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Resumen. Se describen los análisis por HPLC del contenido de 
capsaicina y dihidrocapsaicina en frutos de Capsicum annuum var. gla-
briusculum recolectados en Tamaulipas, México. Las localidades fueron 
seleccionadas con base en que 65% de sus habitantes cosecha los fru-
tos de esta especie para autoconsumo y su comercialización. Se realizó 
un análisis de varianza (ANOVA) para determinar la variación en la 
composición de capsaicinoides, y análisis multivariado mediante cor-
relación de Pearson y componentes principales (PCA) para conocer la 
influencia de los factores ambientales en la concentración de éstos. Los 
resultados mostraron diferencias significativas en la concentración de 
capsaicina entre las poblaciones. Los frutos de El Gavilán tuvieron la 
mayor concentración de ambos alcaloides (994 µg/g) y los de Comas 
Altas la menor (498 µg/g). Se encontró una correlación positiva entre 
la concentración de capsaicina y dihidrocapsaicina, ya que conforme se 
incrementó la concentración de capsaicina, también aumentó la de di-
hidrocapsaicina. El PCA demostró que la altitud, temperatura y vege-
tación fueron los principales factores que influyeron en la producción de 
ambos capsaicinoides en C. annuum var. glabriusculum. La precipitación 
fue la variable que afectó en menor medida. De las cuatro poblaciones 
evaluadas con vegetación de matorral espinoso tamaulipeco, los frutos 
colectados en El Gavilán, zona ubicada a 578 msnm, presentaron la 
mayor concentración de ambos alcaloides; la menor en Comas Altas (65 
msnm). Por otro lado, los frutos colectados en el bosque de mezquite, 
donde se ubica La San Juana, sintetiza también altas concentraciones 
de capsaicinoides debido al microclima especial generado por la veg-
etación, haciendo un hábitat propicio para una mayor producción de 
estos compuestos. En este sentido, el grado de pungencia de los frutos 
de C. annuum var. glabriusculum fue influenciado por factores ambien-
tales, siendo los de mayor impacto la altitud, temperatura y vegetación.

Palabras clave: Capsaicinoides; Capsaicina; Dihidrocapsaicina; 
Capsicum annuum var. glabriusculum.

Abstract. HPLC analysis of capsaicin and dihydrocapsaicine 
concentrations obtained from fruits of Capsicum annuum var. glabris-
culum, collected from four localities in the state of Tamaulipas, Mex-
ico, was investigated. Selection of localities for this study was carried 
out considering that 65% of the people living in them gather wild 
chilli pepper for either autoconsumption or commercial purposes. 
An ANOVA analysis was carried out for determining capsaicinoids 
composition variation. Also, a multivariate analysis was carried out 
using Pearson correlation and principal components analysis to elu-
cidate the influence that environmental factors might have on cap-
saicinoids concentration. Fruits from the locality El Gavilán had the 
higher concentration of capsaicine among the populations examined. 
Also, fruits from this location had the higher concentration for both 
alcaloids (994 µg/g), and the locality Comas Altas showed the lower 
concentration with 498 µg/g. A positive correlation between capsa-
icin and dihydrocapsaicin concentrations was found. PCA analysis 
showed that altitude, temperature and vegetation were the main fac-
tors responsible for the production of both alcaloids in C. annuum 
var. glabriusculum, and rainfall was the less important variable. Re-
garding the effects of altitude on alcaloids production it was found 
that locality El Gavilán, placed 578 m a.s.l., had the higher concen-
tration for both alcaloids whereas the locality Comas Altas, placed at 
65 m a.s.l., showed the lower concentrations. Locality La San Juana 
also had high concentrations of capsaicinoids. Apparently, this was 
due to the microclimate conditions present on the vegetation types 
on the above mentioned localities. Results showed that pungency 
degree of C. annuum var. glabriusculum fruits was influenced by envi-
ronmental factors such as altitude, temperature and vegetation. 

Keywords: Capsaicinoids; Capsaicin; Dihydrocapsaicin; Capsi-
cum annuum var. glabriusculum.

1 Departamento de Ecología y Recursos Naturales, Laboratorio de Fitoquímica, Facultad de Ciencias, Universidad Nacional Autónoma de México, Ciudad Universitaria, Coyoacan, 
04510 México, D.F.
2 Posgrado en Botánica, Laboratorio de Fitoquímica, Colegio de Postgraduados, Campus Montecillo, Texcoco Estado de México 56230, México.
3 Dirección de Investigaciones en Neurociencias del Instituto Nacional de Psiquiatría Ramón de la Fuente Muñiz, Calz. México-Xochimilco 101, Col. San Lorenzo Huipulco, 
14370 México, D.F., México. 
4 Programa de Desarrollo Regional Sustentable. Instituto de Ecología Aplicada, Universidad Autónoma de Tamaulipas, Calle División del Golfo 356. Col. Libertad, 87019 Cd. 
Victoria Tamaulipas, México. 
5 Instituto de Investigaciones Agropecuarias y Forestales, Universidad Michoacana de San Nicolás de Hidalgo, Tarímbaro, Michoacán, México.
Address correspondence to: José Guadalupe Martínez Ávalos, Programa Forestal. Instituto de Ecología Aplicada, Universidad Autónoma de Tamaulipas, Calle División del Golfo 
356. Col. Libertad, 87019 Cd. Victoria Tamaulipas, México. Phone: +52(834)3162721, e-mail: jmartin@uat.edu.mx ; sucoland@hotmail.com
Received 17.VIII.2015. Accepted 5.VI.2016.



47

FYTON ISSN 0031 9457 (2017) 86: 46-52

Capsaicinoids in Capsicum annuum var. glabriusculum

INTRODUCTION
The genus Capsicum (Solanaceae) comprises about 30 spe-

cies, Capsicum annuum L. is one of the most important from 
the economical point of view due to its long process of domes-
tication and genetic improvement (Hernández-Verdugo et al., 
1999). The variety Capsicum annuum var. glabriusculum (Dunal) 
Heiser & Pickersgillis is considered the ancestor of the culti-
vated chilli and bell pepper, C. annuum var. annuum (Pickersgill, 
1971). This is the most economically important domesticated 
of five Capsicum species. Capsicum annuum var. glabriusculum is 
a perennial bush, its distribution range goes from Colombia to 
the South Western United States (Hernández-Verdugo et al., 
1999). In Mexico, it can be found from the Yucatan Peninsula 
and the Gulf of Mexico, growing in deep soils covered with 
dense evergreen vegetation, to xeric regions like those found 
at Sonora desert and the central plateau, where it is commonly 
associated with nursing trees (Tewksbury et al., 1999). This va-
riety has a high phenotypic plasticity, evidenced by the variation 
of traits such as leaf morphology, fruit shape, pattern of seed 
germination and resistance to pathogens (Hernández-Verdugo 
et al., 2001). In the northern states of Mexico particularly So-
nora and Tamaulipas, C. annuum var. glabriusculum fruits are lo-
cally known as “chiltepín” or “chile piquín”. The fruits are gath-
ered from wild populations to use them as a spice owing their 
pungency (González-Jara et al., 2011; González-Zamora et al., 
2015). The collection and production of “chile piquín” involves 
13 municipalities of Tamaulipas: Abasolo, Aldama, Burgos, Ca-
sas, Mainero, Méndez, San Carlos, San Nicolas, Llera de Ca-
nales, Soto la Marina, Hidalgo, Victoria and Villagrán. An esti-
mated 65% of the population from these municipalities collects 
both green and red fruits for consumption and trade. During 
the year, the cost per kilogram may fluctuate between 60.00 to 
1200.00 MXN (Mexican pesos) (differential ambit= 1140) in a 
majority of the Mexican market (65%), although a proportion 
(35%) is exported to the U.S.A. (Kraft et al., 2013). Throughout 
the period from August to December the collection of “chile 
piquin” is the main activity of the people from the rural com-
munities of Tamaulipas. The local economic structure drives 
whole families to depend on this resource for the improvement 
of their living conditions. Wild populations of “chile piquin” in 
Tamaulipas are under heavy anthropogenic pressure due to im-
moderate collection and over exploitation of the resource.

Capsaicinoids are a group of alkaloidal compounds that 
cause the spicy sensation (pungency) of chili pepper fruits. 
The main capsaicinoid is capsaicin, followed by dihydrocap-
saicin, nordihydrocapsaicin, homodihydrocapsaicin, and ho-
mocapsaicin. Capsaicin and dihydrocapsaicin are predomi-
nant, accounting for almost 90% of all capsaicinoids (Singh 
et al., 2009; Aza-González et al., 2011; Giuffrida et al., 2013; 
González-Zamora, 2015). The alkaloids are abundant in Cap-
sicum fruit, specifically in the external layer of the placenta, 
that is the tissue that holds the seeds, and under the thick and 

irregular epidermis. Capsaicinoids can be produced at varying 
amounts, depending on the genotype, developmental stage 
and growth conditions (Aza-González et al., 2011).

The objective of the present work was to compare the con-
centration of capsaicin and dihydrocapsaicin in the pericarp 
and placenta of fruits from C. annuum var. glabriusculum col-
lected in different locations in Tamaulipas, Mexico.

MATERIALS AND METHODS
Plant material. Fruits of C. annuum var. glabriusculum were 

collected during October and November 2010 in six munici-
palities of Tamaulipas, Mexico: “El Gavilán”, “La San Juana”, 
“La Pasadita”, “San Lázaro”, “Lázaro Cárdenas” and “Comas 
Altas”. The sites were selected according to diverse environ-
mental factors: altitude, precipitation, ambient temperature 
and vegetation type of these locations (Table 1). Identification 
of the species was carried out by botanists from the Instituto 
de Ecologia Aplicada. Samples of the collected material were 
deposited at the herbarium of this Institute in the Universi-
dad Autónoma de Tamaulipas (UAT).

Samples preparation. Pericarp and placenta were excised 
from the fruits, air dried and then milled. The samples (500 
mg) were placed each in a test tube with 5 mL of high per-
formance liquid chromatography (HPLC) grade acetonitrile, 
immersed in a water bath at 60 °C shaken every 30 min for 
5 h. The supernatant was then sieved through a syringe filter 
and transferred to 2.0 mL autosampler vials.

HPLC analysis. Samples were analyzed with an HP 1100 
series system (Hewlett Packard) with a Hypersil ODS C18 
column (150 x 4.7 mm i.d., 5 µm particle size) maintained 
at 25 ˚C. Diode array detector in absorbance mode and 202 
nm wavelength. Mobile phase consisted in 65:35, acetonitrile-
buffer solution (35 mM KH2PO4), isocratic elution, flow rate 
1.7 mL/ min. The injection volume was 20 µL.

Calibration curves of capsaicin and dihydrocapsaicin 
(Sigma St. Louis, Mo, U.S.A.) were obtained from at least 
6 points in a range from 0.024 to 2.0 mg. The interpola-
tions were calculated with Chem Station software (Agilent 
Technologies).

Statistical analysis. The capsaicinoids amounts of each 
location were compared by a one-way analysis of variance 
(ANOVA) followed by Tukey test. The multivariate analysis 
using Pearson correlation coefficient between different vari-
ables (P<0.05) and a principal component analysis (PCA) 
were performed. This was to discriminate between environ-
mental factors on the basis of their locations and altitude on 
the concentration of capsaicin and dihydrocapsaicin in the 
fruit of C. annuum var. glabriusculum collected in different lo-
cations using SAS software (SAS Institute, 2002).



48

FYTON ISSN 0031 9457 (2017) 86: 46-52

Aguirre-Hernández E et al., FYTON 86 (2017)

RESULTS AND DISCUSSION
Based on the vegetation type (INEGI, 2005; Challenger & 

Soberon, 2008), populations of C. annuum var. glabriusculum 
thrive primarily in the understory of three plant communi-
ties: The Tamaulipan thornscrub (TTS), the mesquite for-
est (M) and the tropical deciduous forest (TDF). The TTS 
is characterized by two strata: (1) one composed of shrubs 
and trees of a height equal or lower than four meters, and (2) 
another formed by herbaceous forbs and grasses shorter than 
one meter. The TTS covers approximately 185000 km2 in the 
states of Texas in the U.S.A., and Coahuila, Nuevo Leon and 
Tamaulipas in Mexico (Fig. 1). In the latter state the area en-
closes 858520 ha (11.07%) with hilly plains and mountainous 
elevations reaching over 1500 m. This habitat is dominated 
by shrubs such as: Celtis pallida, Leucophyllum frutescens, Vach-
elia rigidula, Vachelia berlandieri, Porlieria angustifolia, Phaulo-
thamnus spinescens, Ziziphus obtusifolia, and Karwinskia hum-
boldtiana.

The second plant community, M, covers 179724 ha 
(2.31%) of Tamaulipas. Two species of thorny trees charac-
teristically predominate: Prosopis glandulosa and P. tamaulip-
ana. During the drought season, this vegetation type remains 
green because of its deep root system. It can be found along-
side drains or runoffs (known as ramaderos) that remain dry 
most of the year.

Finally, TDF is the most widespread tropical vegetation 
type in Mexico (Trejo & Dirzo, 2002), and considered one of 
the most diverse environments accounting for a high num-
ber of endemic vascular flora. It covers 556229 ha (7.17%) of 
Tamaulipas, encompassing a vast part of the Sierra de Tam-
aulipas and various mountain areas in the Sierra Madre Ori-
ental. A recent study estimated that more than 100 species 
of woody plants are present in the tropical deciduous forest 
of southern Tamaulipas, forming the tree and shrub layer in 
turn composed by a few plant families. Amongst the com-
monly found species are: Drypetes lateriflora, Ebenopsis ebano, 

Fig. 1. Location of the six populations of Capsicum annuum var. 
glabriusculum collected in Tamaulipas, Mexico.
Fig. 1. Ubicación de las seis poblaciones de Capsium Annuum var. 
glabriusculum recolectadas en Tamaulipas, México.

Table 1. Climatic conditions and vegetation type at the colecting sites of C. annuum var. glabriusculum in Tamaulipas, Mexico.
Tabla 1. Condiciones climáticas y tipo de vegetación en los sitios de recolección de C. annuum var. glabriusculum en Tamaulipas, México.

Population Municipalities Latitude (N) Longitude 
(W) Altitude (m) Precipitation 

(mm)
Annual Mean 

Temperature (˚C)
Vegetation 

type
El Gavilán San Carlos 24˚ 28’ 20.53” 99˚ 02’ 49.25” 578 545 22.5 TTS
San Lázaro Villagrán 24˚ 34’ 17.92” 99˚ 13’ 07.75” 336 500 22.5 TTS
La Pasadita Casas 23˚ 23’ 37.03” 98˚ 41’ 57.30” 297 896 22.5 TDF
La San Juana Güémez 23˚ 56’ 04.56” 99˚ 07’ 57.86” 199 675 23.5 M
Lázaro Cárdenas Burgos 24˚ 51’ 38.55” 98˚ 38’ 13.77” 172 896 22.5 TTS
Comas Altas Méndez 25˚ 02’ 25.85” 98˚ 23’ 32.19” 65 675 22.5 TTS
TTS = Tamaulipan thornscrub
M = Mezquite forrest
TDF = Tropical deciduous forest (INEGI, 2005).

Randia latevirens and Ocotea tampicensis (Ascencio-Garcia & 
Martinez-Avalos, 2010).

The collection sites for C. annuum var. glabriusculum has the 
previously described vegetation types (TTS, M and TDF), its 
latitude range from 23˚ 23’ 37.03” to 25˚ 02’ 25.85” N, longi-
tude from 98˚ 23’ 32.19” to 99˚ 13’ 07.75” W, altitude from 65 
to 578 m a.s.l. The precipitation regime is 698 ± 69 mm, and 
the mean annual temperatures go from 22.5 to 23.5 °C (Table 
1). The lowest altitude belongs to “Comas Altas” with 65 m 
a.s.l. and the highest altitude to “El Gavilán” with 578 m a.s.l. 
Regarding precipitation, the lowest annual meanis recorded 
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in “San Lázaro” and the highest mean in “La Pasadita” and 
“Lázaro Cárdenas” (Table 1). 

In the present study, capsaicinoid concentrations in fruits 
were significantly different between all collection sites, from 
high to low: “El Gavilán”, “La San Juana”, “La Pasadita”, “San 
Lázaro”, “Lázaro Cárdenas” and “Comas Altas” (Fig. 2). The 
capsaicin and dihydrocapsaicin amounts (57% and 217%, 
respectively) in samples were higher in “El Gavilán” than in 
“Comas Altas”. The last one had the lowest values, and there-
fore it was considered as the basal reference (Fig. 2). Ac-
cording to the Pearson coefficient, there was a close positive 
correlation between the concentration of capsaicin and dihy-
drocapsaicin (r = 0.93, P<0.0001) (Table 2, Fig. 2), indicat-
ing that high amounts of capsaicin were associated with high 
amounts of dihydrocapsaicin, and viceversa. In our study, cap-
saicin had the highest concentration, agreeing with the results 
of González-Zamora et al. (2015). Further, other authors refer 
to a 1:1 capsaicin:dihydrocapsaicin ratio as common, or 2:1 in 
very hot fruits (Higashiguchi et al., 2006; Cisneros-Pineda et 
al., 2007; Garces-Claver et al., 2007; Singh et al., 2009).

It can be noted that the sampling sites have geographic 
and environmental attributes in concordance for the optimal 
development of this wild variety of C. annuum as well as a 
characteristic vegetation type. On the topic of capsaicinoids, 
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Fig. 2. Concentration of capsaicin and dihydrocapsaicin in fruits of C. annuum var. glabriusculum from samples collected in different 
regions of Tamaulipas, Mexico (GAV = El Gavilán; SLA = San Lázaro; PAS = La Pasadita; SAJ = La San Juana; LAC = Lázaro Cárdenas, 
and COA = Comas Altas). The values expressed represent means ± standard error (S.E.); means followed by different letters within 
either Capsaicin or Dihydrocapsaicin differed significantly (P<0.05) from each other.
Fig. 2. Concentración de capsaicina y dihidrocapsaicina en frutos de C. annuum var. glabriusculum de muestras recolectadas en diferentes 
regiones de Tamaulipas, México (GAV = El Gavilán; SLA = San Lázaro; PAS = La Pasadita; SAJ = La San Juana; LAC = Lázaro Cárdenas, 
and COA = Comas Altas). Los histogramas representan la media ± 1 E.E.; los promedios seguidos por letras diferentes dentro de capsaicin o 
dihydrocapsaicin difieren significativamente (P<0,05).

Table 2. Pearson correlation matrix between capsaicinoids con-
centrations and climate for collections sites of C. annuum var. gla-
briusculum. 
Tabla 2. Matriz de correlación de Pearson entre concentraciones de 
capsaicinoides y clima para los sitios de recolección de C. annuum 
var. glabriusculum.

Variable 1 Variable 2 Pearson P-value
Capsaicin Dihydrocapsaicin 0.93 < 0.0001
Capsaicin Altitude 0.68 0.0019
Capsaicin Precipitation -0.39 0.1061
Capsaicin Temperature 0.56 0.0156

Dihydrocapsaicin Altitude 0.83 < 0.0001
Dihydrocapsaicin Precipitation -0.50 0.0329
Dihydrocapsaicin Temperature 0.27 0.2727

Altitude Precipitation -0.46 0.0576
Altitude Temperature -0.21 0.4051
Precipitation Temperature -0.07 0.7936
n = 18.
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our results are based on the PCA analysis which showed a 
relation between altitude, temperature and vegetation in the 
populations studied regarding of the concentration of capsa-
icine and dihidrocapsaicine (Fig. 3 A y B). This analysis al-
lowed the formation of five groups arising from the popula-
tions where the recollections of fruits of C. annum were made. 
Both principal components (PC1 and PC2) explain the total 
variation of 86.4 found in populations from Lázaro Cárdenas 
and Comas Altas. They are a very close group as they showed 
the lower capsaicine and dihidrocapsaicine concentration 
as well as temperature and vegetation type. Both of these 
populations are temperature related with San Lázaro and La 
Pasadita. However, the later localities form different groups 
for vegetation and altitude, respectively. Finally, locations El 
Gavilán and La San Juana which showed the higher concen-
trations for both alkaloids form separated groups, the first due 
to altitude differences and the second due to temperature and 
vegetation variables (Cu 1, Fig. 3 A y B). 

Regarding altitude, the highest amount of capsaicinoids in 
fruits was found in samples from “El Gavilán” at an altitude of 
578 m.a.s.l. and the lowest at “Comas Altas” at 65 m.a.s.l. (Ta-
ble 1, Fig. 2). Concerning this factor, it is only mentioned that 
wild populations of C. annuum grow well in low altitude sites, 
seldom more than 1000 m (Hernández-Verdugo et al., 2001). 
It is noteworthy that this is the first report of the influence 
of altitude in the amounts of capsaicinoids in this hot pepper 
variety. Previous works on the variation of alkaloid amounts 
of other plant species mentioned that it is very important to 
consider altitude, temperature, light availability and precipita-
tion (Ralphs & Gardner, 2001; Varma et al., 2011).

In addition to the mentioned physical environment com-
ponents, extreme conditions exist (stress) that also affect the 
pungency of pepper: these are high mean temperatures, and 
excessive or insufficient watering (Saha et al., 2010; Ruiz-Lau 
et al., 2011). In this study, capsaicin amounts were signifi-
cantly correlated with ambient temperature, while dihydro-
capsaicin was not correlated to that factor (Table 2). Such is 
the case for the population of La San Juana, the only locality 
with the higher mean annual temperature value (23.5 ˚C) and 
the higher concentration of capsaicine after the El Gavilán 
(Table 1, Fig. 2). These results are in concordance with the 
information mentioned by Cisneros-Pineda et al. (2007) re-
ferring that as a result of the temperature rise, capsaicinoids 
amounts increase more in hot than in sweet pepper variet-
ies. Moreover, González-Zamora et al. (2013) mention that 
high temperatures in other pepper varieties (e.g. arbol and 
jalapeño) might be a negative factor in the accumulation of 
capsaicinoids. Mean annual temperature was 22.5 ˚C in most 
collection sites of this study. Research showed that chili plants 
grow well in tropical regions and require high temperatures 
for its development, with an optimal between 25 to 30 ˚C. 
Therefore wild chillies are more tolerant to high temperatures 
(González-Zamora et al., 2013).
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Fig. 3. Principal component analysis, based on the concentra-
tion of capsaicin and dihydrocapsaicin, to discriminate between (a) 
population and (b) environmental factors. The variation explained 
by the axes was 86.39%. Codes of the populations from Tamau-
lipas, Mexico were GAV = El Gavilán; SLA = San Lázaro; PAS = 
La Pasadita; SAJ = La San Juana; LAC = Lázaro Cárdenas, and 
COA = Comas Altas.
Fig. 3. Análisis de componentes principales basado en la concen-
tración de capsaicina y dihyrocapsaicina para discriminar entre los 
factores (a) población y (b) ambientales. La variación explicada por 
los ejes fue 86,29%. Los códigos de las poblaciones de Tamaulipas, 
México fueron: GAV = El Gavilán; SLA = San Lázaro; PAS = La Pasa-
dita; SAJ = La San Juana; LAC = Lázaro Cárdenas, and COA = Co-
mas Altas.

Regarding the effect of soil humidity, previous studies have 
demonstrated that capsaicinoids amount rise under drought 
conditions (Ruiz-Lau et al. 2011; Phimchan et al., 2012; Gi-
uffrida et al., 2013; Barbero et al., 2014). Principal component 
analysis from this investigation showed that altitude, tempera-
ture and vegetation type are factors that have a positive influence 
on the concentrations of capsaicine and dihidrocapsaicine and 
that rainfall was the less important variable. Altitude was the 
most important variable for the locality El Gavilán, and temper-
ature and vegetation for the locality La San Juana (Fig. 3 A y B).

Variation of concentration of capsaicinoids in the collect-
ing sites of C. annuum could be explained by the climatic 
differences from habitat, that is altitude, and microclimatic 
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conditions since climate form each locality was different. Lo-
calities El Gavilán and La San Juana were the most contrast-
ing for alkaloids concentration, and are clearly different from 
the other localities (Fig. 3 A). The locality El Gavilán has a 
TTS vegetation, and the mean annual temperature was 22.5 
˚C, rainfall remained at 545 mm, and altitude was 578 m.a.s.l. 
The locality La San Juana had an M vegetation, and a mean 
annual temperature of 23.5 °C, a mean rainfall of 675 mm 
and an altitude of 199 m.a.s.l. (Table 1). The TTS vegetation 
community had trees and shrubs of approximately 4 m tall 
and 1 m tall herbs, whereas the M vegetation had a habitat 
with Prosopis sp. trees. They have a great ecological importance 
due to the fact that they fostered a microhabitat with shadow 
and food for other species. These differences in vegetation 
might be responsible for the higher concentration of alkaloids 
in fruits from the locality La San Juana. Regarding these lit-
erature reports the incidence of solar radiation on the plant 
canopy is critical for the photosynthetic activity, specifically 
the production of carbon skeletons that serve as construction 
blocks for the molecules synthesized by the secondary me-
tabolism. In nature, plants thrive where its solar radiation de-
mands are fulfilled. In some cases light is a contributing factor 
that determines the amount of alkaloids produced. In the case 
of wild peppers, or chiltepines, the plants are not generally 
found under direct sunlight, but distributed under the canopy 
of diverse nurse plants that generate micro environmental 
differences. Therefore, the distribution of these peppers was 
closely related to the biotic and abiotic factors of the growing 
site (Tewksbury et al., 1999; González-Zamora et al., 2015).

Finally, given that the synthesis of a secondary metabolite 
originates from genetic expression, it can be expected that its 
presence or absence is subordinated to the factors which induce 
or inhibit the genes expression. Some of the main inducers of 
the synthesis of secondary metabolites are factors like climate, 
soil, plant-plant and plant-herbivore interactions (Moore et al., 
2014). Various studies have evaluated the importance of the 
environment in the production of plant secondary metabolites 
(Kroymann, 2011; Külheim et al., 2011; Mithöfer & Boland, 
2012). For the particular case of capsaicin and dihydrocapsaicin 
in Capsicum species, it has been demonstrated that the concen-
tration variation was related to the species and environmental 
conditions (Cisneros-Pineda et al., 2007; Aza-González et al., 
2011; González-Zamora et al., 2015). In some Capsicum spe-
cies, the capsaicinoids amounts are directly affected also by the 
harvest period, water availability, light and ambient temperature 
(Harvell & Bosland, 1997; Zewdie & Bosland, 2000; Garces-
Claver et al., 2007; Giuffrida et al., 2013). 

CONCLUSIONS
Our results showed that there was a variability in the con-

centration of capsaicine and dihidrocapsaicine in the wild 
chilli peppers studied from the different sampled localities. 

The statistical analysis confirmed that altitude (336 -578 m), 
temperature and vegetation were the main factors involved in 
the concentration of these alkaloids. Results also showed that 
it was possible to determine the best localities for the pro-
duction of populations of C. annuum var. glabriusculum with 
more or less pungency content in the state of Tamaulipas. This 
might help to propitiate the legal local and national trade to 
foster the production and participate in the international mar-
ket. For example, products from sites with conditions favoring 
high pungency could be selected to be locally and regionally 
sold, while others from sites associated with low pungency 
could meet the requirements of international markets such as 
the Asian, American or European ones.
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