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Efecto de la temperatura de almacenamiento en la actividad enzimadtica
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Abstract

activity and enzyme activity in sage (Salvia officinalis L.). To do this, terminal buds of

this plant, previously packed in polyethylene bags at 0, 6 and 23 °C (control), were
stored for 21 days. Every three days, total phenolic content (TP), antioxidant capacity (AC),
and the activity of the enzymes catalase (CAT), superoxide dismutase (SOD), peroxidase
(POD) and polyphenol oxidase (PPO) were evaluated. In the 0 and 6 °C treatments, TP content
increased from 4.52 to 5.07 mg-kg? FW up to 12 days after storage (das). A 6 °C, AC had
the highest values at 12 das with 53.75 to 88.57 mg VCEAC-g' FW. SOD activity decreased
considerably at 9 das in the cooling treatments, falling from 5.2 to 3.2 U-mg™ P. On the other
hand, low storage temperatures increased CAT activity, relative to the control, although
during storage it was on the decrease. Cooling decreased POD and PFO activity relative to
the control, but at 12 das the highest activity of these enzymes in the three treatments
was observed. The cooling decreased total phenolic content, antioxidant capacity and the
enzyme activity of POD, and increased the activity of PFO, CAT and SOD.

The aim of this study was to evaluate the effect of low temperatures on antioxidant

Resumen

la capacidad antioxidante y actividad enzimadtica en salvia (Salvia officinalis L.). Para

ello, se almacenaron brotes terminales de esta planta, previamente empacados en bolsas
de polietileno en 0, 6 y 23 °C (testigo), durante 21 dias. Cada tres dias, se evalud el contenido de
fenoles totales (FT), capacidad antioxidante (CA), y la actividad de las enzimas catalasa (CAT),
superodxido dismutasa (SOD), peroxidasa (POD) y polifenoloxidasa (PFO). En los tratamientos
de 0 y 6 °C se increment? el contenido de FT de 4.52 a 5.07 mg-kg® PF hasta los 12 dias de
almacenamiento (dda). A 6 °C la CA tuvo los mayores valores a los 12 dda con 53.75 a 88.57
mg AAEVC.g! PE. La actividad de la SOD disminuy6 considerablemente a los 9 dda en los
tratamientos de refrigeracién de 5.2 a 3.2 U-mg? de P. Por otra parte, bajas temperaturas de
almacenamiento aumentaron la actividad de la CAT, con respecto al testigo, aunque durante
el almacenamiento fue en decremento. La refrigeracién disminuyé la actividad de la POD y
PFO con respecto al testigo, no obstante, a los 12 dda se observé la mayor actividad de estas
enzimas en los tres tratamientos. La refrigeracién disminuyé el contenido de fenoles totales,
capacidad antioxidante y la actividad enzimadtica de la POD, y aument6 la actividad de la
PFO, CAT y SOD.

E 1 presente estudio tuvo como objetivo evaluar el efecto de las bajas temperaturas sobre
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Introduction

Research on natural antioxidants and enzyme activity
in plants has increased considerably in recent years,
partly because synthetics are volatile, readily degrade
at high temperatures and produce negative effects
on health (Rodriguez-Vaquero, Tomassini-Serravalle,
Manca-DeNadra, & Strasser-De Saad, 2010). For this
reason, some herbs, among which the most notable
are basil (Ocimum basilicum L.), peppermint (Mentha
X piperita L.), oregano (Origanum vulgare) and thyme
(Thymus vulgaris), have been studied in order to evaluate
the enzymes related to the biosynthesis of different
metabolites that have antioxidant capacity in plant
tissues (Nickavar, Alinaghi, & Kamalinejad, 2008).

In the case of sage, belonging to the family Labiatae, it
is used in gastronomy to flavor dishes and is beneficial
to health, as it is considered antidiabetic, antidiarrheal,
anti-inflammatory and antiseptic; it is also used in the
food, cosmetic and liquor industries (Melero, Moré, &
Cristébal, 2009).

In studies related to antioxidants and enzymes in plants,
a keyrole is the reduction of oxygen (O,) to water, which
occurs sequentially. In this sense, if the O, molecule
only receives one to three electrons, reactive oxygen
species (ROS) are formed. These, in turn, incorporate
into the hydrogen peroxide molecule, which has
similar chemical properties to those of superoxide and
can easily form the highly reactive hydroxyl radicals
(Quirés-Sauceda, Palafox, Robles-Sdnchez, & Gonzadlez-
Aguilar, 2011). ROS play an important role in plant
signaling, since they control processes such as growth,
development, senescence, response to both biotic and
abiotic environmental stimuli and programmed cell
death (Bailey-Serres & Mitler, 2006).

Some abiotic changes, such as low and high
temperatures, excess irradiation, drought, salinity,
injury, anoxia and natural contaminants, modify
cellular balance and increase the generation of reactive
oxygen species; therefore, the response of a plant
tissue to produce these species may result not only
from the existence and function of different proteins,
but also from the presence or absence of antioxidants
in the cell. Reactive oxygen species are closely related
to the delay or inhibition of the oxidation of lipids
and other molecules, accompanied by the progressive
deterioration of plants. It is also linked to the rapid cell
growth that causes heart disease and cancer (Rodriguez,
Valdés, & Alemdn, 2006); this is why the consumption
of foods high in antioxidants coupled with other health
care-related alternatives can prevent these alterations
(Erdemoglu, Turan, Cakoco, Sener, & Aydin, 2006).

Generally plants with high antioxidant capacity contain
more antioxidants, most of which are phenolic compounds

Introduccion

La investigacién sobre antioxidantes naturales y
actividad enzimadtica en plantas, se ha incrementado
considerablemente en los tltimos afos, en parte porque
los sintéticos son voldtiles, se degradan facilmente en
altas temperaturas y generan efectos negativos en la
salud (Rodriguez-Vaquero, Tomassini-Serravalle, Manca-
DeNadra, & Strasser-De Saad, 2010). Es por ello que,
algunas plantas aromdticas, entre las que sobresalen:
albahaca (Ocimum basilicum L.), menta (Mentha x piperita L.),
orégano (Origanum vulgare), tomillo (Thymus vulgaris) se han
estudiado con el fin de evaluar a las enzimas relacionadas
a la biosintesis de los diferentes metabolitos que tienen
capacidad antioxidante en los tejidos vegetales (Nickavar,
Alinaghi, & Kamalinejad, 2008).

En el caso particular de la salvia, perteneciente a la
familia Labiatae, se emplea en la gastronomia para
condimentar platillos y es benéfica para la salud,
ya que se considera antidiabética, antidiarreica,
antiinflamatoria y antiséptica; también se utiliza en la
industria alimentaria, cosmética y en la elaboracién de
licores (Melero, Moré, & Cristobal, 2009).

En estudios relacionados con antioxidantes y enzimas
en plantas, una funcién primordial es la reduccién de
oxigeno (0,) a agua, que ocurre secuencialmente. En
este sentido, si la molécula de O, s6lo recibe de uno
a tres electrones, forma a las especies reactivas de
oxigeno (ERO) las cuales incorporan a la molécula
de peréxido de hidrégeno, que tiene propiedades
quimicas similares a las del superdxido, y facilmente
puede formar los radicales hidroxilo que son altamente
reactivos (Quirds-Sauceda, Palafox, Robles-Sdnchez,
& Gonzdlez-Aguilar, 2011). Las ERO juegan un papel
importante en la sefnalizacion de plantas, ya que
controlan procesos como el crecimiento, desarrollo,
senescencia, respuesta a estimulos ambientales tanto
bidticos como abiéticos y la muerte celular programada
(Bailey-Serres & Mitler, 2006).

Algunos cambios abidticos, tales como las bajas
y altas temperaturas, el exceso de irradiacién, la
sequia, salinidad, heridas, anoxia y los contaminantes
naturales, modifican el balance celular e incrementan
la generacién de especies reactivas de oxigeno, por lo
que larespuesta de un tejido vegetal para producir estas
especies podriaresultarno solode laexistenciay funcién
de distintas proteinas, sino también de la presencia o
ausencia de antioxidantes en la célula. Las especies
reactivas de oxigeno se encuentran estrechamente
relacionadas con el retraso o inhibicién de la oxidacién
de lipidos y otras moléculas, que se acompanan por
el deterioro progresivo de las plantas. También se
vincula con el acelerado incremento celular que
provoca enfermedades de corazén y cdncer (Rodriguez,
Valdés, & Alemdn, 2006), es por ello que el consumo de
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(Connor, Luby, Hancock, Berkheimer, & Hanson, 2002)
with the presence of hydroxyl groups, a situation that also
occurs in aromatic plants. Specifically in the case of sage, it
has been found to contain a high content of polyphenolic
compounds that contribute to its strong antioxidant
capacity (Bichra, El-Modafar, El-Abbassi, Bouamama, &
Benkhalti, 2013).

The antioxidant activity of phenolic compounds is mainly
due to their redox properties, which allow them to act
as reducing agents, hydrogen donors and singlet oxygen
extinguishers (Pizzale, Bortolomeazzi, Vichi, Beregger, &
Lanfranco, 2005). Therefore, the content of antioxidants is
an increasingly important parameter with respect to their
role in human health and vegetable quality; therefore, it is of
great interest to evaluate their changes during postharvest
storage (Ayala, Wang, Wang, & Gonzdlez-Aguilar, 2004).

In this regard, the antioxidant defense systems in plants
involve a non-enzymatic system, which promotes the
synthesis of many secondary metabolites (phenolic acids,
flavonoids, tannins and vitamins) in the phenylpropanoid
pathway (Yanishlieva, Marinova, & Pokorny, 2006), and an
antioxidant system based on enzyme activity that is located
in several cellular compartments, which include the
enzymes superoxide dismutase, which converts superoxide
to H,0,, peroxidase, which converts H,0, to water, and
catalase, which eliminates H,O, (Oueslati, Karray-Bouraoui,
Attia, Rabhi, Ksouri, & Lachal, 2010).

Added to this, the enzyme activity in fruits and vegetables
has served as an indicator of intrinsic metabolic disorders,
manifested as external physiological disorders (Pérez,
Vargas, Diaz, & Tellez, 1999). This makes it desirable to
quantify the activity of various enzymes such as CAT
and SOD, which catalyze reactions that lower ROS
concentrations, and in some plants they are increased due
to the effect of cold during storage (Aquino & Mercado,
2004; Sala & Lafuente, 2000), and peroxidase, which
participates in the construction and lignification of the cell
wall, the biosynthesis of ethylene and hydrogen peroxide,
the regulation of auxin levels, and protection against tissue
damage and infection by pathogenic microorganisms.
However, postharvest studies of enzymatic and antioxidant
behavior in sage plants stored in refrigeration are scarce.
Therefore, the aim of the present study was to evaluate
the effect of three temperatures (0, 6 and 23 °C) on the
antioxidant capacity and activity of the enzymes superoxide
dismutase, catalase, peroxidase and polyphenol oxidase
during seven storage times in sage terminal buds.

Materials and methods

Plant material

The Salvia officinalis commercial variety Extrakta, grown
in the spring-summer of 2012 with export quality,

provided by the Glezte S. P. R. de R. L. company, located
in Axochiapan, Morelos, Mexico, was used. After

alimentos con alto contenido de antioxidantes aunado
con otras alternativas relacionadas con el cuidado de la
salud permiten prevenir estas alteraciones (Erdemoglu,
Turan, Cakoco, Sener, & Aydin, 2006).

Generalmente las plantas con alta capacidad
antioxidante contienen mds antioxidantes y la
mayoria de ellos son compuestos fendélicos (Connor,
Luby, Hancock, Berkheimer, & Hanson, 2002) con la
presencia de grupos hidroxilo; situacién que también
prevalece en plantas aromadticas. Especificamente
en el caso de salvia se ha encontrado que contiene
alto contenido de compuestos polifendlicos que
contribuyen a su fuerte capacidad antioxidante (Bichra,
El-Modafar, El-Abbassi, Bouamama, & Benkhalti, 2013).

La actividad antioxidante de los compuestos fenolicos
se debe principalmente a sus propiedades redox, que
les permiten actuar como agentes reductores, donantes
de hidrégeno y extintores del oxigeno singlete (Pizzale,
Bortolomeazzi, Vichi, Beregger, & Lanfranco, 2005).
Por lo anterior, el contenido de antioxidantes es un
parametro cada vez mds importante con respecto a su
funcionalidad en la salud y calidad en hortalizas; por
lo cual, es de gran interés evaluar sus cambios durante
el almacenamiento poscosecha (Ayala, Wang, Wang, &
Gonzdlez-Aguilar, 2004).

En este sentido, los sistemas de defensa antioxidantes
en las plantas implican, un sistema no enzimadtico,
donde se promueve la sintesis de numerosos
metabolitos secundarios (dcidos fendlicos, flavonoides,
taninos y vitaminas) en la ruta de los fenilpropanoides
(Yanishlieva, Marinova, & Pokorny, 2006); y un sistema
antioxidante basado en la actividad enzimadtica que
se encuentra localizado en varios compartimentos
celulares, en los que se incluyen a las enzimas
superéxido dismutasa que convierte al superéxido a
H,0,, la peroxidasa que convierte el H,0, a agua y la
catalasa que elimina al H,0, (Oueslati, Karray-Bouraoui,
Attia, Rabhi, Ksouri, & Lachal, 2010).

Aunado a esto, la actividad enzimdtica ha servido
en productos hortofruticolas como un indicador de
alteraciones metabdlicas intrinsecas, manifestadas
como desordenes fisiolégicos externos (Pérez, Vargas,
Diaz, & Tellez, 1999). Lo anterior hace conveniente
cuantificar la actividad de varias enzimas como
CAT y SOD, las cuales catalizan las reacciones que
disminuyen las concentraciones de ERO, y en algunas
plantas se incrementan por efecto del frio, durante
el almacenamiento (Aquino & Mercado, 2004; Sala
& Lafuente, 2000), y la peroxidasa, que participa en
la construccién y lignificacion de la pared celular,
en la biosintesis de etileno y peréxido de hidrégeno,
la regulacién de niveles de auxina, asi como en la
proteccién contra el deterioro de tejidos e infeccién
por microorganismos patogenos.
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harvesting sage terminal buds of 20 cm in length, they
were precooled for 24 h at 5 °C; subsequently, 250 g of
sage were packed in 500-g, low-density, transparent, 40
x 60 cm polyethylene bags, with six holes of 0.5 cm in
diameter per side, which remained closed during storage.

Experiment location and evaluated treatments

The material was moved to the Fruit Physiology
and Multipurpose Laboratories at the Universidad
Auténoma Chapingo. The packed sage was stored for
21 days at temperatures of 0 to 6 °C, in a cold-storage
room and at 23 °C (control treatment).

Experimental unit and design

The experimental unit was a package with 250 g of sage.
The experimental design used in each sampling was
completely randomized with four replications, in each of
which four analytical determinations were performed.

Evaluated variables

At each temperature level, four packages were
transferred to a freezer (-20 °C) for seven different
times: 3, 6, 9, 12, 15, 18 and 21 days of storage.

The following were recorded in each sampling: total
phenolic concentration (TP), antioxidant capacity
(AC), and enzyme activity of superoxide dismutase
(SOD), peroxidase (POD) and polyphenol oxidase
(POF). Catalase (CAT) activity was determined from
acetone extract and the activity of the other enzymes
by acetone powder. The results of the variables are
reported based on fresh weight.

Extract preparation

Acetone powder was made from the frozen samples
(Alia-Tejacal, Colinas-Le6n, Martinez-Damidn, & Soto-
Herndndez, 2005); for this purpose, 80 mL of frozen
acetone (-15 °C) were added to 15 g of leaves (without
petiole), homogenized in a blender for 25 s and
vacuum filtered. After homogenizing and filtering
twelve times, the acetone extract was kept under
refrigeration (4 + 2 °C) and the solid was allowed to dry
for 15 min at room temperature (23 * 2 °C), obtaining
the acetone powder, which was weighed and stored in
a freezer (-20 °C). The weight of the acetone powder
was determined according to the ratio: fresh weight
of macerated leaves/dry weight of powder.

Total phenolic concentration

Phenols were quantified by the Folin-Ciocalteu method
described by Waterman and Mole (1994). First, 7.9 mL
of deionized water and 0.5 mL of Folin and Ciocalteu
reagent (2N) were added to 0.1 mL of acetone extract;

Sin embargo, estudios poscosecha del comportamiento
enzimdtico y antioxidante en plantas de salvia
almacenadas en refrigeraciéon son escasos. Por ello el
presente estudio tuvo como objetivo evaluar el efecto
de tres temperaturas (0, 6 y 23 °C) sobre la capacidad
antioxidante y actividad de las enzimas super6xido
dismutasa, catalasa, peroxidasa y polifenoloxidasa
durante siete momentos del almacenamiento en brotes
terminales de salvia.

Materiales y métodos
Material vegetal

Se utilizé Salvia officinalis de la variedad comercial
Extrakta, cultivada en el ciclo primavera-verano de
2012, con calidad de exportaciéon, proporcionada
por la empresa Glezte S. P. R. de R. L., localizada en
Axochiapan, Morelos, México. Después de cosechar
brotes terminales de salvia de 20 cm de longitud, se
preenfriaron durante 24 h a 5 °C; posteriormente,
se empacaron 250 g de salvia en bolsas de 500 g,
de polietileno de 40 x 60 cm transparente de baja
densidad, con seis perforaciones de 0.5 cm de didmetro
por lado, las cuales permanecieron cerradas durante
el almacenamiento.

Ubicacién del experimento y tratamientos evaluados

El material se trasladé a los Laboratorios de Fisiologia
de Frutales y de Usos Multiples de la Universidad
Auténoma Chapingo. La salvia empacada se almacend
durante 21 dias, en temperaturas de 0y 6 °C, en cdmaras
frigorificas y en 23 °C (tratamiento testigo).

Unidad y disefio experimental

La unidad experimental fue un empaque con 250 g
de salvia. El disefio experimental empleado en cada
muestreo fue completamente al azar con cuatro
repeticiones, en cada una de las cuales se realizaron
cuatro determinaciones analiticas.

Variables evaluadas

En cada nivel de temperatura, cuatro empaques
fueron transferidos a un congelador (-20 °C) en
siete oportunidades: 3, 6, 9, 12, 15, 18 y 21 dias de
almacenamiento.

En cada muestreo se registraron: concentracion
total de fenoles (FT), capacidad antioxidante (CA),
actividad enzimdtica de superéxido dismutasa
(SOD), peroxidasa (POD) y polifenoloxidasa (POF). La
actividad de la catalasa (CAT) se determind a partir
del extracto de acetona y la actividad de las otras
enzimas mediante polvo de acetona. Los resultados
de las variables se reportaron con base en peso fresco.
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the mixture was vigorously stirred and 1.5 mL of
sodium carbonate solution (20 %) were added. Then
it was allowed to stand for 2 h in darkness; then the
samples were read at 760 nm in a spectrophotometer.
By means of a standard curve of tannic acid, the
results were reported in mg of tannic acid equivalent
expressed as fresh weight (mg TAE-kg' FW).

Antioxidant capacity

The antioxidant capacity was determined according
to the 2,2-Azino-bis-3-ethylbenzothiazoline-6-sulfonic
acid (ABTS) method (Ozgen, Reese, Tulio, Scheerens, &
Miller, 2006). An ABTS solution (7 mM) with potassium
persulfate (2.45 mM) was kept in darkness for 24 h at room
temperature; then the solution wasdiluted with phosphate
buffer (0.1 M, pH 7.4) until obtaining an absorbance value
of 0.700 nm * 0.02 in a spectrophotometer (GENESYS™-
10UV) calibrated at 734 nm.

The assay of the samples was performed with 2.9 mL
of ABTS solution and 0.1 mL of ethanol extract from
acetone powder (0.05 g of acetone powder in 5 mL
of ethanol, homogenized with 24 h rest); after 2 h,
reading was performed at 734 nm. Quantification was
done by calibration curve with ascorbic acid, and the
values were reported in mg of vitamin C equivalent
antioxidant capacity per g of sample expressed in fresh
weight (mg VCEAC.-g'FW).

Enzyme activity of superoxide dismutase (Enzyme
Commission [EC] number 1.15.1.1, SOD)

Extraction of SOD was made from 0.05 g of acetone
powder, to which 5 mL of Tris-HCI buffer (0.1 M, pH 7.8)
were added and homogenized for 20 s; it was centrifuged
at 12,000 x g at 4 °C for 30 min and the supernatant was
stored. For the enzyme assay, the methodology proposed by
Beyer and Fridovich (1987) was used; 27 mL of phosphate
buffer (0.05 M, pH 7.8) containing 0.1 mM of EDTA (pH 7.8),
1.5 mL of L-methionine (30 mg-mL?), 1 mL of nitro blue
tetrazolium (1.41 mg-mL') and 0.75 mL of Triton X-100
at 1 % were mixed. Then 0.5 mL of the supernatant and
0.03 mL of riboflavin (4.4 mg-100 mL") were added to this
reaction mixture; the mixture was stirred and illuminated
for seven minutes with fluorescent light, and then the
samples were read in absorbance at 560 nm. The enzyme
activity was reported as units of enzyme activity per mg
of protein (U-mg! P), where a U of superoxide dismutase
is equal to the amount of supernatant that photo-inhibits
50 % of the formation of nitro blue tetrazolium formazan
(Giannopolities & Ries, 1977).

The increase in absorbance due to the formation of
nitro blue tetrazolium formazan per unit of time
equals the rate of reaction, and the absorbance in the
absence or presence of various amounts of superoxide
dismutase was used to determine the number of

Preparacién de los extractos

Con las muestras congeladas se elabor6 polvo de acetona
(Alia-Tejacal, Colinas-Le6n, Martinez-Damidn, & Soto-
Herndndez, 2005); para lo cual, a 15 g de hojas (sin
peciolo) se adicionaron 80 mL de acetona en congelacién
(-15 °C), se homogenizaron en licuadora por 25 s y se
filtraron al vacio. Después de homogenizar y filtrar
en doce ocasiones, el extracto de acetona se guard6 en
refrigeracion (4 £ 2 °C) y el sélido se dejo secar por 15 min
a temperatura ambiente (23 + 2 °C), obteniendo el polvo
de acetona, que se pes6 y almacené en un congelador
(-20 °C). El peso del polvo de acetona se determiné en
funcién de la relacién: peso fresco de hojas maceradas/
peso del polvo seco.

Concentracion total de fenoles

Se cuantificaron por el método de Folin y Ciocalteu
descrito por Waterman y Mole, (1994). A 0.1 mL de extracto
de acetona se adicionaron 7.9 mlL de agua desionizada y
0.5 mL del reactivo de Folin y Ciocalteu (2 N), la mezcla se
agit6 vigorosamente y se agregaron 1.5 mL de solucién de
carbonato de sodio (20 %); posteriormente se dej6 reposar
por 2 h en oscuridad; después las muestras se leyeron a
760 nm en un espectrofotémetro. Por medio de una curva
patrén de dcido tanico, los resultados se reportaron en mg
de 4cido tdnico expresado en peso fresco (mg ATE-kg! PE).

Capacidad antioxidante

La capacidad antioxidante se determiné de acuerdo al
método ABTS (2,2-azinobis [3-etilbenzotiazolin-6-dcido
sulfonico]) (Ozgen, Reese, Tulio, Scheerens, & Miller,
2006). Una solucién de ABTS (7mM) con persulfato de
potasio (2.45 mM) se mantuvo en oscuridad durante
24 h a temperatura ambiente; posteriormente la
solucién se diluy6 con buffer fosfato (0.1 M, pH 7.4)
hasta obtener un valor en absorbancia de 0.700
nm * 0.02 en espectrofotémetro (GENESYS™10S UV)
calibrado a 734 nm.

El ensayo de las muestras se realizd6 con 2.9 mL de
solucién de ABTS y 0.1 mL de extracto etandlico de polvo
de acetona (0.05 g de polvo de acetona en 5 mL de etanol,
homogeneizados con 24 h de reposo), después de 2 h,
la lectura se realizé a 734 nm. La cuantificacién se hizo
mediante curva de calibracién con dcido ascérbico, los
valores se reportaron en mg de actividad antioxidante
equivalente a vitamina C por cada g de muestra expresado
en peso fresco (mg AAEVC.g' PF).

Actividad enzimdtica de superdxido dismutasa
(ndmero Enzyme Commission [por sus siglas en
inglés EC|] 1.15.1.1, SOD)

La extraccién de la SOD se realiz6 a partir de 0.05 g
de polvo de acetona, al cual se le adicionaron 5 mL de
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units per ml of superoxide dismutase in the solution
(Stauffer, 1989).

Enzyme activity of catalase (EC number 1.11.1.6, CAT)

CAT was extracted from 0.05 g of acetone powder and
then homogenized with 5 mL of Tris-HCI (0.1 M, pH 8.5)
containing 1 % polyvinylpyrrolidone (PVP). The mixture
was centrifuged at 12,000 x g for 40 min at 4 °C, and the
supernatant wasretained. Catalase activity was determined
using the method described by Blackwell, Murray, and Lea
(1990), for which, in a quartz cell, 3 mL of Tris-HCI buffer
(10 mM, pH 8.5) and 0.1 mL of 88 % H,0, were placed.
The reaction was initiated by adding 0.1 mL of the
supernatant. Finally, the change in absorbance of
the samples at 240 nm was observed, by recording
readings at 20, 60 and 180 s. The enzyme activity was
reported as units of enzyme activity per mg of protein
(U-mg! P), where a U is equal to the decomposition of
1 pmol-min? of H,0,,.

Enzyme activity of peroxidase (EC number 1.11.1.7,
POD)

POD was extracted from 0.05 g of acetone powder that
was homogenized for 10 s, with 5 mL of Tris-HC1 (0.1 M,
pH 7.1) with 1 % PVP; the mixture was centrifuged at
12,000 x g at 4 °C for 40 min, and the supernatant was
saved. For this test, the Flurkey and Jen method (1978)
was applied; 2.45 mL of Tris-HCI buffer (0.1 M, pH 7.1),
0.25 mL of guaiacol (0.1 M), 0.1 mL of H,0, at 0.25 %
and 0.2 mL of supernatant were mixed. In this mixture,
with a total volume of 3 mL, the change in absorbance
was determined at 470 nm and sample readings were
made at 30, 120 and 180 s. The enzyme activity was
reported as units of enzyme activity per mg of protein
(U-mg! P), where U is equal to the formation of 1 pmol
of tetraguaiacol per minute.

Enzyme activity of polyphenol oxidase (EC number
1.14.18.1, PFO)

PFO was extracted with the same procedure used
with peroxidase. Polyphenol oxidase enzyme activity
was assessed by the method proposed by Laminkanra
(1995); 3 mL of catechol (60 mM) dissolved in Tris-HCI
buffer (0.1 M, pH 7.1) and 0.2 mL of supernatant were
used. With this mixture, the change in absorbance of
the samples at 420 nm was evaluated, by recording
readings at 20, 60 and 120 s. The enzyme activity was
reported as units of enzyme activity per mg of protein
(U-mg! P), where U is equal to the formation of 1 pmol
of o-benzoquinone per minute.

The protein extracted from the plant, with which the
activity of SOD, CAT, POD and POF was reported, was
determined by the method described by Bradford (1976),
for which 0.05 g of acetone powder were homogenized for

buffer Tris-HCI (0.1 M, pH 7.8) y se homogeneizaron por
20 s; se centrifugé a 12,000 x g a 4 °C por 30 min y se
almacend el sobrenadante. Para el ensayo enzimdtico
se emple6é la metodologia propuesta por Beyer y
Fridovich (1987). Se mezclaron 27 mL de buffer fosfatos
(0.05M, pH 7.8), que contenia 0.1 mM de EDTA (pH 7.8),
1.5 mL de L-metionina (30 mg-mL?), 1 mL de nitro blue
tetrazolium (1.41 mg-mL?) y 0.75 mL de Triton X-100 al
1 %. A 3 mL de esta mezcla de reaccién se adicionaron
0.5 mL del sobrenadante y 0.03 mL de riboflavina
(4.4 mg-100 mL"); la mezcla se agité e ilumind por
siete minutos con luz fluorescente, y posteriormente
las muestras se leyeron en absorbancia a 560 nm.
La actividad enzimadtica se report6 como unidad de
actividad enzimadtica por cada mg de proteina (U-mg! P),
donde una U de superdxido dismutasa es igual a la
cantidad de sobrenadante que foto-inhibe el 50 % de
la formaciéon de nitro blue tetrazolium formazan
(Giannopolities & Ries, 1977).

El incremento en absorbancia debido a la formacién de
nitro blue tetrazolium formazan por unidad de tiempo
equivale a la velocidad de reaccién, y la absorbancia
en ausencia o en presencia de varias cantidades de
superéxido dismutasa se utiliz6 para determinar el
numero de unidades por mL de superéxido dismutasa
en la solucién (Stauffer, 1989).

Actividad enzimatica de catalasa
1.11.1.6, CAT)

(namero EC

La CAT se extrajo a partir de 0.05 g de polvo de acetona,
éste se homogeneiz6 con 5 mL de Tris-HCI (0.1 M, pH 8.5)
que contenia 1 % de polivinilpirrolidona (PVP). La
mezcla se centrifugé a 12,000 x g por 40 min a 4 °C,
y se conservo el sobrenadante. La actividad de catalasa
se determiné por el método descrito por Blackwell,
Murray, y Lea (1990) para lo cual, en una celda de
cuarzo, se colocaron 3 mL de amortiguador Tris-HCI
(10 mM, pH 8.5) y 0.1 mL de H,0, al 88 %. La reaccién
se inici6 al adicionar 01 mL del sobrenadante. Por
ultimo, se observé el cambio en absorbancia de las
muestras a 240 nm, al registrar lecturas en 20, 60 y
180 s. La actividad enzimdtica se report6 como unidad
de actividad enzimdtica por cada mg de proteina
(U-mg? P), donde una U es igual a la descomposiciéon
de 1 pmol-min* de H,0,.

Actividad enzimadtica de peroxidasa (numero EC
1.11.1.7, POD)

La POD se extrajo a partir de 0.05 g de polvo de acetona
que se homogeneizaron por 10 s, con 5 mL de Tris-HCI
(0.1 M, pH 7.1) con 1 % de PVP, la mezcla se centrifugd a
12,000xga4 °Cpor40min, y se guardd el sobrenadante.
Para esta prueba se aplico el método de Flurkey y Jen
(1978). Se mezclaron 2.45 mL de amortiguador Tris-HCl
(0.1 M, pH 7.1), 0.25 mL de guayacol (0.1 M), 0.1 mL de
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10 s with 5 mL of Tris-HCl (0.1 M, pH 7.1), which had 1 %
PVP. This was centrifuged at 12,000 x g for 40 min at
4 °C. Then 0.2 mL of the supernatant was taken
and 5 mL of coomassie blue solution were added to
it. It was stirred and after 12 min the absorbance at
595 nm was recorded. Quantification was done using a
calibration curve with bovine albumin.

Statistical analysis

In each of the seven samplings, analysis of variance and
Tukey’s test (P < 0.05) were performed using Statistical
Analysis System, ver. 9.0 software (SAS, 2002).

Results and discussion
Total phenolic concentration

In relation to total phenolic content, it was observed
that at 3, 6 and 15 days of storage, the treatments at 0
and 6 °C showed statistically (P < 0.05) similar values
ranging from 4.2 to 4.4 mg TAE-kg'! FW; however,
the latter was higher than the control value of TAE
4.1 mg-kg! FW, which presented the lowest content
of phenols in sage shoots (Table 1). This behavior may
be associated with increased antioxidant capacity,
since phenols in conjunction with enzymes such
as superoxide dismutase and catalase are the first
line of defense against oxidative stress induced by
low temperatures, keeping the integrity of the cell
membrane stable (Gonzdlez, Wang, & Buta, 2011). On
the other hand, at 9 and 12 das the three evaluated
temperatures were statistically (P < 0.05) different,
with the highest amount of phenols occurring at 6 °C, with
values of between 4.45 and 4.47 mg TAE-kg! FW. These
results are similar to those reported by Martinez-
Damidn, Cruz-Alvarez, Colinas-Leén, Rodriguez-
Pérez, and Ramirez-Ramirez (2013), in mint (Mentha
X piperita L.) stored for 15 days, where total phenolic
content was greater at 6 and 10 °C, compared to the
control. In this sense, Kevers, Falkowski, Tabart,
Defraigne, Dommes, and Pincemail (2007) indicate
that the stability of phenolic compounds depends on
factors such as the refrigeration temperature, relative
humidity and oxygen availabilty; however, products
such as tomatillo (Phisalis ixocarpa Brot.), table grapes
(Vitis vinifera) and broccoli (Brassica oleracea italica)
have showed a slight increase in phenolic compounds
during the first days of storage. At 18 and 21 das,
the highest values statistically (P < 0.05) for total
phenolic content were obtained from plants stored at
6 °C. This behavior was probably because the storage
period affected the total concentration of phenols,
which under these conditions had an intermediate
oxidation state with greater radical-scavenging
activity, which promoted the enzymatic oxidation
(Kirca & Arslan, 2008).

H,0,al 0.25 %y 0.2 mL del sobrenadante. En esta mezcla,
con un volumen total de 3 mL, se determiné el cambio
de absorbancia a 470 nm y las lecturas de las muestras se
realizaron a los 30, 120 y 180 s. La actividad enzimadtica
se reportdé como unidad de actividad enzimadtica por
cada mg de proteina (U-mg" P), donde una U es igual a
la formacién de 1 umol de tetraguayacol por minuto.

Actividad enzimadtica de polifenoloxidasa (ntimero
EC 1.14.18.1, PFO)

La PFO se extrajo con el mismo procedimiento
utilizado en la peroxidasa. La actividad enzimdtica
de la polifenoloxidasa se evalué mediante el método
propuesto por Laminkanra (1995). Se emplearon 3 mL
de catecol (60 mM) disuelto en Buffer Tris-HC1 (0.1 M,
pH 7.1) y 0.2 mL del sobrenadante, con esta mezcla se
evalué el cambio de absorbancia de las muestras a 420
nm, al registrar lecturas en 20, 60 y 120 s. La actividad
enzimdtica se reportd como unidad de actividad
enzimdtica por cada mg de proteina (U-mg" P), donde una
U es igual a la formacién de 1 pmol de o-benzoquinona
por minuto.

La proteina extraida de la planta, con la cual se reporto6 la
actividad de cada enzima SOD, CAT, POD y POF, se
determiné por el método de Bradford (1976), para lo
cual, se homogeneizaron durante 10 s, 0.05 g de polvo
de acetona con 5 mL de Tris-HCI (0.1 M, pH 7,1) el cual
tenia 1 % de PVP. Esta se centrifugé a 12,000 x g por
40 min a 4 °C. Se tomaron 0.2 mL del sobrenadante y
se le adicionaron 5 mL de solucién coomassie blue, se
agit6 y después de 12 min se registré la absorbancia a
595 nm. La cuantificacion se hizo mediante una curva
de calibracién con albuimina de bovino.

Analisis estadistico

En cada uno de los siete muestreos se realizaron analisis
de varianza y comparaciones multiples de medias de
Tukey (P < 0.05), mediante el paquete Statistical Analysis
System, ver. 9.0 (SAS, 2002).

Resultados y discusion
Concentracién total de fenoles totales

En lo que se refiere al contenido de fenoles totales,
se observd que en 3, 6 y 15 dias de almacenamiento,
los tratamientos a 0 y 6 °C mostraron valores
estadisticamente (P < 0.05) similares de 4.2 a 4.4 mg
ATE-kg! PF; sin embargo, este ultimo fue superior
al testigo 4.1 mg ATE-kg! PF, que present6 el menor
contenido de fenoles en brotes de salvia (Cuadro 1). Este
comportamiento se puede asociar con el incremento de
la capacidad antioxidante, debido a que los fenoles en
conjunto con las enzimas como superéxido dismutasa y
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Antioxidant capacity

Between 3 to 9 das the highest antioxidant capacity
in sage terminal buds was observed at 23 °C. From
12 das the lowest values were reported under the
0 °C condition (Table 1). In this regard it has been
noted that antioxidant capacity and total phenolic
content increase when products are handled at
high temperatures, results observed by Kevers et al.
(2007) in asparagus (Asparagus officinalis L.), spinach
(Spinacia oleracea) and celery (Apium graveolens), stored
at 20 °C for 22, 19 and 8 days, respectively. By contrast,
other fruits and green leafy vegetables when stored at
* 4 °C such as flamboyant (Delonix regia), curry plant
(Helichrysum thianschanicum) leaves and katuk (Sauropus
androgynus) (Mathiventhan & Sivakanesan, 2013), or at
* 5 °C like lettuce (Lactuca sativa), and at 10-12 °C in the
case of cucumber (Cucumis sativus) and tomato (Phisalis
ixocarpa Brot.) (Kevers et al., 2007), where phenol and
antioxidant activity levels remained low because the
low temperatures slow the metabolic processes of
plants (Mathiventhan & Sivakanesan, 2013).

Later, at 15 das, statistical differences (P < 0.05) among
the three temperatures used were presented; at 23 °C,
antioxidant capacity was higher compared with 0 and
6 °C. Finally at 18 and 21 days, in storage at 6 °C the
highest AC values were observed. In these last two
assessment dates, the control plants did not have
adequate quality to be evaluated. Patthamakanokporn,
Puwastien, Nitithamyong, and Sirichakwal (2008) stated
that antioxidant capacity depends on total phenolic
content; however, antioxidant activity is not limited
to phenolic compounds and can be affected by the
presence of other antioxidant secondary metabolites
such as wvolatile oils, carotenoids and vitamins
(Javanmardi et al., 2003), a situation that agrees with
this work at 0 and 6 °C between 6 and 12 das.

Enzyme activity of superoxide dismutase

In plants, external factors such as temperature,
humidity, light, pathogens and injury induce oxidative
stress due to an imbalance in the production of reactive
oxygen species. Detoxification of reactive oxygen
species in plants depends on the enzyme superoxide
dismutase (Huang, Xia, Hu, Lu, and Wang, 2007). This
study found that at 12 and 15 das with 0 °C, higher
superoxide dismutase activity occurred than at 23 °C
(P < 0.05); at 6 and 9 das, this activity was the same at 0
and 6 °C, and higher (P < 0.05) than that at 23 °C. At 3,
18 and 21 das, SOD activity was statistically equal at all
storage temperature levels (Table 1).

Subsequently, at 12 and 15 das, the highest enzyme
activity of SOD was obtained from samples stored
under refrigeration, a situation that prevailed until
the last sampling where the highest activity occurred

catalasa, constituyen la primera linea de defensa contra
el estrés oxidativo inducido por las bajas temperaturas,
manteniendo estable la integridad de la membrana
celular (Gonzdlez, Wang, & Buta, 2011). Por otra parte,
en 9 y 12 dda las tres temperaturas evaluadas fueron
estadisticamente (P < 0.05) diferentes, observandose
la mayor cantidad de fenoles en 6 °C, con valores de
entre 4.45 y 4.47 mg ATE-kg' PF. Estos resultados son
semejantes a los reportados por Martinez-Damidn,
Cruz-Alvarez, Colinas-Leén, Rodriguez-Pérez, y Ramirez-
Ramirez (2013), en menta (Mentha x piperita L.) almacenada
durante 15 dias, en donde el contenido de fenoles
totales fue superior en 6 y 10 °C, con respecto al testigo.
En este sentido, Kevers, Falkowski, Tabart, Defraigne,
Dommes, y Pincemail (2007) indican que la estabilidad
de los compuestos fendlicos depende de factores como
la temperatura de refrigeracién, la humedad relativa
y la disposicién de oxigeno; sin embargo, en productos
como el tomate de cdscara (Physalis ixocarpa Brot.), la uva
de mesa (Vitis vinifera) y el brocoli (Brassica oleracea italica)
se ha presentado un ligero aumento de los compuestos
fendlicos durante los primeros dias de almacenamiento.
Alos 18 y 21 dda, los valores estadisticamente (P < 0.05) mds
altos en el contenido de fenoles totales se obtuvieron
de plantas almacenadas en 6 °C. Este comportamiento
probablemente fue debi6 a que el periodo de
almacenamiento afecto la concentracion total de fenoles,
que en estas condiciones presentaron un estado de
oxidacién intermedio con mayor actividad captadora
de radicales, lo cual promovié la oxidacién enzimdtica
(Kirca & Arslan, 2008).

Capacidad antioxidante

Entre 3 y 9 dda la mayor capacidad antioxidante de
brotes terminales de salvia se observé en 23 °C. A partir
de los 12 dda los valores mds bajos se reportaron en la
condicion de 0 °C (Cuadro 1). Al respecto se ha sefialado
que la capacidad antioxidante y el contenido de fenoles
totales aumenta cuando los productos son manejados en
altas temperaturas, resultados observados por Kevers et
al. (2007) en espdrrago (Asparagus officinalis L.), espinaca
(Spinacia oleracea) y apio (Apium graveolens), almacenados
en 20 °C durante 22, 19 y 8 dias, respectivamente. En
contraste, otros frutos y vegetales de hoja verde cuando
se almacenan en + 4 °C como el flamboydn (Delonix
regia), hojas de curry (Helichrysum thianschanicum) y mani
cai (Sauropus androgynus) (Mathiventhan & Sivakanesan,
2013), o en £ 5 °C como la lechuga (Lactuca sativa), y
en 10 a 12 °C en el caso de pepino (Cucumis sativus) y
tomate (Physalis ixocarpa Brot.) (Kevers et al., 2007),
donde los niveles de fenoles y actividad antioxidante se
mantuvieron bajos debido a que las bajas temperaturas
retardan los procesos metabolicos de las plantas
(Mathiventhan & Sivakanesan, 2013).

Posteriormente, en 15 dda se presentaron diferencias
estadisticas (P < 0.05) entre las tres temperaturas
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Table 1. Content of total phenols and antioxidant capacity (TP and AC), and activity of the enzymes superoxide
dismutase (SOD), catalase (CAT), peroxidase (POD) and polyphenol oxidase (PFO) in sage shoots stored at
0, 6 and 23 °C for 21 days.
Cuadro 1. Contenido de fenoles totales y capacidad antioxidante (FT y CA), y actividad de las enzimas superéxido
dismutasa (SOD), catalasa (CAT), peroxidasa (POD) y polifenoloxidasa (PFO) en brotes de salvia
almacenada en 0, 6 y 23 °C durante 21 dias.

Storage TPY AC
temperature (°C)/  (mg TAE-kg' FW)/  (mg VCEAC-g'FW)/ SODyY CAT POD PFO
Temperatura de FTv CA (Umg'P) (U-mg'P) (Umg*P) (U-mg' P)

almacenamiento (°C)  (mg ATE-kg* PF) (mg AAEVC-g" PF)

0 days of storage/0 dias de almacenamiento

4.52* 53.75 5.4* 13.6 27.3* 15.4
3 days of storage /3 dias de almacenamiento
0 4.26a 49.68b 6.0a 14.1a 39.0az 13.7b
4.24a 50.62b 5.3b 13.9a 30.3b 14.3b
23 4.17b 63.74a 5.2b 13.2a 19.6¢ 21.3a
HSD/DMSH 0.2 6.7 0.9 1.7 8.1 3.4
6 days of storage/6 dias de almacenamiento
4.30a 61.49b 6.0a 14.2a 28.5ab 19.8b
4.28a 65.13b 5.9a 12.6a 23.0b 10.9¢
23 4.19b 68.74a 5.6a 9.4b 32.8a 24.8a
HSD/DMSH 0.2 4.6 0.8 1.5 6.9 4.5
9 days of storage /9 dias de almacenamiento
0 4.28b 63.36b 3.8a 14.0a 25.2b 20.6b
4.47a 67.42b 3.2b 14.0a 16.8¢ 13.1c
23 4.15¢ 74.26a 3.4b 10.4b 34.9a 27.9a
HSD/DMSH 0.3 5.5 0.7 1.7 6.9 4.8
12 days of storage /12 dias de almacenamiento
4.37b 73.98b 4.0a 13.4a 33.1b 18.9b
4.45a 82.19a 3.9a 11.3b 34.4b 27.1a
23 4.12c¢ 80.06a 3.3b 9.0c 40.0a 26.3a
HSD/DMSH 0.3 4.2 0.7 1.5 6.3 3.9
15 days of storage/ 15 dias de almacenamiento
0 4.39a 59.88¢ 5.6a 11.5a 33.2b 13.4c
4.40a 78.24b 5.7a 9.8b 34.3b 24.3b
23 4.09b 88.57a 4.2b 9.9b 39.9a 28.5a
HSD/DMSH 0.3 5.2 0.8 1.4 5.0 29
18 days of storage /18 dias de almacenamiento
4.41b 60.62b 5.5a 8.9a 46.9a 16.7a
4.43a 72.16a 5.0b 9.6a 35.9b 20.7a
23 ) ) ) ) ) )
HSD/DMSH 0.2 4.9 0.7 1.3 7.2 4.2
21 days of storage /21 dias de almacenamiento
4.46b 53.42b 5.8a 11.8a 76.2a 17.3b
5.07a 62.68a 5.3b 13.9a 40.4b 20.7a
23 N - - N N -
HSD/DMSH 0.2 4.6 0.8 21 5.4 2.9

*Treatments had no effect; the mean is only reported as a reference. “Means with the same letter within columns and storage periods are not statistically different
(Tukey, P < 0.05). HSD: honest significant difference, YTP: total phenols, AC: antioxidant capacity, YSOD: superoxide dismutase, CAT: catalase, YPOD: peroxidase
and PFO: polyphenol oxidase.

*No hay efecto de tratamientos, solo se reporta la media como referencia. “Medias con la misma letra dentro de columnas y dentro de periodos de almacenamiento,
no difieren estadisticamente (Tukey, P < 0.05). DMSH: diferencia minima significativa honesta, YFT: fenoles totales, CA: capacidad antioxidante, YSOD: superéxido
dismutasa, CAT: catalasa, YPOD: peroxidasa y PFO: polifenoloxidasa.
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in leaves refrigerated at 0 °C. This can occur because
low temperatures confer protection against possible
damage to the cell membrane. This is consistent with
Cuadra-Crespo and del Amor (2010) and Oliveira,
Rufino, Moura, Cavalcanti, Alves, and Miranda (2011),
who in evaluating the activity of SOD in sweet peppers
(Capsicum annuum var. Annuum) and acerola (Malpighia
emarginata), stored at low temperatures and high
relative humidity, observed an increase in its activity
without damage to their appearance. These results
are also consistent with those reported by Martinez-
Damidn et al. (2013), who stored mint for 15 days and
found that at 6 and 10 °C the activity of superoxide
dismutase was higher (P < 0.05) (with values between
26.2 and 20.7 U-mg!P, respectively), compared with
mint kept at 20 °C (17.89 U-mg'P).

With regard to these results, plant resistance to low
temperatures is associated with the joint activity of
the enzymes superoxide dismutase and catalase,
more than to other physiological factors (Polata,
Wiliniska, Bryjak, & Polakovic, 2009), since they
are the first line of cellular defense against reactive
oxygen species (Ferreira-Silva, Voigt, Silva, Maia,
Aragdo, & Silveira, 2012). On the other hand, the
effect of low-temperature storage is associated with a
significant increase in superoxide dismutase activity
and decreased senescence, so if this enzyme is active,
it may slow the damage caused by plant aging (Balois-
Morales, Colinas-Le6n, Pefia-Valdivia, Chdvez-Franco,
& Alia-Tejecal, 2008).

Enzyme activity of catalase

Catalase activity (Table 2) showed no differences
(o0 = 0.05) at 3 das, suggesting the stability of the enzyme
at the beginning of the experiment. Subsequently and
until 15 das, the recorded values of the refrigerated
plants (0 and 6 °C) were higher (P < 0.05) than those of the
control (23 °C), where conservation at 0 °C was greater,
particularly at 15 and 18 das, since in the last evaluations
the refrigerated leaves had the same behavior. This
increase in catalase activity probably occurred because
this enzyme is involved in the defense mechanism against
cold stress (Polata et al., 2009).

These results are consistent with those of Duarte-
Baquero, Castro-Rivera, and Narvdez-Cuenca (2005),
who by storing yellow pitaya (Acanthocereus pitajaya)
observed an increase in catalase activity at the lowest
storage temperature tested (1,300 U-mg' P), unlike
what was reported by Balois-Morales et al. (2008) in
pithaya (Hylocereusundatus) fruit, where catalase activity
showed no association with temperature or cold
storage time; moreover, inhibition of catalase activity
was partially or completely reversed with storage
at 22 £ 1 °C. Also, Oliveira et al. (2011) observed in
acerola that catalase activity was minimal, regardless

empleadas; en 23 °C la capacidad antioxidante fue
mayor en comparacién con 0y 6 °C. Finalmente en 18 y
21 dias, en el almacenamiento a 6 °C se observaron los
valores mds altos de CA. En estas dos ultimas fechas de
evaluacién las plantas testigo no presentaron la calidad
adecuada para ser evaluadas. Patthamakanokporn,
Puwastien, Nitithamyong, y Sirichakwal (2008)
mencionaron que la capacidad antioxidante depende
del contenido de fenoles totales, no obstante, la
actividad antioxidante no estd limitada a los compuestos
fendlicos y puede ser afectada por la presencia de otros
metabolitos secuandarios antioxidantes, como aceites
voldtiles, carotenoides y vitaminas (Javanmardi et al.,
2003) situacién que concuerda con este trabajoen 0y 6 °C
entre los 6 y 12 dda.

Actividad enzimatica de superdxido dismutasa

En las plantas, los factores externos como la
temperatura, humedad, luz, patégenos y lesiones,
inducen estrés oxidativo debido a un desequilibrio entre
la produccion de especies reactivas de oxigeno. Para que
las plantas se desintoxiquen de las especies reactivas de
oxigeno dependen de la enzima superédxido dismutasa
(Huang, Xia, Hu, Lu, & Wang, 2007). En este trabajo se
encontré que en 12y 15 dda con 0 °C se observé mayor
actividad de superéxido dismutasa con respecto a 23 °C
(P < 0.05); en 6 y 9 dda esta actividad fue igual bajo 0
y 6 °C, y superior (P < 0.05) ala de 23 °C. En 3, 18 y 21
dda la actividad de SOD fue estadisticamente igual en
los niveles de temperatura de conservacién (Cuadro 1).

Posteriormente, en 12 y 15 dda, la mayor actividad
enzimdtica de SOD se obtuvo de las muestras
conservadas en refrigeracién, situacién que prevalecid
hasta el ultimo muestreo donde la mayor actividad
se present6 en hojas refrigeradas en 0 °C. Esto puede
ocurrir debido a que las bajas temperaturas confieren
protecciéon contra un posible dano de la membrana
celular. Esto concuerda con Cuadra-Crespo y del Amor
(2010) y Oliveira, Rufino, Moura, Cavalcanti, Alves, y
Miranda (2011), quienes al evaluar la actividad de 1a SOD
en pimientos verdes (Capsicum annuum var. Annuum) y
acerola (Malpighia emarginata), almacenados en bajas
temperaturas y alta humedad relativa, observaron un
incremento en su actividad sin que se presentaran
dafios en la apariencia. Estos resultados también
coinciden con los reportados por Martinez-Damidn et
al. (2013) quienes al almacenar menta durante 15 dias,
encontraron que a 6y 10 °Cla actividad de la super6xido
dismutasa fue superior (P < 0.05) (con valores entre 26.2
y 20.7 U-mg!' P, respectivamente), comparada con la
que se mantuvo en 20 °C (17.89 U-mg'P).

Con respecto a estos resultados, la resistencia de las
plantas a temperaturas bajas se encuentra asociada a la
actividad conjunta de las enzimas superéxido dismutasa
y catalasa, mds que a otros factores fisiologicos (Polata,
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of storage temperature (with values between 0.7 and
0.9 ymolH,0, mg!-min’P).

This indicates that catalase behavior depends on the
species, physiological harvest time and storage time,
among other factors. The upward trend in catalase at
21 das, compared to 15 das, suggests that in senescent
plants the natural production of free radicals in aging
tissue promotes an antioxidant response by increasing
catalase activity (Duarte-Baquero et al., 2005).

Enzyme activity of peroxidase

At 3 das, there were statistical differences (P < 0.05)
among the three treatments assayed (Table 3), with
the highest peroxidase activity at 0 °C (39.0 U-g' FW).
These results are consistent with those of Martinez-
Damidn et al. (2013), who found that in mint stored
for 15 days that peroxidase activity was higher at 10 °C
(306.29 U-g! FW) than at 20 °C (162.50 U-g!' FW).
The increase in peroxidase at low temperatures is
considered a consequence of the system’s ability to
delay senescence, since it is responsible for catalyzing
the decomposition of hydrogen peroxide (Balouchi,
Peyvast, Ghasemnezhad, & Saadatian, 2011).

From 6 to 15 das, sage shoots stored at 23 °C had
the highest peroxidase activity (P < 0.05), increases
that may be associated with the generation of
oxidative stress caused by the exposure of plant
leaves to unfavorable temperature conditions, so a
greater release of peroxidase can be generated in the
cytoplasm, which increases its activity (Able, Wong,
Prasad, & Ohare, 2005).

In terms of 18 to 21 das, POD activity at 0 °C was higher
(P = 0.05) than at 6 °C; there was also an increase from
the beginning of storage. These results agree with those
of Balouchi et al. (2011), who by storing broccoli florets
for 40 days observed that in the last days of evaluation
the low temperature (0 °C) resulted in a significant
increase in POD activity (with values ranging between
5.4 and 7.2 U-g! FW.

Enzyme activity of polyphenol oxidase

In this study, at 3 das at 23 °C the highest polyphenol
oxidase activity (21.3 U-mg' P) (Table 3) was observed,
compared to the treatments at 0 and 6 °C, which had
statistically similar activity. At 12 das, similar behavior was
presented, although 6 and 23 °C (with values of 27.1 and
26.3 U-mg! P, respectively) were different (P < 0.05) at 0 °C
(18.9 U-mg! P). In this regard, Hassanpour, Khavari-Nejad,
Nikman, Najafi, and Razavi (2012) note that polyphenol
oxidase is only located in plastids and is released to the
cytosol due to damage or the senescence process that is
related to plant respiration and which accelerates with
high temperatures, generating degradation products

Wiliniska, Bryjak, & Polakovic, 2009), ya que constituyen
la primera linea de defensa celular en contra de las
especies reactivas de oxigeno (Ferreira-Silva, Voigt, Silva,
Maia, Aragdo, & Silveira, 2012). Por otra parte, el efecto
del almacenamiento en bajas temperaturas se asocia al
incremento significativo de la actividad de la superéxido
dismutasa y a la disminucion del proceso de senescencia,
por lo que, si esta enzima se encuentra activa, es
posible que puedan retardarse los dafios causados por el
envejecimiento de las plantas (Balois-Morales, Colinas-
Ledn, Pefia-Valdivia, Chdvez-Franco, & Alia-Tejecal, 2008).

Actividad enzimatica de catalasa

La actividad de la catalasa (Cuadro 1) no presenté
diferencias (o = 0.05) en 3 dda, esto sugiere estabilidad
de la enzima al inicio del experimento. Posteriormente
y hasta 15 dda, los valores registrados de plantas
refrigeradas (0 y 6 °C) fueron mayores (P < 0.05) a las
del testigo (23 °C), donde la conservacién en 0 °C fue la
mayor, particularmente en 15 y 18 dda, ya que en las
ultimas evaluaciones las hojas refrigeradas tuvieron el
mismo comportamiento. Este incremento de catalasa
probablemente ocurrié porque dicha enzima participa
en el mecanismo de defensa contra del estrés por frio
(Polata et al., 2009).

Estos resultados coinciden con Duarte-Baquero, Castro-
Rivera, y Narvdez-Cuenca (2005) quienes al almacenar
pitaya amarilla (Acanthocereus pitajaya) observaron
un incremento de la actividad de la catalasa en
la mds baja temperatura de almacenamiento
probada (1,300 U-mg'P), a diferencia de lo reportado
por Balois-Morales et al. (2008) en frutos de pithaya
(Hylocereus undatus), donde la actividad de la catalasa
no mostré asociaciéon con la temperatura o tiempo de
almacenamiento con frio; ademds, la inhibicién de la
actividad dela catalasa fue revertida parcial o totalmente
con el almacenamiento en 22 +1 °C. Asimismo, Oliveira
et al. (2011) observaron en acerola que la actividad de
la catalasa fue minima, independientemente de las
temperaturas de almacenamiento (con valores entre
0.7 y 0.9 pmolH,0,- mg’-minP).

Lo anterior indica que el comportamiento de la catalasa
depende de la especie, momento fisiologico de cosecha
y tiempo de almacenamiento, entre otros factores. La
tendencia del incremento de la catalasa en 21 dda, con
respecto a 15 dda sugiere que en plantas senescentes
la produccién natural de radicales libres en tejido
que envejece, promueve una respuesta antioxidante,
mediante el incremento de la actividad de catalasa
(Duarte-Baquero et al., 2005).

Actividad enzimatica de peroxidasa

En 3 dda se presentaron diferencias estadisticas
(P < 0.05) entre los tres tratamientos ensayados (Cuadro 1),
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which increase the concentration of substrates
causing dark stains on the leaves (de Almeida,
Durigan, Mattiu, Alves, & O’hare, 2006).

The results at 6, 9 and 15 das indicated that the highest
polyphenol oxidase activity was obtained in sage stored
at 23 °C, an effect similar to that described by Martinez-
Damidn et al. (2013), who report that polyphenol
oxidase activity increases rapidly with high storage
temperatures, so there may be a direct association
between the enzyme and increased temperature.

At 18 das, a decrease in this enzyme occurred due to the
effect of the low temperature, which was significant
(P < 0.05) at 21 das, where storage at 0 °C had the
lowest polyphenol oxidase activity. This result is
consistent with that of Lopez-Blancas, Martinez-Damidn,
Colinas-Le6n, Bautista-Bafiuelos, Martinez-Solis, and
Rodriguez-Pérez (2014), who by storing basil at 10 °C
observed that polyphenol oxidase activity decreased
after a period of 16 storage days, with values ranging
from 31.0 to 15.3 U-mg’ P. In this sense, when plant
tissues are stressed by factors such as cold, there
are changes in the respiratory rate, accumulation of
phenolic compounds and variations in polyphenol
oxidase activity, which increase as a defense against
the cold.

Conclusions

Cooling sage decreased total phenolic content and
antioxidant capacity, compared to the control; however,
the activity of the enzymes superoxide dismutase and
catalase increased. In most of the evaluated times (3, 6,
12 and 15 das), the activity of the enzymes peroxide and
polyphenol oxidase was lower at low temperatures (0
and 6 °C), compared to the control (23 °C). Sage storage at
0 °C reduced the activity of enzymes linked to oxidative
processes, in most of the storage times studied.

End of English version
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