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Microperforated-based modified atmosphere
incorporated with vapors of oregano essential oil
to preserve blackberry fruits in postharvest
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Abstract

lackberry fruits have a shelf life of 3 d at ambient temperature, due to fungal development.
BEssential oils (Eo) can increase shelf life because of their antifungal potential. The objective

was to evaluate the use of modified atmosphere packaging incorporated with vapors of an Eo
to prolong shelf life of blackberry fruits. The methodology included the use of oregano Eo to inhibit
fungi development. Eo was analyzed with gas chromatography-mass spectrometry. The minimum
inhibitory concentration of Eo to inhibit fungi in blackberry fruits was determined in vitro and in vivo.
The storage of blackberry fruits under modified atmosphere with vapors of oregano Eo was evaluated
at ambient temperature. The compounds linalool, o-cymene, and thymol were identified as the main
constituents of Eo. Based on fruits with fungal development, isolates were made in culture media
and the presence of Aspergillus carbonarius, Alternaria alternata, and Penicillum digitatum was identified.
A minimum inhibitory concentration of Eo in the head space of fruits was found with value of
0.8 uL-mL". The handling of blackberry fruits in modified atmosphere with micro-perforation and
exposition to volatilized Eo (MAP-Eo) reduced the rate of weight loss, the loss of consistency, and that
of alteration of color attributes, which allowed maintaining a better appearance during 6-7 d at 23 °C.
MAP-Eo kept the content of phenolic compounds and anthocyanins, as well as the antioxidant
capacity, without significant changes. In conclusion, MAP-Eo is a useful alternative to extend shelf
life of blackberry fruits.
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Resumen

os frutos de zarzamora tienen una vida de anaquel de tres dias a temperatura ambiente debido

al desarrollo de hongos. Los aceites esenciales (Ae) pueden prolongar esta etapa por su potencial

antifingico. El objetivo fue evaluar el uso de empaques de atmédsfera modificada incorporados

con vapores de un Ae para prolongarla vida de anaquel de frutos de zarzamora. La metodologia incluyé

el uso de Ae de orégano para inhibir el desarrollo de hongos. El Ae se analizé mediante cromatografia

de gases-espectrometria de masas. La concentraciéon inhibitoria minima del Ae para los hongos en

frutos de zarzamora fue determinada tanto in vitro como in vivo. E1 almacenamiento de frutos de

zarzamora en atmoésfera modificada con vapores de Ae de orégano se evalué a temperatura ambiente.

Los compuestos linalol, o-cimeno y timol se identificaron como los componentes principales del Ae.

A partir de frutos con desarrollo de hongos, se realizaron aislamientos en medios de cultivo y se

identificé la presencia de Aspergillus carbonarius, Alternaria alternata y Penicillum digitatum. Se encontré

que la concentracién inhibitoria minima es de 0.8 uL-mL" en el espacio de cabeza de los frutos. El

Palabras clave: Rubys Mmanejo de frutos de zarzamora en atmoésfera modificada con microperforado y exposicién a vapores

fruticosus L., Origanum vulgare, ~de Ae (EAM-Ae) redujo la tasa de pérdida de peso, la pérdida de consistencia y la alteracién de los

aceite esencial, control ~ atributos del color, lo cual permiti6 mantener una mejor apariencia durante 6-7 dias a 23 °C. La

EAM-Ae mantuvo los compuestos fenolicos, las antocianinas y la capacidad antioxidante, sin cambios

significativos. En conclusién, el EAM-Ae es una alternativa 1til para prolongar la vida de anaquel de
los frutos de zarzamora.

de hongos, concentracién
inhibitoria minima.
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Introduction

Fungal development causes deterioration of
horticultural crops in postharvest and limits shelf
life (Legrand et al., 2021; Moncayo-Pérez et al., 2020).
Fungi of genera including Penicillium (Kharchoufi et
al., 2018), Colletotrichum (Shi et al., 2021), Fusarium
(Medina-Romero, Roque-Flores, & Macias-Rubalcava,
2017), Rhizopus (Kong et al., 2019), and Alternaria (Li et
al.,, 2021), are among main postharvest deterioration
agents. Due to similar factors and phenomena such as
dehydration, wrinkling, and aging, blackberry fruits
(Rubus spp.) have shelf life of only 3 days at 25 °C
and 7-8 days at 4 °C (Bersaneti, Prudencio, Mali, &
Pedrine, 2021; Toscano-Avila et al., 2020; Vilaplana,
Guerrero, Guevara, & Valencia-Chamorro, 2020). On the
other hand, many regions lack refrigeration or cooling
systems (Frias-Moreno et al., 2019), so postharvest
handling must focus on controlling deterioration
factors, even without this infrastructure.

Essential oils (Eo) from different plant species have
antimicrobial activity and have attracted attention
to be part of disease control strategies in postharvest
handling (Aguilar-Veloz, Calderén-Santoyo, Vdzquez
Gonzdlez, & Ragazzo-Sdnchez, 2020). Eo are complex,
natural, and volatile products, characterized by
having a strong odor and being formed by aromatic
plants as terpenes (monoterpenes, diterpenes, and
sesquiterpenes) and other components such as
alcohols, acids, esters, epoxides, aldehydes, ketones,
amines, aromatic phenols, and sulfides (Rehman,
Hanif, Mushtaq, & Al-Sadi, 2016; Pandey, Kumar, Singh,
Tripathi, & Bajpai, 2017).

The use of Eo has been evaluated in the preservation
of blackberry fruits through their incorporation in
biopolymeric coatings (Potma da Silva, de Carvalho,
Ayub, & Celano-Menezes, 2020; Shi et al., 2022). This
form of use of Eo through biopolymers is one of the
most common practices and currently seeks to improve
release through strategies based on nanoemulsions,
encapsulation, multilayer systems, and the production
of nanofibers through electrospinning (Zhang, Jiang,
Rhim, Cao, & Jiang, 2022). However, the controlled
release of vapors of Eo in the headspace of products
can induce a greater inhibitory effect (L6pez-Gémez
et al, 2021; Peretto et al., 2014; Reyes-Jurado,
Cervantes-Rincén, Bach, Lépez-Malo, & Palou, 2019),
but this implies retaining the active compounds to
ensure a certain concentration. In this sense, the
use of Eo vapors can be used in conjunction with
modified atmospheres (MAP) to promote the retention
of these compounds in the head space (L6pez-Gémez
et al, 2021).

The fungal development that causes deterioration of
blackberry fruits can include species as Botrytis spp.,

Introducciéon

El desarrollo de hongos causa el deterioro de los cultivos
horticolas en poscosecha y limita la vida de anaquel
(Legrand et al., 2021; Moncayo-Pérez et al., 2020). Los
hongos de géneros como Penicillium (Kharchoufi et
al., 2018), Colletotrichum (Shi et al., 2021), Fusarium
(Medina-Romero, Roque-Flores, & Macias-Rubalcava,
2017), Rhizopus (Kong et al., 2019) y Alternaria (Li et al,,
2021) se encuentran entre los principales agentes de
deterioro en poscosecha. Debido a factores similares y a
fenémenos como la deshidratacién, el marchitamiento
y el envejecimiento, los frutos de zarzamora (Rubus spp.)
tienen una vida util de 3 dias a 25 °C y de 7-8 dias a
4 °C (Bersaneti, Prudencio, Mali, & Pedrine-Colabone,
2021; Toscano-Avila et al., 2020; Vilaplana, Guerrero,
Guevara, & Valencia-Chamorro, 2020). Por otro lado,
muchas regiones carecen de sistemas de refrigeracién
o enfriamiento (Frias-Moreno et al., 2019), por lo que
el manejo poscosecha se debe enfocar en controlar
los factores de deterioro, incluso si no se cuenta con
infraestructura de ese tipo.

Los aceites esenciales (Ae) de diferentes especies
vegetales tienen actividad antimicrobiana y han
despertado interés como una estrategia de control de
enfermedades en el manejo poscosecha (Aguilar-Veloz,
Calderén-Santoyo, Vdzquez-Gonzdlez, & Ragazzo-
Sdnchez, 2020). Los Ae son productos complejos,
naturales y voldtiles, caracterizados por tener un
olor fuerte y ser producidos por plantas aromadticas
en forma de terpenos (monoterpenos, diterpenos y
sesquiterpenos) y otros componentes como alcoholes,
dcidos, ésteres, epdxidos, aldehidos, cetonas, aminas,
fenoles aromdticos y sulfuros (Rehman, Hanif, Mushtaq,
& Al-Sadi, 2016; Pandey, Kumar, Singh, Tripathi, &
Bajpai, 2017).

El uso de Ae ha sido evaluado en la conservacién de
frutos de zarzamoras mediante su incorporacién
en recubrimientos biopoliméricos (Potma da Silva,
de Carvalho, Ayub, & Celano-Menezes, 2020; Shi et
al., 2022). Esta forma de emplear los Ae es una de
las prdcticas mds comunes, y actualmente se busca
mejorar su liberacién a través de estrategias basadas
en nanoemulsiones, encapsulacién, sistemas multicapa
y la produccién de nanofibras mediante electrohilado
(Zhang, Jiang, Rhim, Cao, & Jiang, 2022). Sin embargo,
la liberacion controlada de vapores de Ae en el espacio
de cabeza de los productos puede inducir un mayor
efecto inhibidor (L6pez-Goémez et al., 2021; Peretto et
al., 2014; Reyes-Jurado, Cervantes-Rincén, Bach, Lépez-
Malo, & Palou, 2019), pero esto implica retener los
compuestos activos para asegurar una concentraciéon
determinada. En este sentido, el uso de vapores de Ae se
puede emplear en conjunto con atmésferas modificadas
(EAM) para favorecer la retencién de estos compuestos
en el espacio de cabeza (L6pez-Gémez et al., 2021).
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Colletotrichum spp., and Aspergillus spp. (Cosseboom,
Schnabel, & Hu, 2020; Liu et al., 2019; Uribe-Gutiérrez,
Moreno-Velandia, & Villamizar, 2022), so the antimicrobial
agent must control different type of microorganisms.
Shi et al. (2022) demonstrated that the use of Eo of
oregano applied with polylactic acid/polycaprolactone
electro spin nanofibers caused an antimicrobial effect
that delayed postharvest decay, deterioration, and storage
quality loss in blackberry fruits.

Oregano (Origanum vulgare) is a culinary herb that
produces an Eo where compounds with high
antimicrobial potential as p-cymene, terpinene-4-ol,
carvacrol, and thymol have been identified (Tapiero,
Salamanca, & Marin, 2019). Based on this, the objective
of the work was to evaluate the use of modified
atmosphere packaging incorporated with vapors of Eo
of oregano to prolong shelf life of blackberry fruits.

Materials and methods
General organization

Two stages were conducted. First, fungal species
that caused deterioration of blackberry fruits were
identified and the minimum inhibitory concentration
of oregano Eo to prevent fungi rot was determined.
Second, the storage of blackberry fruits under
modified atmosphere with vapors of Eo of oregano was
evaluated.

Identification of essential oil components by GC-MS

Oregano (Origanum wvulgare) Eo was provided by
Quimica Laitz S.A. de CV. (México). Eo was analyzed
with a gas chromatograph (GC) (Agilent 7890B, Agilent
Technologies, USA), coupled to a mass selective
detector (MS) (Agilent 5977A, Agilent Technologies,
USA), which used helium as carrier gas with flow of
1 mL-min'. The compounds were separated on
a capillary column (DB-WAX Ultra Inert, Agilent
Technologies, USA; 60 m x 250 pm x 0.25 pm), with
oven at 40 °C during 1 min and heating up to 220 °C
during 2 min at 9 °C-min". The MS used electron
ionization energy of 70 eV, scanning range of 30-550
uma, scan rate of 13.8 spectra-s”, ionization chamber
temperature of 200 °C, and transfer line temperature of
250 °C. Sample handling consisted of filtering through
a 45 pm PTFE microfilter, dissolving 200 plL of Eo in
800 pL of HPLC-grade hexane, and injecting 1 pL into
the GC inlet at 220 °C in split mode (10:1). Data were
processed with the MassHunter Workstation software
(Agilent Technologies, USA). Compounds were identified
based on their mass spectra fragmentation patterns
with the spectral database of the National Institute of
Standards and Technology (NIST) and by comparing
their Kovats indexes relative to the retention times of a
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El desarrollo fingico que causa el deterioro de los frutos
de zarzamora puede incluir especies como Botrytis
spp., Colletotrichum spp. y Aspergillus spp. (Cosseboom,
Schnabel, & Hu, 2020; Liu et al., 2019; Uribe-Gutiérrez,
Moreno-Velandia, & Villamizar, 2022), por lo que el
agente antimicrobiano debe controlar diferentes tipos
de microorganismos. Shi et al. (2022) demostraron
que el uso de Ae de orégano aplicado con nanofibras
electrohiladas de dcido polildctico/policaprolactona
produjo un efecto antimicrobiano que retrasé la
degradacién poscosecha, el deterioro y la pérdida de
calidad en el almacenamiento de frutos de zarzamora.

El orégano (Origanum vulgare) es una hierba culinaria
que produce un Ae en el que se han identificado
compuestos con alto potencial antimicrobiano como
p-cimeno, terpinen-4-ol, carvacrol y timol (Tapiero,
Salamanca, & Marin, 2019). Considerando lo anterior,
el objetivo del presente trabajo fue evaluar el uso de
envases de atmdsfera modificada incorporados con
vapores de Ae de orégano para prolongar la vida de
anaquel de frutos de zarzamora.

Materiales y métodos
Organizaciéon general

Se llevaron a cabo dos etapas. En primer lugar, se
identificaron las especies de hongos causantes del
deterioro de los frutos de zarzamora y se determind la
concentracién inhibitoria minima del Ae de orégano
para evitar la pudricién por hongos. En segundo lugar,
se evalu6 el almacenamiento de frutos de zarzamora en
atmoésfera modificada con vapores de Ae de orégano.

Identificacién de componentes del
aceite esencial mediante CG-EM

El Ae de orégano (Origanum vulgare) fue facilitado por
Quimica Laitz S.A. de C.V. (México). El Ae se analiz6 en
un cromatografo de gases (CG) (Agilent 7890B, Agilent
Technologies, EUA), acoplado a un detector selectivo
de masas (EM) (Agilent 5977A, Agilent Technologies,
EUA), el cual emple6 helio como gas transportador
con flujo de 1 mL-min”. Los compuestos se separaron
en columna capilar (DB-WAX Ultra Inert, Agilent
Technologies, EUA; 60 m x 250 pm x 0.25 pm), con
un horno a 40 °C durante 1 min y calentamiento
hasta 220 °C durante 2 min a 9 °C-min". E1 EM utiliz6
una energia de ionizaciéon de electrones de 70 eV,
rango de barrido de 30 a 550 uma, tasa de barrido de
13.8 espectro-s”, temperatura de la cimara de ionizacion
de 200 °C y temperatura de linea de transferencia de
250 °C. Para el manejo de las muestras, el Ae se pasé
por un microfiltro PTFE de 45 pm, se disolvieron 200 pL
del Ae filtrado en 800 pL de hexano grado HPLC y se
inyect6 1 pL en la entrada del CG a 220 °C en modo
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series of alkanes (C,-C,,) using the calculator described
by Lucero, Estell, Tellez, and Fredrickson (2009). The
relative quantities of each compound were expressed
as percentage of area.

Inhibitory effect of essential oil

Blackberry fruits (Rubus fructicosus L.) variety Cheyenne,
collected at commercial maturity in San Juan Tezontla,
Texcoco de Mora, Mexico (19° 32’ 04” N and 98°
47> 177 W, at 2476 m a. s. 1.) were used. The region
experiments average maximum temperatures of
22.62 * 1.97 °C, average minimum temperatures of
10.25 + 2.70 °C, and average precipitation of 34.42 +
30.74 mm. In addition, the soil presents characteristics
of clayey sediments (Moreno-Sdnchez, 2007).

Fruits were stored at 30 °C until a fungal development
was observed. Fruits were submerged in sterile
distilled water for 5 min with gentle agitation to
form a culture broth. Fungi were isolated in potato-
dextrose-agar (PDA) culture media and observed
with an optical microscope to identify the species
present. The methodology described by Aguilar-
Gonzdlez, Palou, and Lépez-Malo (2015) was used to
determine a minimum inhibitory concentration (MIC)
in vitro and in vivo. PDA culture media were prepared
in petri dishes and oregano Eo was incorporated in
concentrations of 0.1, 0.2, 0.3, and 0.4 pL-mL"
Plates were inoculated with the culture broth, they
were incubated at 35 °C, and radial mycelial growth
was measured with a digital vernier scale for 5 d.
Thereafter, blackberry fruits were inoculated at three
points on the external surface with a bacteriological
loop and placed in 400 mL airtight jars. Sterile cottons
containing Eo in quantity to produce concentrations in
the range from 0.2 to 0.8 uL-mL" were placed inside.
Units were placed at 30 °C for 5 d and the percentage
of damage was quantified.

Handling of fruits in modified atmosphere

Experimental units were formed with polyethylene
terephthalate cylindrical recipients with volume of 400
mlL and contained batches of 180 * 2 g of fruits. Units
were stored in an isolated room at 23 * 0.5 °C and
62 % relative humidity for 7 d under two conditions.
One consisted of handling in natural air (control), with
containers without lids. The other was formed
with closed recipients having three perforations of
100 pm in their lids and containing a cotton
impregnated with Eo at 0.8 pL-mL"' relative the
container volume (treatment; MAP-Eo). Three units
from each treatment were withdrawn daily to evaluate
accumulated weight loss, color, firmness, appearance,
pH, antioxidant capacity, and contents of total soluble
solids (TSS), titratable acidity (TA), total soluble phenols
(TSP), and anthocyanins.

split (10:1). Los datos se procesaron con el programa
MassHunter Workstation (Agilent Technologies, EUA). Los
compuestos se identificaron mediante sus patrones de
fragmentacién de masa con la base de datos del National
Institute of Standards and Technology (NIST) y al comparar
sus indices de Kovats con los tiempos de retencién
de una serie de alcanos (C,~C,) usando la calculadora
descrita por Lucero, Estell, Tellez, y Fredrickson
(2009). Las cantidades relativas de cada compuesto se
expresaron como porcentaje de drea.

Efecto inhibidor del aceite esencial

Se utilizaron frutos de zarzamora (Rubus fructicosus L.)
variedad Cheyenne, recolectados en madurez comercial
en San Juan Tezontla, Texcoco de Mora, México (19° 32’
04” LN y 98° 47’ 177 O, a 2,476 m s. n. m.). La regién
presenta una temperatura mdxima promedio de
22.62 * 1.97 °C, minima promedio de 10.25 *+ 2.70 °C
y precipitacién media de 34.42 + 30.74 mm, mientras
que el suelo tiene caracteristicas de sedimentos
arcillosos (Moreno-Sdanchez, 2007).

Los frutos se almacenaron a 30 °C hasta que se observé
desarrollo fungico. Los frutos se sumergieron en agua
destilada estéril durante 5 min con agitacién suave
para formar un caldo de cultivo. Los hongos se aislaron
en medio de cultivo papa-dextrosa-agar (PDA) y se
observaron en un microscopio 6ptico para identificar
las especies presentes. Se utiliz6 la metodologia
descrita por Aguilar-Gonzdlez, Palou, y Lépez-Malo
(2015) para determinar una concentracion inhibitoria
minima (CIM) in vitro e in vivo. Se prepararon medios
de cultivo PDA en placas de Petri y se incorpor6
Ae de orégano en concentraciones de 0.1, 0.2, 0.3 y
0.4 puL-mL". Se inocularon las placas con el caldo de
cultivo, se incubaron a 35 °Cy se midi6 el crecimiento
radial del micelio con un vernier digital durante 5 dias.
Posteriormente, se inocularon frutos de zarzamora
en tres puntos de la superficie externa con un asa
bacteriolégica y se colocaron en frascos herméticos de
400 mL. En su interior, se colocaron algodones estériles
que contenian Ae en cantidad suficiente para producir
concentraciones de vapor en el intervalo de 0.2 a
0.8 uL-mL". Los recipientes se colocaron a 30 °C durante
5 dias y se cuantificé el porcentaje de dafio.

Manejo de los frutos en atmdsfera modificada

Las unidades experimentales consistieron en recipientes
cilindricos de tereftalato de polietileno de 400 mL que
contenian lotes de 180 * 2 g de frutos. Las unidades se
almacenaron en un cuarto aislado a 23 + 0.5°Cy 62 % de
humedad relativa durante 7 dias bajo dos condiciones;
una de ellas implic6 el manejo en aire natural (testigo),
con los contenedores sin tapa. La otra consistié en
recipientes cerrados con tres perforaciones de 100 pm
en sus tapas y algodén impregnado con 0.8 puL-mL" de
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Parameters evaluated

Experimental units were weighted with a digital
scale (Ohaus®, USA) at the beginning and at the time
of removal from storage. Based on the difference,
the cumulative weight loss was calculated. Color was
measured on the surface of fruits with a colorimeter
(MiniScan XE® Plus, Hunter Associates Laboratory,
USA) and was expressed as lightness (L*), hue angle (H,
degrees), and chroma (C*) (Sant’Anna, Gurak, Ferreira, &
Tessaro, 2013). Firmness was determined with a texture
analyzer equipment (TA-TX2i, Stable Micro Systems,
UK), using a 5 mm spherical probe that compressed
fruits until a deformation of 2 mm at a speed of
2 mm-s’. Results were expressed in Newton (N) as the
average of five determinations. The fruit appearance
was evaluated by three untrained judges, through a
categorical scale of five points, defined as “very good”
(5), “good” (4), “regular” (3), “bad” (2), and “very bad”
(1). TSS content was evaluated in °Brix with a manual
refractometer (Alla France®, USA) in juice obtained
through the maceration of five fruits (AOAC, 1990).
TA (% citric acid) and pH were evaluated through
titration with NaOH 0.03 N and a potentiometer
(Conductronic, USA), respectively, in juice obtained
from 20 g of fruits ground with 50 mL of distilled water.

Contents of TSP and anthocyanins, and antioxidant
capacity were evaluated in extracts obtained with the
method described by Herndndez-Rodriguez et al. (2016).
Samples of 1 g of fruits were mixed with methanol 80 %
(vfv) at 1:20 (w:v) ratio and the pH was adjusted to 3.0
with HCI (10 %). Agitation in Vortemp® 56 equipment
(ThermoFisher Scientific, USA) was applied at
1,000 rpm for 3 min, sonication for 15 min, and
agitation at 150 rpm and 30 °C during 30 min. The
mixture was centrifuged in equipment Hettich
Zentrifugen (Germany) at 2,200 g for 15 min. The
supernatant was recovered and calibrated to a final
volume of 10 mL with methanol 80 %. The extracts of
each treatment were processed in triplicate.

TSP were quantified using the Folin-Ciocalteu (FC)
reagent method (Singleton & Rossi, 1965) adapted
to a spectrophotometer with a microplate reader
(Synergy™ HTX, BioTek Instruments, USA). Twenty-five
microliters of the diluted extract (1.5:1, v/v) were mixed
with methanol 80 % and 125 plL of distilled water,
20 pL of FC reagent diluted with distilled water (1:10,
v[v), and 30 pL of 20 % Na,COs. The mixture was shaken
and left to stand for 30 min in dark. Absorbance at
760 nm was measured and TSP were quantified with
the aid of a gallic acid standard curve in the range of
2.5-29.0 ng-mL". Results were expressed as milligrams
equivalent of gallic acid per 100 g of sample on a
fresh basis (mg-100 g'). All samples were analyzed
in triplicate.
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Ae, relativo al volumen del contenedor (tratamiento;
EAM-Ae). Tres unidades de cada tratamiento se retiraron
diariamente para evaluar la pérdida de peso acumulada,
el color, la firmeza, la apariencia, el pH, la capacidad
antioxidante, y los contenidos de sélidos solubles totales
(SST), acidez titulable (AT), fenoles solubles totales (EST)
y antocianinas.

Parametros evaluados

Las unidades experimentales se pesaron en una bdscula
digital (Ohaus®, EUA) al principio y al momento de
retirarlas del almacenamiento. La diferencia se empleé
para calcular la pérdida acumulada de peso. El color se
midi6 sobre la superficie de los frutos con un colorimetro
(MiniScan XE® Plus, Hunter Associates Laboratory, EUA) y
se expresé como luminosidad (L*), tonalidad o dngulo de
tono (H*, grados) y cromaticidad (C*) (Sant’/Anna, Gurak,
Ferreira, & Tessaro, 2013). La firmeza se determind
con un analizador de textura (TA-TX2i, Stable Micro
Systems, Reino Unido), para lo cual se emple6 una una
sonda esférica de 5 mm que comprimi6 los frutos hasta
una deformacién de 2 mm a una velocidad de 2 mm-s™.
Los resultados se expresaron en Newtons (N) como el
promedio de cinco mediciones. La apariencia de los
frutos la evaluaron tres jueces no entrenados a través de
una escala categorica de cinco puntos: “muy buena” (5),
“buena” (4), “regular” (3), “mala” (2) y “muy mala” (1). El
contenido de SST se obtuvo en °Brix con un refractémetro
manual (Alla France®, EUA) con el jugo obtenido a partir
de la maceracién de cinco frutos (AOAC, 1990). La AT (% de
dcido citrico) y el pH se determinaron mediante titulacién
con NaOH 0.13 N y un potenciémetro (Conductronic,
EUA), respectivamente, en el jugo obtenido de 20 g de
frutos triturados con 50 mL de agua destilada.

El contenido de FST y antocianinas, asi como la
capacidad antioxidante, se evaluaron en extractos
obtenidos por el método descrito por Herndndez-
Rodriguez et al. (2016). Se mezclaron muestras de 1 g
de frutos con metanol al 80 % (v/v) en proporcién 1:20
(p:v), y se ajusté el pH a 3 con HCI (10 %). La mezcla
se agit6 (Vortemp® 56, ThermoFisher Scientific, EUA) a
1,000 rpm durante 3 min, se sonic6é durante 15 min, se
agitd a 150 rpm durante 30 min a 30 °Cy se centrifugd
(Hettich Zentrifugen, Alemania) a 2,200 g durante
15 min. El sobrenadante se recuperd y se afor6é a 10 mL
con metanol al 80 %. Los extractos de cada tratamiento
se procesaron por triplicado.

Los FST se cuantificaron por el método del reactivo de
Folin-Ciocalteu (FC) (Singleton & Rossi, 1965) adaptado
a un espectrofotémetro con lector de microplacas
(Synergy™ HTX, BioTek Instruments, EUA). Se
mezclaron 25 pL del extracto diluido (1.5:1, v/v) con
metanol al 80 % mds 125 pl de agua destilada, 20 pL del
reactivo FC diluido con agua destilada (1:10, v/v) y 30 pL
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Total anthocyanin content was evaluated with the pH
differential spectrophotometric protocol described by Lee,
Robert, and Wrolstad (2005). An aliquot of 100 pL of the
extract was mixed with 900 pL of buffer pH 1 (0.025 M
KCl). The absorbance of the mixture was measured at
510 and 700 nm in a spectrophotometer (Synergy™
HTX, USA). Another aliquot of the extract (100 pL) was
mixed with 900 pL of a 4.5-pH buffer and absorbance was
measured at the same wavelengths. The anthocyanin
content was determined as: Ant =(A M [ 0.38 ¢), where M is
molecular weight of cyanidin-3-O-glucoside (449.2 g-mol”),
¢ is the molar extinction coefficient of this compound
(26,900 L-mol™-cm™), the constant 0.38 is the path length of
the light beam, and A was obtained as: A = (Asxum — Azooum)pr 1.0
— (Aszoum — Avoonm)pn 45. Results were expressed as mg
equivalent of cyanidin-3-O-glucoside per 100 g of fresh
sample (mg-100 g").

The antioxidant capacity was determined with the
ABTS (2,2’-azino-bis [3-ethylbenzothiazolin-6-sulfonic]
acid) (Re et al., 1999) assay and the FRAP (ferric
reducing antioxidant power) (Benzie & Strain, 1996)
assay. The ABTS" free radical was generated through
the reaction between solutions of ABTS (7.4 mM) and
sodium persulfate (2.6 mM), which were mixed at a
1:1 (vfv) ratio and protected from light for 16 h. An
aliquot of 600 pL of the mixture was made up to 10 mL
with methanol. An aliquot of 20 pL of the standard or
the extract under study was mixed with 180 uL of the
ABTS" solution. A spectrophotometer (Synergy™ HTX,
USA) was used to evaluate the decrease of absorbance
at 734 nm. A Trolox calibration curve was prepared in
the range of 4.99 to 59.93 uM. Results were expressed
as micromoles equivalent of Trolox per gram of sample
on a fresh basis (umol-g”). In the second assay, the
FRAP reagent was prepared by mixing acetate buffer
(300 mM, pH 3.6), 10 mM TPTZ solution in 40mM
HCl, and 20mM FeCl,;-6H,O solution, at a ratio of
10:1:1, respectively. An aliquot of 20 pL of the extract
was mixed with 180 pL of FRAP reagent and 60 pL of
distilled water. Absorbance was measured at 595 nm.
Antioxidant activity was quantified with the aid of a
Trolox calibration curve in the range of 3.8 to 46 pM.
Results were expressed as micromoles equivalent
of Trolox per gram of fresh sample (umol-g”). All
evaluations were done in triplicate.

Experimental design and data analysis

The MIC determination was conducted as a completely
randomized design, where the oil concentration was
the variation factor. The fruit postharvest evaluation
was conducted based on a factorial arrangement,
were treatments (control and MAP-Eo) and time were
considered as variation factors. Analyzes of variance
were performed together with treatment mean
comparison routines applied with the Tukey’s test
(P < 0.05).

de Na,CO; al 20 %. La mezcla se agit6 y se dejé reposar
durante 30 min en oscuridad. Se midi6 la absorbancia
a 760 nm y se cuantificaron los FST con ayuda de
una curva patrén de dcido gdlico en el intervalo
de 2.5 2 29.0 pg-mL". Los resultados se expresaron como
miligramos equivalentes de dcido gdlico por 100 g de
muestra en base fresca (mg-100 g"). Todas las muestras
se analizaron por triplicado.

El contenido total de antocianinas se evalué con el
protocolo espectrofotométrico de pH diferencial
descrito por Lee, Robert, y Wrolstad (2005). Se
mezcl6 una alicuota de 100 pl del extracto con
900 pL de amortiguador pH 1 (0.025 M de KCl). La
absorbancia de la mezcla se midié a 510 y 700 nm
en un espectrofotémetro (Synergy™ HTX, EUA). Otra
alicuota del extracto (100 pL) se mezclé con 900 pL
de un amortiguador pH 4.5 y la absorbancia se midi6
en las mismas longitudes de onda. El contenido de
antocianinas se determiné como: Ant = (A M [ 0.38 ¢),
donde M es el peso molecular de la cianidina-3-O-
glucosido (449.2 g-mol’), ¢ es el coeficiente de extincién
molecular de este compuesto (26,900 L-mol”-cm™), 0.38
es la constante de la longitud de recorrido del haz de
luz y A se obtuvo como A = (Aszpum — Azoonm)pi 1.0 = (Aszonm
— Agoonm)pi 45. LOS Tesultados se expresaron como mg
equivalentes de cianidina-3-O-glucésido por 100 g de
muestra fresca (mg-100 g").

La capacidad antioxidante se determiné con el ensayo
ABTS (4cido 2,2’-azino-bis [3-etilbenzotiazol-6-sulfénico))
(Re et al., 1999) y el ensayo FRAP (poder reductor de
antioxidantes férrico) (Benzie & Strain, 1996). El radical
libre ABTS® se gener6 mediante la reaccién entre
soluciones de ABTS (7.4 mM) y persulfato de sodio
(2.6 mM), las cuales se mezclaron en una relacién
1:1 (v/v) y se protegieron de la luz durante 16 h. Una
alicuota de 600 pL de la mezcla se homogeneiz6 hasta
10 mL con metanol. Una alicuota de 20 uL de extracto
bajo estudio se mezclé con 180 pL de la solucién
ABTS". Para evaluar la disminucion de la absorbancia a
734 nm, se empleé un espectrofotémetro (Synergy™
HTX, EUA). Se prepar6 una curva de calibracién Trolox
en el rango de 4.99 a 59.93 uM. Los resultados se
expresaron como micromoles equivalentes de Trolox
por gramo de muestra en base fresca (umol-g"'). En
el segundo ensayo, el reactivo FRAP se preparé con
amortiguador de acetato (300 mM a pH 3.6), 10 mM de
soluciéon TPTZ en 40 mM de HCL y 20 mM de solucién
FeCl;-6H,0, en una relacion de 10:1:1, respectivamente.
Una alicuota de 20 pL del extracto se mezcl6 con
180 pL del reactivo FRAP y 60 pL de agua destilada.
La absorbancia se midié a 595 nm. La actividad
antioxidante se cuantificé con la ayuda de una curva
de calibracién Trolox en el rango de 3.8 a 46 pM. Los
resultados se expresaron en micromoles equivalentes
de Trolox por gramo de muestra fresca (umol-g"). Todas
las evaluaciones se hicieron por triplicado.

Revista Chapingo Serie Horticultura | Vol. 29, ntim. 1, enero-abril 2023.



Martinez-Lopez et al.

Results and discussion
Oregano essential oil analysis

Twenty-two compounds were identified in the Eo,
mainly monoterpene hydrocarbons and oxygenated
monoterpenes. The most abundant were linalool
(24.27 %), o-cymene (14.08 %), and thymol (15.14 %)
(Table 1). In this regard, Tapiero et al. (2019) found
p-cymene and terpinene-4-ol among the main
components of oregano Eo, in addition to carvacrol
and thymol.

Minimum inhibitory concentration

Blackberry fruits placed at 30 °C showed growth of
three species of fungi: Alternaria alternata, Aspergillus
carbonarius, and Penicillium digitatum. This coincided

in part with information published before, since it

Table 1. Chemical composition of oregano essential oil.

Disefio experimental y andlisis de datos

La determinacién de la CIM se llev6 a cabo mediante
un disefio completamente aleatorizado, en el que la
concentracion del aceite fue el factor de variacion. La
evaluacion poscosecha de los frutos se realiz6 a partir
de un disefio factorial, en el que los tratamientos
(testigo y EAM-Ae) y el tiempo se consideraron factores
de variacién. Se realizaron andlisis de varianza y
comparaciéon de medias de tratamientos con la prueba
de Tukey (P < 0.05).

Resultados y discusion
Anadlisis del aceite esencial de orégano
Se identificaron 22 compuestos en el Ae,

principalmente monoterpenos hidrocarbonados y
monoterpenos oxigenados. Los mds abundantes fueron

Cuadro 1. Composicion quimica del aceite esencial de orégano.

P;iilf,/ Name /Nombre ME/FM MW /PM R, R ‘}rrz(:%/
1 a-Thujene CioHis 136.1 1012.3 1017 0.99
2 Camphene/Canfeno CioHie 136.1 1061.6 1068.5 0.70
3 B-Myrcene / -Mirceno CioHie 136.1 1153.9 1160.9 1.74
4 a-Phellandrene / a-Felandreno CioHie 136.1 1162.5 1167.7 0.19
5 a-Terpinene / a-Terpineno CioHie 136.1 1178.1 1177.8 2.08
6 Limonene/Limoneno CioHys 136.1 1196.2 1198.2 1.25
7 Eucalyptol/Eucaliptol C,0H;50 154.1 1214.8 1211.1 0.50
8 y-Terpinene/y-Terpineno CioHis 136.1 1247.0 1245 5.06
9 o-Cymene / 0-Cimeno CioHis 134.1 1275.2 1268 14.08
10 Isoterpinolene /Isoterpinoleno CioHie 136.1 1283.6 1286 0.77
11 3-octanol C.H,s0 130.1 1381.2 1383 0.20
12 Linalool/Linalol C,0H450 154.1 1543.4 1543.3 24.27
13 o-Methylthymol / o-Metiltimol C;H;c0 164.1 1602.6 1597 0.12
14 Terpinen-4-ol C,0H450 154.1 1611.8 1616 1.44
15 Caryophyllene /Cariofileno CysHyy 204.2 1618.9 1617 2.77
16 a-Terpineol C,0H450 154.1 1709.3 1706 4.46
17 Unknown 1/Desconocido 1 220.2 1727.2 1.51
18 Geranyl acetate /Acetato de geralino C1,Hy00, 196.1 1765.6 1763 0.38
19 Thymol acetate /Acetato de timol C1,H;60, 192.1 1855.1 1845 4.60
20 Unknown 2/Desconocido 2 207.1 1938.6 4.74
21 2,3,5,6-Tetramethylphenol / C,0H..0 150.2 1953.1 10.44

2,3,5,6-Tetrametilfenol
22 Thymol/Timol C,oH1:0 150.1 2146.0 2151 15.14

MF = molecular formula; MW = molecular weight; RI.,, = Kovats index calculated from retention time data on a DB-WAX capillary column; RI;; = Kovats index from
literature (NIST). Minor peaks were omitted since the similarity with database was below of 70 %. (-) The Kovats index was not reported on a DB-WAX column.

FM = férmula molecular; PM = peso molecular; Rl., = indice de Kovats calculado a partir de los datos del tiempo de retencién en la columna de capilaridad DB-
WAX; Rl = indice de Kovats de la literatura (NIST). Los picos menores se omitieron debido a que su similitud con la base de datos fue menor a 70 %. (-) El indice

de Kovats no se reporto en la columna DB-WAX.
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has been reported that the postharvest damage of
blackberries can occur through the development
of fungi such as Botrytis spp., Colletotrichum spp., and
Aspergillus spp. (Cosseboom et al., 2020; Junqueira-
Gongalves, Alarcon, & Niranjan, 2016; Liu et al., 2019;
Uribe-Gutiérrez et al., 2022).

The incubation of PDA culture media incorporated
with Eo and inoculated with the fungal species showed
that the growths of A. alternata and P. digitatum were
completely inhibited at Eo concentration of 0.2 pL-mL"
during in vitro evaluations, while A. carbonarius
required the use of 0.4 pL-mL" (Table 2). On the other
hand, the exposure of inoculated blackberry fruits to
volatilized Eo at 0.2, 0.4, 0.6, and 0.8 uL-mL" showed
that the higher the concentration the higher the
inhibition. However, such in vivo evaluations showed
that a complete absence of fungal development was
observed only with the highest value (Table 2), thus
the concentration of 0.8 uL-mL" was considered as the
MIC. These facts indicated that the use of Eo vapors
constituted a feasible strategy that did not require a
vehicle for the Eo, such as a biopolymeric coating.

Potma da Silva et al. (2020) used biopolymeric coatings
to preserve blackberry fruits, by incorporating
Eo from lemongrass in the form of nanoparticles
in microfibrillated cellulose. A similar strategy
was used by Shi et al. (2022), with Eo of oregano
applied on blackberry fruits through polylactic acid/
polycaprolactone electro spin nanofibers. However,
although in these works a lengthening of the shelf
life was achieved, the procedure required greater
processing of Eo, which can difficult a practical

linalol (24.27 %), o-cimeno (14.08 %) y timol (15.14 %)
(Cuadro 1). Tapiero et al. (2019) encontraron p-cimeno y
terpinen-4-ol entre los componentes principales del Ae
de orégano, ademds de carvacrol y timol.

Concentracién inhibitoria minima

Los frutos de zarzamora colocados a 30 °C presentaron
crecimiento de tres especies de hongos: Alternaria
alternata, Aspergillus carbonarius y Penicillium digitatum.
Esto coincidié, parcialmente, con informacién
publicada anteriormente, ya que se ha reportado que
el dafio poscosecha en zarzamoras puede ocurrir por el
desarrollo de hongos como Botrytis spp., Colletotrichum
spp. y Aspergillus spp. (Cosseboom et al., 2020; Junqueira-
Gongalves, Alarcén, & Niranjan, 2016; Liu et al., 2019;
Uribe-Gutiérrez et al., 2022).

La incubacién de medios de cultivo PDA incorporados
con Ae e inoculados con las especies fingicas mostré
que los crecimientos de A. alternata y P. digitatum fueron
inhibidos completamente a una concentracién de Ae de
0.2 pL-mL* durante las evaluaciones in vitro, mientras
que A. carbonarius requiri6 0.4 pL-mL' (Cuadro 2).
Por otra parte, la exposicién de frutos de zarzamora
inoculados a Ae volatilizado a 0.2, 0.4, 0.6 y 0.8 puL-mL"
mostré que a mayor concentracién se tuvo mayor
inhibicién. Sin embargo, en dichas evaluaciones in vivo
s6lo se observé una ausencia completa de desarrollo
fingico con el valor mds alto (Cuadro 2), por lo que
0.8 uL-mL" se consider6 la CIM. Estos hechos indican
que el uso de vapores de Ae constituye una estrategia
factible que no requiere un vehiculo para el Ae, como
un recubrimiento biopolimérico.

Table 2. In vitro and in vivo inhibitory effect of essential oil of oregano after five days of inoculation.
Cuadro 2. Efecto inhibitorio in vitro e in vivo del aceite esencial de orégano después de cinco dias de inoculacién.

Treatments (uL-mL")/

P. digitatum
Tratamientos (uL-mL") &l

A. alternata A. carbonarius

In vitro evaluation (fungal development in Petri dish, cm)/
Evaluacion in vitro (desarrollo fingico en cajas de Petri, cm)

Control (0)/ Testigo (0) 1.17 £ 0.04 Ca 2.10 + 0.15Ba 8.50 + 0.28 Aa
0.1 0.20 * 0.07 Cb 0.98 * 0.06 Bb 4.07 + 0.40 Ab
0.2 0.0 Bc 0.0 Bc 3.00 £ 0.63 Ab
0.3 0.0 Bc 0.0 Bc 0.56 £ 0.03 Ac
0.4 0.0 Ac 0.0 Ac 0.0 Ac
--------------- In vwo evalu;t-i.ons (p.é-r;:entage of fru1ts dama"g-é.d)/
Evaluaciones in vivo (porcentaje de frutos dafiados)
----- 0.4 16.-6-:7“1 8.35Ebc 3333 + 833Bc 66.-6-:7“1 8.3§Xab
0.6 8.33 * 8.33 Bc 8.33 £ 8.33 Bc 41.67* 8.33 Abc
0.8 0.00 Ac 0.00 Ad 16.67+ 8.33 Ac

“Equal capital letters indicate non-significant difference within a row. Equal lowercase letters indicate non-significant difference within a column (Tukey, P < 0.05).

Values in parentheses correspond to standard deviation.

“Medias con letras mayusculas iguales en la misma fila no difieren estadisticamente, y medias con letras minusculas iguales en la misma columna no difieren
estadisticamente (Tukey, P < 0.05). Los valores entre paréntesis corresponden a la desviacién estdndar.
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implementation. On the other hand, Reyes-Jurado
et al. (2019) demonstrated the antifungal capacity
of oregano Eo applied in volatilized form in the
headspace of culture media and determined MIC
values between 0.25 and 1.00 pg-mL" for Aspergillus
spp- and Penicillium spp. In this sense, the presence
of terpenes in the Eo can affect the membrane
permeability and functionality, in addition to their
lipophilic property, that gives them the ability to
penetrate cell walls and affect enzymes involved in
cell-wall synthesis, thus altering the morphological
characteristics of fungi (Pandey, et al., 2017).

Handling in modified atmosphere
Weight loss

The cumulative weight loss increased in fruits during
the storage, at a rate of 3.34 and 0.31 %-d" in control
(handling in air) and treatment (handling in MAP-Eo),
respectively, with significant contrast between them
(Figure 1A). At the end of the storage, the cumulative
weight loss was 24.85* 2.07 % in the control and
2.15+%0.47 % in MAP-Eo. The handling in MAP-Eo was
efficient to reduce weight loss, because the relative
humidity increased in the semi-closed space, which
caused the vapor pressure deficit to be reduced, thus
reducing the transpiration of the fruits (Hiibert &
Lang, 2012). A similar phenomenon was reported by
Pérez, Gomez, and Castellanos (2021) when a modified
atmosphere with micro-perforation was used for the
preservation of blackberry fruits.

Firmness

Fruits presented initial firmness of 1.49 +0.08 N and a
loss of consistency was recorded in the control during
storage (Figure 1B). However, firmness was maintained
without significant difference relative to the initial
value for 5 d with MAP-Eo, which indicated a positive
effect of such strategy. The loss of firmness involves
modifications at cell wall level caused by several
enzymes such as polygalacturonase, pectinesterase,
pectate lyase, among others (Tucker et al., 2017).

In the case of blackberry fruits, Zhang, Xiong, Yang,
and Wu (2019) studied the softening phenomenon
of two varieties and found noticeable increments in
polygalacturonase and cellulase activities in the late
softening stages, coinciding with a disassembling of
the cell wall, but authors found that other enzymes
can be present as a function of the variety. Authors
also found that cellulose and hemicellulose declined
during ripening of fruits. On the other hand, Horvitz,
Chanaguano, and Arozarena (2017) indicated that the
microbial growth significantly limited the shelf life
of Andean blackberry fruits handled in polyethylene
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Potma da Silva et al. (2020) utilizaron recubrimientos
biopoliméricos para conservar frutos de zarzamora,
incorporando Ae de hierba de limén en forma de
nanoparticulas en celulosa microfibrilada. Una
estrategia similar fue utilizada por Shi et al. (2022), con
Ae de orégano aplicado sobre frutos de zarzamora a
través de nanofibras electrohiladas de dcido polildctico/
policaprolactona. No obstante, aunque en estos trabajos
se consigui6é prolongar la vida de anaquel, el proceso
requiri6 un mayor procesamiento del Ae, lo cual
puede dificultar una aplicacién préctica. Por otro lado,
Reyes-Jurado et al. (2019) demostraron la capacidad
antifangica del Ae de orégano aplicado en forma
volatilizada en el espacio de cabeza de medios de cultivo
y determinaron valores de CIM entre 0.25 y 1.00 pg-mL"
para Aspergillus spp. y Penicillium spp. En este sentido,
la presencia de terpenos en los Ae puede afectar la
permeabilidad y funcionalidad de la membrana,
ademds de su propiedad lipofilica, que le confiere la
capacidad de penetrar en las paredes celulares y afectar
a las enzimas implicadas en la sintesis de la pared
celular, lo cual altera las caracteristicas morfoldégicas
de los hongos (Pandey et al., 2017).

Manejo en atmdsfera modificada
Pérdida de peso

La pérdida de peso acumulada aument6 en los frutos
durante el almacenamiento a una tasa de 3.34 y 0.31 %
por dia en el testigo (manipulacién en aire) y en el
tratamiento (manipulacién en EAM-Ae), respectivamente,
con un contraste significativo entre ellos (Figura 1A). Al
final del almacenamiento, la pérdida de peso acumulada
fue de 24.85+2.07 % en el testigo y de 2.15£0.47 % en
EAM-Ae. El manejo en EAM-Ae fue eficiente para reducir
la pérdida de peso debido a que la humedad relativa
aumento en el espacio semicerrado, lo cual hizo que
redujera el déficit de presién de vapor, disminuyendo
asi la transpiraciéon de los frutos (Hiibert & Lang,
2012). Un fenémeno similar fue reportado por Pérez,
GoOmez, y Castellanos (2021) cuando se utilizé atmdsfera
modificada con microperforacién para la conservacién
de frutos de zarzamora.

Firmeza

Los frutos presentaron una firmeza inicial de 1.49+0.08 N
y se registré una pérdida de consistencia en el testigo
durante el almacenamiento (Figura 1B). Sin embargo,
la firmeza se mantuvo sin diferencias significativas
respecto al valor inicial durante 5 dias con el EAM-Ae,
lo cual indica un efecto positivo de dicha estrategia. La
pérdida de firmeza implica modificaciones a nivel de
la pared celular causadas por varias enzimas, como la
poligalacturonasa, la pectinesterasa, la pectato liasa,
entre otras (Tucker et al., 2017).
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terephthalate containers at 18 °C and observed a
reduction in firmness from 4.0 to 2.5 N in 3 d. In the
present work, handling was also carried out in modified
atmospheres, but with higher temperature (23 °C) and
with exposure to volatilized Eo, which indicated that
this allowed reducing the loss of consistency of fruits
through inhibition of the fungal development.

Color

Fruits presented lightness, hue angle, and chroma of
16.6110.30, 286.09+5.93°, and 1.62+0.10, respectively.
These values were similar to those reported by
Mikulic-Petkovsek, Koron, Zorenc, and Veberic (2017),
who evaluated different blackberry varieties and
determined, on average, lightness of 14.08, hue angle
of 266.37°, and chroma of 2.09, for fruits harvested at
consumption maturity. The hue angle suggests that
blackberry fruits exhibit hue close to blue (Sant’Anna
et al., 2013); however, the low lightness and chroma
values cause the dark-purple appearance of fruits at
edible maturity.

During the storage, lightness presented non-
significant variations in both handlings, with
no significant difference between them (Figure 1C). In
the case of chroma, a downward trend was identified,
to an average value of 1.37+0.04 (Figure 1E), which
was equivalent to a change of 15.4 % and occurred
without contrast between treatments. According to
Mikulic-Petkovsek et al. (2017), blackberry fruits show
descending changes in lightness and chroma of about
2.20 and 21.05 %, respectively, during the transition
from optimal consumption maturity to over-ripeness,
so the behavior that was found was considered normal.

On the other hand, the fruits of the control showed
an increase in hue angle up to 318.33%+8.85° on the
third day and remained in that condition until day
seven (Figure 1D). However, the MAP-Eo fruits showed
an increase in hue angle up to 334.71%2.56° on the
third day of storage and a subsequent decrease to
301.47+12.30°, although MAP-Eo values were higher
than those of the control. However, this behavior
was not appreciated visually, due to the low values of
lightness and chroma. Color reversion is a factor that
deteriorate the quality of blackberries in postharvest
and consists of the occurrence of drupelets in a
fruit where hue turns from dark purple or black to
red, which generates an appearance of irregular
coloration (Armour, Worthington, Clark, Threlfall, &
Howard, 2021).

Lawrence and Melgar (2018) defined that a blackberry
fruit presented color reversion when five or more
drupelets showed a clearly red hue. This situation was
not observed in the present work, so the increment
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En el caso de frutos de zarzamora, Zhang, Xiong, Yang,
y Wu (2019) estudiaron el fenémeno de ablandamiento
de dos variedades y encontraron incrementos
perceptibles en las actividades poligalacturonasa y
celulasa en las etapas tardias de ablandamiento, lo cual
coincidié con la desintegracién de la pared celular,
aunque los autores encontraron que otras enzimas
pueden estar presentes en funcién de la variedad.
Estos autores también descubrieron que la celulosa y la
hemicelulosa disminuyen durante la maduracién de los
frutos. Por otro lado, Horvitz, Chanaguano, y Arozarena
(2017) sefialan que el crecimiento microbiano limita
significativamente la vida de anaquel de frutos
de zarzamora andina manejados en envases de
tereftalato de polietileno a 18 °C, y observaron una
reduccion de la firmeza de 4.0 a 2.5 N en 3 dias. En
el presente trabajo, el manejo también se realiz6 en
atmosferas modificadas, pero con temperatura mds
alta (23 °C) y con exposicién a Ae volatilizado, lo cual
permitié reducir la pérdida de consistencia de los frutos
a través de la inhibicién del desarrollo fiingico.

Color

Los frutos presentaron luminosidad, tonalidad y
cromaticidad de 16.61+0.30, 286.09+5.93° y 1.62+0.10,
respectivamente. Estos valores fueron similares a los
reportados por Mikulic-Petkovsek, Koron, Zorenc, y
Veberic (2017), quienes evaluaron diversas variedades
de zarzamora y determinaron, en promedio, una
luminosidad de 14.08, tonalidad de 266.37° vy
cromaticidad de 2.09, para frutos cosechados en madurez
de consumo. La tonalidad sugiere que los frutos de
zarzamora presentan un tono cercano al azul (Sant’Anna
et al,, 2013); sin embargo, bajos valores de luminosidad
y cromaticidad generan la apariencia morado-oscuro de
los frutos en la madurez para consumo.

Durante el almacenamiento, la luminosidad presentd
variaciones no significativas en ambos manejos, sin
diferencias significativas entre ellos (Figura 1C). En
cuanto a la cromaticidad, se identific6 una tendencia
a la baja, hasta un valor medio de 1.37+0.04 (Figura
1E), que equivali6 a un cambio de 15.4 %, sin contraste
entre tratamientos. De acuerdo con Mikulic-Petkovsek
et al. (2017), los frutos de zarzamora presentan cambios
descendentes en luminosidad y cromaticidad de alrededor
de 2.20 y 21.05 %, respectivamente, durante la transicién de
la madurez 6ptima de consumo a la sobre-madurez, por lo
que el comportamiento encontrado se consideré normal.

Por otra parte, los frutos testigo mostraron un
aumento de la tonalidad hasta 318.33+8.85° al tercer
dia, y permanecieron en esa condicién hasta el
séptimo dia (Figura 1D). Sin embargo, los frutos en
EAM-Ae mostraron un aumento en la tonalidad hasta
334.71+2.56° al tercer dia de almacenamiento, y una
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in the hue angle in the control was attributed to an
increase in concentration of anthocyanins (Figure 2D),
due to the weight loss of fruits (Figure 1A), but a
continuous increase in pH (Figure 2B) prevented
a continuous elevation in hue after day three. However,
in the case of MAP-Eo, where weight loss did not
significantly vary and neither did the concentration of
anthocyanins (Figures 1A and 2D), it is believed that the
fruits tended to show a phenomenon of color reversion,
but the increase of pH prevented a clear manifestation
of this disorder and induced the reduction of hue from
day three.

Appearance

Fruits of the control showed continuous deterioration
of the appearance from the first day of storage and such
attribute was classified as regular on day three, due
to wilting and the beginning of fungal development,
which increased in the following days (Figure 1F).
Toscano-Avila et al. (2020) indicated that the shelf life
of blackberry fruits is limited by dehydration and an
appearance of wilting and aging, which they qualified
as a physiological disorder and typified it as the cause
of a shelf life of only 3 d at 25 °C. On the other hand,
fruits stored in MAP-Eo maintained their appearance
without significant changes until day five of storage.
Therefore, the use of MAP-Eo caused a beneficial effect
on fruits, since they had a shelf life between 6 and 7 d
at 23 °C.

The results obtained are similar to the shelf life of 6 d
at 22 °C obtained for blackberry fruits by Heras-Mozos,
Gavara, and Herndndez-Mufioz (2021), through the
antifungal capacity of biopolymeric coatings based on
the covalent union of trans-2-hexenal, and aldehyde
with antifungal properties, with primary amino groups
of chitosan with a Schiff base or imine formation. In
that work, the mechanism of action was based on
the hydrolysis of imine bond and the release of the
active agent. On the other hand, different works have
suggested the use of refrigeration at 4 °C to achieve
shelf life of 7-8 d (Bersaneti et al., 2021; Vilaplana et al.,
2020) and, with the use of biopolymeric coatings at the
same thermal condition, shelf life between 9 and 12 d
has been achieved (Heras-Mozos et al., 2021; Toscano-
Avila et al., 2020). However, refrigeration infrastructure
is lacking in many production areas, which justifies
the use of a simpler strategy, such as the one shown in
this work, through the release of Eo vapors in the head
space of fruits.

Total soluble solids, titratable acidity and pH
Fruits presented average content of TSS of 8.66+0.33

°Brix at the beginning and, throughout the storage,
values remained in the range of 8.76 to 10.66 °Brix,

disminucion posterior hasta 301.47+12.30°, aunque los
valores de EAM-Ae fueron superiores a los del testigo.
No obstante, este comportamiento no se aprecid
visualmente debido a los bajos valores de luminosidad
y cromaticidad. La reversién de color es un factor que
deteriora la calidad de las zarzamoras en poscosecha, y
consiste en la aparicién de drupéolas en los frutos cuya
tonalidad pasa de parpura oscuro o negro a rojo, lo cual
genera una apariencia de coloracién irregular (Armour,
Worthington, Clark, Threlfall, & Howard, 2021).

Lawrence y Melgar (2018) definieron que un fruto de
zarzamora presentaba reversion de color cuando cinco
o mds drupedlas mostraban una tonalidad claramente
roja. Esta situacién no se observé en el presente
trabajo, por lo que el incremento de la tonalidad en el
testigo se atribuyd a un aumento en la concentracién
de antocianinas (Figura 2D), debido a la pérdida de
peso de los frutos (Figura 1A), pero un aumento
continuo del pH (Figura 2B) impidié una elevacién
sostenida de la tonalidad a partir del tercer dia. Sin
embargo, en el caso del EAM-Ae, donde la pérdida de
peso no vari6 significativamente, y tampoco lo hizo
la concentracién de antocianinas (Figuras 1A y 2D), se
cree que los frutos tendieron a mostrar un fenémeno
de reversion del color, pero el aumento del pH impidi6é
una manifestacion clara de este trastorno e indujo la
reduccién de la tonalidad a partir del tercer dia.

Apariencia

Los frutos del testigo mostraron un deterioro continuo
en su aspecto desde el primer dia de almacenamiento,
lo cual fue calificado como regular al tercer dia debido
al marchitamiento y al inicio del desarrollo de hongos,
que incrementaron en los dias siguientes (Figura 1F).
Toscano-Avila et al. (2020) indican que la vida de
anaquel de los frutos de zarzamora estd limitada
por la deshidratacién, y la aparicién de marchitez y
envejecimiento, lo que calificaron como un desorden
fisiolégico y lo tipificaron como la causa de una vida
de anaquel de s6lo 3 dias a 25 °C. Por el contrario,
los frutos almacenados en EAM-Ae mantuvieron su
aspecto sin cambios significativos hasta el quinto dia
de almacenamiento. Por lo tanto, el uso de EAM-Ae
produjo un efecto benéfico en los frutos, ya que éstos
tuvieron una vida util de entre 6 y 7 dias a 23 °C.

Los resultados obtenidos son similares a la vida
de anaquel de 6 dias a 22 °C obtenida para frutos de
zarzamora por Heras-Mozos, Gavara, y Herndndez-
Muiloz (2021), mediante la capacidad antifingica de
recubrimientos biopoliméricos basados en la en la
unién covalente de trans-2-hexeno y aldehido con
propiedades antiftingicas, con grupos amino primarios
de quitosano con una base de Schiff o formacién de
imina. En ese trabajo, el mecanismo de accién se basaba
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Figure 2. Variation of total soluble solids (A), acidity (B), content of total soluble phenols (C), content of total anthocyanins
(D), and antioxidant capacity evaluated with the ABTS (E) and FRAP tests (F) in blackberry fruits. Equal capital
letters in legends indicate non-significant difference between treatments. Equal lowercase letters indicate non-
significant difference within treatments (Tukey, P < 0.05). Error bars correspond to standard deviation.

Figura 2. Variacién de sélidos solubles totales (A), acidez (B), contenido de fenoles solubles totales (C), contenido de
antocianinas totales (D) y capacidad antioxidante evaluada con las pruebas ABTS (E) y FRAP (F) en frutos
de zarzamora. Letras maytsculas iguales en cada grifico indican diferencias no significativas entre los

tratamientos, y letras minudsculas iguales indican diferencias no significativas al interior de los tratamientos
(Tukey, P < 0.05). Las barras de error corresponden a la desviacién estandar.
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without significant difference between control and
MAP-Eo, except on day seven, when an increase in SST
was observed in the control and a reduction in MAP-
Eo (Figure 2A). Cortés-Rodriguez, Villegas-Yépez, Gil-
Gonzdlez, and Ortega-Toro (2020) reported TSS content
of 8.17 °Brix in Andean blackberry fruits and the
reduction of this value in fruits handled without any
treatment, which was attributed to the consumption
of sugars and organic acids in the respiratory process.
In the same work, an increase in TSS was observed in
fruits handled at 4 °C with a biopolymeric coating,
which was attributed to a concentration process
derived from the weight loss of fruits during storage.

The TA decreased throughout the storage, from
0.7610.01 to 0.16+0.01 %, which occurred similarly in
both treatments (data not shown). The initial values
were similar to those reported by Kim, Perkins-Veazie,
Ma, and Fernandez (2015), between 0.92 and 0.94 %.
The reduction of TA has been reported in other works
and may be due to the consumption of organic acids in
the respiration process (Cortés-Rodriguez et al., 2020;
Kim et al,, 2015), to obtain energy (Martinez-Damidn,
Cruz-Arvizu, & Cruz-Alvarez, 2020). Consistent with the
behavior of acidity, a significant increase in the pH of
fruits was observed, from an initial value of 3.37%0.07 to
5.09%0.11 (control) and 4.82+0.13 (MAP-Eo) (Figure 2B),
with no general contrast between both conditions. The
initial pH value was similar to that reported in other
works. In this regard, Schulz et al. (2019) reported a
value of 3.48, Cortés-Rodriguez et al. (2020) found values
between 2.97 and 3.00, while Kim et al. (2015) reported
a value of 3.73. Likewise, the increase in pH during the
postharvest period has been coherent with the decrease
of acidity (Cortés-Rodriguez et al., 2020).

Total soluble phenols and total anthocyanins

The content of TSP was 270.97+15.56 mg-100 g' at
the storage beginning. Schulz et al. (2019) identified 26
phenolic compounds in blackberry (R. ulmifolius) fruits,
highlighting the presence of quercetin, isoquercetin,
kaempferol, (+)-epicatechin, (+)-catechin, gallic acid,
sinapic acid, 3,4-dihydroxybenzoico acid, caffeic acid, and
p-coumaric acid. During the storage, the concentration
increased in fruits of the control, up to 366.39+14.54
mg-100 g' on the day seven, but remained without
significant changes, in the range of 268 to 282 mg-100g",
in fruits of MAP-Eo, which caused that the TSP average
content was significantly higher in control than in
MAP-Eo (Figure 2C). Similarly to the control, Cortés-
Rodriguez et al. (2020) found that the total phenolic
content presented an increasing trend to a maximum
value on day six in blackberry fruits harvested at
full maturity and stored in natural air at 4°C. Also,
Horvitz et al. (2017) reported the increment of the
total phenolic content in fruits of blackberry harvested

en la hidrélisis del enlace imina y la liberacién del
agente activo. Por otra parte, diferentes trabajos han
sugerido el uso de refrigeracion a 4 °C para conseguir
una vida de anaquel de 7 a 8 dias (Bersaneti et al., 2021;
Vilaplana et al., 2020) y, con el uso de recubrimientos
biopoliméricos en la misma condicién térmica, se ha
conseguido una vida de anaquel de entre 9 y 12 dias
(Heras-Mozos et al., 2021; Toscano-Avila et al., 2020).
Sin embargo, muchas zonas de producciéon carecen de
infraestructuras de refrigeracién, lo cual justifica el uso
de una estrategia mds sencilla, como la mostrada en
este trabajo, mediante la liberacién de vapores de Ae
en el espacio de cabeza de los frutos.

Solidos solubles totales, acidez titulable y pH

Los frutos presentaron un contenido promedio de
SST de 8.66+0.33 °Brix al inicio y, durante todo el
almacenamiento, los valores se mantuvieron en
el rango de 876 a 10.66 °Brix, sin diferencias
significativas entre testigo y EAM-Ae, excepto en el
séptimo dia, cuando se observd un aumento en
el testigo y una reduccién en EAM-Ae (Figura 2A). Cortés-
Rodriguez, Villegas-Yépez, Gil-Gonzdlez, y Ortega-Toro
(2020) reportaron un contenido de SST de 8.17 °Brix en
frutos de zarzamora andina y la reduccién de este valor
en frutos manejados sin ningin tratamiento, lo cual se
atribuy6 al consumo de aztcares y dcidos orgdnicos en
el proceso respiratorio. En el mismo trabajo, se observé
un aumento de SST en frutos manejados a 4 °C con
recubrimiento biopolimérico, lo cual se atribuy6 a un
proceso de concentracién derivado de la pérdida de
peso de los frutos durante el almacenamiento.

La AT disminuy6 a lo largo del almacenamiento, de
0.76%£0.01 a 0.16+0.01 %, lo cual ocurri6 de manera
similar en ambos tratamientos (datos no mostrados).
Los valores iniciales fueron cercanos a los reportados
por Kim, Perkins-Veazie, Ma, y Ferndndez (2015),
entre 0.92 y 0.94 %. La reduccién de la AT ha sido
reportada en otros trabajos, y se puede deber al
consumo de dcidos orgdnicos en el proceso de
respiraciéon (Cortés-Rodriguez et al., 2020; Kim et al.,
2015), para la obtencién de energia (Martinez-Damidn,
Cruz-Arvizu, & Cruz-Alvarez, 2020). En concordancia
con el comportamiento de la acidez, se observé un
aumento significativo del pH de los frutos, al pasar
de 3.37+£0.07 a 5.09%£0.11 en el testigo y 4.82+0.13
en el EAM-Ae (Figura 2B), sin contraste general entre
ambas condiciones. El valor inicial de pH fue similar
al reportado en otros trabajos. Schulz et al. (2019)
reportaron un valor de 3.48, Cortés-Rodriguez et al.
(2020) encontraron valores entre 2.97 y 3.00, mientras
que Kim et al. (2015) obtuvieron un valor de 3.73.
Asimismo, el aumento del pH durante la poscosecha
es congruente con la disminucién de la acidez (Cortés-
Rodriguez et al., 2020).
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at full maturity and stored at 18 °C in natural air.
Mikulic-Petkovsek et al. (2017) evaluated separately
the variation of anthocyanins, flavanols ellagitannins,
and flavonol derivatives in five cultivars of blackberry
fruits, and found an increment in all the compounds
between optimal ripe and over-ripe maturity states.

The behavior observed in the control may be indicative
of senescence, since the reactive oxygen species (ROS)
may increase with such condition, causing an increase
in phenolic compounds in defense of oxidative
stress (Neves, Tosin, Benedette, & Cisneros-Zevallos,
2015). In this sense, the absence of an increment of
TSP in the treatment MAP-Eo (Figure 2C) may indicate
that fruits did not activate a defense mechanism
against ROS, which constituted a positive effect on
delaying senescence.

Total anthocyanin content was 221.18+23.61 mg-100 g’
at the storage beginning, which was higher than
values of 112.81 and 153.40 mg-100 g' reported by
Mikulic-Petkovsek et al. (2017) for fruits at optimum
consumption and over-ripe maturities, respectively.
These authors indicated that cyanidin-3-O-glucoside
was the principal anthocyanin found in blackberry
fruits. During the storage, the content increased in
the control up to 321.45+23.50 mg-100 g', parallel
to the TSP behavior (Figure 2D), which represented
a change of 45.3 % and was consistent with the 40 %
of variation found by Mikulic-Petkovsek et al. (2017)
between optimal maturity and over-ripeness. However,
the anthocyanin content remained between 179 and
221 mg-100 g' in MAP-Eo fruits, without significant
changes throughout the storage. The color of blackberry
fruits is directly associated with the content of
anthocyanins and with the maturity stage (Li et al., 2022),
which suggested that the handling in MAP-Eo caused a
delay in the metabolic activity that leads to senescence.

Antioxidant capacity

The ABTS and FRAP assays indicated antioxidant
capacity of 9.1310.48 and 13.44%+1.126 pmol-g"' at
the storage beginning. The ABTS assay is based on an
electron transfer principle, while the FRAP assay is
based on a hydrogen atom transfer phenomenon (Apak,
Ozyiirek, Giiclii, & Capanoglu, 2016), so it is common
that results are different. The antioxidant capacity
increased throughout storage in the control, up to
10.35+3.80 pmol-g”, according to the ABTS test and
up to 18.53+1.02 pmol-g" according to the FRAP one,
while remained between 8.6-9.5 and 11.7-13.7 umol-g”,
respectively, without significant changes, in MAP-Eo
fruits (Figures 2E and 2F).

The antioxidant potential of blackberry fruits is
commonly associated with the presence of bioactive

Revista Chapingo Serie Horticultura | Vol. 29, issue 1, January-April 2023.

Fenoles solubles totales y antocianinas totales

El contenido de FST fue de 270.97+15.56 mg-100 g"
al inicio del almacenamiento. Schulz et al. (2019)
identificaron 26 compuestos fenodlicos en frutos
de zarzamora (R. ulmifolius), destacando la presencia de
quercetina, isoquercetina, kaempferol, (+)-epicatequina,
(+)-catequina, dcido gdlico, dcido sindpico, dcido
3,4-dihidroxibenzoico, dcido cafeico y dcido p-cumdrico.
Durante el almacenamiento, la concentraciéon de
FST aumenté en los frutos testigo, hasta 366.39%
14.54 mg-100 g’ al séptimo dia, pero se mantuvo sin
cambios significativos en los frutos de EAM-Ae (en el
rango de 268 a 282 mg-100 g"), lo cual ocasion6 que
el contenido medio de FST fuera significativamente
mayor en el testigo que en EAM-Ae (Figura 2C). Similar
al testigo, Cortés-Rodriguez et al. (2020) encontraron
que el contenido fendlico total present6 una tendencia
creciente hasta un valor mdximo en el sexto dia
en frutos de zarzamora recolectados en madurez y
almacenados en aire natural a 4 °C. Asimismo, Horvitz
et al. (2017) obtuvieron un incremento en el contenido
fendlico total en frutos de zarzamora en madurez
de consumo y almacenados a 18 °C en aire natural.
Mikulic-Petkovsek et al. (2017) evaluaron, por separado,
la variacién de antocianinas, flavonoles elagitaninos y
derivados de flavonoles en cinco cultivares de frutos
de zarzamora, y encontraron un incremento en todos
los compuestos entre los estados 6ptimos de madurez
y sobre-madurez.

El comportamiento observado en el testigo puede
ser indicativo de senescencia, ya que las especies
reactivas de oxigeno (ERO) pueden aumentar con
dicha condicién, lo cual provoca un incremento de los
compuestos fendlicos en defensa del estrés oxidativo
(Neves, Tosin, Benedette, & Cisneros-Zevallos, 2015). En
este sentido, la ausencia del incremento de FST en el
tratamiento EAM-Ae (Figura 2C) puede indicar que los
frutos no activaron un mecanismo de defensa contra
las ERO, lo que gener6 un efecto positivo en el retraso
de la senescencia.

El contenido total de antocianinas fue de 221.18+23.61
mg-100 g’ al inicio del almacenamiento, que fue
mds alto que los valores 112.81 y 153.40 mg-100 g"
reportados por Mikulic-Petkovsek et al. (2017) para
frutos en madurez 6ptima de consumo y sobre-
maduracion, respectivamente. Estos autores sefialaron
que la cianidina-3-O-glucésido fue la principal
antocianina encontrada en frutos de zarzamora.
Durante el almacenamiento, dicho contenido
incremento en el testigo hasta 321.45+23.50 mg-100 g,
semejando el comportamiento de los FST (Figura 2D),
lo cual represent6 un cambio de 45.3 %, similar al 40 %
de variacién encontrado por Mikulic-Petkovsek et al.
(2017) entre la madurez 6ptima y la sobre-maduracion.
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substances such as phenolic compounds. In this regard,
Mikulic-Petkovsek et al. (2017) reported that phenolic
compounds increased in blackberry fruits of different
varieties, which caused that in overripe fruits the
antioxidant capacity (FRAP values) was in the range of
25.9-43.2 pmol-g. Likewise, Li et al. (2022) determined
in fruits of two blackberry varieties that the non-
anthocyanin flavonoid fraction diminished from early
to late maturity stages and also its antioxidant activity,
while the anthocyanin fraction increased, along with
its antioxidant potential. These facts pointed out that
the advance of an over-ripe state is accompanied by an
increment of the antioxidant capacity and suggested
that the less value that was found in fruits of MAP-Eo
corresponded to a delaying the senescence of them.
Besides, although the increase in antioxidant capacity
during storage may be a beneficial factor, it may
actually be indicative of the increase in oxidative
stress in fruits, derived from a process of over-ripening
or senescence and therefore the reduction in the
marketing potential of fruits.

Conclusions

The use of oregano essential oil in the head space of
blackberry fruits reduced significantly the fungal
development, principally for Aspergillus spp., followed
by Alternaria spp., and Penicillium spp. The shelf
life of blackberry fruits was extended up to 6-7 d at
23 °C relative to fruits of the control that exhibited
postharvest life of 3 d.

The use of modified atmosphere systems with
microperforation and with vapors of essential oil
(MAP-Eo) in the head space allowed reducing the rate
of weight loss, the loss of consistency, and that of
alteration of color attributes in fruits, allowing a better
appearance along the storage at room temperature
conditions. Likewise, the use of MAP-Eo allowed
maintaining the content of phenolic compounds and
anthocyanins, as well as the antioxidant capacity,
without significant changes. The use of MAP-Eo systems
is a useful alternative for postharvest handling of
blackberry fruits at room conditions.

End of English version
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