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Abstract

in phytochemicals present in the plant structures of this species is little known, in relation to

the environmental condition and the crop system. The objective of this research was to quantify

the variation in phytochemicals in leaf, stem, flower, green fruit and cured fruit from two vanilla

chemotypes (QI and QVI) grown in acahual (native and introduced secondary vegetation) and shade

mesh systems. Vanilla chemotypes were collected during the flowering period and at harvest in four

locations in the Totonacapan region, Mexico. The concentration of total phenolic compounds, total

tannins, hydrolysable tannins, condensed tannins, flavonoids, saponins and triterpenes was analyzed

in methanolic extracts by spectrophotometric methods. The phytochemicals accumulated at different

concentrations in the vanilla plant tissues in relation to the condition of the crop management system

and the chemotype. Acahual cultivation favored the concentration of total phenolic compounds,

total, hydrolysable and condensed tannins, and total triterpenes, while the values obtained with

shade mesh were higher in saponins. QVI accumulated the highest concentration of phytochemicals,

Keywords: acahual, with the exception of hydrolysable tannins that showed no statistical difference between chemotypes.
shade mesh, The environmental condition affected the phytochemical concentration in the plant structures of vanilla.
secondary metabolites, Elevation was the environmental variable that most impacted the accumulation of phytochemicals, since
chemotypes, vanilla. it showed an inverse effect on the concentration of total triterpenes, total tannins and condensed tannins.

In vanilla, compounds that exhibit antimicrobial activity are synthesized; however, the variation

Resumen

de fitoquimicos presentes en las estructuras vegetales de esta especie es poco conocida, en relacién

con la condicién ambiental y el sistema de cultivo. El objetivo de esta investigacion fue cuantificar la

variacién de fitoquimicos en hoja, tallo, flor, fruto verde y fruto beneficiado de dos quimiotipos (QI y QVI) de

vainilla cultivados en acahual (vegetacion secundaria nativa e introducida) y malla sombra. Los quimiotipos

de vainilla se recolectaron durante el periodo de floracién y a la cosecha en cuatro localidades de la regién del

Totonacapan, México. La concentracién de compuestos fendlicos totales, taninos totales, taninos hidrolizables,

taninos condesados, flavonoides, saponinas y triterpenos se analizé en extractos metandlicos por métodos

espectrofotométricos. Los fitoquimicos se acumularon a diferente concentracion en los tejidos de la planta de

vainilla en relacién con la condicién del sistema de manejo de cultivo y del quimiotipo. El cultivo en acahual

favoreci6 la concentracién de compuestos fendlicos totales, taninos totales, hidrolizables y condensados,

asi como de triterpenos totales; mientras que los valores obtenidos con malla sombra fueron mayores en

saponinas. E1 QVI acumulé la concentracién mayor de fitoquimicos, con excepcién de los taninos hidrolizables

Palabras clave: que no mostraron diferencia estadistica entre quimiotipos. La condicién ambiental afecté la concentracién de

acahual, malla sombra, fitoquimicos en las estructuras vegetales de la vainilla. La altitud fue la variable ambiental que mds impact6

metabolitos secundarios, en la acumulacién de fitoquimicos, ya que mostré un efecto inverso en la concentracién de triterpenos totales,
quimiotipos, vainilla.  taninos totales y taninos condensados.

E n la vainilla se sintetizan compuestos que presentan actividad antimicrobiana; no obstante, la variacion
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Introduction

Since prehispanic times, vanilla has been used in
traditional medicine for its various healing properties,
as well as for being a preservative, flavoring and
aromatic agent in various foods (Tamura, Hata, & Chida,
2010). Vanilla is attributed with anticarcinogenic
(Ferguson, 1994), antimutagenic, anti-inflammatory
(Bythrow, 2005), antimicrobial (Shanmugavalli,
Umashankar, & Raheem, 2009), and high antioxidant
capacity properties (Tai, Sawano, Yazama, & Ito, 2011),
among others. However, studies on these properties
in vanilla are mainly restricted to the fruit (pod)
and the extract of cured vanilla, where the presence
of tannins, phenolic acids and flavonoids, among
other components, have been reported (Gurnani,
Kapoor, Mehta, Gupta, & Mehta, 2014). Research on
phytochemical contents in plant structures (leaves and
stems) is limited but could be of biological interest as
indicated by Palama, Fock, Choi, Verpoorte, and Kodia
(2010), due to the presence of bioactive compounds in
the vanilla.

Different vanilla crop management systems are used
within the Totonacapan region of Mexico; one of
them is the so-called acahual (native and introduced
secondary vegetation) system, where the vanilla plants
are established in host trees of citrus (Citrus sinensis),
pichoco (Erythrina sp.) and cocuite (Gliricidia sepium),
among others. This agroforestry arrangement provides
between 50 and 70 % shade and the ventilation
required by the crop for its optimal development. The
other system is shade mesh (50 to 80 % shade), which
provides intensive production, in conjunction with
irrigation and application of agrochemicals; in this
case, artificial (concrete post) or live hosts are used
(Barrera-Rodriguez, Jaramillo-Villanueva, Escobedo-
Garrido, & Herrera-Cabrera, 2011).

In V. planifolia, six chemotypes or subpopulations
with variations in the composition and typical
concentration of the major secondary metabolites
(vanillin, p-hydroxybenzaldehyde, vanillic acid and
p-hydroxybenzoic acid) (Salazar-Rojas et al., 2012) that
define the commercial quality of the aroma of vanilla
have been detected (Ranadive, 1992). These chemotypes
are defined as local phytochemical adaptations of
a species, genetically controlled and related to the
interaction with their habitat, in addition to having
zero or minimal modifications in their morphology
and physiology (Gross et al., 2009). These are cultivated
in both acahual and shade mesh systems in the
Totonacapan region.

Under the hypothesis that the environmental condition
in the vanilla crop management system determines the
presence and content of phytochemical components
in the different plant structures of the species, the

Introduccién

Desde la época prehispdnica, la vainilla se ha
utilizado en la medicina tradicional por sus diversas
propiedades curativas, ademds de ser un agente
conservador, saborizante y aromdtico en diversos
alimentos (Tamura, Hata, & Chida, 2010). Algunas de
las propiedades que se le atribuyen a la vainilla son
anticarcinogénicas (Ferguson, 1994), antimutagénicas,
antiinflamatorias (Bythrow, 2005), antimicrobianas
(Shanmugavalli, Umashankar, & Raheem, 2009), alta
capacidad antioxidante (Tai, Sawano, Yazama, & Ito,
2011), entre otros. Sin embargo, los estudios de estas
propiedades en la vainilla se restringen principalmente
al fruto (vaina) y al extracto de vainilla beneficiada,
donde se ha reportado la presencia de taninos, dcidos
fendlicos, flavonoides, entre otros (Gurnani, Kapoor,
Mehta, Gupta, & Mehta, 2014). Las investigaciones
sobre los contenidos de fitoquimicos en las estructuras
de la planta (hojas y tallos) son limitados, pero podrian
ser de interés biolégico como lo sefialan Palama, Fock,
Choi, Verpoorte, y Kodia (2010), por la presencia de
compuestos bioactivos en la vainilla.

En México existen diferentes sistemas de manejo del
cultivo de vainilla dentro de la regién del Totonacapan;
uno de ellos es el sistema de acahual (vegetacién
secundaria nativa e introducida), donde las plantas de
vainilla se establecen en tutores de drboles de citricos
(Citrus sinensis), pichoco (Erythrina sp.), cocuite (Gliricidia
sepium), entre otros. Este arreglo agroforestal brinda
entre 50 y 70 % de sombra y la ventilacién necesaria
que requiere el cultivo para su éptimo desarrollo. El
otro sistema es de malla sombra (50 a 80 % de sombra),
el cual presenta una produccién intensiva, con riego
y aplicacién de agroquimicos; en este caso se utilizan
tutores artificiales (poste de concreto) o vivos (Barrera-
Rodriguez, Jaramillo-Villanueva, Escobedo-Garrido, &
Herrera-Cabrera, 2011).

En V. planifolia se ha detectado que existen seis
quimiotipos o subpoblaciones con variaciones en la

composicion y concentracién tipica de los
metabolitos secundarios mayoritarios (vainillina,
p-hidroxibenzaldehido, dcido vanillico y dcido

p-hidroxibenzoico) (Salazar-Rojas et al., 2012) que
definen la calidad comercial del aroma de la vainilla
(Ranadive, 1992). Dichos quimiotipos se definen como
adaptaciones fitoquimicas locales de una especie,
genéticamente controladas y relacionadas con la
interacciéon con su hdbitat, ademds de presentar
modificaciones nulas o minimas en su morfologia
y fisiologia (Gross et al., 2009). Estos se cultivan
tanto en acahual como en malla sombra en la regién
del Totonacapan.

Bajo la hipoétesis de que la condicién ambiental en el
sistema de manejo del cultivo de vainilla determina la
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aim of this research was to quantify the variation in
total phenolic compounds, total tannins, hydrolysable
tannins, condensed tannins, flavonoids, saponins and
total triterpenes, in leaf, stem, flower, fruit (green
and cured) of two chemotypes (QI and QVI) of vanilla
grown in acahual and shade mesh systems in the
Totonacapan region of Mexico.

Materials and methods
Plant material

The plants used corresponded to two V. planifolia
chemotypes (QI and QVI) obtained from different
genotypes (Genotype VI and Genotype III, respectively)
(Herrera-Cabrera, Herndndez-Ruiz, & Delgado-Alvarado,
2016), which were collected in acahual and shade
mesh systems at locations within the Totonacapan
region of Mexico (Table 1). During the flowering period
(from April to May 2013), one-meter-long cuttings
were collected from the base to the tip to obtain
leaves, stems and flowers. In order to obtain fruits
with the same state of maturity, the flowers of the
two chemotypes were manually pollinated and
marked. The fruits were harvested 32 weeks after
pollination and were subjected in a uniform way to a
traditional curing process (Xochipa-Morante, Delgado-
Alvarado, Herrera-Cabrera, Escobedo-Garrido, &
Arévalo-Galarza, 2016).

Preparation of extracts for quantification

Total phenolic compounds, total tannins,
hydrolysable tannins, condensed tannins and
flavonoids: Extracts from each fresh tissue (leaf,
stem, flower, green fruit and cured fruit) were
prepared in methanol at a concentration of 50 mg-mL".
The samples were placed in an ultrasonic bath
(AutoScience AS5150B) for 30 min; subsequently,
the extracts were filtered and stored in glass vials at
-20 °C until analysis.

Saponins: Five 5 mL of distilled water were added
to 1 g of fresh sample of each tissue and taken to an
ultrasonic bath (AutoScience AS5150B) for a period of
20 min at 10-min intervals.

Total triterpenes: Five mL of 70 % ethanol (v/v) were
added to 1 g of fresh sample and left to macerate for
10 h. The extract was centrifuged at 3,344 g for 5 min
and the supernatant was evaporated in a rotaevaporator
(Heidolph, Laborota 4000); subsequently, the plant
residue was washed four times with butanol:water
(1:1), where the aqueous phase was discarded and
the organic one was evaporated in a rotaevaporator.
Ethyl ether was added to the residue and kept at 4 °C
for 12 h. Finally, the residue was dried and stored at
-20 °C for further analysis.

Revista Chapingo Serie Horticultura | Vol. 24, nim. 2, mayo-agosto 2018.

presencia y contenido de componentes fitoquimicos
en las diferentes estructuras vegetales de la especie,
se plante6 como objetivo del trabajo cuantificar la
variacién de compuestos fendlicos totales, taninos
totales, taninos hidrolizables, taninos condensados,
flavonoides, saponinas y triterpenos totales, en hoja,
tallo, flor, fruto (verde y beneficiado) de dos quimiotipos
(QI y QVI) de vainilla cultivados en acahual y malla
sombra en la regién del Totonacapan, México.

Materiales y métodos
Material vegetal

Las plantas utilizadas correspondieron a dos
quimiotipos de V. planifolia (QI y QVI) de genotipo
diferente (Genotipo VI y Genotipo III, respectivamente)
(Herrera-Cabrera, Herndndez-Ruiz, & Delgado-Alvarado,
2016); los cuales se recolectaron en acahual y malla
sombra en localidades de la regién del Totonacapan,
México (Cuadro 1). Durante el periodo de floracién
(de abril a mayo de 2013) se recolectaron esquejes
de un metro de longitud, de la base a la punta, para
obtener hojas, tallos y flores. Con el fin de obtener
frutos con un mismo estado de madurez, las flores
de los dos quimiotipos se polinizaron manualmente
y se marcaron. Los frutos se recolectaron 32 semanas
después de la polinizacién y se sometieron de manera
uniforme a un proceso tradicional de beneficiado
(Xochipa-Morante, Delgado-Alvarado, Herrera-Cabrera,
Escobedo-Garrido, & Arévalo-Galarza, 2016).

Preparacidon de extractos para cuantificacion

Compuestos fenoélicos totales, taninos totales, taninos
hidrolizables, taninos condesados y flavonoides: De
cada tejido fresco (hoja, tallo, flor, fruto verde y fruto
beneficiado) se prepararon extractos en metanol a
una concentracion de 50 mg-mL’'. Las muestras se
colocaron en un bafio ultrasénico (AutoScience
AS5150B) durante 30 min; posteriormente, los extractos
se filtraron y almacenaron en viales de vidrio a -20 °C
hasta su anadlisis.

Saponinas: Se agregaron 5 mL de agua destiladaalg
de muestra fresca de cada tejido y se llevé a un baifio
ultrasénico (AutoScience AS5150B) por un lapso de
20 min con intervalos de 10 min.

Triterpenos totales: A 1 g de muestra fresca se
adicionaron 5 mL de etanol al 70 % (v/[v) y se dejo
en maceraciéon por 10 h. El extracto se centrifugd
a 3,354 g por 5 min y el sobrenadante se evapord
en rotaevaporador (Heidolph, Laborota 4000),
posteriormente el residuo vegetal se lavd cuatro
veces con butanol:agua (1:1), donde la fase acuosa se
descarté y la orgdnica se evapord en rotaevaporador.
Al residuo se le agrego éter etilico y se mantuvo a 4 °C
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Table 1. Location of sites where the Vanilla planifolia collections were made in different management systems in

the Totonacapan region, Mexico.

Cuadro 1. Ubicacién de localidades donde se realizaron las colectas de Vanilla planifolia en diferente sistema de

manejo de la region del Totonacapan, México

Management Chemotype/ Community, Elevation
.system/ Ge'no'tyl?e/ mun1c1pal.1ty, (me}sl)/ ATl1 (°C)/ RH %)/ IR(%)/ Climate*/Clima*
Sistemade  Quimiotipo/ state/Localidad, Altitud TP (°C) HR (%) RI (%)
manejo Genotipo municipio, estado (msnm)
Aw1(x’) Warm sub-humid,
average annual temperature
Finca 20 Soles, greater than 22 °C and
temperature of the coldest month
Papantla, Veracruz. .
QI/GVI 20° 25 38.91” LN, 180 23.5 75 79 greater than 18 °C. Precipitation
97° 18’ 44.47” LO of the driest mor_lth le_ss thefn 60
mm; summer rains with winter
rain percentage greater than
Acahual 10.2 % of the annual total./
------------------------------------------------------------------------------- Aw1(x’) Cdlido subhtimedo,
temperatura media anual
mayor de 22 °Cy temperatura
1° Mayo, Papantla, del mes mds frio mayor de
QVI/GIII X Ve,racruz,: 100 275 7 60 18 °C. Precipitacién del mes
20° 17" 45.18” LN, mads seco menor de 60 mm;
97° 15’ 51.96” LO lluvias de verano y porcentaje
de 1luvia invernal mayor al
10.2 % del total anual.
Am(f) Warm humid, average
annual temperature greater
Pantepec, Puebla. ﬂ;gll 22 ;g af[ld terrtlllieratlire
. e coldest month greater
QI/GVI  20°30° 17.63” LN, 290 29.0 66 30 Than 18 °C. Prefipitafion of
97° 53’ 22.70” LO the driest month less than 60
mm; summer rains with winter
rain percentage greater than
Shade mesh/ -------o-ommmmo 10.2 % of the annual total./
Malla sombra Am(f) Cdlido himedo,
temperatura media anual
Puntilla Aldama, mayor de 22 °C y temperatura
San Rafael, del mes mds frio mayor de
QVI/GIII Veracruz. 12 22.5 90 45 18 °C. Precipitaciéon del mes

20° 14’ 4.49” LN,
96° 54’ 13.75” LO

mds seco menor de 60 mm;
1luvias de verano y porcentaje
de 1luvia invernal mayor al
10.2 % del total anual.

'AT: average temperature; RH: relative humidity; IR: intercepted radiation. *Source: Comisién Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO, 2012).

'TP: temperatura promedio; HR: humedad relativa; IR: radiacion interceptada. *Fuente: Comisién Nacional para el Conocimiento y Uso de la Biodiversidad

(CONABIO, 2012).

Prior to quantification, the moisture content of all
tissues was determined in a thermobalance (Ohaus
MB45) to express the concentration of secondary
metabolites based on dry matter (DM).

Quantification of phytochemicals

Total phenolic compounds: The analysis was carried
out using the method described by Singleton and Rossi
(1965), with some modifications. First, 250 pL of 50 %
Folin-Ciocalteu reagent (v/v) were added to 50 pL of the
extract with methanol and then the mixture was left to

por 12 h. Finalmente el residuo se sec6 y almacen¢ a
-20 °C para su posterior andlisis.

Previo a la cuantificacién, a todos los tejidos se les
determing el contenido de humedad en termobalanza
(Ohaus MB45) para expresar la concentraciéon de los
metabolitos secundarios con base en materia seca (MS).

Cuantificacién de fitoquimicos

Compuestos fenodlicos totales: El andlisis se realizé
mediante elmétodo descrito por SingletonyRossi(1965),

Revista Chapingo Serie Horticultura | Vol. 24, nim. 2, mayo-agosto 2018.
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stand in the dark for 8 min; subsequently, 1.25 mL of 5 %
sodium carbonate (v/v) were added and it was again left
to stand for 30 min in the dark at room temperature.
The absorbance reading of the mixture was performed
at 725 nm in a UV-Vis spectrophotometer (Evolution
300, Thermo Scientific). The results were expressed in
mg equivalents of tannic acid per g of DM, for which a
standard curve (y = 2.0364x — 0.0016, R? = 0.9942) was
obtained with tannic acid (Sigma Aldrich).

Total tannins: They were determined using the
method described by Makkar, Bluemmel, Borowy,
and Becker (1993). Two hundred mg of PVPP
(polyvinylpyrrolidone), 2 mL of methanolic extract
and 2 mL of distilled water were placed in a test tube
previously lined with aluminum foil. The mixture was
vortexed and left to stand for 15 min in the dark at
4 °C. Subsequently, it was again stirred and filtered,
and an aliquot of 150 pL was taken and brought to
1 mL with distilled water. Next, 50 uL of this extract
were taken, 450 uL of distilled water and 250 pL of
50 % Folin-Ciocalteu reagent (v/v) were added, and it
was stirred and left to rest for 8 min, after which
1.25 mL of 5 % Na,CO, (v/v) were added. It was again
stirred and left to stand under dark conditions at
room temperature for 30 min. Finally, the absorbance
reading was performed at 725 nm in a UV-Vis
spectrophotometer (Evolution 300, Thermo Scientific).
The results were expressed in mg of tannic acid (Sigma
Aldrich) per g of DM, based on the equation provided
by the standard curve (y=2.0977x-0.0241, R2=0.9919).

Condensed tannins (proanthocyanidins): It was
carried out according to the method proposed by Porter,
Hrstich, and Chan (1986), with some modifications.
Three mL of 1-butanol-HCl and 100 pL of 2 % ferric
chloride (wfv) in 2 N HCI were added to 500 uL of the
methanolic extract. The solution was placed in a water
bath at 80 °C for 15 min. Finally, the absorbance at
550 nm was recorded in a UV-Vis spectrophotometer
(Evolution 300, Thermo Scientific). The concentration
of condensed tannins was calculated according to the
following equation and the result was expressed in
mg-g’ DM:

( A550 nm x 78.26 x Dilution factor )
% DM

Condensed tannins =

where A is the absorbance at 550 nm, % DM the
percentage of dry matter and 78.26 the correction factor.

Hydrolysable tannins: The content of hydrolysable
tannins was calculated by means of the difference
between total tannins and condensed tannins. The
results were expressed in mg-g' DM (Garcia-Ferrer,
Bolafios-Aguilar, Lagunes-Espinoza, Ramos-Judrez, &
Osorio-Arce, 2016).

Revista Chapingo Serie Horticultura | Vol. 24, nim. 2, mayo-agosto 2018.

con algunas modificaciones. A 50 pL del extracto con
metanol se agregaron 250 pL del reactivo de Folin-
Ciocalteu al 50 % (v/v) y se dejo reposar en oscuridad
durante 8 min, posteriormente se adicionaron 1.25 mL
de carbonato de sodio al 5 % (v/v) y nuevamente se
dejé reposar por 30 min en oscuridad a temperatura
ambiente. La lectura de absorbancia de la mezcla
se realiz6 a 725 nm en un espectrofotémetro UV-Vis
(Evolution 300, Thermo Scientific). Los resultados se
expresaron en mg equivalente de dcido tdnico por g de
MS, para lo cual se obtuvo como referencia una curva
estdndar (y = 2.0364x — 0.0016, R? = 0.9942) con d4cido
tdnico (Sigma Aldrich).

Taninos totales: Se determinaron de acuerdo con el
método descrito por Makkar, Bluemmel, Borowy, y
Becker (1993). En un tubo de ensayo, previamente
forrado con papel aluminio, se colocaron 200 mg
de PVPP (polivinilpirrolidona), 2 mL de extracto
metanodlico y 2 mL de agua destilada, se agit6 en vortex
y se dej6 reposar por 15 min en oscuridad a 4 °C.
Posteriormente, se volvi6 a agitar, se filtrd, se tomo6 una
alicuota de 150 pL y se afor6 a 1 mL con agua destilada.
De este extracto se tomaron 50 pL, se agregaron 450 pL
de agua destilada y 250 pL de reactivo de Folin-
Ciocalteu al 50 % (v[v), se agit6 y dejé reposar por 8 min
para después agregar 1.25 mL de Na,CO, al 5 % (v[v);
nuevamente se agitd y se dejo reposar en condiciones
de obscuridad a temperatura ambiente durante 30 min.
Finalmente, se realiz6 la lectura de absorbancia a
725 nm en un espectrofotémetro UV-Vis (Evolution 300,
Thermo Scientific). Los resultados se expresaron en mg
de 4cido tdnico (Sigma Aldrich) por g de MS, con base
en la ecuacién proporcionada por la curva estidndar
(y = 2.0977x - 0.0241, Rz = 0.9919).

Taninos condensados (proantocianidinas): Se realiz6
de acuerdo con el método propuesto por Porter,
Hrstich, y Chan (1986), con algunas modificaciones. A
500 pL del extracto metandlico se le adicionaron 3 mL
de 1-butanol-HCl y 100 puL de cloruro férrico al 2 % (p/v)
en HCI 2 N. La solucién se colocé en bafio maria a 80 °C
durante 15 min. Finalmente se registr6 la absorbancia
a 550 nm en un espectrofotémetro UV-Vis (Evolution
300, Thermo Scientific). La concentracién de taninos
condensados se calculé de acuerdo con la siguiente
ecuacion y el resultado se expres6 en mg-g"' MS:

(A550 nm x 78.26 x Factor de dilucion)
% MS

Taninos condensados =

donde A es la absorbancia a 550 nm, % MS el porcentaje
de materia seca y 78.26 el factor de correcidn.

Taninos hidrolizables: El contenido de taninos
hidrolizables se calculé por medio de la diferencia de
taninos totales y taninos condensados. Los resultados
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Total flavonoids: They were determined using the
methodology proposed by Chang, Yang, Wen, and
Chern (2002), with some modifications. First, 500 pL
of the extract with methanol, 1.5 mL of 80 % ethanol
(vfv), 100 pL of 20 % aluminum chloride hexahydrate
solution (w/v), 100 pL of 1 M potassium acetate, and
2.8 mlL of distilled water were placed in a test tube. The
mixture was stirred and incubated for 30 min at room
temperature. The absorbance reading was performed
at 415 nm in a UV-Vis spectrophotometer (Evolution
300 Thermo Scientific). The results were expressed in
mg equivalents of quercetin (Sigma Aldrich) per g of
DM, from the equation obtained from the standard
curve prepared with quercetin (y = 6.0986x — 0.0004,
R2 = 0.9952).

Saponins: They were determined by the sulfuric
acid-vanillin method described by Hiai, Oura, and
Nakajima (1976). Five pL of the extract, 95 pL of water,
1 mL of concentrated sulfuric acid and 100 pL of a
fresh solution of 8 % vanillin (w/v) in ethanol were
mixed in a test tube. Subsequently, the mixture was
incubated at 60 °C for 20 min and then placed in an ice
bath. The absorbance was read at 544 nm in a UV-Vis
spectrophotometer (Evolution 300, Thermo Scientific).
As a reference, a standard curve (y = 0.0033x + 0.0786,
R2=0.9919) was obtained with quillaja saponin (Sigma
Aldrich). The results were expressed in mg-g”* DM.

Total triterpenes: The colorimetric method with
vanillin-acetic acid described by Fan and He (2006)
was used, with some modifications. First, 100 pL of
5 % vanillin (w/v) and 400 pL of perchloric acid were
added to 0.5 mg of extract; the mixture was kept at
60 °C for 15 min. The tubes were left to cool to room
temperature and 2.5 mL of acetic acid were added
to them. The absorbance was obtained at 550 nm in
a UV-Vis spectrophotometer (Evolution 300 Thermo
Scientific). The results were expressed in mg-g' DM
from a standard curve (y=0.0125x — 0.0274, R2=0.9949)
prepared with oleanolic acid (Sigma Aldrich).

Statistical analysis

The effect of plant structure, chemotype and
management system was analyzed as a source of
variation on the concentration of phytochemicals in
V. planifolia. Twenty treatments with nine replicates
of different plants were evaluated, with a total of 180
samples. The experimental design used was a factorial
arrangement with three factors (two management
systems, two chemotypes and five plant structures)
(Statistical Analysis System [SAS], 2002) and the
comparison of means for each source of variation was
performed using Tukey’s test (SAS, 2002). In addition, in
order to know the association between environmental
and phytochemical (content and type) variables, a

se expresaron en mg-g' MS (Garcia-Ferrer, Bolafios-
Aguilar, Lagunes-Espinoza, Ramos-Judrez, & Osorio-
Arce, 2016).

Flavonoides totales: Se utiliz6 la metodologia
propuesta por Chang, Yang, Wen, y Chern (2002),
con algunas modificaciones. En un tubo de ensayo se
colocaron 500 pL del extracto con metanol, 1.5 mL
de etanol al 80 % (v/v), 100 uL de solucién de cloruro de
aluminio hexahidratado al 20 % (p/v), 100 pL
de acetato de potasio 1 M y 2.8 mL de agua destilada.
La mezcla se agit6 e incubd por 30 min a temperatura
ambiente. La lectura de la absorbancia se realiz6 a
415 nm en un espectrofotémetro UV-Vis (Evolution 300
Thermo Scientific). Los resultados se expresaron en mg
equivalentes de quercetina (Sigma Aldrich) por g de MS,
a partir de la ecuacién obtenida de la curva estdndar
preparada con quercetina (y = 6.0986x - 0.0004,
R2 = 0.9952).

Saponinas: Se determinaron por el método de dcido
sulfirico-vainillina descrito por Hiai, Oura, y Nakajima
(1976). En un tubo de ensayo se mezclaron 5 pL
del extracto, 95 pL de agua, 1 mL de dcido sulfarico
concentrado y 100 pL de una soluciéon fresca de
vainillina al 8 % (p/v) en etanol. Posteriormente, la
mezcla se incubé a 60 °C durante 20 min y después
se colocé en bafio con hielo. La absorbancia se leyé a
544 nm en un espectrofotémetro UV-Vis (Evolution
300, Thermo Scientific). Como referencia, se obtuvo
una curva estdndar (y = 0.0033x + 0.0786, R = 0.9919)
con saponina de quillaja (Sigma Aldrich). Los resultados
se expresaron en mg-g" MS.

Triterpenos totales: Se utilizé el método colorimétrico
vainillina-dcido acético descrito por Fan y He (2006),
con algunas modificaciones. A 0.5 mg de extracto se
afiadieron 100 pL de vainillina al 5 % (p/v) y 400 uL
de d4cido perclérico; la mezcla se mantuvo a 60 °C
durante 15 min. Los tubos se dejaron enfriar a
temperatura ambiente y se les adicionaron 2.5 mL
de d4cido acético. La absorbancia se obtuvo 550 nm
en un espectrofotémetro UV-Vis (Evolution 300
Thermo Scientific). Los resultados se expresaron en
mg-g' MS a partir de una curva estdndar (y = 0.0125x
- 0.0274, R? = 0.9949) preparada con dcido oleandlico
(Sigma Aldrich).

Analisis estadistico

El efecto de la estructura vegetal, quimiotipo y sistema
de manejo se analizé como fuente de variacién sobre
la concentracién de fitoquimicos en V. planifolia. Se
evaluaron 20 tratamientos con nueve repeticiones
de plantas distintas, con un total de 180 muestras.
El diseio experimental empleado fue un arreglo
factorial con tres factores (dos sistemas de manejo, dos
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canonical correlation analysis was performed according
to the PROC CANCORR procedure (SAS, 2002).

Results and discussion

The average values obtained in the concentration of
phytochemicals by management system, chemotype
and plant structure showed high statistical significance
(P = 0.0001), with the exception of flavonoids in the
management system (Table 2). The total phenolic
compounds, total tannins, flavonoids, saponins and
triterpenes showed coefficients of variation between
0.9 and 17.2 %, while the condensed and hydrolysable
tannins were between 25.9 and 27.8 %, respectively.
The above indicates consistency in the information
with the statistical model used in biological systems,
which allows having coefficients of variation greater
than 20 %.

Effect of the management system
on phytochemicals

Within the management system factor, all
phytochemicals showed  significant  statistical
difference (P < 0.05) in their concentration, except
for flavonoids that showed no variation between
management systems (Table 3). In the acahual system,
with 60-70 % intercepted radiation, the vanilla
tissues had a higher concentration of total phenolic

quimiotipos y cinco estructuras vegetales) (Statistical
Analysis System [SAS], 2002) y la comparacién de medias
para cada fuente de variacién se realizé mediante la
prueba de Tukey (SAS, 2002). Ademds, con la finalidad
de conocer la asociacién entre variables ambientales
y fitoquimicos (contenido y tipo), se realiz6 un
andlisis de correlaciones canénicas de acuerdo con el
procedimiento PROC CANCORR (SAS, 2002).

Resultados y discusion

Los valores promedio obtenidos en la concentracién
de fitoquimicos por sistema de manejo, quimiotipo y
estructura vegetal mostraron significancia estadistica
alta (P < 0.0001), con excepciéon de flavonoides en
el sistema de manejo (Cuadro 2). Los compuestos
fendlicos totales, taninos totales, flavonoides,
saponinas y triterpenos presentaron coeficientes de
variacion entre 0.9 y 17.2 %; mientras que los taninos
condensados e hidrolizables entre 25.9 y 27.8 %,
respectivamente. Lo anterior indica consistencia en la
informacién con el modelo estadistico empleado en
sistemas biolégicos, el cual permite tener coeficientes
de variacién superiores a 20 %.

Efecto del sistema de manejo sobre los fitoquimicos

Dentro del factor sistema de manejo, todos los
fitoquimicos presentaron diferencia estadistica

Table 2. Means, coefficients of variation and mean squares of secondary metabolites of Vanilla planifolia in the

Totonacapan region, Mexico.

Cuadro 2. Medias, coeficientes de variacion y cuadrados medios de metabolitos secundarios de Vanilla planifolia

de la region del Totonacapan, México.

Mean squares/Cuadrados medios

Mean
. i o (mg-g" DM")/ Management Plant

Phytochemical /Fitoquimico Media CV (%) system/ Chemotype/ structure/ Brror

me-o! MS! Sistema de uimiotipo Estructura

(mg-g ) p

manejo vegetal

Total phenolic compounds/ 14.70 14.204 0.337*** 2.862*** 3.285"** 0.034
Compuestos fendlicos totales
Total tannins/Taninos totales 3.06 17.283 0.094** 0.054** 0.040*** 0.002
Hydrolysable tannins/ 1.85 27.806 0.046*** 0.017*** 0.015** 0.033
Taninos hidrolizables
Condensed tannins/ 1.21 25.914 0.024*** 0.057*** 0.052*** 0.0009
Taninos condensados
Flavonoids /Flavonoides 7.45 16.502 0.008™ 0.601*** 0.0662*** 0.015
Saponins/Saponinas 1.04 9.678 0.017"* 0.087** 0.100™* 0.0001
Total triterpenes/ 20.13 0.931 4.523"™* 4.145™ 2.980™* 0.0003

Triterpenos totales

'DM: dry matter; CV: coefficient of variation; **: P < 0.0001; ns: not significant.

'MS: materia seca; CV: coeficiente de variacién; **: P < 0.0001; ns: no significativo.
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compounds, total tannins, hydrolysable tannins,
condensed tannins and total triterpenes, while in
shade mesh, with 30-45 % intercepted radiation, the
concentration was only higher in saponins (Table 3),
possibly because this condition favors the synthesis of
steroidal saponins that are found almost exclusively in
monocotyledonous plants (Sparg, Light, & van Staden,
2004), like vanilla. The difference in the concentration
of phytochemicals between management systems could
be due to particular environmental characteristics,
such as temperature, relative humidity, elevation and
luminosity (intercepted); even this last factor in some
epiphytic species has a great impact on the production
of phytochemicals (Cach-Pérez, Andrade, & Reyes-
Garcia, 2014).

significativa (P < 0.05) en su concentracion, a excepcién
de los flavonoides que no mostraron variaciéon entre
sistemas de manejo (Cuadro 3). En el sistema acahual,
con una radiacién interceptada de 60 a 70 %, los tejidos
de vainilla tuvieron una concentracién mayor de
compuestos fendlicos totales, taninos totales, taninos
hidrolizables, taninos condesados y triterpenos totales,
mientras que en malla sombra, con una radiacién
interceptada de 30 a 45 %, la concentracién solo fue
mayor en saponinas (Cuadro 3), debido posiblemente
a que esta condicién favorece la sintesis de saponinas
esteroidales que se encuentran casi exclusivamente en
plantas monocotiledéneas (Sparg, Light, & van Staden,
2004), como lavainilla. La diferencia en la concentracién
de fitoquimicos entre sistemas de manejo podria

Table 3. Average amount of phytochemicals in the management system, chemotype and plant tissue of Vanilla

planifolia J. in the Totonacapan region, Mexico.

Cuadro 3. Promedio de fitoquimicos en sistema de manejo, quimiotipo y tejido vegetal de Vanilla planifolia J. de

la regi6én del Totonacapan, México.

Total phenolic Total Hydrolysable Condensed Total
compounds/  tannins/ tannins/ tannins/  Flavonoids/ Saponins/ triterpenes/
Factors/ Compuestos  Taninos Taninos Taninos  Flavonoides Saponinas Triterpenos
Factores  fanglicos totales  totales  hidrolizables condensados totales
(mg-g" DM)/(mg-g" MS)

Management system /
Sistema de manejo
Acahual 15.93 a* 341a 2.06 a 1.34a 737 a 0.90 b 21.57a
Shade mesh/ 13.48 b 2.72b 1.65b 1.07b 753 a 1.19a 18.69 b
Malla sombra
LSD/DMSH 0.84 0.21 0.18 0.14 0.58 0.12 0.87
Chemotype/
Quimiotipo
Ql 13.89b 2.71b 1.86 a 0.85b 6.74 b 097 b 1642 b
QVI 1542 a 342 a 1.85a 1.56 a 8.16 a 112 a 23.84 a
LSD/DMSH 0.94 0.21 0.18 0.14 0.58 0.12 0.87
Plant tissue/
Tejido vegetal
Leaf/Hoja 10.01 ¢ 3.84a 1.63 be 2.21a 7.16 bc 0.52 ¢ 14.86 d
Stem/Tallo 9.03 ¢ 3.20b 1.92 ab 1.28b 451d 0.33 ¢ 16.68 cd
Flower/ Flor 951 ¢ 2.77 be 147 ¢ 1.29b 6.46 C 0.05d 1743 ¢
Green fruit/ 21.50b 3.05b 2.01 ab 1.04 b 11.05a 2.34a 2291b
Fruto verde
Cured fruit/ 2347 a 246 ¢ 2.25a 0.21c¢ 8.05b 1.98b 28.77 a
Fruto
beneficiado
LSD/DMSH 1.88 0.46 0.4 0.32 1.29 0.27 1.94

“Means with the same letters within each column do not differ statistically (Tukey, P < 0.05). LSD: least significant difference.

“Medias con letras iguales dentro de cada columna no difieren estadisticamente (Tukey, P < 0.05). DMSH: diferencia minima significativa honesta.
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Although soil nutrient content is a critical factor in
the physiological responses of most plants, in species
of hemiepiphytic habits (as in vanilla) this is not
the case, since this habit allows alternating the
functioning of aerial roots and epiphytic habits when
there is a nutritional or hydric stress factor, both
temporal and spatial. In addition, a large number
of species of the family Orchidaceae (V. planifolia)
have mycorrhizae in their nutrition system that
cushion changes in mineral disposition (Canestraro,
Mora, & Watkis, 2014). Therefore, the soil as such
only serves the host of the vanilla plants, which
suggests that it had little influence on the production
of phytochemicals.

Effect of the chemotype on phytochemicals

The results of this study showed that even though
the plant structures of both chemotypes had the
same phytochemicals, the QVI chemotype showed a
greater concentration of total phenolic compounds,
total tannins, flavonoids, saponins and, especially,
condensed tannins and total triterpenes, which
on average had 84 and 45 % higher concentration
levels compared to the QI chemotype (Table 3). In
this regard, Herrera-Cabrera, Salazar-Rojas, Delgado-
Alvarado, Campos-Contreras, and Cervantes-Vargas
(2012) mention that the QVI chemotype has been one
of the vanilla germplasm clones most cultivated and
used by farmers of the Totonacapan region, while the
QI chemotype has been little cultivated and is not of
commercial interest.

The chemo-typological variation that exists in vanilla
germplasm originated through a process of human
selection, based on the aroma and uses that the
Totonac producers have given it for more than
250 years (Delgado-Alvarado, Salazar-Rojas, & Herrera-
Cabrera, 2014). The use of the QVI chemotype by
farmers suggests that, in this material, the synthesis
of secondary metabolites that allow the survival of the
plant in natural environments and under cultivation
is favored. This indicates that this chemotype is more
sensitive to stress conditions, so it develops a greater
defense mechanism than the QI chemotype.

The adaptive process in relation to secondary
metabolites has been observed as a product of
coevolution with the enemies of plants (Moore,
Andrew, Kiilheim, & Foley, 2014). Although targeted,
intense and permanent selection would force
the quantitative variation of phytochemicals to
deteriorate, many other selective forces intervene
in these compounds, such as herbivores (Lankau,
2007), pathogens, competitors (Kliebenstein, Rowe, &
Denby, 2005) and abiotic stresses (Burchard, Bilger, &
Weissenbock, 2000).
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deberse a las caracteristicas ambientales particulares,
como temperatura, humedad relativa, altitud y
luminosidad (interceptada), incluso este dltimo factor
en algunas especies epifitas tiene gran influencia sobre
la produccién de fitoquimicos (Cach-Pérez, Andrade, &
Reyes-Garcia, 2014).

Si bien el contenido nutrimental del suelo es un factor
critico en las respuestas fisiolégicas de la mayoria de
las plantas, en las especies de hdbitos hemiepifitos
(como en la vainilla) no es asi, ya que dicho hdbito
permite alternar el funcionamiento de raices aéreas
y hdbitos epifitos cuando existe un factor de estrés
nutricional o hidrico, tanto temporal como espacial.
Ademds, un gran numero de especies de la familia
Orchidaceae (V. planifolia) presentan micorrizas en su
sistema de nutricién que amortiguan los cambios en la
disposicién de minerales (Canestraro, Mora, & WatKkis,
2014). Por lo anterior, el suelo como tal solo le sirve al
tutor de las plantas de vainilla, lo que sugiere que tuvo
poca influencia en la produccién de fitoquimicos.

Efecto del quimiotipo sobre los fitoquimicos

Los resultados de este estudio evidenciaron que,
aun cuando las estructuras de las plantas de ambos
quimiotipos presentaron los mismos fitoquimicos, el
quimiotipo QVI mostré predominancia de compuestos
fendlicos totales, taninos totales, flavonoides,
saponinas y, especialmente, taninos condensados
y triterpenos totales, que en promedio tuvieron
84 y 45 % mds concentraciéon respecto del quimiotipo
QI (Cuadro 3). Al respecto, Herrera-Cabrera, Salazar-
Rojas, Delgado-Alvarado, = Campos-Contreras, y
Cervantes-Vargas (2012) mencionan que el quimiotipo
QVI ha sido uno de los clones del germoplasma de
vainilla mds cultivado y utilizado por los agricultores
de la regién del Totonacapan; en tanto que el
quimiotipo QI se ha cultivado poco y no es de
interés comercial.

La variacién quimiotipica que existe en el germoplasma
de vainilla se originé a través de un proceso de seleccién
humana, basado en el aroma y usos que los productores
totonacos le han dado por mds de 250 afios (Delgado-
Alvarado, Salazar-Rojas, & Herrera-Cabrera, 2014). El
uso del quimiotipo QVI por los agricultores sugiere
que en este material se ve favorecida la sintesis de
metabolitos secundarios que permiten la supervivencia
de la planta en entornos naturales y bajo cultivo. Lo
anterior indica que este quimiotipo es mds sensible
a las condiciones de estrés, por lo que desarrolla un
mecanismo de defensa mayor que el quimiotipo QI

El proceso adaptativo en relacién con los metabolitos
secundarios se ha observado como un producto de la
coevolucién con los enemigos de las plantas (Moore,
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Effect of plant tissue on phytochemicals

Within plant species, there is a wide variation in the
concentration of phytochemicals in tissues depending
on the structure of the plant (Tahvanainen, Niemeld,
& Henttonen, 1991), which coincides with this
study, where the concentration of metabolites was
different in relation to the type of plant structure. For
example, the leaf had the highest concentration of
total tannins (3.84 mg-g' DM) and condensed tannins
(2.21 mg-g' DM), while the cured fruits had the lowest
concentration of these compounds (Table 3). Generally,
these metabolites are found at high concentrations
in leaves and stems because they serve as a defense
against herbivores, since they have an astringent flavor
that causes adverse effects (Provenza et al., 1990).

It was noteworthy that the hydrolysable tannins had the
highest value in cured fruits (2.25 mg-g" DM), although
it did not differ statistically from those obtained in
stem and green fruit (Table 3). It should be noted that
the concentration of hydrolysable tannins was obtained
by difference, and because it is a gravimetric method it
could influence the observed trend (Makkar, 2003).

Although it has been reported that the most abundant
tannins in plant tissues are the condensate ones,
recently a high concentration of hydrolysable tannins
was reported in fruits such as raspberry (3.26 mg-g"),
blueberry (2.7 mg-g") and pomegranate (1.77 mg-g”),
among others (Smeriglio, Barreca, Belloco, & Trombetta,
2017). The amount of condensed tannins in vanilla
tissues (stems, green fruits and cured ones) is valuable
and important for their health effects (Olivas-Aguirre
et al, 2015).

In green fruits, the highest amount of flavonoids
(11.05 mg-g' DM) was detected (Table 3). In orchid
species such as Phalaenopsis spp., the concentration of
flavonoids ranges from 1.7 (root) to 4.98 mg-g" (leaf)
(Minh et al., 2016), which reveals that vanilla fruits have
a significant amount of this phytochemical. However,
in cured fruits the concentration of flavonoids was
lower, since they are possibly thermosensitive and
during curing they degrade (Liu, Wang, & Cai, 2015).

The highest concentration of saponins (2.34 mg-g' DM)
was also found in green fruits. Variations in the
distribution, composition and amount of saponins in
the plant may be due to the different needs they have
to protect themselves. In Phytolacca dodecandra and
Dioscorea pseudojaponica, during the development of
the fruits and tubers, the maximum accumulation
of saponins was observed, presumably to avoid loss
and thus ensure the maturation of the seeds and the
protection of the reproductive organs (Lin, Chen, Liu,
& Yang, 2009; Ndamba, Lemmich, & Meglgaard, 1993).
However, in some species the production of saponins

Andrew, Kiilheim, & Foley, 2014). A pesar de que la
seleccién dirigida, intensa y permanente forzaria a
deteriorar la variacién cuantitativa de fitoquimicos,
muchas otras fuerzas selectivas intervienen sobre
estos compuestos, como herbivoros (Lankau, 2007),
patégenos, competidores (Kliebenstein, Rowe, &
Denby, 2005) y estreses abiéticos (Burchard, Bilger,
& Weissenbock, 2000).

Efecto del tejido vegetal sobre los
compuestos fitoquimicos

Dentro de las especies vegetales se ha mostrado una
variacion amplia en la concentracién de fitoquimicos
en los tejidos dependiendo de la estructura de
la planta (Tahvanainen, Niemeld, & Henttonen,
1991), lo cual coincide con este estudio, donde la
concentracién de metabolitos fue diferente en relacién
con el tipo de estructura vegetal. Por ejemplo, la hoja
tuvo la concentracién mds alta de taninos totales
(3.84 mg-g" MS) y taninos condensados (2.21 mg-g" MS),
mientras que los frutos beneficiados presentaron la
concentracién menor de estos compuestos (Cuadro 3).
Generalmente, estos metabolitos se encuentran en
concentraciones altas en hojas y tallos, debido a
que sirven como defensa contra herbivoros, ya que
proporcionan sabor astringente que causa hostilidad
(Provenza et al., 1990).

Fue notable que los taninos hidrolizables presentaron
el valor mds alto en frutos beneficiados (2.25 mg-g" MS),
aunque no difirié estadisticamente de los obtenidos
en tallo y fruto verde (Cuadro 3). Cabe destacar
que la concentracién de taninos hidrolizables se
obtuvo por diferencia, y debido a que es un método
gravimétrico pudo influir en la tendencia observada
(Makkar, 2003).

Aunque se ha identificado que los taninos mds
abundantes en los tejidos vegetales son los
condensados, recientemente se ha reportado una
concentracion alta de taninos hidrolizables en frutos
como frambuesa (3.26 mg-g"), zarzamora (2.7 mg-g’),
granada (1.77 mg-g'), entre otros (Smeriglio,
Barreca, Belloco, & Trombetta, 2017). La cantidad
de taninos condensados que presentan los tejidos de
vainilla (tallos, frutos verdes y beneficiados) es
valiosa e importante por sus efectos en la salud
(Olivas-Aguirre et al., 2015).

En frutos verdes se detecté la cantidad mayor
de flavonoides (11.05 mg-g” MS) (Cuadro 3). En especies de
orquideas como Phalaenopsis spp., la concentracién
de flavonoides es de 1.7 (raiz) a 4.98 mg-g" (hoja) (Minh
et al., 2016), lo que revela que los frutos de vainilla
tienen una cantidad importante de este fitoquimico.
Sin embargo, en frutos beneficiados la concentracién
de flavonoides fue menor, ya que posiblemente son
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was in response to biotic (herbivory or pathogen
attack) or abiotic (moisture, light, lack of nutrients and
temperature) stress (De Costa, Yendo, Fleck, Gosmann,
& Fett-Neto, 2013).

Although in green fruits a concentration greater than
20 mg-g' DM of total phenolic compounds and total
triterpenes was detected, in cured fruit they were higher
(23.47 mg-g" and 28.77 mg-g", respectively) (Table 3).
This is because during fruit curing a complex mixture
originated due to the hydrolysis of the precursors (non-
volatile glycosylated forms) of the aroma through the
activity of the enzyme D-f-glucosidase, which converts
them to their volatile forms (Odoux, 2000; Ranadive,
1992). In this way, in addition to vanillin (which is
the most abundant compound, 10 to 20 mg-g"), more
than 200 components are produced, such as shikimate
pathway derivatives, terpenes, furan derivatives, esters,
aromatic acids, ketones, phenols, aldehydes, carbonyls
and alcohols (Sinha, Sharma, & Sharma, 2008), which
provide the flavor and aroma of vanilla.

Relationship between environmental
and phytochemical variables

The analysis of canonical correlations identified a high
correlation (0.91 and r*= 0.83) between the environmental
parameters and the phytochemical content in each
management system. The most significant correlations
were observed between elevation and the content of
total triterpenes (-0.34218*), total tannins (0.34036*)
and condensed tannins (-0.4246™*), as well as between
relative humidity and condensed tannins (0.29691**). The
variables relative humidity and intercepted radiation did
not show a significant correlation with the production of
total phenolic compounds, saponins and total triterpenes
(Table 4).

Figure 1 shows that the first two factors of the canonical
correlation analysis explained 95.76 % of the total
variance. In addition, it shows the structural correlation
between environmental and phytochemical variables,
where it was distinguished that at higher elevations
(Ele) there is a lower content of total and condensed
tannins, flavonoids and triterpenes.

Conclusions

The environmental condition of the management
system affected the concentration of the phytochemicals
evaluated, except for the flavonoids. The acahual
system favored the accumulation of total phenolic
compounds, total, hydrolysable and condensed
tannins, and total triterpenes, while with shade mesh
a higher concentration of saponins was obtained. The
QVI chemotype showed a greater accumulation of total
phenolic compounds, total and condensed tannins,
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termosensibles y durante el beneficio se degradan (Liu,
Wang, & Cai, 2015).

También en frutos verdes se presenté la concentraciéon
mds alta de saponinas (2.34 mg-g" MS). Las variaciones
en la distribucién, composicién y cantidad de
saponinas en la planta pueden deberse a las diferentes
necesidades que tienen para protegerse. En Phytolacca
dodecandra 'y Dioscorea pseudojaponica, durante el
desarrollo de los frutos y tubérculos, se observo la
acumulaciéon mdxima de saponinas, presumiblemente
para evitar pérdida y asi asegurar la maduracion de las
semillas y la proteccién de los 6rganos reproductivos
(Lin, Chen, Liu, & Yang, 2009; Ndamba, Lemmich, &
Mpoplgaard, 1993). No obstante, en algunas especies la
produccién de saponinas fue en respuesta al estrés
bidtico (herbivoria o ataque de patdgenos) o abidtico
(humedad, luz, falta de nutrientes y temperatura) (De
Costa, Yendo, Fleck, Gosmann, & Fett-Neto, 2013).

Aun cuando en frutos verdes se detecté una
concentracion superior a 20 mg-g" MS de compuestos
fendlicos totales y triterpenos totales, en frutos
beneficiados fueron superiores (23.47 mgg' y
28.77 mg-g’, respectivamente) (Cuadro 3). Esto debido
a que durante el beneficio de los frutos se forma una
mezcla compleja originada por la hidrélisis de los
precursores (formas glucosiladas no-voldtiles) del aroma
mediante la actividad de la enzima D-f-glucosidasa,
la cual los convierte a sus formas voldtiles (Odoux,
2000; Ranadive, 1992). De esta manera, ademds de la
vainillina (que es el compuesto mds abundante, 10 a
20 mg-g"), se producen mds de 200 componentes, COmo
derivados de la ruta del shikimato, terpenos, derivados
de furano, ésteres, dcidos aromadticos, cetonas, fenoles,
aldehidos, carbonilos y alcoholes (Sinha, Sharma, &
Sharma, 2008), que le proporcionan el sabor y aroma
a la vainilla.

Relacién entre variables ambientales y fitoquimicos

El andlisis de correlaciones candnicas identificé una
correlacién alta (0.91 y r* = 0.83) entre los pardmetros
ambientales y el contenido de fitoquimicos en cada
sistema de manejo. Las correlaciones con mayor
significancia se observaron entre altitud y el contenido
de triterpenos totales (-0.34218"), taninos totales
(0.34036") y taninos condensados (-0.4246™*). Al igual
que entre humedad relativa y taninos condensados
(0.29691*). Las variables humedad relativa y radiacién
interceptada no mostraron correlaciéon significativa
con la produccién de compuestos fenolicos totales,
saponinas y triterpenos totales (Cuadro 4).

En la Figura 1 se observa que los dos primeros factores
del andlisis de correlaciones canénicas explicaron
95.76 % de la varianza total. Ademds, se muestra la
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Table 4. Matrix of correlation between phytochemical compounds and environmental variables in the cultivation
of Vanilla planifolia in the Totonacapan region, Mexico.

Cuadro 4. Matriz de correlaciéon entre compuestos fitoquimicos y variables ambientales en el cultivo de Vanilla
planifolia en la regién Totonacapan, México.

Intercepted
Compounds / Compuestos Elevation (masl)/ Temperature (°C)/ Relative Humidity (%)/ Radiation (%)/
P P Altitud (msnm) Temperatura (C°) Humedad relativa Radiacién
interceptada (%)
Total phenolic compounds/ -0.07604™ 0.05792™ 0.02879™ -0.09986™
Compuestos fendlicos totales
Total tannins/Taninos totales -0.34036™* -0.0844™ 0.11794™ 0.2861**
Hydrolysable tannins/ 0.07534™ 0.16938* -0.22449** 0.1876*
Taninos hidrolizables
Condensed tannins/ -0.4246"** -0.22246™* 0.29691*** 0.1744*
Taninos condensados
Flavonoids /Flavonoides -0.22347* -0.07846™ 0.17005* -0.02598™
Saponins/Saponinas -0.04007™ 0.02536"™ 0.05208™ -0.14604™
Total triterpenes/ -0.34218*** 0.13037™ 0.05572™ 0.02489™

Triterpenos totales

Canonical correlation: 0.91 and r*= 0.83. **: P < 0.001 highly significant; **: P < 0.01 very significant; *: P < 0.05 significant; ns: not significant.

Correlacién canénica: 0.91y = 0.83. **: P < 0.001 altamente significativo; **: P < 0.01 muy significativo; *: P < 0.05 significativo; ns: no significativo.
1
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Figure 1. Graphical representation of the structural correlation coefficients of the first two factors in the
interaction of environmental ( ® ) and phytochemical () variables of Vanilla planifolia tissues. Elevation
(Ele), temperature (Temp), relative humidity (RH), intercepted radiation (IR), total phenolic compounds
(TPC), total tannins (TT), hydrolysable tannins (HT), condensed tannins (CT), flavonoids (Flav), saponins
(Sap) and total triterpenes (Terp).

Figura 1. Representacion grafica de los coeficientes de correlacién estructural de los dos primeros factores en la
interaccion de variables ambientales ( ) y fitoquimicos (B ) de los tejidos de Vanilla planifolia. Altitud
(Alt), temperatura (Temp), humedad relativa (HR), radiaciéon interceptada (RI), compuestos fenoélicos
totales (CFT), taninos totales (TT), taninos hidrolizables (TH), taninos condesados (TC), flavonoides
(Flav), saponinas (Sap) y triterpenos totales (Terp).
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flavonoids, saponins and total triterpenes, with respect
to the QI chemotype.

On the other hand, elevation was the environmental
condition that had the greatest impact on the
accumulation of metabolites in the plant structures of
the vanilla, since it inversely affected the concentration
of triterpenes, and total and condensed tannins,
followed by intercepted radiation and relative humidity.
The cured fruit showed the highest accumulation
of total phenolic compounds, hydrolysable tannins
and triterpenes, while leaf, stem, flower and green
fruit had the highest values of total and condensed
tannins. The flavonoids and saponins had their highest
concentration in green fruits, followed by cured fruits.
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