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Posharvest Characterization of Castilla Blackberry
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(Rubus glaucus) tratada con 1-metilciclopropeno
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ABSTRACT. The effect of 1-MCP treatment on the main post-harvest parameters of Castilla blackberry (Rubus glaucus) during refrigerated
storage was determined. The fruits were treated with a dose of 3 uL / L of 1-MCP for six hours at room temperature, and stored at two different
temperatures (1 © C and 12 ° C) for nine days leaving controls untreated. Blackberries treated with 1-MCP showed lower weight losses, color,
firmness, and a lower degree of contamination, generating a lower maturity rate compared to control. Low temperature potentiated the effect of
the inhibitor on the fruits, observing a greater delay in senescence at 10C. According to the results obtained, it was observed that the treatment
with 1-MCP combined with the low temperatures delays the deterioration of the Castilla blackberry fruit. It is recommended to perform tests
at other temperatures and storage times and apply 1-MCP, immediately after harvest.
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RESUMEN. Se determino el efecto del tratamiento con 1-MCP sobre los principales parametros postharvest de la mora de castilla (Rubus
glaucus) durante el almacenamiento refrigerado. Los frutos fueron tratados con una dosis de 3 uL/L de 1-MCP durante seis horas a temperatura
ambiente, y almacenados a dos temperaturas diferentes (1°C y 12°C) durante nueve dias dejando controles sin tratamiento. Las moras tratadas
con 1-MCP presentaron menores pérdidas de peso, color, firmeza, y un menor grado de contaminacion, generando un indice de madurez mas
bajo en comparacion al control. La baja temperatura potencio6 efecto del inhibidor en los frutos, observandose un mayor retraso en la senes-
cencia a 1°C. De acuerdo a los resultados obtenidos pudo observarse que el tratamiento con 1-MCP combinado con las bajas temperaturas
retarda el deterioro de la mora de castilla. Se recomienda realizar ensayos a otras temperaturas y tiempos de almacenamiento y aplicar 1-MCP
inmediatamente después de la cosecha.
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INTRODUCTION

Beyond the refrigeration, in numerous fruits and vege-
tables, different technologies are used usually postharvest in
order to delay their deterioration; the inhibitor of the ethylene
1-metilcloropropeno (1-MCP) is one of them. This compound of
low toxicity and stable temperature has been widely studied in
recent years (Biswas et al., 2014; Pongprasert y Srilaong, 2014,
Torres et al., 2016). Its action consists in blocking receptors of
ethylene (hormone related to maturation in climacteric fruits),
since its affinity for these sites is 10 times greater than that of
ethylene (Chiriboga et al., 2013; Rodoni et al., 2014). It is also
suggested that 1-MCP could reduce the production of ethylene

INTRODUCCION

Mas alla de la refrigeracion, en numerosas frutas y hortali-
zas suelen emplearse diferentes tecnologias poscosecha a fin de
retrasar su deterioro; entre ellas se destaca el inhibidor del etileno
1-metilcloropropeno (1-MCP). Este compuesto de baja toxicidad
y estable atemperatura ambiente, ha sido ampliamente estudiado
en los Ultimos afios (Biswas et al., 2014; Pongprasert y Srilaong,
2014; Torres et al., 2016). Su accién consiste en bloquear sitios
receptores del etileno (hormona relacionada con la maduracion
en frutos climatéricos), ya que su afinidad por estos sitios, es 10
veces mayor que la del etileno (Chiriboga et al., 2013; Rodoni
et al., 2014). Igualmente se plantean que el 1-MCP puede dismi-
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by inhibiting the genomic expression of the enzymes involved
in its synthesis (Zhang et al., 2012). Other studies also indicate
that this important blocker also decreases the respiratory rate
and as a consequence the production of CO2 (Gardin etal., 2012;
Jamjumroon et al., 2013).

Although the majority of the authors describe the action
of 1-MCP in climacteric fruits (dependent on the ethylene),
its wide protection to agricultural species, its easy applica-
tion and efficacy, turn it into an attractive candidate in the
postharvest treatments of non-climacteric fruits. In this re-
gard, several studies show its action in horticultural products
(not dependent on ethylene) (Chen et al., 2015; Trevenzoli
et al., 2016), evidence that demonstrates the existence of
mechanisms not yet clarified, which determine its action
and effectiveness in these plants (Escobar et al., 2014; Chen
et al., 2015; Watkins et al., 2015).

The blackberry of Castilla (Rubus glaucus) is a non-
clicmateric fruit (not dependent on the ethylene), highly
perishable, which presents high losses postharvest (Ramirez,
2012; Ayala et al., 2013). During its storage, the softening
of the pulp happens very quickly during the first days after
the fruit is harvested. Loss of firmness is the main limiting
factor of the time of conservation. Consistently, its shelf
life is short (3-5 days to 0-1 °C and 80-95 % HR), registe-
ring postharvest losses between 70 - 80 % (Ramirez, 2012;
Ayala et al., 2013; Villegas et al., 2016). In the places of
sale, where the refrigeration temperatures are higher than
5°C, fruit senescence is accelerated, shortening fruit’s shelf
life to 1-2 days, and making numerous changes visible such
as: softening, high coloration, dehydration, contamination
by molds, etc. (Kaume et al., 2012). These postharvest
changes are associated with biochemical changes that lead
to the ripening of the fruit and their manifestation depends
on various factors like storage temperature, microbial load,
fruit damage and others (Villegas et al., 2016). The aim of
this work was determining the effect of the treatment with
1-MCP on the main postharvest parameters of blackberry
of Castilla (Rubus glaucus) during the refrigerated storage.

METHODS

The fruits (Rubus glaucus) with a maturation grade of four
were selected by uniformity of size, color and absence of dam-
ages or defects. Later, they were treated with a dose of 3 pL/L
of 1-MCP for six hours to room temperature (Chiriboga et al.,
2013) in a plastic camera of 20 L of capacity previously sealed.
Four different treatments were applied, where the fruits were
stored at two different temperatures (1°C and 12°C) and relative
moisture of 85-90 % for 9 days. Blackberries were located in
polyethene containers, with 395 cm?®of capacity (ten fruits per
container), leaving witnesses fruits (without 1-MCP treatment),
preserved in the same conditions. The variables (color, firmness,
contamination, loss of weight, acidity and solid soluble) were
analyzed during the zero, 39, 5, 7 and 9™ days.

Color determination was made by colorimetric measure-
ment of the anthocyanin concentration using differential pH
method and applying the formula: Antocianina (mg L?) = (A *

nuir la produccion de etileno al inhibir la expresién genémica
de las enzimas que participan en su sintesis (Zhang et al., 2012).
Otros estudios también indican que este importante bloqueador
también disminuye la tasa respiratoria y como consecuencia la
produccion de CO2 (Gardin et al., 2012; Jamjumroon et al., 2013).

Aunque la gran mayoria de los autores describen la accion
del 1-MCP en frutos climatéricos (dependientes del etileno),
su amplia proteccion a especies agricolas su facil aplicacion y
eficacia, lo convierten en un candidato atractivo en los tratamien-
tos poscosecha de frutos no climatéricos. En tal sentido varios
estudios demuestran su accidn en productos hortofruticolas (no
dependientes del etileno) (Chen et al., 2015; Trevenzoli et al.,
2016), evidencia que demuestra la existencia de mecanismos alin
no esclarecidos, que determinan su accion y eficacia en estas plan-
tas (Escobar et al., 2014; Chen et al., 2015; Watkins et al., 2015).

La mora de castilla (Rubus glaucus) es un fruto no climatérico
(no dependiente del etileno), altamente perecedero y que presenta
elevadas pérdidas poscosecha (Ramirez, 2012; Ayala et al., 2013).
Durante su almacenamiento, el ablandamiento de la pulpa ocurre
muy rapidamente durante los primeros dias después de cosechado
el fruto. Esta pérdida de firmeza, es el principal limitante del tiempo
de conservacion. Consecuentemente su vida de anaquel es corta (3-5
dias a 0-1 ° C 'y 80-95 % HR), registrandose pérdidas postcosecha
entre 70 - 80% (Ramirez, 2012; Ayala et al., 2013; Villegas et al.,
2016). En los sitios de venta donde las temperaturas de refrigeracion
son superiores a los 5°C la senescencia del fruto se acelera, acor-
tando su vida Util a 1-2 dias, y haciendo visibles numerosos cam-
bios como: reblandecimiento, elevada coloracion, deshidratacion,
contaminacion por mohos etc. (Kaume et al., 2012). Estos cambios
postcosecha estan asociados con cambios bioquimicos que conducen
a la maduracion del fruto y su manifestacion depende de diversos
factores como: temperatura de almacenamiento, carga microbiana,
dafios del fruto entre otros (Villegas et al., 2016).

El objetivo del presente trabajo consistié en determinar el
efecto del tratamiento con 1-MCP sobre los principales parame-
tros poscosecha de la mora de castilla (Rubus glaucus) durante
el almacenamiento refrigerado.

METODOS

Los frutos (Rubus glaucus) con grado de maduracién de
cuatro fueron seleccionados por uniformidad de tamafo, color y
ausencia de dafos o defectos. Posteriormente fueron tratados con
una dosis de 3 pL/L de 1-MCP durante seis horas a temperatura
ambiente (Chiriboga et al., 2013) en camara plastica previamente
sellada de 20 L de capacidad. Se aplicaron cuatro tratamientos
diferentes en total, donde los frutos fueron almacenados a dos
temperaturas diferentes (1°C y 12°C) y humedad relativa de 85-
90% durante 9 dias. Para ello las moras se ubicaron en contene-
dores de polietileno, con capacidad de 395 cm?, a razén de diez
frutos por contenedor, dejando frutos testigos (sin tratamiento
de 1-MCP), conservados en las mismas condiciones. Durante
los dias 0, 3, 5, 7 y 9, se analizaron las variables: color, firmeza,
contaminacion, pérdida de peso, acidez y solidos solubles totales.

La determinacion del color se realizé por medicion colori-
métrica de la concentracién de antocianina utilizando el método
de pH diferencial y aplicando la férmula: Antocianina (mg L-1)
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molecular weight * FD * 1000) / (¢ * 1) where A = the absor-
bance earlier studied; FD = the dilution factor; € = the molar
extinction coefficient (Giusti & Wrolstad, 2001).

The rate of fungal contamination was determined visually
immediately after the containers opening. In each fruit the pre-
sence of fungi was observed individually, those that presented
a visible contamination were considered contaminated. The
results were expressed as percentage of fruits infected by fungi.

Physico-Chemical Parameters. The determination of total
soluble solid (TSS) was carried out placing two drops of the
sample on the surface of the prism of a refractometer ATAGO.
Measurement was taken in Brix grades (°Brix). The acidity
titrate (TA) was determined by potentiometric measurements
and it was expressed in Meq of the predominant acid (malic
acid). Firmness of the fruit was determined using penetrome-
ter digitalis EXTECH, with a strength of 196 Newton. Digital
Measuring Instrument was used to determine the weight of
the fruits.

The TA and SST data were expressed as Rate of Ripeness
(RR) from the relation TSS/TA. The results of color, weight,
firmness and contamination, were determined as percentages
of loss, according to the initial and final indicators values, in
accordance with the following formula:

% of losses (parameter) =

Initial Value - Final Value

= (A * Peso molecular * FD * 1000) / (¢ * 1) donde A =Es la
absorbancia antes calculada; FD = Es el factor de dilucion;
¢ =El coeficiente de extincion molar (Giusti y Wrolstad, 2001).

El indice de contaminacion fingica se determind visual-
mente de manera inmediata al abrir los contenedores. En cada
fruto se observd individualmente la presencia de hongos, se
consideraron contaminados aquellos que presentaron una
contaminacion visible. Los resultados se expresaron como
porcentaje de frutos infectados por hongos.

Parametros fisico- quimicos. La determinacion de los s6-
lidos solubles totales (SST) se efectud colocando dos gotas de
la muestra sobre la superficie del prisma de un refractometro
ATAGO, tomandose la medida en grados Brix °Brix). La acidez
titulable (AT) se determin6 por titulacién potenciométrica, y
se expreso en Meq del &cido predominante (acido malico). La
firmeza del fruto se determiné utilizando penetrometro digital
EXTECH, con fuerza de 196 Newton. El peso de los frutos se
realizo en balanza digital.

Los resultados de la AT y SST se expresaron como indice
de Madurez (IM) a partir de larelacion SST/AT. Los resultados
del color, peso, firmeza y contaminacion se determinaron como
porcentajes de pérdida, en funcion de los valores iniciales y
finales de estos indicadores, de acuerdo a la siguiente formula:

100

Design: To measure the effect of 1-MCP in the fruits, a
randomized block design was made with a 2 x 4 x 2 factorial
arrangement ("with 1-MCP " and “without 1-MCP”) x (storage
times: zero, 3, 5, 7t and 9" days) x (storage temperature: 1;
12 °C). The information obtained was analyzed by a triplicated
using ANOVA and the means of the results were compared by
the test LSD of Fisher with 95 % of confidence o =0, 05.

RESULTS AND DISCUSSION

The analysis of variance LSD of Fisher demonstrated significant
differences (p<0.05) between fruits with 1-MCP and without 1-MCP.
By linking the treatments according to temperature, it was observed
that loss of firmness increases by rising temperature (Figure 1). The
biggest losses of firmness (>50%) were evidenced at 120C in fruits
without 1-MCP and the least (<20 %) in fruits with 1-MCP at 1
°C. In accordance with the results, the temperature of 10C, 1-MCP
delays even 4d the loss of firmness of the fruit. In climacteric fruits
like: banana, papaya, apple, mango, zapote and tomato, significant
reductions of the firmness were caused by the action of 1-MCP
compared to control fruits (Piriyavinitetal., 2011; Suy Gubler, 2012;
Parray Fischer, 2013; Lee etal., 2014; Pongpraserty Srilaong, 2014).

Similar studies in non-climacteric fruits also show that the
treatment with 1-MCP can delay for a certain time (days) the
loss of firmness in the fruit (Goémez et al., 2015; Li et al., 2016).
Similar studies results in yellow and red pitahaya are also evi-
dences of the effect of 1-MCP in the firmness of non-climacteric
fruits (Torres et al., 2016).

This behavior of the fruits treated with 1-MCP has been
related to the decrease of polygalacturonasa and celulasa ac-

Initial

Disefio: Para medir el efecto del 1-MCP en los frutos, se
realiz6 un disefio de bloques al azar con arreglo factorial 2x4x2
("con 1-MCP"y "sin 1-MCP™) x 4 (tiempos de almacenamiento:
0,1, 3,5, 7,9dias) x 2 (temperatura de almacenamiento: 1, 12
°C). Los datos obtenidos fueron analizados por triplicado me-
diante ANOVA y las medias de los resultados comparadas por
el test LSD de Fisher con 95% de confianza 0=0,05.

RESULTADOS Y DISCUSION

El andlisis de varianza LSD de Fisher evidencio diferencias
significativas (p<0.05) entre frutos con 1-MCP y sin I-MCP. Al rela-
cionar los tratamientos en funcion de la temperatura se observé que
laperdida de firmeza se incrementa con el aumento de la temperatura
(Figural). Las mayores pérdidas de firmeza (>50%) se manifestaron
alos 12°C en frutos sin 1-MCP y las menores (<20%) en frutos con
1-MCP a 1 °C. Conforme a los resultados, a la temperatura de 1°C,
el 1-MCP retrasa hasta 4d la pérdida de firmeza del fruto.

En frutos climatéricos como: banano, papaya, manzana,
mango, chicozapote y tomate, se hallaron reducciones signifi-
cativas de la firmeza por accion del 1-MCP en comparacion con
frutos controles (Piriyavinitetal., 2011; Suy Gubler, 2012; Parra
y Fischer, 2013; Lee et al., 2014; Pongprasert y Srilaong, 2014).
Estudios similares en frutos no climatéricos también demuestran
que el tratamiento con 1-MCP puede retardar por cierto tiempo
(dias) la pérdida de firmeza en el fruto (Gomez et al., 2015; Li
etal., 2016). Resultados similares de estudios en pitahaya amarilla
y roja, también son evidencias del efecto del 1-MCP en la firmeza
de frutos no climatéricos (Torres et al., 2016).
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tivities (Huerta-Ocampo et al., 2012). It has been seen that the
firmness of the fruits is directly related to the activity of these
enzymes, which degrade peptine and cellulose, respectively and
causing the softening of the fruit (Huerta-Ocampo et al., 2012).
Several authors affirm that the action of 1-MCP blocks the chain
of metabolic signs that lead to the action of these enzymes and
this effect has been evident several times in climacteric fruits,
as in non-clicmateric ones fruto (Huerta-Ocampo et al., 2012;
Botondi et al., 2014; Krishnakumar y Thirupathi, 2014). In ad-
dition, it is referred that the process advances from the interior
of the fruit towards the exterior, and for such a reason, when
loss of firmness is evident in the external crust of the fruit; it
is an indicator of the loss of internal firmness (Huerta-Ocampo
et al., 2012; Torres et al., 2016).

In concordance with the obtained results, several authors
also point out that the effect of the methylcyclopropene can de-
crease with the increase of the temperature of storage (Biswas
et al., 2014). Studies in Arrayana mandarin indicate that this
effect between storage temperatures becomes significant at
temperatures higher than 6 °C (Gomez et al., 2015).

All fruits showed an increase in the losses of weight as
the days passed. For both storage temperatures (1°C and 12°C)
(Figure 2), there were significant differences (p <0.05) in fruits
with and without 1-MCP from 3-9d of storage. At the tempera-
ture of 12°C, the highest levels of weightloss were achieved (>
10 %) towards 9d, and at the temperature of 1°C the weightloss
(<10%) in the same period was lower. These results indicate that
these combined treatments (temperature and 1-MCP) delay the
weight loss of Castilla blackberry treated with 1-MCP up to 4d
at12°Cand up to 7 d at 1°C.

Este comportamiento de los frutos ante 1-MCP se ha relacionado
con ladisminucion de laactividad de las poligalacturonasay celulasa
(Huerta-Ocampo et al., 2012). Se ha visto que la firmeza de los frutos
esta relacionada directamente con laactividad de estas enzimas, que
degradan la peptina y la celulosa (respectivamente), causando el re-
blandecimiento de fruto (Huerta-Ocampo et al., 2012; Botondi etal.,
2014; Krishnakumary Thirupathi, 2014). Varios autores plantean que
la accion del 1-MCP bloquea la cadena de sefiales metabolicas que
conducena laaccion de estas enzimas y este efecto se hamanifestado
tanto en frutos climatéricos, como no climatéricos (Huerta-Ocampo
etal., 2012; Torres et al., 2016). Asimismo se plantea, que el proceso
avanza desde el interior del fruto hacia el exterior, y por tal razon,
cuando se manifiesta pérdida de firmeza en la corteza externa del
fruto, es un indicador la perdida de firmeza interna (Huerta-Ocampo
etal., 2012; Krishnakumar y Thirupathi, 2014).

En correspondencia con los resultados obtenidos, varios au-
tores también sefialan que el efecto del metilciclopropeno puede
disminuir con el incremento de la temperatura de almacenamien-
to (Biswas et al., 2014). Estudios en mandarina Arrayana sefialan
que este efecto entre temperaturas de almacenamiento, se hace
significativo a temperaturas mayores a 6°C (Gomez et al., 2015).

Todos los frutos manifestaron un incremento de la pérdida
de peso con el de cursar de los dias. Para ambas temperaturas de
almacenamiento (1°C y 12°C) (Figura 2), existieron diferencias
significativas (p<0.05) en frutos con y sin 1-MCP desde 3-9d de
almacenamiento. A la temperatura de 12°C, se alcanzaron los
mayores niveles de pérdida de peso (>10%) hacia el 9d, y a la
temperatura de 1°C fue menor la pérdida de peso (<10%) en igual
periodo. Estos resultados indican que ambos tratamientos combi-
nados (temperaturay 1-MCP) retrasan la pérdida de peso de lamora
de castilla tratada con 1-MCP hasta 4d a 12°C y hasta 7 d a 1°C.

FIGURE 1. Firmness behavior of Rubus glaucus fruits at different temperatures (1°C and 12 °C) and storage time of fruits (treated: “with 1-MCP”
and controls: “without 1-MCP”) (different letters indicate significant differences at the level of 0, 05, uppercase (days) lowercase (treatments)).
FIGURA 1. Pérdida de firmeza de Rubus glaucus a diferentes temperaturas de almacenamiento (1°C y 12°C) (tratados:”con 1-MCP” y controles:
“sin 1-MCP”) (letras distintas indican diferencias significativas a nivel de 0,05; mayusculas (dias) minusculas (tratamientos)).
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FIGURE 2. Weightloss of Rubus glaucus fruits at different temperatures (1°C and 12 °C) and storage time of fruits (treated: “with 1-MCP” and controls:
“without 1-MCP”) (different letters indicate significant differences at the level of 0, 05, uppercase (days) lowercase (treatments)).
FIGURA 2. Pérdida de peso de Rubus glaucus a diferentes temperaturas de almacenamiento (1°C y 12°C) (tratados:”con 1-MCP” y controles: “sin 1-MCP”)
(letras distintas indican diferencias significativas a nivel de 0,05; mayusculas (dias) minusculas (tratamientos)).

The manifestation of weightloss with the treatment
of 1-MCP is variable and dependent on several factors. In
tangerine fruits stored at temperatures of 6 and 12 ° C with
and without application of 1-MCP, significant differences
in weight loss were observed during the 34 days of storage.
Pears and mangoes showed a decrease in weightloss as the
dose of 1-MCP increases. However, orange fruits did not
show significant differences in their weight depending on
the concentration of 1-MCP, but they did depend on the
temperature (Sun et al., 2012).

Several studies indicate that during the storage of the fruits,
low temperatures delay the process of transpiration and the
losses of water in the fruit (Balaguera-Lépez et al., 2014). On
the other hand, high temperatures cause an opposite effect in
the transpiration process and therefore, the fruit loses weight
due to dehydration (Villalobos et al., 2011; Lee et al., 2014;
Gémez et al., 2015). In the case of blackberries, their small
size increases their volume area ratio, increasing moisture and
weight losses (Ayala et al., 2013).

Castilla blackberry fruits at room temperature show up
to 50% of weight loss due to dehydration, however, at tem-
peratures lower than 4°C, the losses decrease mainly due to
the metabolic reactions of the fruit (Villegas et al., 2016). In
correspondence with the obtained results, the action of the
1-MCP added to the low temperatures, could generate low
rates of transpiration and therefore, a decrease in dehydration

La manifestacion de la pérdida de peso con el tratamiento de
1-MCP es variable y dependiente de diversos factores. En frutos de
mandarina almacenados a temperaturas de 6 y 12°C con y sin aplica-
cion de 1-MCP se observaron diferencias significativas en la pérdida
de peso durante los 34 dias de almacenamiento. Peras y mangos
mostraron una disminucion de la pérdida de peso conforme aumenta
la dosis de 1-MCP. Sin embargo, frutos de naranja no mostraron
diferencias significativas en su peso en funcion de la concentracion
de 1-MCP pero si en funcién de la temperatura (Sun et al., 2012).

Varios estudios sefialan que durante el almacenamiento de
los frutos, las bajas temperaturas retrasan el proceso de transpi-
raciony las pérdidas de agua en el fruto (Balaguera-Lépez et al.,
2014). Por otra parte las altas temperaturas provocan un efecto
contrario en el proceso de transpiracion y como consecuencia,
el fruto pierde peso por deshidratacion (Villalobos et al., 2011;
Lee et al., 2014; Gémez et al., 2015). Para el caso de las moras,
su pequefio tamafio aumenta su relacién area volumen, incre-
mentando las pérdidas de humedad y de peso (Ayala et al., 2013).

Las moras de castilla a temperatura ambiente manifiestan
hasta un 50% de pérdida de peso por deshidratacion sin em-
bargo, temperaturas menores de 4°C las pérdidas disminuyen
debido fundamentalmente a las reacciones metabolicas del
fruto (Villegas et al., 2016). En correspondencia con los re-
sultados obtenidos, la accién del 1-MCP sumado a las bajas
temperaturas, pudo generar bajas tasas de transpiracién y por
ende una disminucién de la deshidratacion y de la pérdida de
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and weight loss. Both events responded appropriately to extend
the shelf life of the fruit.

The color did not vary depending on the temperature in 3d
(Figure 3). From 5d to 7d the loss of color of the fruits became
more visible, at both temperatures (1°C and 12°C) and both the
treated fruits and controls showed significant differences with
respect to the control (p <0.05). However, by the ninth day no
differences were found by treatment (Figure 7), therefore, the
combined effect 1-MCP and temperature in blackberries delays
the loss of color until 7d.

peso. Ambos eventos respondieron convenientemente para la
alargar la vida util del fruto.

El color no vari6 en funcion de la temperatura en el 3d (Fi-
gura 3). A partir del 5d hasta 7d se hizo mas visible la pérdida de
coloracion de los frutos, en ambas temperaturas (1°C y 12°C) y
tanto los frutos tratados como controles de mostraron diferencias
significativas con respecto al control (p<0,05). Sin embargo para
el noveno dia no se hallaron diferencias por tratamiento (Figura 3)
por lo tanto el efecto combinado 1-MCP y temperatura en moras
de castilla retrasa la pérdida de color hasta 7d.

FIGURE 3. Loss of color of Rubus glaucus fruits at different temperatures (1°C and 12 °C) and storage time (treated: “with 1-MCP” and controls:
“without 1-MCP?”) (different letters indicate significant differences at the level of 0, 05, uppercase (days) lowercase (treatments)).
FIGURA 3. Pérdida de color de Rubus glaucus a diferentes temperaturas de almacenamiento (1°C y 12°C) (tratados:”con 1-MCP” y controles:
“sin 1-MCP”) (letras distintas indican diferencias significativas a nivel de 0,05; mayusculas (dias) mintsculas (tratamientos)).

The delay of the loss of color is usually important to ex-
tend the useful life of the fruit. Substantial color changes in
the Castilla blackberries (from wine red to dark purple) is due,
among other factors, to anthocyanin, the higher the degree of
ripeness of the fruits, the synthesis of this pigment increases
(Salinas-Moreno et al., 2009). It has been seen that, depending
on the temperature, the 1-MCP can vary the response to the
color of some fruits. In pears treated with 1-MCP, a greater
loss of color was observed at a temperature of 0 °C than at
20 °C. In climacteric fruits, I-MCP decreases the activity of
chlorophyllase causing the loss of chlorophyll (Sun et al., 2012).
Tomato fruits, treated with 1-MCP showed a slow color change
and low levels of lycopene, but in pear fruits, it was found that
doses of 0.3 pLL-1 were sufficient to delay the change of the
epidermis color (Sun et al., 2012).

The blackberries treated on the third and fifth day present-
ed a better overall appearance and less contamination (Figure
4a and b) generating a lower deterioration index, compared
to the control, until ninth day of storage at 1 °C. This result
showed that in the control fruits, the step towards senescence
and microbial deterioration was faster than in the fruits treated
with 1-MCP.

El retraso de la perdida de color suele ser importante para
alargar la vida util del fruto; cambios sustanciales de color en
las moras de castillas (de rojo vino a purpura oscuro) se debe
entre otros factores, a las antocianinas, mientras mayor es el
grado de madurez de los frutos la sintesis de este pigmento se
incrementa (Salinas-Moreno et al., 2009). Se ha visto que el
1-MCP dependiendo la temperatura puede variar la respuesta
al de color de algunos frutos. En peras tratadas con 1-MCP se
observd una mayor pérdida de color a una temperatura de 0°C
que a 20°C. En frutos climatéricos, el 1-MCP disminuye la acti-
vidad de la clorofilasa ocasionando la pérdida de clorofila (Sun
etal., 2012). Frutos de tomate, tratados con 1-MCP mostraron un
cambio de color lento y bajos niveles de licopeno, pero en frutos
de pera, se hall6 que dosis de 0,3 pLL-1 fueron suficientes para
retardar el cambio del color de la epidermis (Sun et al., 2012).

Las moras tratadas en el tercer y quinto dia presentaron una
mejor apariencia general y menor contaminacion (Figuras4ay
b) generando un indice de deterioro mas bajo, en comparacion
al control, hasta noveno dia de almacenamiento a 1°C. Este
resultado evidencia que en las frutas controles, el paso hacia
la senescenciay el deterioro microbiano fue mas rapido que los
frutos tratados con 1-MCP.

71



72

Revista Ciencias Técnicas Agropecuarias, ISSN -1010-2760, E-ISSN: 2071-0054, Vol. 27. No. 1 (January-February-March, pp. 66-75), 2018

FIGURE 4. Contamination level of Rubus glaucus fruits at different temperatures (1°C and 12 °C) and storage time of fruits (treated: “with 1-MCP”
and controls: “without 1-MCP”) (different letters indicate significant differences at the level of 0, 05, uppercase (days) lowercase (treatments)).
FIGURA 4. Niveles de contaminacion de Rubus glaucus a diferentes temperaturas de almacenamiento (1°C y 12°C) (tratados:”con 1-MCP” y controles:
“sin 1-MCP”) (letras distintas indican diferencias significativas a nivel de 0,05; mayusculas (dias) mintsculas (tratamientos)).

The appearance of damages in the fruit is closely related to
the firmness of the fruit and the ability of the microorganisms
present and the surface to penetrate inwards. In general, fungi
are the microbial groups that most quickly colonize berry fruits
(Ramirez, 2012; Zhang et al., 2012; Villegas et al., 2016). In
correspondence with the results obtained, in several studies
in climacteric and non-climacteric fruits, it has been seen that
1-MCP delays the damage caused by microorganisms showing
a better overall appearance of the fruits after the harvest (Suy
Gubler, 2012; Amornputti et al., 2014).

In Figure 5 it is shown that, by increasing the storage time,
the TSS/TA ratio of controls and treatments also increases. From
the third day, until the seventh, these increases showed signifi-
cant differences (p <0.05) between controls and treatments, but
already on the ninth day the differences were not significant
at the temperature of 12°C. However, at 1°C, differences were
observed between treatments (with 1-MCP) and controls, up
to 9d. The fruits treated with 1-MCP had lower TSS/TA ratio,
evidence that supports the role of 1-MCP in the delay of senes-
cence in non-climacteric fruits.

With the advance of maturation, there is an increase in
sugars and a decrease in the acidity of the fruits, for this reason
itis natural to observe increases in the TSS/TA ratio. The reason
for these increases indicates the advance of the fruits towards
senescence. In climacteric fruits this advance is due to the
increase of the respiratory rate at the cellular level, where the
organic acids, transformed into sugars, are used as an energy
source (Hassan y Mahfouz, 2012). In the case of non-climacteric
fruits, such as Castilla blackberry, the respiratory rate remains

Laaparicion de dafios en el fruto estd muy relacionada con la
firmeza del fruto y la habilidad de los microorganismos presentes
y la superficie de penetrar hacia el interior. Por lo general los hon-
gos son los grupos microbianos que mas rapidamente colonizan
los frutos tipo baya (Ramirez, 2012; Zhang et al., 2012; Villegas
et al., 2016). En correspondencia con los resultados obtenidos
varios estudios en frutos climatéricos y no climatéricos, se ha
visto que el 1 [IMCP retrasa el dafio causado por microorganis-
mos evidenciandose una mejor apariencia general de los frutos
después de la cosecha (Suy Gubler, 2012; Amornputti etal., 2014).

La Figura 5 muestra que al aumentar el tiempo de almacena-
miento, también aumenta la relacién SST/AT, de controles y trata-
mientos. A partir del tercer dia, hasta el séptimo estos incrementos
mostraron diferencias significativas (p<0,05) entre controles y
tratamientos pero ya en el noveno dia las diferencias no fueron
significativas a la temperatura de 12°C. Sin embargo, a 1°C se
siguieron observando diferencias entre trataminetos (con 1-MCP)
y controles, hasta el 9d. Los frutos tratados con 1-MCP tuvieron
menor relacién SST/AT, evidencia que fundamenta el papel del
1-MCP en el retraso de la senescencia en frutos no climatéricos.

Con el avance de la maduracion, se manifiesta un incremen-
to de los azUcares y una disminucion de la acidez de los frutos,
por tal motivo es natural observar incrementos de la relacion
SST/AT. Larazo6n de estos incrementos indica el avance de los
frutos hacia la a la senescencia. En frutos climatericos este
avance se debe al aumento de la tasa repiratoria a nivel celular,
donde los &cidos organicos, tranformados en azucares, son
utilizados como fuente de energia (Hassan y Mahfouz, 2012).
Para el caso de los no climatericos como la mora de castilla la
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constant, however, the same effect of delayed senescence is
observed. Other non-climacteric fruits experience a similar
behavior (Serna-Cock et al., 2013; Gomez et al., 2015; Torres
et al., 2016).

tasa respiratoria permance constante, sin embargo se observa
el mismo efecto de retraso de la senescencia. Otros frutos no
climatericos experimentan un comportamiento similar (Serna-
Cock et al., 2013; Gomez et al., 2015; Torres et al., 2016).

FIGURE 5. TSS/TA ratio of Rubus glaucus fruits at different temperatures (1°C and 12 °C) and storage time of fruits (treated: “with 1-MCP” and controls:
“without 1-MCP?”) (different letters indicate significant differences at the level of 0, 05, uppercase (days) lowercase (treatments)).
FIGURA 5, Relacion entre solidos solubles y acidez titulable de Rubus glaucus a diferentes temperaturas de almacenamiento (1°C y 12°C) (tratados:”con
1-MCP” y controles: “sin 1-MCP”) (letras distintas indican diferencias significativas a nivel de 0,05; mayusculas (dias) mintsculas (tratamientos)).

It is affirmed, in most of the fruits, climacteric and
non-climacteric, 1-MCP delays the metabolic reactions
that propitiate starches transformation in simple sugars (Su
& Gubler, 2012; Serna-Cock et al., 2013; Li et al., 2016).
Several studies refer that 1-MCP avoids the intensive in-
crease of the respiration, hence the use of the sugar as an
energy source in the respiratory process is slowned down,
stopping the processes of aging of the fruit (Hassan &
Mahfouz, 2012). On the other hand, it has also been seen
that this compound can maintain for a longer time period
the action of antioxidant enzymes (Han et al., 2015)5.0 or
50.0ull-1 and this event, added to the metabolic stop caused
by low temperatures (Biswas et al., 2014), could explain the
results obtained. In the case of non-climacteric fruits, such
as Castilla blackberry, a delay in these metabolic processes,
explains the delay in the deterioration and senescence, in
comparison with the control fruits.

CONCLUSIONS

e The combined use of low temperatures and treatment with
1- MCP delays the process of aging of Castilla blackberry.
It is recommended to do essays at other temperatures and
storage times and to apply 1-MCP immediately after harvest.

Se plantea que en la mayoria de los frutos, climatericos y
no climatericos el 1-MCP retrasa las reacciones metabdlicas que
propician la transformacion de almidones en azucares simples (Su
y Gubler, 2012; Serna-Cock et al., 2013; Li et al., 2016). Varios
estudios plantean que el 1-MCP evita el incremento acelerado de
larespiraciony por ende la utilizacion de los azticares como fuente
de energia en el proceso respiratorio se enlentece, deteniendo los
procesos de envejecimiento del fruto (Hassan y Mahfouz, 2012).
Por otra parte también se ha visto que este compuesto puede man-
tener por un periodo mas largo de tiempo la accion de enzimas
antioxidantes (Han et al., 2015)5.0 or 50.0pll-1 y este evento,
sumado a la parada metabdlica causada por las bajas temperaturas
(Biswas et al., 2014), podria explicar los resultados obtenidos. Para
el caso de frutos no climatéricos como la mora de castilla un retardo
de estos procesos metabolicos, explicaria el aplazamiento en del
deterioro y senescencia, en comparacion con los frutos controles.

CONCLUSIONES

e El empleo combinado de bajas temperaturas y tratamiento
con 1- MCP retrasa el proceso de senescencia de la mora de
castilla. Se recomienda realizar ensayos a otras temperaturas
y tiempos de almacenamiento y aplicar 1-MCP inmediata-
mente después de la cosecha.
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