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PROLOGO

Las ciencias bioldgicas ocupan un lugar esencial en la comprensiéon de los
fenomenos de la vida, desde los procesos moleculares, celulares y genéticos que
sustentan el funcionamiento de los organismos, hasta la dinamica de los ecosistemas
y las relaciones que estos establecen con su ambiente, asi como de las posibilidades
tecnoldgicas que emergen de la investigacion cientifica aplicada. En un mundo marcado
por crisis ambientales, demandas de sostenibilidad, avances biotecnologicos y desafios
relacionados con la salud humana y ecosistémica, resulta cada vez mas necesario
articular conocimiento cientifico, innovacion, responsabilidad social y compromiso con la
preservacion de la vida en sus multiples formas.

Este primer volumen de Estudos em Ciéncias Bioldgicas e suas Tecnologias reiine
un conjunto de trabajos que expresa la diversidad y la relevancia contemporanea de este
campo. Las investigaciones aqui presentadas transitan por temas como biomarcadores
de dafo genético, formacion en contextos biomédicos, productos naturales, compuestos
bioactivos, actividad antioxidante, alternativas ecoldgicas para la higiene doméstica, crisis
hidrica, sostenibilidad, biodiversidad, ecosistemas costeros, manglares, microplasticos y
contaminacion luminica. Se trata, por tanto, de una obra que evidencia la amplitud de las
ciencias biologicas y su capacidad de dialogar con problemas cientificos, ambientales,
tecnolodgicos, educativos y sociales.

La organizacion de este volumen fue pensada a partir de una estructura breve y
articulada, distribuida en tres ejes tematicos. Esta propuesta busca valorar la especificidad
de cada trabajo sin fragmentar excesivamente la lectura, considerando que los capitulos
reunidos comparten una preocupacion comun: comprender, preservar, transformar y
aplicar el conocimiento bioldgico frente a los desafios del presente.

El primer eje, dedicado a la salud, los biomarcadores y los procesos formativos,
abre el volumen con una reflexion sobre dos dimensiones complementarias de las
ciencias biologicas aplicadas al ambito de la salud: por una parte, el desarrollo y utilizacién
de herramientas para el estudio del dano celular y genético, y por otra, los procesos
educativos que intervienen en la formacion de los profesionales de la salud. Los estudios
reunidos en esta seccion permiten reflexionar sobre laimportancia de las herramientas de
analisis biologico para la identificacion de dafos celulares y genéticos, asi como sobre los
procesos formativos que atraviesan areas vinculadas a la salud. Al articular investigacion
biomédica, toxicologia, nutricion, ambiente y formacion profesional, este blogue evidencia
que las ciencias bioldgicas no se restringen al estudio aislado de los seres vivos, sino que
también contribuyen a la comprensién de condiciones que afectan la salud, la prevencion

de riesgos y la calidad de los procesos educativos en campos biomédicos.



El segundo eje reune investigaciones relacionadas con los productos naturales
y los compuestos bioactivos. En este conjunto se observa el potencial de las ciencias
bioldgicas y de sus tecnologias para el aprovechamiento sostenible de recursos naturales
y el desarrollo de procesos y productos con aplicacion ambiental, alimentaria y doméstica.
Los trabajos exploran temas como la extraccion de compuestos fendlicos, la capacidad
antioxidante, la capsaicina, los hidrolatos, los aceites esenciales y las formulaciones
sostenibles. Esta seccion destaca la relevancia de la innovacion cientifica orientada por
principios de sostenibilidad, aprovechamiento responsable de los recursos naturales y
reduccion de impactos ambientales.

Al abordar recursos vegetales y materias primas naturales, los capitulos de
este eje demuestran que la tecnologia puede ponerse al servicio de soluciones mas
responsables, eficientes y coherentes con las necesidades actuales. La busqueda
de procesos menos agresivos para el ambiente, de alternativas biodegradables y de
productos con potencial funcional o antimicrobiano revela una dimension aplicada
de las ciencias bioldgicas, en la cual el conocimiento sobre organismos, moléculas y
metabolitos naturales se transforma en estrategias concretas de innovacion.

El tercer eje se orienta al ambiente, la biodiversidad y la sostenibilidad
socioecologica. Los trabajos reunidos en esta seccion abordan problematicas ambientales
de gran relevancia, como la contaminacion luminica, la crisis agricola provocada por
sequias, la presencia de microplasticos en playas, la biodiversidad de peces en manglares
y la necesidad de soluciones sostenibles frente a la presion sobre los recursos naturales.
Estos temas revelan la urgencia de comprender los ecosistemas de manera integrada,
reconociendo sus dimensiones bioldgicas, sociales, econdmicas y culturales.

La presencia de estudios sobre ambientes costeros, manglares, recursos hidricos
y contaminacion evidencia la importancia del monitoreo ambiental y de la producciéon de
datos cientificos para orientar politicas publicas, practicas comunitarias y estrategias de
conservacion. Al mismo tiempo, la discusion sobre soluciones sostenibles, como sistemas
hidropodnicos de bajo costo e iniciativas de gestion ambiental, apunta a la necesidad
de integrar ciencia, educacion, tecnologia y participacion social en la construcciéon de
respuestas frente a los desafios ecoldgicos contemporaneos.

En conjunto, los capitulos de este primer volumen muestran que las ciencias
bioldgicas y sus tecnologias son fundamentales para comprender las relaciones entre
vida, ambiente y sociedad. Las investigaciones aqui reunidas revelan que los fendmenos
biolégicos no pueden pensarse de forma aislada, pues estan profundamente conectados
con las formas de produccién, consumo, cuidado, educacion, innovacion y gestion de los

recursos naturales. Esta perspectiva integradora resulta especialmente importante en un



contexto en el que los problemas ambientales y sanitarios exigen respuestas cientificas
solidas, interdisciplinarias y socialmente comprometidas.

Asi, Estudos em Ciéncias Biologicas e suas Tecnologias propone una lectura
que parte de la salud y los biomarcadores, avanza hacia los productos naturales y las
aplicaciones biotecnologicas de los recursos biologicos, y culmina en las discusiones
ambientales y socioecologicas. Esta trayectoria permite reconocer la vitalidad del campo
biologico, tanto en su dimension experimental y aplicada como en su capacidad de
contribuir a practicas mas sostenibles, inclusivas y responsables.

Esperamos que este primer volumen contribuya al didlogo entre investigadores,
docentes, estudiantes y profesionales interesados en las ciencias bioldgicas y en sus
interfaces tecnologicas. Que los estudios aqui reunidos inspiren nuevas investigaciones,
fortalezcan practicas cientificas comprometidas con la vida y amplien los horizontes
de actuacion de las ciencias bioldgicas frente a los desafios ambientales, sociales y
tecnolodgicos de nuestro tiempo.

Dra. Alda Rocio Ortiz Muiiiz
Universidad Autonoma Metropolitana, Unidad Iztapalapa

México
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(Capsicum chinense Jacq.)

ABSTRACT: Habanero pepper (Capsicum
chinense) has a wide variety of crops. Itis grown
in Yucatan, Mexico and has many varieties that
differ in color, size and capsaicinoid content.
The main attribute of habanero pepper is
the pungent power that results from the
presence of capsaicinoids found mainly in the
placenta, it is also considered an excellent
source of natural pigments and antioxidant
compounds. The main edible pepper part
is the pericarp. It contains high amounts of
carotenoids and phenolic compounds that are
considered strong antioxidants. Therefore, the
capsaicin content, antioxidant capacity and
total phenolic compounds were evaluated in
the whole pepper as well as in the placenta,
seed and pericarp in different maturity stages,
green (immature) and ripe (orange and red)
habanero pepper. The results obtained were
that the orange habanero pepper showed
the highest capsaicin content in the placenta
with 55.20 mg/g dry weight (DW), in total
phenolic compounds the placenta of the green
habanero presented the highest content with
124.01 mg EAG/g DW. In the determination
of the antioxidant capacity it was observed
that by DPPH (2,2-diphenyl-1-picrylhydrazyl)
method the pericarp and by ABTS (2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic  acid))
method the placenta of the green habanero
pepper showed a strong antioxidant capacity
of 34613 and 25111 mg ET/g DW, respectively.
The placenta in the three peppers studied
showed high levels of capsaicin so it could be
responsible for the strong antioxidant activity
of habanero pepper.
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CONTENIDO DE CAPSAICINA Y CAPACIDAD ANTIOXIDANTE EN DIFERENTES
ESTADOS DE MADUREZ DEL CHILE HABANERO (Capsicum chinense Jacq.)

RESUMEN: El chile habanero (Capsicum chinense) tiene una amplia variedad de cultivos.
Los chiles cultivados en Yucatan, México incluyen variedades que difieren en color, tamano
y contenido de capsaicinoides. El principal atributo del chile habanero es el poder pungente
que resulta de la presencia de los capsaicinoides que se encuentran principalmente
en la placenta, también es considerado una excelente fuente de pigmentos naturales
y compuestos antioxidantes. La principal parte comestible del chile es el pericarpio,
contiene altas cantidades de carotenoides y compuestos fenolicos que se consideran
antioxidantes fuertes. En diferentes estados de madurez del chile habanero, verde
(inmaduro) y maduro (naranja y rojo) se evalud el contenido de capsaicina, la capacidad
antioxidante y compuestos fendlicos tanto en el chile entero como en la placenta, semilla
y pericarpio. Los resultados obtenidos fue que la placenta del chile naranja presenté
el mayor contenido de capsaicina con 55.20 mg/g peso seco, para fenoles totales la
placenta del chile habanero verde mostré el mayor contenido con 124.01 mg EAG/g peso
seco. En la determinacion de la capacidad antioxidante se observo que por el método de
DPPH (2,2-difenil-1-picrilhidracilo) el pericarpio y por el método de ABTS (2,2’-azino-bis-3-
etilbenzotiazolina- 6-acido sulfénico) la placenta del chile habanero verde, mostraron una
fuerte capacidad antioxidante de 34613 y 25111 mg ET/g peso seco, respectivamente.
La placenta en los tres chiles estudiados presentd altos niveles de capsaicina por lo que
podria ser la responsable de la fuerte actividad antioxidante del chile.

PALABRAS CLAVE:inmaduro; maduro; compuestos fenolicos; compuestos antioxidantes.

1. INTRODUCTION

The habanero pepper (Capsicum chinense) is not of Mexican origin. It came from
the Amazon Basin and was distributed in the Yucatan Peninsula where today a genetic
diversity has developed. It belongs to the Solanaceae family and Capsicum genus [1]. The
habanero pepper fruit is a hollow berry in the form of a spinning top; a little fleshy, it is very
spicy and aromatic. Its color before reaching maturity is green; however, when ripe, it can
have yellow, orange, red, purple or brown variants [2]. The walls that divide the interior of
the fruit are incomplete and at the lower end they join to form membranous structures
that are commonly called veins, which are inserted into the placenta, which is yellowish
white and spongy in appearance [3]. The placenta is the place where capsaicinoids are
synthesized (they are the alkaloids responsible for the spicy taste of all chili peppers),
mainly capsaicin and di-hydrocapsaicin [4]. Capsaicinoids in mature fruits are only
synthesized in the surface cells of the placenta, which specialize as glands that secrete
these compounds, depositing them in the seeds and walls of the innermost layer of the

fruit wall called the endocarp. The main attribute of habanero pepper is the pungent power
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that results from the presence of capsaicinoids [5]. It is also considered an excellent
source of natural pigments and antioxidant compounds. The pericarp, the main edible
part of the fruit, contains high amounts of ascorbic acid, vitamins A and E, carotenoids
and phenolic compounds, which are considered strong antioxidants [6]. The objective of
this research was to determine the capsaicin content and the antioxidant capacity in two
different maturity stages of the habanero pepper, immature (green) and ripe (orange and

red) in its different parts (placenta, seed and pericarp) and in the whole pepper.

2. MATERIALS AND METHODS

Fresh habanero pepper in two maturity stages, immature (green) and ripe (orange
and red) was obtained at a local market in Mexico City. All other reagents were from
Sigma-Aldrich (St. Louis, MO, USA) or grade reactive.

21. EXTRACT PROCEDURE

The extract was prepared with whole pepper and separating its different parts
(placenta, seed and pericarp) from the green, orange and red habanero pepper. For
this, a 0.2 g of sample was mixed with 10 mL of methanol:water:ethanol (6:2:2), it was
macerated and centrifuged at 7200 rpm for 15 min at room temperature. Subsequently,
the supernatant was filtered under vacuum to remove color and the colorless extract was

used for determinations of capsaicin, total phenols and antioxidant capacity [7].

2.2. DETERMINATION OF CAPSAICIN

The sample extracts were read at 286 nm, and the absorbance obtained was
interpolated in a standard curve of capsaicin from 0 to 01 mg/mL previously performed,

the values were expressed as capsaicin content in mg/g dry weight (DW) [8].

2.3. TOTAL PHENOLIC CONTENT

Total polyphenols in extracts were determined using the Folin-Ciocalteu reagent
and gallic acid (0 to 0.3 mg per mL) as a standard. 200 pL extract and 1500 pL of the
Folin-Ciocalteu’s reagent were mixed, followed by 1500 pL of sodium bicarbonate
6% (w/v). After 1.5 h at room temperature, absorbance was measured at 750 nm in a
spectrophotometer model 2800 UV/VIS. Total phenolic content was calculated as mg
gallic acid equivalents (GAE)/g DW [9].
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2.4. TROLOX EQUIVALENT ANTIOXIDANT CAPACITY (TEAC) BY DPPH METHOD

The antioxidant capacity was analyzed according to the reaction of DPPH with
Trolox. 200 pL of extract were mixed with 2800 pL of a DPPH 150 pM methanolic solution
that was prepared immediately before use and was allowed to reach a steady state at room
temperature. After addition of the DPPH compound at 30 min the decrease absorbance
at 515 nm was read in a spectrophotometer model 2800 UV/VIS, used to calculate the
TEAC. A standard curve (0 to 2 mM) was prepared using a Trolox methanolic solution. The

results were expressed in mg of Trolox Equivalent (TE)/g DW [10].

2.5. TROLOX EQUIVALENT ANTIOXIDANT CAPACITY (TEAC) BY ABTS METHOD

For the determination, first the ABTS* radical was formed with a solution of ABTS
7 mM in presence of potassium persulfate (2.5 mM), the mixture was placed in the dark at
room temperature for 12 to 16 h to generate the radical. For the analysis of the samples
200 pL of extract and 1800 pL of ABTS+ solution were used. Previously, the absorbance
was adjusted to 0.7+0.02. Subsequently, the mixture was homogenized, and the readings
were made in a spectrophotometer model 2800 UV/VIS at 732 nm. A standard curve was
performed (0 to 300 nM) using a Trolox solution. The results were expressed as mg of
Trolox Equivalent (ET)/g DW [11].

All the analyses were performed in triplicate and in darkness.

3. RESULTS AND DISCUSSION
3.1. DETERMINATION OF CAPSAICIN

The highest capsaicin content in the different habanero peppers and its parts
was presented in the placenta followed by the pericarp; the placenta of orange habanero
pepper showed the highest content with 55.20 mg/g DW, followed by the pericarp with
43.30 mg/g DW. This is expected because capsaicin is produced and accumulates in the
placenta (Table 1). On the other hand, a decrease in the capsaicin content was observed in
the red habanero pepper, that is considered the ripe stage. In the placenta, the decrease
was of almost 56% with respect to the orange habanero pepper. As the pepper matures,
capsaicin accumulates but it degrades as the maturity advances (Figure 1), as observed in
the placenta green (immature) habanero pepper capsaicin content was 32.22 mg/g DW,
which is lower than in the orange habanero pepper. However, the placenta in the three
peppers studied showed high levels of capsaicin so it could be responsible for the strong

antioxidant activity of this pepper [12,13].
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Figure 1. Capsaicin content in the whole habanero pepper and its different parts (pericarp, seed, placenta) in an
immature (green) and ripe states (orange and red).
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Table 1. Capsaicin, total phenolic content and antioxidant capacity in the whole habanero pepper whole, pericarp,
seed and placenta in the different maturity stages (green, orange and red).

”ﬁgﬁ:‘g:o GREEN ORANGE RED
CAPSAICIN (mg/g DW)
WHOLE 15.7+4 127+3 12.846
PERICARP 26.0:24 43.3+29 10.645
SEED 1333 12127 3.2+
PLACENTA 32.2+6 59.5+9 30.9+7

TOTAL PHENOLIC CONTENT (mg EAG /g DW)

WHOLE 28.5+12.9 64.3+55 94.9+66
PERICARP 69.4+9 322413 13.7+12
SEED 2013 9.2+1 4.3+3

PLACENTA 124.0+27 74.5+52 615+64

ANTIOXIDANT CAPACITY by DPPH (mg ET/g DW)

WHOLE 83.6+33 40.3+13 24.0+9
PERICARP 346.1+1 284.5+40 19.4x3
SEED 84.2+7 1.2 17.9+3
PLACENTA 160.6+32 - 20.0+7

ANTIOXIDANT CAPACITY by ABTS (mg ET/g DW)

WHOLE 60.7+13 182.9+74 18.617
PERICARP 165.6+17 156.5+99 13.927
SEED 56.7+14 631169 14.2+14
PLACENTA 251.8+47 248616 23.7+25

(-) Not detected.

Estudos em Ciéncias Bioldgicas e suas Tecnologias Capitulo 4



3.2. TOTAL PHENOLIC CONTENT

Regarding the phenolic compounds content, the placenta, seed and pericarp of
green habanero pepper presented the highest amount in total phenols. The placenta
showed a high content with 124.0 mg EAG/g DW (Table 1). Except for the red habanero
whole pepper that showed the highest total phenols content with 94.9 mg EAG/g DW, it
is necessary to point out that there is a relationship between the phenols content and
the pepper maturity state since this value increases as the fruit ripens (whole pepper)
(Figure 2) [4]. The high levels of phenolic compounds found in habanero pepper can be
associated with capsaicinoids as well as intermediates in their biosynthetic pathway, such
as coumaric acid, caffeic acid and ferulic acid [14].

Figure 2. Total phenolic compounds of the habanero pepper whole and its different parts (pericarp, seed, placenta)
in an immature (green) and ripe states (orange and red).
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3.3. TROLOX EQUIVALENT ANTIOXIDANT CAPACITY (TEAC) BY DPPH

Considerable differences were observed in the antioxidant activity between the
different maturity stages and in the different parts of habanero pepper. The highest
antioxidant activity (elimination of free radicals) was observed in the immature stage
(green habanero pepper) in the whole pepper as well as in the placenta, seed and pericarp.
The pericarp showed the highest capacity to scavenge DPPH free radicals with 3461 mg
ET/g DW (Table 1). The orange habanero pepper showed a high antioxidant activity with
284.5 mg ET/g DW, whereas for the pericarp of red habanero pepper the antioxidant
activity decreased = 94% with respect to the pericarp of the green pepper (Figure 3).
These results of antioxidant capacity indicate that the composition of the pericarp in
the different maturity stages decreases in antioxidants with respect to the maturation
process. This method determines the ability of molecules to donate hydrogen and does

not produce chain oxidative reactions or react with free radical intermediates [15].
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Figure 3. Antioxidant activity by DPPH of the habanero pepper whole and its different parts (pericarp, seed,
placenta) in an immature (green) and ripe states (orange and red).
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3.4. TROLOX EQUIVALENT ANTIOXIDANT CAPACITY (TEAC) BY ABTS

With respect to the technique of the ABTS* radical, it was observed that green
and orange habanero peppers presented the highest antioxidant capacity in the placenta,
showing a high capacity to scavenge the ABTS* radicals with 261.8 and 248.6 mg ET/g
DW, respectively (Table 1). For the red habanero pepper, the capacity decreased in the
placenta = 91% with respect to the less mature samples. It can be observed that for
pepper in the mature state, the antioxidant capacity decreases, in agreement with the
values reported by the DPPH method (Figure 4). With ABTS, the activity of hydrophilic and
lipophilic compounds can be evaluated [14,16].

Figure 4. Antioxidant activity by ABTS of the habanero pepper whole and its different parts (pericarp, seed, placenta)
in an immature (green) and ripe states (orange and red).
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4. CONCLUSIONS

The green habanero pepper (immature) presented the highest antioxidant capacity
as measured by both DPPH and ABTS methods. The green habanero sample also showed

Estudos em Ciéncias Bioldgicas e suas Tecnologias Capitulo 4 “



the highest phenolic content, except when taking into account the whole pepper. With
respect to the capsaicin content, it increased as the pepper matures and decreased as

ripeness is reached (red color).
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alteraciones celulares, citogenéticas y gendmicas; y 2) la aplicacién de la citometria
de flujo en investigacion basica y clinica para el analisis de procesos celulares en
diferentes condiciones fisioldgicas y patoldgicas. Ha dirigido proyectos de investigacion,
tesis de licenciatura y posgrado, y ha contribuido a la formacién de recursos humanos
especializados en las areas de nutricidn, genética toxicoldgica, biologia celular y citometria
de flujo. Sus investigaciones se han centrado en el estudio de la inestabilidad gendmica,
la genotoxicidad y la evaluacion de biomarcadores celulares en modelos experimentales
y poblaciones humanas. Ha publicado articulos cientificos, capitulos de libro y trabajos
de divulgacion, ademas de participar activamente en redes de colaboracion académica.
Fue Presidenta de la Sociedad Mexicana de Genética durante el periodo 2003-2005
y es integrante del Sistema Nacional de Investigadoras e Investigadores desde 1986.
Actualmente cuenta con el nombramiento de Investigadora Nacional Nivel llI.
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