We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

4,800 122,000 135M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter 19

Flavonoid and Capsaicinoid Contents and Consumption
of Mexican Chili Pepper (Capsicum annuum L.)

Landraces

Araceli M. Vera-Guzman, Elia N. Aquino-Bolanos,
Elena Heredia-Garcia, José C. Carrillo-Rodriguez,
Sanjuana Hernandez-Delgado and

José L. Chavez-Servia

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/68076

Abstract

There is insufficient evidence to identify the precise health effects of chili pepper con-
sumption. However, there is evidence of their topical use as an analgesic to decrease pain
from rheumatoid arthritis, osteoarthritis, neuralgias, neuropathic diabetes, neuronal dys-
functions and inflammation, among others. In this work, the diversity and variety of con-
sumed forms of chilis in Mexico, flavonoid and capsaicinoid content in fruits, and their
potential health uses are documented, based on various research results and bibliographic
information. In Mexico, more than 150 landraces of wild and cultivated origins are con-
sumed and preserved and are distributed throughout the country; the greatest diversity
is concentrated in the central and south-southeastern regions. Consumption per capita in
urban households is from 8 to 9 kg, and in rural communities, it varies from 14 to 17 kg.
Chili peppers contain up to 23 flavonoids and 20 capsaicinoids, differing among landraces
because of crop management, maturation of fruits, postharvest management and ecolog-
ical-environmental influences. Flavonoids and capsaicinoids confer antioxidant, anticar-
cinogenic properties on the fruit and have lipolytic and preventative effects on chronic
degenerative diseases. However, in vitro and in vivo experimental trials of capsaicinoids
and flavonoids with beneficial effects must be conducted with regard to human health.

Keywords: Capsicum annuum, pepper landraces diversity, antioxidants, benefits of chili
pepper consumption, flavonoids, capsaicinoids on health
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1. Introduction

Chili pepper (Capsicum spp.) has been used in Mexico as food and a condiment for over eight
centuries [1] and is an integral component of the diet and cultural identity of Mexico. Although
various chili species grow wild and are cultivated in the United States of America, Mexico is
the center of origin, domestication and diversification of Capsicum annuum L. [2, 3]. Wild vari-
ants continue diversifying (C. annuum var. glabriusculum [Dunal] Heiser & Pickersgill) and are
distributed throughout the country [4, 5]. In this Mesoamerican biocultural context and using
traditional management, farmers preserve and utilize a great diversity of chili landraces.

A total of slightly more than 150 landraces, occupying extensive planted surfaces and provid-
ing for great consumption, have been described in Mexico. The central and south-southeastern
regions are more diverse and relevant for the in situ preservation of chilis. In these regions,
approximately 80 landraces have been preserved. In Mexico, 153,565 ha are cultivated annu-
ally, resulting in an average production of 2.8 million tons of dry and fresh fruits. Annually,
approximately 2 million tons of fresh and dry chilis are consumed, and in some years, imports
range between 20,757 and 41,000 tons [6]. Consumption per capita in urban areas is from 8 to
9 kg, and in rural communities, it varies between 13 and 17 kg.

The health benefits of chili consumption and its active ingredients continue to be investigated
using in vitro and in vitro biological models as well as theoretical and experimental models.
Capsaicinoids and flavonoids are the determinant compounds of color, flavor, texture and aroma
of food prepared with chilis. A common question among health specialists is whether chili con-
sumption improves health or contributes to disease development. The chili fruit contains up to
15 or more capsaicinoid compounds. Among the majority are capsaicin, dihydrocapsaicin and
nordihydrocapsaicin; in flavonoid content, quercetin, apigenin and luteolin are notable as well
as some catechins and cyanidins. Thus, one does not only ingest vitamins B,, B, and C, minerals,
carotenoids and phenols by chili consumption.

Flavonoids contain phenolic hydroxyl groups in their chemical structure and possess excellent
chelating properties of iron and other transition metals—characteristics that confer on chilis
a high antioxidant capacity and anti-free-radical properties, generating protection against
oxidative damage [7]. Flavonoids have positive effects on health although their mechanisms
of action continue to be investigated because it is difficult to quantify daily intake and their
direct effects on health. Thus far, flavonoids are associated with antisclerotic, anti-inflamma-
tory, antitumoral, antithromobogenic, antiviral and antiosteoporotic effects and may function
as a preventive agent in cancer, among other effects [8-10].

Capsaicinoids are synthesized in the placenta of the fruit and are genetically determined (Punl
allele of pungency) by the presence of the Punl or punl gene with EST- or AT3-type cofac-
tors that induce a quantitative effect of the gene and variations in the pungency of the fruit.
Therefore, not all chili peppers are spicy, and various consumers consider chili varieties that
carry the punl recessive gene to be sweet fruits [11]. In addition, genetic or genotypic factors,
crop management, cultivation environments, maturity of the fruit upon cutting, postharvest
management of fruit and forms of processing or cooking the fruit for consumption influence
the level of pungency and flavor at the time of consumption [12].
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In the last decade, hundreds of articles have been published on the potential adverse and
beneficial effects of capsaicin (8-methyl-N-vainillyl-6-nonenamide) on human health. Experi-
mental results are controversial and require testing in humans, not only biological models.
Consumption of capsaicin in chilis stimulates neuronal networks and gastric secretions and
stimulation; in addition, capsaicin is considered to be a preventative agent for cancer, has
lipolytic action by increasing the hydrolysis of triacylglycerol in adipocytes and is associated
with antioxidant action. Direct effects as a carcinogenic agent have not been demonstrated,
and recent studies have demonstrated that there is no conclusive evidence that confirms the
association between consumption of extremely spicy red chili peppers and mortality in the
European and North American populations [13-18].

The role of diet in health is increasingly important and warrants further investigation. Several
investigators have focused their studies on the documentation of macro- and micro-nutrients,
vitamins, minerals, proteins, gastronomic aspects and, recently, the functional and nutraceu-
tical character of various bioactive compounds. Chili peppers and other species are consumed
universally because these fruits confer color, flavor, aroma and texture and help preserve
foods. In this work, the diversity and variety of consumed forms of chilis in Mexico, flavonoid
and capsaicinoid content in the fruits and their potential health benefits, are documented
based on various study results and bibliographic information. Additionally, elements of the
culinary culture associated with chili in Mexico, high levels of consumption and repercus-
sions on human health with an emphasis on flavonoids and capsaicinoids are provided.

2. Diversity of chili pepper landraces in Mexico

Depending on the archaeobotanic, genetic and pre-Columbian sociocultural diversity, it has
been established that chili peppers (Capsicum annum L. and C. frutescen L.) have been collected,
cultivated and consumed in Mexico for hundreds of years. For example, analysis of archaeologi-
cal remains from the Tehuacdn Valley in Mexico indicates that there were wild forms 8000 years
ago, and different cultivation and domestication events of C. annuum occurred with evidence
dating to 6000 years ago [19, 20]. Perry and Flannery [1], from excavations, collection and dat-
ing of archaeobotanic samples of the Silvia and Guila Naquitz's caves in Oaxaca, indicated that
cultivated forms of C. annuum and C. frutescens have existed for nearly 8000 years. In Chiapas,
Mexico, from a sample of ceramic residue, extensive culinary use of chili peppers was demon-
strated [2]. In general, archaeobotanic, genetic and cultural linguistic evidence identifies the
Mesoamerican region as the center of origin, domestication and diversification of C. annuum and
C. frutescens, and those species continued to evolve under domestication or as wild forms [3].

In Mexico, wild species of Capsicum have certain characteristics in common, such as being
small spicy fruits of round, elongated or conical forms that regularly ripen in red or yellow
colors. The regularly erect fruits are easily separated from the calyx. They have small seeds,
which form a portion of the diet of birds and facilitate the chilis” dispersal over long distances.
Today, wild forms have a wide distribution from the southern United States of America to
South America (Argentina). Among these cases, C. annuum var. annuum and C. annuum var.
glabriusculum (Dunal) Heiser & Pickersgill are notable [5, 21-23].
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During the domestication process, chili fruits and plants have undergone various genetic
transformations in response to human and natural selection. Thus, by the processes of natural
environmental and artificial selection, the forms, sizes, colors and flavors of the fruit began to
change. Obtaining a larger fruit and greater productivity per plant is, even today, one of the
goals of breeders and growers. In the domesticated or cultivated forms of chili, the fruits are
hanging and remain on the plant upon ripening, and in some cases, the fruit is covered and
hidden from birds; the plant is interdependent with man to survive. That is, domesticated
or cultivated species do not survive in their wild state because the plants have lost various
defense mechanisms against natural enemies, including their seed dispersion mechanisms. In
commercial varieties, the fruits and seeds are generally larger (e.g., Bell types) compared with
wild forms [3, 24]. One of the evident changes during the domestication syndrome was the
increase in the germination rate of cultivated forms [4].

The domestication of chili peppers generated heritable genotypic changes, which are expressed
in several known phenotypic variants. Environmental and human selection modified sev-
eral morphological characteristics of the fruit and plant and continues to generate signifi-
cant changes to adapt to different cultivation systems (e.g., greenhouse and high input use).
Current cultivation and genetic improvement impose strong selection pressures to the point
of dividing cultivated forms into highly pungent, intermediate and sweet or non-pungent
groups. In all cases, sources of resistance or tolerance to disease and pests are sought but
with high productive efficiency [25, 26]. Chili consumers seek a great diversity of fruits with
varied grades of pungency, flavor, aroma, color and sizes of ripe, immature, fresh or dry
fruits. In rural households, a few plants grown in the garden or backyard produce enough
fruit to satisfy the needs of a family. Traditionally, small producers keep the produced seed
from a small number of cultivated plants year after year; the seeds tend to be homogeneous or
homozygotic because of regular self-pollination or crossing one another. All of these factors
generate high differentiation among cultivated populations [23, 24, 27].

The extensive diversity of landraces of chili in Mexico and Mesoamerica is the product of
the geographic convergence of wild and cultivated species. Among the cultivated endemic
species, C. annuum and C. frutescens are notable, and species introduced from South America
to Mexico are C. chinense Jacq. and C. pubescens R. & P. among C. annuum, C. frutescens and
C. chinense, there is a strong crosslinking capacity, called the white flower annuum-chinense-
frutescens species complex; this complex has a high likelihood of crossing with wild variants
of C. annuum var. glabriusculum, particularly when the latter acts as a male parent [28, 29].
In this biogeographical context, diversity of landraces in Mexico is generated by crossing
related species, genetic flow generated by the dispersal of seeds and the selection of cultiva-
tors, including the effects of genetic drift products from the low number of plants and geo-
graphic isolation [4, 5, 27, 30-32].

In addition to the high diversity of landraces, in the Mesoamerican region of Mexico, there is
a large ethnolinguistic diversity, with the presence of 28 indigenous groups including Otomi,
Mazahua, Nahuatl, Popolucas, Zapoteco, Mixteco, Mixe, Amuzgo, Triqui, Mazateco, Chinanteco,
Mayas, Chontales, Huaves, Chatino, Cuicateco, Chontal, Tzetzal, Tzotzil, Purépecha, Totonaco,
Ocuilteco and Matlazinca [33]. Pre-Columbian cultures represented by current indigenous
groups exerted a strong selection pressure on chili cultivation to satisfy all food requirements
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such as medicinal, cultural and ritual. Brown et al. [34] and Kraft et al. [3] studied paleobiolin-
guistic evidence of the domestication of Capsicum in Mexico. Among the primary findings was
evidence of 17 words of proto-languages to designate the various cultivated and wild variants or
populations of chili; among these terms are Uto-Aztecan, Otomanguean, Popolocan-Zapotecan,
Chinantecan, Mixe-Zoquean, Zapotecan, Mayan, Chiapanec-Mangue, Sonoran, Tonacan,
Otomapean, Mixtecan, Amuzgo-Mixtecan, Totozoquean and Popolocan, all related to the indig-
enous groups mentioned here. This renders it possible to distinguish relations between a high
diversity of landraces and the extensive gastronomic diversity of dishes [35].

Based on the phenotypic and genetic diversity of chili peppers in Mexico, here, we use the concept
of landraces as a combination of definitions proposed by Zeven [36] and Camacho-Villa et al. [37]
and the dimensions of seed lots managed by growers proposed by Louette et al. [38]. Thus, a chili
landrace is understood to be a dynamic population of cultivated plants in the backyard or crop
plots with defined, highly variable or uniform evolutionary origins of the characteristics of the
plant, strong similarity in the form of fruit, seed lots that are managed independently and high
locally adapted genetic diversity, occasionally with a different name associated with traditional
forms of consumption and cultivation. In various cases, the forms, flavors and aromas of the fruit
are phenotypically distinguishable, and differentiation frequently obeys geographic-reproductive
isolation and selection that farmers utilize. Nevertheless, from that diversity of landraces, numerous
traditional and improved commercial varieties have been generated and continue to be generated.

2.1. Phenotypic and genetic diversity among landraces

The wild and cultivated chili of Mexico have been known since pre-Columbian times and are
the result of genetic recombination between wild and cultivated forms, only cultivated forms
or between primary and secondary genepools. Today we know these genepools as indigenous,
traditional and regional varieties or landraces of high phenotypic variation in fruit and plant
traits. However, these landraces have suffered genetic erosion as a result of habitat loss, changes
in the use of soil from forests to cultivated or urban zones and displacement by improved vari-
eties introduced and imposed by the demands of national or international markets [24].

There are marked phenotypic divergences among landraces, relative to sizes, forms, colors
and pungency of the fruit. For example, Piquin has a fruit diameter of 2-20 mm compared
with Chilaca, which has a cylindrical-elongated form that is 15-35 cm in length with a 2—-6 cm
diameter. Anchos are conical-triangular fruits that vary from 12 to 15 cm in length and from
8 to 10 cm in width [39]. Colors vary from coffee-reddish, yellow, light greens, dark greens,
whitish and very light greens with purple anthocyaninic stains such as in the Pico Paloma and
Tusta types of south-southeastern Mexican chili peppers (Table 1).

With regard to consumption, landraces can be classified as fresh or dry. The largest number
of landraces are consumed fresh or dry; among the latter are Piquin, Guajillo or Mirasol,
Costefo, Puya, Cascabel, Catarina, Canica, Chilhuacle, Ancho, Mulato, De arbol or Cola de
Rata and Pasilla. A special case is the preparation of the Chipotle chili (a form of drying by
smoking or by oven and pickled); Jalapeno variants are used before ripening, and the fruit
is dehydrated and dried in an oven or smoked. In some cases, the fruit is dried in the sun or
shade or by smoking [32, 39, 42].
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Species and botanical Regionalization for cropping and on-farm conservation of landraces (local and regional

varieties

names)

C. annuum var.
annuum (Cultivated
and wild forms)

C. annuum var.
glabriusculum
(commonly as wild
forms)

C. frutescens
(cultivated a wild
forms)

Peninsula de Yucatan: Pico de Paloma®, Xcat'ik™, Ya’ax ik™ o Cha’hua™, Dulce, Jalapeno,
Maax™, Canica, Sucurre, Kum™

South-southeastern: Guajillo o Mirasol, Pasilla o Chilaca, Ancho o Poblano, Taviche, De
Agua, Costenio, Miahuateco, Mulato, Gordo, Huacle o Chilhuacle, Jalapefio, Serrano, Loco,
Coxle o Chicoxles, Gallo-Gallina, De Arbol o Cola de Rata o Yahualica, Tabaquero, Taviche,
Apaxtleco, Achilito, Nanche, Tusta, Piquin, Piquin de Simojovel, Chocolate, De Onza,
Paradito o Escuchito, Lajoyero o Joyeno o Chilaquita, Parado de Zitlala, De Monte, Tecpin
de Zitlala, Morrén, Garbanzo, Ojo de Cangrejo, Gliero, Bojo, Blanco de Chiapas y Tabasco,
Bandeno de Guerrero, Bolita de la Frailesca, Siete Caldos, Morado, Serranito, De Gallo,
Ardilla, Totic de Chiapas

Central: Ancho o Poblano, Miahuateco, Mulato, De Chorro o Cristalino, Pasilla o Chilaca,
Tecomatlan, Loco, Rayado, Jalapefio, Serrano, Criollo de Morelos, Soledad, Copi de Puebla,
Guajillo o Mirasol, Tabaquero, Mirador o Chalinguero, Pico de Paloma, Piquin o Piquin
Huasteco, Cascabel, Soltero, Morron, Morita, Giiero, De Chorro, Comapeno de Veracruz,
Catarino del Bajio, Chilacate de Jalisco, Pahueteco, Altamira Serrano de Guanajuato, Carricilo
o Tornachile, Ozuluamero, Canica del Bajio

Northwest: Ancho, Mulato, Pasilla o Chilaca, Guajillo o Mirasol, Puya, De Arbol o Cola de
Rata o Yahualica, Cora, Piquin

Northeast: Ancho, Mulato, De Arbol o Cola de Rata o Yahualica, Guajillo o Mirasol, Serrano,
Puya, Cora, Piquin, Cascabel, De Chorro, Corazén de Durango, Caloro de Chihuahua,
Guajon de Zacatecas, Sarta de Sonora, Negro de Chihuahua, Sinahuisa Serrano de Sonora,
Vallero de Chihuahua

Peninsula de Yucatan: Maax™ o Mashito, Piquin

South-southeastern: Mashito o Amashito, Amashito Grande, Ojo de Cangrejo, Garbanzo,
Bolita, Chingolito Amarillo, Piquin de Tabasco, Piquin Amarillo de Chiapas, Giiifia
Shirunduu?, Chilpete de Jalisco

Central: Piquin o Chiltepin
Northwest: Piquin o Chiltepin
Northeast: Piquin o Chiltepin
Peninsula de Yucatan: Mashito™

South-southeastern: Chilpaya, Tabasco, Mashito, Pico de Paloma, Bolita, Giiifia Shuladi?,
Mirasol de Oaxaca, Miraparriba, Tabasquefio de la Frailesca

Central: Pico de Paloma, Zacapalefio

Northwest: Chilpaya

™Maya, *Espafiol, “Cuicateco and “Zapoteco (local languages).

Regions of distribution: (a) Peninsula de Yucatan = Estados de Quintana Roo, Yucatan and Campeche, (b) South-
southern: Include the south region from Veracruz, Tabasco, Chiapas, Oaxaca and Guerrero, (c) Central: Cover the states
of Jalisco, Colima, Michoacéan, Estado de México, Guanajuato, Querétaro, Hidalgo, Morelos, Tlaxcala, Puebla and Central
region of Veracruz, (d) Northwest: Include Zacatecas Aguascalientes, Nayarit, Sinaloa, Durango Sonora, Chihuahua
Baja California Norte and Baja California Sur, and (e) Northeast: From North of Zacatecas, San Luis Potosi, North of
Veracruz, Tamaulipas, Nuevo Leén and Coahuila.

Sources: Gonzalez-Jara et al. [4], Pozo-Campodonic et al. [39], Votava et al. [31], Aguilar-Meléndez et al. [32], Pérez-
Castafieda et al. [29], Cazdres-Sanchez et al. [40], Castafion-N4jera et al. [41], Vela [42]; Aguilar-Rincén et al. [43], Narez-
Jiménez et al. [44], Loaiza-Figueroa et al. [45].

Table 1. Regionalization of the diversity of Capsicum annuum landraces in Mexico.
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With regard to the level of pungency or spiciness, chili peppers are classified as quite pun-
gent, fairly pungent, sweet or without spiciness. Any consumer of chili in Mexico recognizes
Habanero and Manzano as the most spicy chilis; both variants were introduced to the coun-
try and belong to the species C. chinense (150,000-325,000 Scoville units) and C. pubescens
(30,000-60,000 Scoville units), respectively [42]. After these two, De Arbol, Serrano, Jalapefo
and Piquin variants follow in order of pungency. Finally, there are the moderately pungent
or sweet chilis such as Dulce (sweet) chili of the Yucatan Peninsula, De agua from Oaxaca,
Poblano and Giiero that are particularly notable. Pungent or spicy chilis are more often pre-
ferred for the preparation of numerous dishes (Table 1).

A total of slightly more than 150 landraces that are extensively planted and consumed have
been described. The distribution of the diversity of chili landraces in Mexico can be divided
into five regions. The Yucatan Peninsula includes the states of Quintana Roo, Yucatan and
Campeche. Here, the Sucurre, Maax, Xcat'ik, Yaax ik and Dulce variants, among others, occur
most frequently. Two regions are quite relevant to the in situ preservation of landraces: south-
southeast and central, in which regionally, more than 80 local varieties are preserved (Table
1). In these regions, the greatest diversity of indigenous groups is also concentrated; therefore,
current indigenous people preserve the great diversity of landraces. The landraces of northern
Mexico (northeast and northwest) are less diverse than in central and south-southeastern areas.

Wild and cultivated forms of chilis of greater diversity, endemism and distribution in Mexico
are C. annuum var. annuum, C. annuum var. glabriusculum and C. frutescens. Despite advances
in the distribution, classification and quantification of the genetic diversity of Capsicum, inter-
est-specific hybridizations in the C. annuum-C. frutescens-C. chinense complex that converges
in Mexico remain unexplored, including the variability generated by hybridization between
landraces and improved introduced varieties. Among landraces, strong genetic divergences
have been documented by differences in regionally distributed populations. For example, by
nine isoenzymatic systems, Loaiza-Figueroa et al. [45] determined high isoenzymatic diver-
sity by the population description of 186 accessions.

The preservation of a large diversity of landraces is associated with a culture of exploitation of
the species that originated in pre-Columbian times [1-3]. Among the aspects that continue to
draw attention to gastronomic use are the variety of flavors, aromas and spicy characteristics,
including variations in color in dishes and perceptions that are associated with compositions
of the fruit in terms of capsaicinoids, flavonoids and polyphenols, among other compounds.
In a traditional rural Mexican family, it is quite unlikely that the diet does not include chilis
as a condiment, sauce or main dish.

Many authors have demonstrated that there is great genetic diversity among the populations
of a landrace. With regard to diversity between and within landraces, Contreras-Toledo et al.
[46] and Toledo-Aguilar et al. [47], using microsatellite markers, demonstrated great genetic
diversity within the Ancho or Poblano, Piquin, Guajillo and Chilaca landraces. Kraft et al. [27]
indicated that divergences among landraces are fundamentally a result of the form of selec-
tion of the seed and isolated management of the crop. This same pattern is observed among
wild forms (e.g., Piquin), which grow spontaneously in backyards [4]. Pacheco-Olivera et
al. [23], in evaluations of the genetic diversity of Mexican chili peppers by microsatellites,
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observed that the diversity and genetic differentiation of three landraces were statistically
similar to the evaluated pattern in seven commercial hybrids.

2.2. Regionalization of production and consumption of chili landraces

In Mexico, the cultivation and consumption of chili peppers have great economic and social
importance. In 2015, 153,565 ha were cultivated, with an average production of 2.8 million
tons of dried and fresh fruit. Of the total production, 22,143 and 793,501 tons of dry and fresh
fruit were exported, respectively. National consumption neared 2 million tons, and in some
years, imports of approximately 20,757-41,000 tons have been reported [6]. Consumption per
capita in urban areas is from 8 to 9 kg, and in rural communities, it varies from 14 to 17 kg.
Landraces and varieties of greater production and consumption are Jalapefio, Ancho, Serrano,
Guajillo, Poblano and Mirasol, with more than 9000 hectares planted. The varieties of highest
consumption dried are Ancho, Guajillo and Mirasol. Serrano, Jalapefio and Ancho are grown
throughout in nearly all of Mexico (Table 2).

State of production origin' Landraces, improved varieties and local populations of
fresh and dry chili peppers

Aguascalientes Guajillo, Poblano o Ancho

Baja California Norte Serrano, Jalapefio, Anaheim, Bell

Baja California Sur Bell, Anaheim, Caloro, Jalapefio, Serrano, Poblano,
Campeche Habanero®, Jalapefio

Coahuila Habanero®, Bell, Anaheim, Serrano, Poblano, Jalapefio
Colima Habanero®, Jalapefio, Serrano

Chiapas Habanero¢, Serrano, Costefio

Chihuahua Habanerot, Ancho, Colorado, De Arbol o Cola de Rata,

Mirasol, Pasilla, Caloro, Cayenne, Chilaca, Jalapefo,
Paprika, Poblano, Serrano,

Durango Ancho, Puya, Jalapeno, Poblano, Anaheim, Bell

Guanajuato Chilaca, Serrano, Jalapefio, Poblano, Bell, Anaheim

Guerrero Ancho, Costefio, Puya, Chilaca, Guajillo, Mirasol, Serrano

Hidalgo De Arbol o Cola de Rata, Jalapefio, Serrano, Bell,
Anaheim

Jalisco De Arbol o Cola de Rata, Tabaquero, Anaheim, Caloro,
Chilaca, Jalapefio, Poblano, Serrano, Bell

México Manzanop, Jalapefio, Serrano

Michoacan Habaneros, Pasilla, Caloro, Chilaca, De Arbol o Cola

de Rata, Jalapefio, Manzano o Peron?, Piquin, Poblano,
Serrano, Bell, Anaheim

Morelos Anaheim, Serrano, Jalapeno

Nayarit Habaneo¢, Cascabel, De Arbol o Cola de Rata, Caloro,
Cristal, Jalapefo, Serrano, Anaheim, Bell
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State of production origin' Landraces, improved varieties and local populations of
fresh and dry chili peppers

Nuevo Leon Habanero®, Serrano, Jalapefio

QOaxaca Habanero®, Ancho, Costeno, Pasilla, Tabaquero, De Agua,
Jalapefio, Serrano, Soledad, Chilhuacle

Puebla Ancho, Jalapeno, Serrano, Poblano, Miahuateco, Bell
Querétaro Pasilla, Chilaca, Jalapeno, Serrano, Anaheim
Quintana Roo Habanero¢, Jalapefio, Dulce

San Luis Potosi Habanero®, Ancho, Guajillo, Mirasol, Mulato, Pasilla,

Puya, Chilaca, Jalapefio, Poblano, Serrano, Bell, Anaheim

Sinaloa Habanero®, Anaheim, Bell, Caloro, Chilaca, De Agua,
De Arbol o Cola de Rata, Hungaro, Jalapefio, Poblano,
Serrano

Sonora Habanero®, Anaheim, Bell, Jalapefio, Serrano

Tabasco Habanero*, Costefio, Tabaquero, Jalapefio, Dulce

Tamaulipas Habanero*, Jalapeno, Serrano, Piquin, Poblano, Bell,
Anaheim

Tlaxcala Serrano

Veracruz Habanero®, Jalapefio, Manzano?, Serrano, Piquin, Soledad

Yucatan Habanerot, Mulato, De Arbol o Cola de Rata, Xcat'ik,
Bell, Anaheim

Zacatecas Ancho, De Arbol o Cola de Rata, Guajillo, Mirasol,

Mulato, Pasilla, Puya, Caloro, Poblano

ISIAP [6]; Species: PC. pubescens, °C. chinense and without superscript are C. annuum.

Table 2. Regionalization of landraces and improved varieties cropping by production origin.

According to the geography, altitude and climates of Mexico, there are six primary patterns of
cultivation: (a) Habanero variants (C. chinense) are sown preponderantly in Yucatan, Quintana
Roo and Campeche, although recently, Habanero was cultivated in Coahuila, Chihuahua,
Colima, Nayarit and Michoacén, (b) diverse Manzano (C. pubescens) chilis are cultivated in
Central Mexico in Michoacan, Estado de México, Puebla and Veracruz, (c) the commercial
Morrén (sweet bell) varieties are preponderantly distributed in the north such as in Bell,
Anaheim, California and Victoria, which are exported to the United States of America, (d)
Ancho, Guajillo, Poblano and Pasilla variants are grown from Guanajuato to Zacatecas and
Tamaulipas and finally, (e) varieties with regional distribution include Chilhuacle in Oaxaca
and Guerrero, Tabaquero in Tabasco and Soledad in Veracruz and Oaxaca, among other pat-
terns (Table 2).

Several references contrast the beneficial and harmful effects of capsaicinoids consumed by
chilis. Despite advances in the demythification of harmful effects, studies nevertheless refer to
capsaicin as a risk factor for cancer [14, 48]. Recent studies indicate a lack of direct association
between chili peppers and capsaicinoid consumption and cancer or several other diseases.
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Capsaicin is used as a topically applied analgesic to decrease pain in rheumatoid arthritis,
osteoarthritis, neuralgias, neuropathic diabetes, neuronal inflammations and dysfunctions,
among others [15, 17]. The use of capsaicinoids is controversial, and it is necessary to further
investigate their effects on human health because among other aspects, it is not possible to
extrapolate from biological studies of animals (e.g., rats) to humans [13, 17].

2.3. Chili peppers in Mexican gastronomy

The varied forms of chili consumption are characteristic of traditional Mexican cuisine and are
ancestral and living cultural expressions of the community, a part of the Mexican national identity
[49]. In Mexico, there is a great preference for spicy chili, whose consumption is more common
in people who live in hot, tropical or subtropical climates than in people who live in temperate-
to-cold regions [50]. The sensation of heat or sting is the result of the presence of various types of
capsaicinoids such as capsaicin, dihydrocapsaicin, homodihydrocapsaicin, nordihydrocapsaicin
and homocapsaicin, among others, which have vanillin, 8-methyl-N-Vanillyl-6-nonemide, as a
base compound. During ingestion, chemo-static stimuli are generated that affect chemical stimu-
lation of thermoreceptors, nociceptors and somatosensory receptors [51].

The populations of Mexico, Central and South America show evolutionary adaptations accord-
ing to the food these people consumed. Culinary culture in Mexico is as diverse as differences
in ethnicity, geography and ecology; the current cuisine is a combination of indigenous pre-
Columbian, Spanish and French cuisines and, in some regions, Lebanese. Recent times have
seen a marked influence of American culture, increasing Mexicans” consumption of carbohy-
drates. In Mexican families, food consumption practices are taught from childhood; mothers
give chili to children from 1 to 3 years of age. This evidence of cultural reinforcement is primar-
ily focused on distinguishing the flavonoid principles of food consumption. Common foods
are bean broth, soups prepared with tomato (Solanum lycopersicum L.) and dishes flavored with
chili; as the child grows, chili consumption increases. Consuming such foods helps to transmit
identity from parents to children and implicitly strengthens the food culture [52].

In practical terms, the continued consumption of chili pepper through several generations has
engendered genetic modifications in the population of Mexican consumers. Capsaicin tolerance
is closely associated with AVI (alanine, valine and isoleucine) allelic variants of the TAS2R38
type 2 gene in the tongue and palate. Consequently, homozygotic carriers of the AVI haplotype
of the taste receptor perceive only a slight “burning” sensation. This genetic variant is also
associated with a low perception of a bitter flavor. That is, a lower perception of bitterness in
other foods and a lower perception of the burning of chili are because of TAS2R38 [50, 53, 54].

The Mexican consumer of chili has an extensive variety of landraces that the consumer pro-
duces himself or can buy in local and regional markets, from the “sweet” types or types with-
out spice to moderately spicy and extremely spicy, and all are widely used in regional cuisine
and family diets. Chilies are consumed in whole, ground, sliced, diced, dried, roasted forms
or can be acquired pickled in cans from nearly all landraces. Chilis are essential to Mexican
gastronomy and played a decisive role in UNESCO’s designating Mexican cuisine the “intan-
gible cultural heritage of mankind” (Decision 5.COM 6.30, 2010) [55].
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The variety of chili landraces is directly associated with a wide variety of processing forms
for consumption. Among chili and forms of consumption are the following groups of peppers
and preparation styles:

(@) Group I. Sweet types such as Morron (Anaheim, Bell and California), Ancho de Puebla,
De Agua de Oaxaca or Dulce de Yucatan are eaten raw and used in salads, primarily the
Morrén because that type ripens in red, green or yellow and adds color to dishes.

(b) Group II. Unripe or ripe spicy green peppers such as the Serrano, Jalapeno, Rayado
and Loco. Ya’ax ik, Criollos de Morelos, De Arbol Verde, Xcat'ik, Copi, Soledad, Cora,
Tabaquero, Costefio Verde and others are regularly used to prepare traditional green sal-
sas and green moles, typical dishes of Mexican cuisine.

(c) Group III. Among chilis consumed, dried, powdered Piquin is notable, as are chilis used
to prepare different types of regional moles: Ancho, Pasilla, Guajillo, Chilhuacle, Tavi-
che, Costefio, Cascabel, De Onza, Mulato, Miahuateco, Cristalino, Gordo, Coxle, De Arbol
Seco, Puya, Chawa, Tabaquero, Apaxtleco and others.

Mole is a typical Mexican national dish resulting from the fusion of Spanish and pre-Colum-
bian indigenous cuisines. The word mole (in Spanish) comes from the indigenous language
Nahuatl “molli”, which means a mix of ingredients and flavors. Ingredients and forms of
preparation vary from region to region or between states. For example, moles from Puebla,
Oaxaca, Tlaxcala, Estado de México, Querétaro, Michoacan and Hidalgo are quite popular.
The dish is a combination of different chili landraces (e.g., Ancho, Pasilla, Morita and oth-
ers) and various fruits, seeds and bulbs, depending on the mole variant (Table 3). However,
the essential ingredients, according to connoisseurs, are the chilis. In Oaxaca, seven types
of moles are prepared, and the most popular are “negro (black mole) with Chilhuacle”,
“verde” (green mole) with Jalapefio or Serrano chilis, “coloradito” (reddish mole) with
Ancho and Guajillo chilis, red mole with Ancho and Guajillo chilis and Amarillo (yellow
mole) with Anchos, Guajillos and Costefios. Additionally, “chichilo” and “manchamantel”
(“tablecloth-staining”) moles are mentioned. For each type of mole, the complementary
condiments vary [56].

Another common dish of Mexican cuisine is from spicy to extremely spicy salsas, which are
prepared with fresh or dried chilis, cooked or uncooked, and are a traditional form of promot-
ing spicy flavors (capsaicinoids), flavonoids, aromatic compounds and phenolic compounds.
Occasionally, chilis are roasted and ground with green tomato (husk tomato, Physalis ixocarpa
Brot.), red tomato (S. lycopersicum), garlic, onion, salt and water. In other cases, all of the
ingredients are cooked and then ground (Table 3). From one region to another, the primary
ingredients and forms of preparation vary. In this sense, Mexican guacamole is the addition of
avocado to green salsa (e.g., Jalapefio or Serrano chilis cooked with green tomato, plus garlic
and water) in which pieces of avocado are mashed slightly once the green salsa is ground,
all of this in a “molcajete” (a rock with a hole) [57]. A group of Mexican dishes prepared with
different local varieties of chilis is listed on Table 3. It is unlikely that the level of consumption
of chilis in Mexico will decrease in the short term.
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Typical dishes of the Mexican cuisine’ Landrace used or improved variety

Known molee: negro, coloradito, chichilo, rojo, verde, (a) Blanck mole: Ancho, Chilhuacle
pipian, amarrillo, poblano (turkey in deep-brown sauce), (b) Red mole: Ancho and Guajillo

”ou

“estofado”, “manchamantel”, de caderas, de hongos, de

frijol, relleno negro, almendrado (c) Green mole: Jalapefio, Rayado and Serrando
Salsas (sauces) prepared with fresh and dry chilis: (a) Freh: Commonly Jalapefio o Serrano buta Il high
Borracha (“drunk”), verde, roja, de ancho, de guajillo spiced chilis can be used.

(b) Dry: Ancho, Pasilla, De arbol, Cascabel

Chilaquiles: verdes (green), rojos (red), de mole (made Jalapefio, Serrano, Ancho, Guajillo, Pasilla, Cascabel, De
with mole) Arbol
Tamales de verdes (greenish) o rojos (red), de mole, de Jalapefio, Serrano, Ancho, Pasilla

rajas de chile (with slices of chili)

Traditional guacamole Serrano, Jalapefio
Chiles rellenos (stuffed chili peppers) Poblano, Ancho, De Agua, Giieros, Jalapefios
Tortas ahogadas and Pambazos Pasilla, Guajillo

Elotes (cob) o frutas (tropical fruits) with powdery dry Chili Piquin milled with sal

chili pepper
Chile en chipotle (smoked peppers) Jalapefio and Rayado
Chili in encurtidos (pickled peppers) Usually Jalapefio and Serrano but all chili peppers can

be used.
Roasted chili to slice o eat directly (“morder”) o enrajas:  Regularly Serrano and Jalapefio

Immature peppers or green to mature but fresh to slice (a) Immature: Jalapefio, Serrano, De Agua
and combine with onion and lemon, regionally known as

“gatos” or “pico de gallo” (b) Muture: Habanero, Manzano, Bell, Anaheim o California
i

Chileatole Serrano

Chiles en nogada (dish name) Ancho, Poblano, Miahuateco
Flautas ahogadas (dish name) Jalapefio, Serrano

Mixiote verdes de pollo (dish name) Jalapefio, Serrano

ISources: Urdaneta and Kanter [56] and Katz [57].

Table 3. Typical dishes of the Mexican cuisine where main ingredients are the diversity of landraces or improved
varieties of chili pepper.

3. Flavonoid and capsaicinoid contents in fruits of chili pepper landraces

3.1. Flavonoids in Capsicum

In Mexico, there is a great diversity of phenotypic variants of chilis that are distinguished by
color, flavor, spice, aroma, size and shape and are fundamental to and completely accepted in
Mexican gastronomy. The species C. annuum originated in Mexico and is one of the most culti-
vated species in the world, with high genetic diversity [39, 43]. The organoleptic properties of
each type of chilis are characterized by their chemical composition as a function of flavonoid
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content, capsaicinoids, phenolic acids, vitamins, minerals and various volatile compounds
[40, 58-61]. Flavonoids and capsaicinoids are molecules that, in addition to influencing the
sensory characteristics of the fruit, contribute to the prevention of chronic degenerative dis-
eases [62, 63].

Flavonoids are secondary metabolites of low molecular weight that share a common skeleton
with diphenylpropanes (C6-C3-C6) and comprise two phenyl rings (A and B) joined through
a C ring of pyran (heterocyclic). Flavonoids are classified according to oxidation state and
degree of unsaturation of the central heterocyclic ring. The primary families are flavones, iso-
flavones, flavanones, flavanols, antho-cyanidins and chalcones [64]. The structural diversity
of flavonoids depends on the substitution of aromatic rings A and B by hydroxyl and methoxy
groups and by extensive conjugations, including glucosides. In foods, flavonoids exist pri-
marily as 3-O-glycoside and polymers [64, 65]. Flavonoids possess multiple properties for
eliminating reactive oxygen species. Their activity as an antioxidant depends on the redox
properties of their hydroxyphenolic groups and the structural relation between various com-
ponents of the chemical structure [7]. Some of the characteristics that favor their antioxidant
capacity are the ortho-hydroxylation of ring B, the number of free hydroxyl groups, a C2-C3
double bond at ring C and the presence of a 3-hydroxyl group [66].

In fruits and vegetables, it is estimated that more than 7000 flavonoids have been identified [64].
In chili fruit, the primary quantified flavonoids are quercetin, luteolin, kaempferol, catechin,
epicatechin, rutin, luteolin, apigenin and myricetin [61, 67-76]. Variations in flavonoid concen-
trations are primarily the result of the diversity of genotypes, landraces, varieties and the rip-
ening phase of the fruit; also implied are variations related to analytical laboratory parameters
such as sample preparation, extraction method and quantification methods (Table 4).

In chili fruits, different flavonoids have been identified depending on morphotype, landrace,
varietal group or variety. In sweet peppers (C. annuum L. cv. Vergasa), 23 flavonoids have
been identified and quantified in the pericarp by high-performance liquid chromatography-
diode array detection-electrospray ionization mass spectrometry (HPLC). These include
O-glycosides of quercetin, luteolin and chrysoeriol and a large number of C-glycosyl flavones.
The most abundant compounds were quercetin-3-O-rhamnoside and luteolin 7-O-(2-apiosyl-
6-malonyl), which represented 41% of the total flavonoids [77]. Materska and Perucka [79]
identified quercetin 3-O-a-L-rhamnopyranoside-7-O-3-D-glucopyranoside, luteolin 6-C-p-
D-glucopyranoside-8-C-a-L-arabinopyranoside, apigenin 6-C-B-D-glucopyranoside-8-C-a-
L-arabinopyranoside, lutoeolin 7-O-[2-(3-D-apiofuranosyl)-B-D-glucopyranoside], quercetin
3-O-a-L-rhamnopyranoside and luteolin 7-O-[2-(B-D-apiofuranosyl)-4-(3-D-glucopyranosyl)-
6-malonyl]-f-D-glucopyranoside. These flavonoids are present in four varieties of C. annuum.
In the “Italian sweet” (green), “Lamuyo” (yellow) and “California wonder” (red) varieties, 23
flavonoids and their glycoside derivatives were identified by high-performance liquid chroma-
tography coupled with diode array and electrospray time-of-flight mass spectrometry detectors
(HPLC), highlighting the group of flavonols known as glycosylated quercetin derivatives (rutin
pentoside, quercetin 3,7-di-O-a-Lrhamnopyranoside and quercetin 3-O-a-L-rhamnoside) [79].
Various flavonoids continue to be identified in all species of Capsicum, and depending on
advances, it is inferred that the task continues and the work is incipient in Mexican landraces.
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Flavonoids' Maturation C. annuum landrace and variety groups C. frutescens
stage Jalapefio Serrano Ancho  Giiero Morron Cayenne Piquin Tabasco
Quercetin Immature 4.3.-151.2 9.30-159.8 276.0 42.4-2102 4.76- 6.0-229 ND 2.2
276.0
Mature ND 8.1 ND 23.9-644 3.29- 3.7-24.7 ND 0.9
448.0
Kaempferol Immature 5.9 2.1 ND ND ND 2047 ND ND
Mature 14 ND ND ND ND 6.3-64 ND ND
Catechin Immature 0.1 1.0 ND ND 1.85-5.13 ND ND ND
Mature ND ND ND ND 5.28-6.41 ND ND 8.1
Epicatechin  Immature 0.1 1.2 ND ND 3.70-7.35 ND ND ND
Rutin Immature 0.2 2.0 ND ND 0.38-1.90 ND ND ND
Luteolin Immature 0.20-37.5 0.57-41.40 3.6 15.7-51.5 0.35-9.32 2.0-19.1 ND 43.6
Mature 3.2 14 ND 5.96-16.8 0.36-11.0 7.1-17.3 ND 0.84-35.6
Myricetin Immature ND ND ND ND 658.0 2.1.0-21 ND ND
Mature ND ND ND ND 171.0- 59.0-7.2 ND ND
244.0
Apigenin Immature ND ND ND ND 272.0 ND ND ND
Total Immature 10.2-332.0 11.4-441.0 309.6 58.1-309.0 5.4-31.7 10.048.8 97.40- 458
Flavonoids 544.6
Mature 4.6 9.5 ND 29.9-81.3 3.6-892.0 42.1-443 50.1- 36.5
425.0
References [74, 76] [74, 76] [74] [67, 74] [67, 69, [67] [61,75] [67,73]
71-73]

!Quercetin, catechin or quercetin + luteolin equivalents (ug/g or g/g), ND = Not determined.

Sources: Vera-Guzman et al. [61], Howard et al. [67], Miean and Mohamed [69], Kim et al. [71], Blanco-Rios et al. [72],
Zhuang et al. [73], Lee et al. [74], Rochin-Wong et al. [75], Alvarez-Parrilla et al. [76].

Table 4. Flavonoid contents in fruits of Capsicum annuum and C. frustences.

The structure of each flavonoid influences antioxidant capacity, which varies between spe-
cies and genotypes of chili. Materska [80] isolated three glycosylated flavonoids (luteolin
6-C-glucoside, luteolin 6,8-di-C-glucoside and apigenin 6-C-glucoside-8-C-arabinoside) from
the chili fruit (C. annuum var. Capel Hot) and determined their antioxidant activity using
in vitro methods to generate radicals in hydrophilic (superoxide radical) and lipophilic
(2,2-diphenyl-1-picrylhydrazyl -DPPH—and peroxide radicals) media. This study demon-
strates that luteolin 6-C-glucoside and luteolin 6,8-di-C-glucoside have a greater ability to
eliminate superoxide radicals generated in enzymatic and non-enzymatic systems and thus
engender high antioxidant activity [80]. The high and effective antioxidant capacity confers
functional and nutraceutical properties to the fruit for health.
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Metabolism, biochemical synthesis and concentration of flavonoids in chili fruits depend on
species, genotype, landrace or commercial varieties [61, 6769, 81] interacting with agroeco-
logical characteristics and crop management [82]. Evidence indicates that the concentration of
flavonoids is related to the degree of maturity of the fruit. Bhandari et al. [83] observed that
fruits had a higher flavonoid content in the initial-to-intermediate phases (breaker stage) than
in the phase immediately after maturity (green mature phase) and red ripe phase. Similarly,
Howard et al. [67] observed that total flavonoid content was reduced in the immature-to-
mature phase of the fruit (Table 4). This fact is consistent with other studies; green fruits
(immature) reach four to five times the flavonoid content of mature fruits [67, 72, 77, 84]. In
C. chinense Jacq. (Habanero), flavonoid content also decreases with ripening [85]. However,
the behavior of Morron peppers is different because the peppers ripen in different colors; for
example, quercetin and luteolin flavonoid content was higher in red fruits than in green [68].
Differences in the composition of flavonoids and other compounds define the organoleptic
characteristics of each chili fruit and are directly related to usage and consumption prefer-
ences [86].

Chili fruits are considered a natural source of antioxidants for their bioactive compounds [61,
77, 87]. Phenolic compounds increase the antioxidant activity of chili fruits and are related
to the structure of their molecules. In the case of Caribe and Bell varieties (C. annuum), the
major antioxidant activity was the result of the content of the flavonoids catechin, epicatechin
and rutin, among other compounds [81]. In addition, high activity has been reported when
quercetin 3-Oa-L-rhamnopyranoside was identified; such activity was comparable with quer-
cetin activity [78]. Quercetin is a highly antioxidative aglycone and is generated by enzymatic
hydrolysis of the glycoside bond of rutin (quercetin 3-O-rhamnoglucoside) [66]. In evaluating
the fruits of the landraces De Arbol, Chipotle, Guajillo and Morita (C. annuum), it was deter-
mined that there was greater bioaccessibility of polyphenols in the small intestine in a range
of 72-77%. Therefore, these landraces are considered important sources of polyphenols and
bioaccessible bioactive compounds in the intestine [88].

3.2. Capsaicinoids in chili pepper landraces

Capsaicinoids are compounds that confer pungency or spice to chili fruits and are synthesized
by the condensation of vanillylamine with a branched short chain fatty acid. Their chemical
structure comprises a phenolic nucleus joined by an amide bond to a fatty acid. The pheno-
lic portion is vanillylamine and is synthesized from phenylalanine in the phenylpropanoid
pathway. The fatty acid is generated from branched chain amino acids, valine or leucine [89].
Currently, more than 20 capsaicinoids are known [90], and differences in structures occur
because of the nature of the side chain, which can vary between 8 and 10 carbons, and the
number of double bonds. Capsaicinoids are classified into three groups of compounds:
capsaicins possessing a methyl branched acyl residue with a carbon-carbon double bond,
dihydrocapsaicins analogous to the previous class but being saturated compounds and N
vanillyl-n-acylamides comprising saturated, unbranched alkyl chains [91]. Capsaicin [(E)-N(4-
hydroxy-3-methoxybencil)-8-methyl-6-nonenamide)] and its analogue 6,7-dihydrocapsaicin
represents more than 90% of total capsaicinoids in chili fruits (Table 2), primarily accumu-
lating in the placenta of the fruit [58]. Schweiggert et al. [91] identified and characterized
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15 capsaicinoids in the red fruits of C. frutescens, primarily capsaicin, dihydrocapsaicin and
nordihydrocapsaicin, with nornorcapsaicin, norcapsaicin, homocapsaicin I and II, nornordi-
hydrocapsaicin, homodihydrocapsaicin isomers I and II, N-Vanillyl-octanamide, N-vanillyl-
nonanamide and N-anillyl-decanamide as minor compounds (Figure 1).

Capsaicinoids are synthesized in the placenta of the fruit and are genetically determined
(Pun1 allele of pungency) by the presence of the Punl or punl gene with EST- or AT3-type
cofactors that induce a quantitative effect of the gene and variations in the pungency of the
fruit. In consequence, not all chili peppers are spicy, and various consumers consider chili
varieties that carry the punl recessive gene to be sweet fruits [11]. In practical terms, it is dif-
ficult to determine the exact content of capsaicinoids in chili fruits, and the estimates or pat-
terns that are obtained vary enormously depending on genotypes, ecological-environmental
conditions, crop systems, the maturity of the fruit and harvest season, among other aspects
[61, 87, 92-95]. Table 5 presents the estimates of the capsaicinoid content in fruits of different
landraces and varietal groups. Various studies have demonstrated that capsaicinoid content is
greater in mature fruits than in immature one [58, 73, 78]. Some of the landraces with notable
concentrations of capsaicinoids are Piquin, De Arbol and Serrano, and those with lower con-
centrations are the Morrén group (California, Bell, Anaheim), Pasilla, Ancho and Guajillo,
among others [59, 95, 96].

Ecological-environmental conditions are factors that influence the accumulation of capsa-
icinoids in fruits; among the primary climatic elements are temperature and precipitation or irri-
gation interacting with crop management. For example, Gonzélez-Zamora et al. [95] observed
that temperatures of 40-48°C reduce the concentrations of capsaicinoids from 32.5 to 61.5% and
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Figure 1. Structures of major capsaicinoids identified in Capsicum species.



Landrace or

Capsaicin (CAP)*

Dihydrocapsaicin (DIH)

Nordihydro-capsaicin

Homo-CAP and References

varietal groups Homo-DIH

Immature Mature Immature Mature Immature Mat. Immature
Jalapefio 115.8-8000 169.0-373.5 54.0-9390 113.5-237.8 13.3-2480 24.4 160-970 [75, 95]
Serrano 47.5-1606 81.3-627.48 57.2-3540 87.7-399.7 22.3-530 27.8 640.0 [75, 95, 96]
Mulato ND 29.5 ND 49.5 ND ND ND [59]
Pasilla 1.0 49.2 ND 68.8 1.0 ND ND [96]
Guajillo 170.0 22.9 610.0 36.9 120.0 ND 560.0 [95, 96]
Ancho 0.3 42.8 0.8 0.4 0.3 ND 0.6 [96]
Poblano 0.6 ND ND ND ND ND ND [96]
Pasadox ND 38.3 ND 58.4 ND ND ND [96]
Puya 1180.0 53.9 2320.0 67.4 550.0 ND 68.0-80.0 [95, 96]
Tres Venas ND 66.9 ND 77.1 ND ND ND [96]
Mirasol ND 353.8 ND 231.7 ND ND ND [96]
Morita ND 338.2 ND 334.9 ND ND ND [96]
Chipotle ND 163.8-883.0 ND 126.3-552.7 ND ND ND [96]
De Arbol 138.5-4249 309.3-1293 146.4-6250 238.2-641.7 1070.0 ND 130.0-1290 [93, 95, 96]
Chiltepin 3790-15360 4170 13390 ND 2170.0 ND 220-690 [75, 86]
Piquin ND 16.2-2657 ND 62.4-1031 ND ND ND [61, 96]
Maax 640.0 750.0-3584 370.0 1707 ND ND ND [40, 58]
Tusta 51.4 ND 33.5 ND ND ND ND [61]
Tabaquero ND 6.7 ND 1.5 ND ND ND [61]
Solterito ND 142.0 ND 65.5 ND ND ND [61]
Nanchita ND 27.4 ND 13.2 ND ND ND [61]
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Landrace or

Capsaicin (CAP)*

Dihydrocapsaicin (DIH)

Nordihydro-capsaicin

Homo-CAP and References

varietal groups Homo-DIH
Immature Mature Immature Mature Immature Mat. Immature

Gtiero 44.5 ND 6.8 ND ND ND ND [61]
Costefio ND 14.6 ND 4.0 ND ND ND [61]
De agua ND 49 ND 1.6 ND ND ND [61]
Sucurre 26945 2930-18995 3652.0 4355-5043 ND ND ND [40, 58]
Pico paloma ND 2456.4 ND 1928 ND ND ND [40]
Ya’'x ik ND 1777.6 ND 1811 ND ND ND [40]
Chawa 12815 1415-11822 2175 1317-5555 ND ND ND [40, 58]
Xcat ik ND 748.4-3189 ND 831.3 ND ND ND [40, 58]
Bobo ND 204.7 ND 372.2 ND ND ND [40]
Dulce ND 424 ND 58.9 ND ND ND [40]
Miahuateco ND 63.6 ND 45.5 ND ND ND [59]
Copi ND 267.4 ND 167.7 ND ND ND [59]
Tecomatlan ND 54.6 ND 35.7 ND ND ND [59]
Morrén 1.8-143.1 1.2-134.5 55.6-99.0 57.5-113.4 ND ND ND [73, 84]
Cayenne 20.8-149.5 53.7-211.7 72.0 40.1-114.6 ND ND ND [84]
Tabasco? ND 746.8 ND 496.1 ND ND ND [73]

!Content in ug/g of fresh or dry weight, *Capsicum frutescens, ND = Not determined.
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Sources: Cazares-Sanchez et al. [40], Cisneros-Pineda et al. [58], Moran-Banuelos et al. [59], Vera-Guzman et al. [61], Kim et al. [71], Zhuang et al. [73], Rochin-Wong et al.
[75), Alvarez-Parrilla et al. [76], Bae et al. [84], Othman et al. [93], Gonzalez-Zamora et al. [95], Orellana-Escobedo et al. [96], Ornelas-Paz et al. [77].

Table 5. Capsaicinoid contents in fruits of chili landrace and varietal groups.
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32.5% in Jalapefio and De Arbol chilis, respectively. By contrast, in Guajillos and Serranos, the
identical temperature generated up to a three-fold increase; a similar effect was identified in
Puya and Ancho but only 21 and 8.6% more, respectively. In a trial in three regions of Peru, the
change in temperature from 19.4 to 26.8°C generated a decrease in capsaicinoid content [92].

3.3. The effect of traditional processing on flavonoid and capsaicinoid contents

Chili fruits are consumed fresh, dried or processed. The chili’s condition or processing experi-
ence changes their chemical composition because of the effects of temperature changes, pH,
solar radiation, smoking or other treatment. For example, the composition of Chiltepin chili
fruits changes because of the effect of the pickling process (cooked in 1:1 water and vinegar).
In this case, total flavonoids, capsaicin and antioxidant activity are reduced to less than 25%.
However, no significant changes are shown as a result of sun drying (temperatures between
34 and 40°C for 32 h) [75]. Similarly, Alvarez-Parrilla et al. [76] identified reductions in cap-
saicinoids in Serrano and Jalapefio chilis from the pickling process. During the preparation
of salsas with Chiltepin, losses in capsaicinoids were detected from changes in pH and the
milling process; with pH 2.7, the reduction of capsaicin and dihydrocapsaicin was 90% [98].

Regarding processing for consumption, in Mexico, the preparation of mole paste (a traditional
dish) prepared with Pasilla (landrace) chili generates a decrease in the content of flavonoids, phe-
nols and antioxidant activity as a result of cooking and changes in pH, which induce degradation
of these compounds [99]. Ornelas-Paz et al. [97] indicated that cooking in water at only 96°C or
on the grill at 210°C generates moderate losses of 1.1 and 28.1% of the initial content in Poblano,
Bell, Chilaca, Caribe, Jalapefio and Serrano landraces of C. annuum, Habanero (C. chinense) and
Manzano (C. pubescens). In the particular case of the Jalapefio landrace, the decrease was 10.6—
52.2%. The roasting process increased capsaicin content from 6.1 to 924.9%, dihydrocapsaicin
from 2.6 to 57% and nordihydrocapsaicin from 6.6 to 206.8%, depending on genotype. Notably,
the compounds are highly volatile, and the increase from heat treatment is attributed to dehydra-
tion of the fruit, cell breakdown and inactivation of enzymes that degrade capsaicinoids, such as
peroxidases [100]. In this sense, Turkmen et al. [101] observed that cooking by boiling, vapor and
microwaves produces increases from 2 to 26% of phenolic compounds and up to 30% in antioxi-
dant activity in spicy chilis. In C. frutescens cv. Sina and C. annuum cv. Coduion, Shaimaa et al.
[102] identified increases in phenolic compounds, flavonoids and antioxidant activity by boiling.

In Mexico, a smoked-drying or oven-drying method (65% of humidity and 75°C) is used with
Jalapefio landraces, producing what is known as “chipotle chilis” (special preparation). This
process increases the content of flavonoids and antioxidant capacity up to 10 times as a result
of the combined liberation of phenolic compounds and flavonoids, including flavonoids gen-
erated by wood combustion. By contrast, there is a reduction in capsaicinoid content because
of increase in temperature [103].

3.4. Flavonoids and capsaicinoids in health

Chili fruits, in addition to conferring sensory characteristics on foods, also provide nutritional
advantages from their chemical composition of vitamins, minerals, carotenoids, flavonoids
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and capsaicinoids, among others [40, 58, 59, 61]. Controversy remains regarding the beneficial
and unfavorable health effects of chili consumption. Recently, Chopan and Littenberg [18]
determined that there is no direct relation between high consumption of red chilis and mortal-
ity in various populations of North America and Europe. In these cases, adult consumers of
red chilis showed a 13% lower risk of death than non-consumers. Lv et al. [104] also observed
no direct relation between consumption of fresh or dried chilis and causes of mortality from
cancer, diabetes, respiratory or cardiac diseases. Other reports argued that the bioactive or
phytochemical compounds of Capsicum have anti-inflammatory, antidiabetic, antimicrobial,
anticholesterolemic, anticoagulant and antioxidant properties [63].

Cancer is one of the primary causes of morbidity and mortality worldwide. Oxidative stress is
implied in the etiology of this disease and results from imbalances in the production of reac-
tive oxygen species (ROS) and the antioxidant defense system of cells. ROS deregulate redox
homeostasis and promote formation of tumors by aberrant induction of signaling pathways
that cause cancerous tumors [105]. ROS modulate different pathways of cell signaling, which
are mediated by the transcription factors NF-xB and STAT3, hypoxia-inducible factor, growth
factors, kinases and other proteins and enzymes involved in the development of cancer [106].
In this carcinogenic process, it is argued that capsaicinoids (capsaicin and hydrocapsaicin)
help eliminate reactive oxygen species and consequently demonstrate anticarcinogenic, anti-
mutagenic and preventative properties [107, 108]. These properties help prevent the prolif-
eration of cells, migration and induction of apoptosis [109]. In in vivo and in vitro trials,
capsaicin inhibited the growth and proliferation of prostate cancer [110]. In addition, capsa-
icin stimulates the cascade of MAP protein kinase signaling, extracellular signal-regulated
protein kinase (ERK) and c-Jun N-terminal kinase (JNK), which have antiproliferative effects
[111]. Capsaicin also induces apoptosis of both androgen receptors AR-positive (LNCaP) and
-negative (PC-3, Du-145) prostate cancer cell lines by increasing p53, p21 and Bax [112]. Other
studies determined that capsaicin can regulate the increase in IL-6 by secretion of TNF-a and
the signaling responsible for activation of Akt, ERK and PKC-« [110].

Capsaicin can prevent the growth of colorectal cancer cells by suppression of pathways
dependent on B-catenin/TCF by proteosomal degradation of B-catenin and breakdown of
[-catenin/TCF-4 interactions [113]. In addition, capsaicin induces apoptosis in gastric cancer
cells and can serve as an antitumor agent in gastric cancer [114]. In other studies, capsaicin
generates ROS through mitochondria and the depletion of intracellular antioxidants and gen-
erates mitochondrial damage and apoptosis in pancreatic cancer cells [115].

Dihydrocapsaicin showed strong antibacterial activity against Helicobacter pylori, the bacteria
associated with gastric cancer [116]. In biological trials in vivo, oral administration of querce-
tin generated decreases in infection from H. pylori in gastric mucosa and reduced the inflam-
matory response and lipid peroxidation [62].

Flavonoids are molecules that not only act as conventional antioxidant hydrogen donors but
also exert a modulatory action on the signaling of protein and lipid kinases of cells [117]. The
apigenin flavonoid is an inhibitor of protein kinases and has an antiproliferative effect on
breast cancer cells [118]. The aglycone of quercetin has a protective effect on DNA, which is
induced by mitomycin C and antiproliferative activities in human lymphocytes [119]. This
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molecule also contributes to the protective effect of nerve cells against neurotoxicity induced
by oxidative stress, including in Alzheimer’s [120].

Chili consumption can promote weight loss by the effect of capsaicin [121]. Capsaicin stimu-
lates lipolysis, causing a reduction in intercellular lipids from the increase in the hydrolysis of
triacylglycerol in adipocytes. This effect is mediated by the regulation of genes associated with
the catabolic pathway of lipids, HSL and CPT-la and genes involved in thermogenesis such
as UCP2 [16]. Capsaicin promotes the removal of visceral fat and prevents obesity induced by
diets high in fats. Capsaicin activates transient receptor potential cation channel sub-family V
member 1 (TRPV1) channels, increases levels of Ca* ions mediated by connexin 43 (Cx43) and
promotes lipolysis in adipocytes and fat reduction [122]. Capsaicinoids demonstrate hypocho-
lesterolemic activity from stimulation of the conversion of cholesterol to bile acids by expres-
sion of the cholesterol 7-hydrolase gene and increased secretion of bile acids in feces [123].

4. Final considerations and conclusions

Chili peppers are used worldwide as food and spices. In Mexico, chilis have great economic,
social and culinary importance with variations in consumption per capita from 8 to 17 kg, and
approximately 2.8 x 10° tons are produced and consumed annually. Mexico is the center of
origin, domestication and diversification of C. annuum, which has engendered more than 150
cultivated and wild landraces of wide distribution. Nearly every region in Mexico cultivates or
consumes chilis. Indigenous groups and traditional producers are the primary actors respon-
sible for in situ preservation of the diversity of chili landraces, particularly in the central and
south-southeastern regions. The wild forms of C. annuum var. glabriusculum and C. annuum
var. annuum are distributed throughout the country.

Daily consumption ranges from two to four times a week, and it is estimated that between 70
and 80% of the total Mexican rural population regularly consume spicy chilis. This high fre-
quency of consumption has generated an adaptation to consumption of spicy and extremely
spicy chilis, and among consumers, the TAS2R38 type 2 gene has been identified as being
associated with tongue and palate receptors, which confer upon the chili consumer a higher
capacity to not perceive or barely perceive the “burning” sensation of chilis. Into the diversity
of landraces and improved varieties, there are non-pungent landraces, for example, Morron,
Dulce, Ancho and Chilaca and types of Morrén varieties such as California, Victoria and
others.

Chili fruit contains up to 23 flavonoid compounds and 20 capsaicinoids, differing between
landraces because of the effect of crop management, the state of maturation of the fruits and
postharvest management and ecological-environmental influences. Capsaicinoids (capsaicin,
dihydrocapsaicin, nordihydrocapsaicin, homodihydrocapsaicin, homocapsaicin, etc.) exert
multiple physiological effects on human health, including their potential value in pain relief,
cancer prevention and decreased bone loss and as antioxidant activity. Experimentally, anti-
carcinogenic, antimutagenic and cancer preventative properties have been determined for
capsaicin in addition to anti-lipid effects. However, these properties require direct evaluation
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with regard to human health. The flavonoids quercetin and apigenin, present in chili fruits,
have antiproliferative effects on breast cancer cells and exert a protective effect on neuronal
cells against the neurotoxicity induced by oxidative stress in Alzheimer’s.
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