studied, it was necessary to validate the metabolic 
fingerprint model of the five accessions of chili peppers from Chincha in 
chili fruits obtained from plants grown in the localities of Chiclayo and 
Huaral. In the same way, the possibility of discriminating accessions of 
the same species was explored. 

INIA has an important collection of chili peppers and rocotos, 
collected in different regions of Peru, where morphological, genetic and 
physicochemical studies have been carried out, but not metabolomics 
(Ministerio del Ambiente 2015; INIA, 2018). Thus, this metabolomic 
study will contribute to the valorization of germplasm of Peruvian 
Capsicum. Chili peppers can be characterized and valued from the 

metabolic profile of the accessions studied through the composition of 
metabolites for their inclusion in genetic improvement programs and 
development of new cultivars. 

The change of center of origin in itself already subjected the three 
species to a process of adaptation. This leads to the genotype and 
phenotype expression changing depending on environmental condi
tions. The expression of the phenotype could also be affected by the 
agricultural management of the chili peppers, since the chili peppers 
from Chincha had an organic agricultural management and the chili 
peppers from Chiclayo and Huaral, a conventional agricultural man
agement. The sowing of the peppers was carried out in seedlings. Pests 
and diseases are the most significant problems affecting the crop. These 
include nematodes, fungi and pests that limit production and therefore 
require cultural practices that begin with the preparation of the crop, 
fertilization or compost. These conditions are difficult to manage and 
produce great variability in analytical results that adversely influence 
the metabolomic study. However, these difficulties were overcome, with 
the consequent identification of 14 biomarkers that discriminated the 
three species. 

UHPLC-HRMS chromatography is an analytical approach that has 
been selected for this metabolomic study for its speed of analysis and 
precision for the determination of molecular masses, where there have 
been cases of use that have been successful in metabolomics studies of 
chili peppers. For example, the study carried out by Felipe Cervantes- 
Hernández (Cervantes-Hernández et al., 2019) established by means of 
UHPLC-ESI-HRMS metabolomic analysis the distribution of metabolites 
in the different parts of the fruit of the Tabasco chili pepper (Capsicum 
frutescens L.) when estimating the profiles of metabolites of the pericarp, 
placenta and seeds of the fruits. In another study by Sergio Barbosa et., 
al, the feasibility of non-targeted UHPLC-HRMS fingerprints as chemical 
descriptors was evaluated to address the classification and authentica
tion of paprika samples. The obtained Untargeted UHPLC-HRMS fin
gerprints were subjected to unsupervised principal component analysis 
(PCA) and supervised partial least squares regression discriminant 
analysis (PLS-DA) to study the discrimination and classification of the 
sample. In this study it was concluded that the Untarget UHPLC-HRMS 
fingerprints Metabolomics were able to discriminate the different vari
eties of paprika (Barbosa et al., 2020). 

Approximately 80–90% of the total capsaicinoids content of chili 
pepper is represented by capsaicin and Dihydrocapsaicin (Kulkarni 
et al., 2017). The most important differences between capsaicinoids are 
their relative pungency, the length of the branched chain, the point of 
branching and the amount of unsaturation in the side chain. Generally, 
capsaicin and Dihydrocapsaicin are almost 10 times hotter than other 
capsaicinoids (Kulkarni et al., 2017). The capsaicin / Dihydrocapsaicin 
ratio is 1: 1 or 2: 1 respectively (Giacalone, Forfori, and Giunta, 2015; 
Hayman and Kam, 2008). Capsaicin (trans-8-methyl-N-vanillyl-6-non
enamide) has a chemical structure consisting of a vanilloid group (an 
aromatic ring with a hydroxyl group and a methyl group), along with a 
long hydrocarbon chain and a polar amide group. The vanilloid group is 
common among other natural compounds in the so-called vanilloid 
family, such as vanillin, eugenol, and zingerone, and determines bio
logical activity (Hayman and Kam, 2008). 

Currently, chili pepper extract and its bioactive compounds are 
known to have a variety of pharmacological effects, such as antibacte
rial, antioxidant, analgesic, and anti-inflammatory effects. However, the 
effects of the main ingredient in chili peppers, capsaicin, is still 
controversial. It has potential biological activities at low concentrations, 
but tends to produce adverse effects at high concentrations (Hayman 
and Kam, 2008; Srinivasan, 2016). Around the world, there are about 
2.5 billion people who eat spicy foods, and the spicy taste has become a 
global dietary trend. Capsaicin, the main hot component in chili pep
pers, has not been clearly studied for its potential effect on gastroin
testinal health. Since capsaicin-induced gastrointestinal malaise is dose- 
dependent, future research should further analyze the different experi
mental models to clarify these correlations (Xiang et al., 2021). Plant 

Fig. 6. OPLS-DA model classification for species as Y. A) OPLS-DA score plot 
from Chincha accessions with species as Y. B) The bar plot indicates the mean 
predicted class probabilities of each accession sample in their respective spe
cies. A value above 0.5 indicates a high level of confidence in the predicted 
class. Bar diagrams were made using GraphPad Prism 8 software. 
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products of natural origin, such as chili peppers, have activity against 
Helicobacter pylori. Gastritis is considered one of the greatest health 
challenges, with H. pylori responsible for more than eighty percent of 
active chronic gastritis. Antibacterial activity of capsaicin has been 
found in vitro along with synergistic effects with other drugs. When 
combining capsaicin with metronidazole, for example, the inhibitory 
concentration values showed a synergistic effect. Therefore, capsaicin 
possesses promising anti-H. pylori bioactivity and synergistic activity 
when combined with metronidazole, but more research is needed to 
examine the mechanisms by which the biological activity was positive. 
In addition, it is necessary to ensure its activity against H. pylori in vivo 
and in clinical settings (Tayseer et al., 2020). 

Also, the species of the genus Capsicum from Peru offer a wide range 
of sensory attributes. This is explained by its great diversity due to its 
different centers of origin, shapes, sizes, colors and a wide range of 
characteristics such as aromas, flavors and pungency. Of these five ac
cessions studied, odors of citrus, passion fruit, oregano, herb, fruity, 
Apple and flavors of tomato, sweet, bell pepper and acidity have been 
characterized by a trained sensory panel (Patel et al., 2016). 

According to the chromatographic profile, sugars and organic acids 
have been found in the peppers. The concentration of sugars and organic 
acids in peppers affect the flavor of the fruit. In addition, carbohydrates 
promote the stability of ascorbic acid and therefore improve the content 
of vitamins (Jarret et al., 2009). 

The most abundant compounds identified in the five chili pepper 
accessions are flavonoids (Fig. S7, supplementary information). Flavo
noids play a central role in various facets of plant life, especially in the 
interactions between the plant and the environment. These defend 
plants against various biotic and abiotic stresses, including ultraviolet 
radiation, pathogens, and insect pests (Treutter, 2006). 

Among the flavonoids, there is an anthocyanin that was identified as 
a biomarker. Anthocyanins are very widespread pigments in nature that 
are responsible for the colors of fruits. Being native or wild chili peppers, 
they could develop defense mechanisms. In addition, these compounds 
can act as repellants for herbivores and parasites (E. T. Johnson, Ber
how, and Dowd, 2008), attracting pollinators and seed dispersers, and 
protecting plants against biotic and abiotic stress (Naing and Kim, 
2021). 

In a study of agricultural production of carrots carried out by Cubero 
(Cubero-Leon, De Rudder, and Maquet, 2018), an OPLS-DA discriminant 
model was developed to predict the type of agricultural management 
from a data of four consecutive years. They were able to discriminate the 
type of organic or conventional agricultural production. Potential can
didates for discriminant biomarkers were selected using the S-plot 
generated by the OPLS-DA models. The main difference in the present 
work of native peppers and that of carrots lies in the years of production. 
They have worked with crops of only one year of production. We do not 
work with peppers from other seasons due to economic issues since the 
production of peppers for this study comes from a pilot study of acces
sions and not varieties of peppers already domesticated. Our five ac
cessions are still under agronomic studies for their domestication and 
massification. Also, the dataset used in the present study did not allow 
the discrimination based on agricultural practice (one crop of organic 
production and two crops of conventional production were used) since 
at least three repetitions are needed to build the model (three consec
utive years of pepper harvests). It is also not possible to have a prediction 
model for the harvest area (Chincha, Chiclayo and Huaral), since in
formation is only available for only one year of production. However, to 
discriminate species and accessions it was possible since there are at 
least three repetitions of samples of native peppers (three harvest areas). 

The three species, being of the same Capsicum genus, express the 
same secondary metabolites commonly found in chili peppers, for 
example, the capsaicinoids cis-Capsaicin and Dihydrocapsaicin were 
present in the five accessions, but they differed in their relative con
centrations. As the genus Capsicum has a great biodiversity, with the 
existence of hundreds of different cultivars for each species, the 

complete study on the biosynthesis of secondary metabolites and their 
functions within the plant and its relationship with its environment is a 
very laborious and difficult to confirm. Despite this difficulty, it is 
known that environmental conditions have a great influence on the 
genotype profile, and the state of maturity of the fruit. 

The metabolites found in the three species of chili peppers in the 
present study mostly include the main chemical classes such as flavo
noids, carboxylic acids, steroids, phenols and Carbohydrates. From the 
metabolite profile, it has been observed that there is no pattern in their 
content and they present a wide variability of functions corresponding to 
the genotype. 

A fundamental part of the metabolomic analysis was the annotation 
of the metabolites. The use of MS-CleanR in tandem with MSDIAL- 
MSFINDER is allowed filtering the data of pseudo metabolites and 
target signals of interest, which saved analysis time. Within the total of 
biomarker metabolites by species, the most abundant chemical classes 
are Flavonoids (five metabolites), carboxylic acid (two metabolites) and 
steroids (two metabolites). In the PCA (Fig. 3A), a strong separation 
between the three species is observed, an intra-class separation is also 
observed between the samples. The intra-class separations could be the 
result of phenotypic variation as a consequence of the interaction of the 
genome with agroecological conditions. This variation could be 
expressed in different levels of concentration of the metabolites, absence 
of metabolites and presence of other metabolites according to the lo
cality in which the chili pepper was grown. 

For the validation of the metabolic fingerprint, an external validation 
of the OPLS-DA model of the chromatographic data of chili peppers from 
Chincha was carried out. The validation of the OPLS-DA model was 
carried out with prediction sets composed of replicas of the experiment 
in different locations (Chiclayo and Huaral). From a practical point of 
view, the validity of a model needs to be verified to predict a given 
phenomenon from a new experimental data, in such a way that the 
certainty of the results is reliable. There are some examples that can put 
into context the meaning of what can be achieved through a validation. 
For example, in the quality control of Ginseng materials in the search for 
their authenticity, applying vibrational spectroscopy (NIR and MIR) as 
analytical techniques (Sandasi et al., 2016). Another application is re
ported in the study carried out by Marti (Marti et al., 2019), which 
focused on the prediction of the type of solvent used in the production of 
extracts of Serenoa repens of four commercial brands, prepared with 
three extraction solvents: hexane, ethanol and supercritical CO2, which 
were predicted using an OPLS-DA model built with the chromatographic 
data. It was possible to discriminate the types of solvents used, highlight 
the biomarker metabolites and predict the type of solvent used by the 
commercial brands. 

For this purpose, the results matrix of the Chincha locality was used 
as a training set to build the OPLS-DA prediction model. The results 
matrix of the Chiclayo and Huaral localities were used as external or test 
sets. The results of predicted class probabilities showed a probability 
value greater than 0.5, which indicates a high predictive capacity of the 
Chincha OPLS-DA model, which implies a high probability of incidence 
of biomarkers in any of the three growing areas. 

5. Conclusions 

The untargeted metabolomics based on UHPLC-HRMS allowed the 
identification of biomarker metabolites for the discrimination of the 
three species (C. baccatum, C. chinense and C. frutescens) and four ac
cessions (tomatito rojo vs ayucllo and miscucho vs dulce rojo) of the 
INIA collection of native chili peppers. These biomarker compounds 
were mainly Flavonoids, Steroids, Terpenoids, Anthocyanin and Car
boxilic acids. This study is exploratory and can serve as an alternative 
tool to molecular biology tools to solve problems related to the taxon
omy of the genus Capsicum. The untargeted metabolomics allowed us to 
study the chemistry of the phenotype since it was based on the profiling 
by UHPLC-HRMS of the secondary metabolites. The native peppers are 
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rich in flavonoids that give flavor to most of the fruits with characteristic 
colors and characteristic aromas well-valued by the increasingly 
demanding consumers of differentiated products. Therefore, the infor
mation generated will be useful for future undertakings in the area of 
quality improvement of chili peppers with certain phenotypic traits of 
metabolite profiles for the generation of improved species. 
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Fraisier-Vannier, Ophélie, Chervin, Justine, Cabanac, Guillaume, Puech-Pages, Virginie, 
Fournier, Sylvie, Durand, Virginie, Amiel, Aurélien, et al. (2020). MS-CleanR: A 
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