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Abstract

A modified atmosphere packaging (MAP) system in pallets was developed for ‘Padrén’ peppers as a way to extend their
shelf-life while maintaining good fruit quality. Peppers were stored at 6 °C in cardboard boxes arranged on pallets wrapped
in micro-perforated low-density polyethylene (LDPE) bags. Physico-chemical (moisture, firmness, color, chlorophylls, carot-
enoids, ascorbic acid, and total phenolic content) and sensory analysis were carried out after 0, 7, 14, and 21 days of storage.
An initial mixture of 11.8% 0,-8.5% CO, prevented anaerobic conditions and kept suitable CO, levels throughout the entire
storage period. Silica gel was tested as a moisture absorbent and considerably reduced water vapor condensation inside
packaging bags. The MAP system developed maintained the shelf-life of peppers until the end of the 21-day storage period.
The fruit always showed a good appearance and color. No rotting or other types of undesirable alterations were observed.
MAP markedly reduced the fraction of peppers with water loss as evidenced by a minimum percentage of fruit with wrinkles
(12.5%) as compared to unpackaged samples (75%). Good pigment stability was also observed.
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Introduction

Of the more than 200 varieties, Capsicum annuum is one of
the five main species of peppers (Hernandez-Ortega et al.,
2012) that belong to the genus Capsicum. The combination
of color, flavor, and nutritional value of bell peppers has
made them popular in recent years (Toledo-Martin et al.,
2016). The pepper is a carotenogenic fruit, and during its
maturation, the transformation of the chloroplast into chro-
moplast occurs. Chlorophylls disappear and carotenoids
are formed; as a consequence, a considerable color change
takes place (Bonaccorsi et al., 2016; Figeroa Cares et al.,
2015; Hernandez-Pérez et al., 2020). Peppers contain a
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wide variety of phytochemicals (phenolics, vitamin C, and
carotenoids) with healthy effects for humans (Ozgur et al.,
2011). In some studies carried out, the antimicrobial activ-
ity of peppers has been demonstrated (Gurnani et al., 2016;
Wahba et al., 2010). In addition, high antioxidant activity
and significant analgesic and anti-inflammatory properties
were found in carotenoid extracts of dried guajillo chiles,
which indicates that they might be beneficial in reducing
inflammation and pain(Hernandez-Ortega et al., 2012).
The bell pepper is a very perishable vegetable and there-
fore requires proper handling after harvest. The optimum
storage temperature for peppers is 7 to 10 °C. Temperatures
of 5 °C can be used in ripe red fruit (Escalona et al., 2019).
The quality loss of bell peppers during their prolonged
storage is mainly due to the development of rot, produced
mostly by Botrytis cinerea and Alternaria alternata, chill-
ing injury (CI), and rapid loss of water (Sakaldas & Kaynas,
2010). Botrytis can grow even when the recommended
storage temperatures for peppers are used. Botrytis can be
controlled using high levels of CO, (> 10%) but damage to
peppers can occur (Singh et al., 2014). Rhizopus stoloni-
fer may also cause these peppers to rot, and the bacterium
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Erwinia carotovora (Escalona et al., 2019) may cause soft
rot, another important type of decay.

Loss of water is responsible for wilting, shriveling, sof-
tening of tissues, and physiological disorders of fruits and
vegetables. This is why the relative humidity (RH) of the
air above the surface of the fruit should be maintained at
90-95%. In this way, the passage of water from the inte-
rior of the tissues, where RH of the air between the cells is
close to 100%, towards the outside by the humidity gradi-
ent is reduced. The exposure of the pepper for prolonged
periods under conditions of RH greater than 95% or the
condensation of water on its surface can favor the growth
of pathogenic organisms (Fornaris, 2005). CI is manifested
with symptoms of depressions or sunken areas on the sur-
face of the fruit (pitting), darkening of the calyx, discolora-
tion of the seed cavity, browning of the seeds, weight loss,
and greater susceptibility to fungal attacks such as Botrytis
cinere (Escalona et al., 2019; Fornaris, 2005; Lim et al.,
2007). Another symptom of CI is the presence of black rot
at the stem end due to Alternaria (Singh et al., 2014).

Controlled atmosphere (CA) and modified atmosphere
packaging (MAP) have been found to be rather suitable tech-
niques that can be used to extend the shelf-life and maintain
the quality of fresh-cut and fresh fruit and vegetables during
their postharvest storage (Belay et al., 2018; Caleb et al.,
2013; Esturk et al., 2012; Fan et al., 2021; Mangaraj et al.,
2014; Muftuoglu et al., 2012; Saxena et al., 2013; Zhong
et al., 2022).

Commodity respiration and gas permeation through the
packaging film are two important components of the MAP
system. In the passive MAP system, the initial concentra-
tions of O, and CO, inside the package are the same as
those in the outside atmosphere. Due to fruit respiration, O,
decreases and CO, begins to accumulate because of O, con-
sumption and CO, production in the metabolic process. This
causes concentration gradients between the gases inside and
outside the package which induce O, entry as well as allow
CO, to exit through film. These processes continue until
an equilibrium state is established in which the amounts
of O, entering the package and CO, leaving the package
equal the amount of O, consumed and CO, produced by the
packaged fruit, respectively (Mangaraj et al., 2014). In the
active MAP system, the process is similar, but a steady stage
is reached more quickly. The interaction between the com-
modity respiration rate and the passage of gases through the
packaging film results in an environment poorer in O, and
richer in CO,. The exposure of commodities to the environ-
ment developed inside a package as a consequence of the
interaction of the external atmosphere, package, and product
is known as MAP (Dwi Anggono et al., 2022). MAP cre-
ates an atmosphere of low O, and high CO, concentrations
in the headspace of the package which prevents microbial
growth and oxidative reactions that require free oxygen thus
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delaying respiration, maturation, and senescence (Sakaldas
& Kaynas, 2010).

In addition to the effect of modified atmosphere on the
product, MAP notably restricts its loss of water which can
have a greater influence on quality maintenance than O, and
CO, concentrations (Akbudak, 2008). For this to occur, the
packaging material must provide an adequate transmission
of water vapor to prevent moisture loss (Cerit & Demirkol,
2020). The packaging film also reduces the exposure of the
produce to contaminants and pathogens because it separates
the fruit from the external environment (Akbudak, 2008).
Keeping the packaged product at low temperatures results
in better fruit quality. Therefore, MAP in combination with
refrigeration temperature could provide a substantial exten-
sion of the shelf-life of peppers at the same time that it main-
tains good nutritional, sensory, and microbiological quality.

Sharma et al. (2018) found that the use of MAP com-
pletely inhibited the decomposition of bell peppers kept at
7 °C and no CI symptoms were observed in both packaged
and unpackaged fruit. However, MAP did not significantly
prevent CI observed at 1.5 °C. The results of Manolopoulou
et al. (2010) showed that MAP notably reduced the fraction
of green bell peppers with CI symptoms when stored at 5 °C
when compared to unpackaged fruit. In addition, the frac-
tion of fruit with CI was markedly reduced at 10 °C in both
types of samples when compared to fruit maintained at 5 °C.
The modified atmosphere created within packaging might
increase fruit tolerance to low temperatures and reduce CI
(Sharma et al., 2018).

Frans et al. (2021) consider that MAP might be a use-
ful tool to reduce the development of internal rot in bell
peppers during their postharvest storage at conventional
temperatures of 7-16 °C. Silica gel sachets were used by
Singh et al. (2014) for bulk packaging of green bell pep-
pers, and the shelf-life of the fruit (49 days) was extended
compared to that of the fruit without the absorbent (42 days),
thereby showing a 97% marketability rate. ) reported that
passive MAP extended the shelf-life of green chillies stored
at 8 °C to 28 days which is much longer than the 15 days
they showed for unpackaged samples.

The ability of MAP to extend the shelf-life and preserve
the postharvest quality of fruit and vegetables was enhanced
when used in combination with other technologies such as
LED illumination (Zhang et al., 2022), ultraviolet radiation
(Franczuk et al., 2021; Vunnam et al., 2014), ozone (Pinto
et al., 2020), ultrasonic treatment (Chen & Fan, 2021; Zhang
et al., 2019), and coatings like chitosan (Zhong et al., 2022)
and chitosan carbon-dot (Fan et al., 2021). The benefits of
using MAP in combination with gamma irradiation and
modified chitosan-based coating containing the nanoemul-
sion of an essential oil have been reported (Severino et al.,
2015). A study by Feng et al. (2018) suggested the combined
use of ultrasound and CA as a much effective preservation
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method than CA alone for fruit and vegetables. The com-
bined use of MAP + methyl jasmonate was also assessed
(Ozturk et al., 2019).

Taheri et al. (2020) impregnated filter papers with chi-
tosan nanoparticles containing Heracleum persicum fruit
essential oil (HPEO-CSNPs) and put them into PE bags
containing bell pepper fruit. This treatment extended fruit
shelf-life when compared to untreated MAP fruit. In MAP
organic chilli peppers stored refrigerated and then at room
temperature, sequential pretreatment of samples by hot
water dipping (HWD) and coating with carboxymethyl
cellulose or chitosan maintained fruit quality by slowing
physico-chemical changes and improving the antioxidant
system (Krongyut & Duangsi, 2021). Ranjitha et al. (2015)
reported that the use of MAP in fresh-cut pepper pretreated
with 2% calcium propionate extended its marketability up to
9 days when stored at 8§ °C. However, the microbiological
quality was at the best level until the sixth day of storage.
MAP in combination with several disinfection technolo-
gies has been also evaluated in peppers. The shelf-life of
MAP green chillies treated with ozone was extended up to
36 days which contrasted with the periods of 28 and 22 days
in the case of chlorine-washed and untreated MAP fruit,
respectively; furthermore, the postharvest quality was better
retained (). Similar results were obtained by Horvitz and
Cantalejo (2015) in partially dehydrated ready-to-eat pepper
strips. Chitravathi et al. (2020) reported that the combined
use of MAP + gamma irradiation in green chillies extended
the shelf-life of fruit up to 42 days and retained better post-
harvest quality.

A very convenient way to save space when storing fruits
and vegetables is the use of pallets, which also facilitates the
transport of the commodities. However, most of the studies
reported in the scientific literature for fruit and vegetables
packaged under modified atmosphere or stored under CA,
like those mentioned above, do not use a palletized MAP
system. Peano et al. (2017) evaluated the use of a palletized
storage system under MAP in plums and reported that it
extended shelf-life longer and retained better postharvest
quality when compared to air-palletized samples. This stor-
age method proved advantageous in that it allows different
fruit and vegetables to be stored in the same cold storage
chamber by providing different atmosphere compositions for
individual pallets. Additionally, storage units could also be
used to transport commodities throughout the supply chain
to reach markets farther away from production areas. Fur-
thermore, with a palletized MAP system, the use of plastics
is reduced, making it more sustainable. A disadvantage of
using palletized MAP with respect to individual MAP is that
once the packaging bags that wrap the pallets are opened,
the gaseous composition inside them changes. However, this
MAP system can be successfully applied to package, and
store or transport, only the quantity of produce that is really

going to be marketed at any given time. Therefore, it is nec-
essary to plan the amount of fruit to be packaged based on
the estimated volume of sales.

Recently, our research group (Olveira-Bouzas et al., 2021)
developed a simple and easy way to use the palletized MAP
system for tomatoes. This method delayed color evolution
and reduced loss of firmness and rate of decay in tomatoes;
shelf-life was also extended to 21 days. According to our
investigation, no scientific literature has been found that
studies the effect of pallet storage under MAP on the post-
harvest quality and shelf-life of peppers and, specifically,
on ‘Padréon’ peppers. Therefore, the objective of this work
was to optimize the MAP system developed by our group
for ‘Padrén’ peppers and evaluate its effectiveness to main-
tain postharvest quality and extend the shelf-life of the fruit.
Physico-chemical parameters were determined over 21 days
of storage at 6 °C in unpackaged and packaged samples.
Sensory analysis was also performed by a panel of trained
tasters during the same time period.

Materials and Methods
Plant Material

This study was carried out in ‘Padrén’ peppers (Capsicum
annuum L. cv. ‘Padrén’) grown in Ourense (Galicia, north-
west Spain; geographic coordinates: 42°17'40"N; 159 m
above sea level) and supplied by the agricultural coopera-
tive Hortoflor 2, S.C.L. (Ourense). Peppers were cultivated
in a greenhouse. Three assays were performed with fresh
peppers harvested in two consecutive years: the first year
(first assay) in September, and the second year in June and
September for the second and third assay, respectively. The
freshly harvested peppers were immediately taken to the
facilities of the cooperative for their packaging and storage.

Reagents

The neoxanthin and violaxanthin used were purchased from
ChromaDex (Irvine, CA, USA). The chlorophyll a, chloro-
phyll b, lutein, B-carotene, and the 2 N Folin—Ciocalteau
reagent were supplied from Sigma-Aldrich (St. Louis,
MO, USA). The HPLC-grade acetonitrile, ethyl acetate,
metaphosphoric acid, potassium di-hydrogen phosphate
(KH,PO,), anhydrous sodium carbonate (Na,CO;), 85%
phosphoric acid, and 99% L-(+)-ascorbic acid were pur-
chased from Panreac (Barcelona, Spain). The acetone was
from Scharlau (Barcelona, Spain) and 98% gallic acid from
Acros (Geel, Belgium). The ultrapure water was obtained by
a Milli-Q water purification system from Millipore (Bedford,
MA, USA).
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Packaging, Storage, and Sampling

The packaging of the peppers was carried out by the techni-
cians of the agricultural company according to the MAP
system developed by Olveira-Bouzas et al. (2021) for
tomatoes. Peppers were distributed in cardboard boxes
(50x30x 17 cm) which were placed on four pallets. Each
of the boxes with peppers weighed approximately 5 kg and
each pallet contained around ten boxes distributed in two
levels. Three of the loaded pallets were subjected to a modi-
fied atmosphere (packaged pallets or MAP pallets) contain-
ing a 0,—CO, mixture while the remaining pallet was air-
stored (N,: 78.1%; O,: 21.0%; CO,: 0.035%) and used as
a control (unpackaged or control pallet). Micro-perforated
low-density polyethylene (LDPE) bags (Ref. 6A2F) 60 um
thick and 24.30x 13.55 % 26.00 m (length X width X height)
big were used for packaging and supplied by Adrados
Envase y Embalaje SL (Madrid, Spain). The permeabilities
of this packaging material to O, and CO, were 3300 and
16,600 cm® m™2 day_1 atm™!, respectively, and the water
vapor transmission 1.67 g m~2 day~!' atm™' (23 °C), as per
the data provided by the supplier. The packaging bag was
placed on each MAP pallet before depositing the boxes with
the product, and once the bags were hermetically closed with
a flange, the MAP pallets, together with the control pallet,
were introduced into a cooling chamber at 6 °C and 91%
RH and stored for 21 days. A gaseous mixture composed
of N,—CO, (“Freshline 20—Carburos Metalicos Company”,
Coruiia, Spain) was injected into PE bags displacing the air
until the required O, and CO, concentrations were reached.

Three assays were carried out to find the optimal compo-
sition of the gases in the modified atmosphere. In the first
assay, the convenience of using a certain initial gas com-
position of 0,—~CO, was studied and, based on the results
obtained, the decision was made to modify it using more
O, and less CO,. Therefore, a second assay was carried out
with a different initial gaseous atmosphere. The possibility
of extending the storage time of the samples to 28 days was
also studied. Since the results obtained in this assay were
also unsatisfactory, we tested a new gaseous composition in
a third assay. In addition, the effectiveness of silica gel as a
moisture absorber was evaluated to prevent the condensa-
tion of water vapor inside the bags and the deterioration
of the peppers during storage. Therefore, in this last assay,
a cardboard box containing 2.5 kg of silica gel and orange
indicator (WG-2) was placed on each of MAP pallets as pre-
viously done by Olveira-Bouzas et a. (2021). The samplings
in the first and last of the assays were carried out after 0, 7,
14, and 21 days of storage whereas the 7-day sampling was
not performed in the second assay because the storage time
was meant to be extended.

For each of the assays, the sampling on day 0 was carried
out on the control pallet; subsequent samplings consisted
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of two sub-samplings, one from the control pallet and the
other from a MAP pallet. A different MAP pallet was opened
and used for each sampling day. Once a sampling had been
carried out, the pepper samples were immediately taken
to the Veterinary Faculty of the University of Santiago de
Compostela (Galicia, Spain) for their sensory and physico-
chemical analysis in the Tasting Room and the Laboratory
of Food Technology, respectively.

Gaseous Composition

The differential mass balance equations that describe the
changes that take place in the composition of O, and CO,
inside a package containing a respiring commodity (Mangaraj
et al., 2014) are:

(i) For Oy: rate of O, entry into package space — rate of O,
consumed by product = rate of O2 accumulation inside
package space

(i) For CO,: rate of CO, generated by the fruit — rate of
CO, leaving the package space = rate of accumula-
tion CO, inside package space

The evolution of the gas composition inside the packag-
ing bags was measured throughout the 21 days of storage.
Technicians from the agricultural company monitored the
gas composition daily using a portable Witt-Gasetechnik
gases-meter model Oxibaby® M + for O,/CO,. Gas analy-
sis was performed with a needle attached to the gas analyzer
through a septum pasted on the packaging film. The gas
requirement for sampling is minimal. The measurements of
CO, are based on IR-absorption and an electrochemical cell
is used to measure O,.

Determination of the CIE L*a*b* Color Parameters

The color of fruit was measured using the ColorFlex col-
orimeter (HunterLab, Reston, VA, USA) appropriately
calibrated with a standard tile (L*=93.41; a*= —1.07;
b* = 41.13). Measurements were performed using Dg;
illuminant and a 10° observation angle as references. The
color measurements (25 +1 °C) of peppers were made at
four random points on their surface. The data are presented
as means of 10 bell ‘Padrén’ peppers.

Determination of Moisture

For the determination of moisture, the samples were crushed
and then lyophilized using the Coolsafe Superior PRO 90-80
lyophilizer (SCANVAC, Stockholm, Sweden). Moisture was
determined in triplicate and expressed as a percentage.
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Determination of Firmness

Firmness was determined by measuring the puncture force
with the TA. XTplus Texture Analyzer (Stable Micro System,
Surrey, UK) equipped with a 50 N load cell. Puncture tests
were performed by a probe with cylindrical tip (P/0.255) of
6.35 mm diameter, measuring the force necessary for the
probe to move 10 mm at a speed of 2 mm s~!. The peppers
were cut into 5 X2 cm pieces and placed with the inside
surface facing up in the plane of the texturometer support.
Puncture force was measured in triplicate. The data are pre-
sented as means of 10 fruit and expressed as N.

Determination of Chlorophylls and Carotenoids

The pigment extraction (neoxanthin, violaxanthin, lutein,
[B-carotene, chlorophyll a, and chlorophyll b) was performed
according to the method by Nishiyama et al. (2005) with
slight modifications. The edible portion of a pepper was
crushed in a mixer for 1 min with Na,CO5 (20 g kg™') which
was added to correct the acidity and prevent the chlorophylls
from degrading to pheophytins. A portion of the homogen-
ate (10 g) was ground for 1 min in a mortar with 15 mL of
cold acetone (—20 °C). The extract was filtered under vac-
uum and then transferred to a 50 mL volumetric flask. The
extraction procedure was repeated twice more with 15 mL
of cold acetone. After all the filtrate was collected in the
volumetric flask, it was brought to volume with cold acetone.
Solution was rapidly vortexed and filtered twice through a
0.20 pm nylon syringe filter from Waters Corporation (Mil-
ford, MA, USA). All extraction procedures were carried out
under dim light and using containers covered with foil to
prevent pigment photodegradation. Filtrate was subjected
to HPLC analysis or stored at —20 °C in an amber bottle
until subsequent analysis. Twenty microliters of the filtrate
was injected in duplicate into an HPLC apparatus equipped
with a UV-VIS diode array detector, degasser, temperature
stabilizer, and manual injector. Chromatographic separation
was performed on a Sun Fire C,5 (250X 4.6 mm, 5 pm) col-
umn from Waters Corp. A Sun Fire C4 (20X 4.6 mm, 5 pm)
precolumn (Waters) was coupled to the analytical column.
Gradient elution was performed with 90% (v/v) acetoni-
trile (solvent A) and ethyl acetate (solvent B). The gradient
was initiated at 0% B and linearly increased to 60% over
15 min; then, this composition was maintained for 10 min
before returning to the initial conditions. The flowrate was
1.5 mL min~! and the column thermostated at 25 °C. Chro-
matographic peaks were identified by comparing the reten-
tion times with those of authentic standards. Neoxanthin and
chlorophyll a were detected at 430 nm, violaxanthin, lutein,
and p-carotene at 450 nm, and chlorophyll b at 460 nm. For
quantification, the external calibration method was used
which provided Pearson’s linear correlation coefficients (r)

between 0.9959 and 0.9999. Samples were analyzed in trip-
licate. Chlorophyll and carotenoid contents are given as mg
kg~! in fresh weigh (FW).

The limit of detection (LD) of method for each pigment
was calculated as the concentration corresponding to the
average signal of the blank plus 3 times the standard devia-
tion. The values obtained were 0.016, 0.011, 0.009, 0.078,
0.012, and 0.016 mg L~! for chlorophyll a, chlorophyll b,
lutein, B-carotene, neoxanthin, and violaxanthin, respec-
tively. The measurement and method coefficients of varia-
tion were 0.96-4.71% and 2.12-4.06%, respectively. Ana-
lytical recoveries were higher than 97.84% in all cases.

Determination of Ascorbic Acid (AA)

AA was extracted from samples following the procedure that
Olveira-Bouzas et al. (2021) made by slightly modifying the
procedure previously made by Baardseth et al. (2010). Then,
the mixture was vortexed and filtered through a @ 110 mm
filter paper and filtered again through a 0.2 um nylon filter,
while it was kept away from direct sunlight. Twenty micro-
liters of the filtrate was manually injected in duplicate into
the HPLC system describe above. The Spherisorb ODS2
C18 column (250X 4.6 mm, 5 um) and Spherisorb ODS2
C18 precolumn (20X 4.6 mm, 5 um) used were thermo-
stated at 25 °C. The mobile phase (isocratic mode) con-
sisted of a 0.2 M KH,PO, solution adjusted to a pH value
of 2.4 with 85% phosphoric acid (Gokmen et al., 2000).
The flowrate of the mobile phase was 0.8 mL min~!'. AA
was detected at 254 nm and quantified using external cali-
bration (r=0.9999). The chromatographic peak was identi-
fied by comparing the retention time with that of an AA
standard. All samples were analyzed in triplicate. Results are
expressed as mg kg™ FW. LD was 0.0122 mg L', the ana-
lytical recovery 98.00%, and the measurement and method
coefficients of variation were 4.16 and 5.52%, respectively.

Determination of Total Phenolic Content (TPC)

Phenolics were extracted from samples following the pro-
cedure that Olveira-Bouzas et al. (2021) made by slightly
modifying the procedure previously made by Oboh (2005).
TPC was determined in the filtered extract (in triplicate)
using the Folin—Ciocalteau reagent according to method that
Olveira-Bouzas et al. (2021) implemented by making slight
modifications to the method previously used by Singleton
et al. (1999). Absorbance at 760 nm was measured with a
UV-VIS spectrophotometer and TPC was determined using
a calibration curve (r=0.9977) obtained with gallic acid
standards. All samples were analyzed in triplicate. TPC was
expressed as mg of gallic acid equivalents (GAE) kg™! FW.
The method and measurement coefficients of variation were
2.76 and 2.77%, respectively.
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Sensory Analysis

Sensory analysis was carried out by a panel of ten trained
tasters. The basic training for judges was done according
to ISO 8586:2012. Each of them evaluated a pair of sam-
ples, a control, and a packaged pepper, using the previously
elaborated tasting sheet. The samples were presented at ran-
dom to the panel with random 3-digit codes. The descrip-
tors set was developed according to sensory analysis stand-
ards (ISO 11035:1994; ISO 13299:2016) and the panel of
tasters met once a week. A list of descriptive terms for the
evaluation of sensory quality was drawn up and the most
appropriate ones were selected using statistical techniques.
Once the terms were selected, the type of scale and, where
appropriate, the references used in it were chosen and the
form of evaluation of each descriptor was established.
Finally, before evaluating the final samples, the panel of
tasters conducted five training sessions to ensure their per-
formance or efficacy. The tasting sheet included thirteen
sensory descriptors. A two-point scale (presence/absence)
was used for color uniformity, surface brightness, wrinkles,
spots, internal off-odors, external off-odors, and burning sen-
sation. The data obtained for each descriptor were expressed
as a percentage of samples with presence or absence of such
a descriptor. A three-point scale was employed for mois-
ture sensation. To evaluate this descriptor, tasters opened
the pepper with their hands and touched the inner surface.
The tasters subjectively determined the degree of hydration
of the pepper and qualified it as dry, slightly hydrated, or
quite hydrated. The data obtained were expressed as a per-
centage of samples that obtained such a qualification. The
descriptors external color intensity, external odor intensity,
internal odor intensity, turgidity, and number of dark seeds
were evaluated subjectively using 10-cm unstructured scales.
The references of the scale for the external color intensity
were Pantone 367C color (0) and Pantone 364C color (10).
The intensities of internal and external odor were scored
from weak (1) to high (10). The tasters evaluated turgid-
ity by using their fingers to press from the middle to the
top; the scale references were rubber ball and plastic corn
cob skewer. The number of dark seeds was expressed as a
percentage. The tasting sheet also included the item “other
alterations” so that the tasters could indicate any other alter-
ation observed in the samples during their storage.

Statistical Analysis

The results obtained from sensory and physico-chemical
analysis were subjected to two-way analysis of variance
(ANOVA) with interaction (t*P). Sources of variability
were storage time (t) and the use of packaging (P) or not.
The means between the first two samplings were compared
with the t-Student test. The Pearson’s chi-squared test was
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applied to each of the descriptors evaluated by two-point
scales on the percentages of samples with a presence of
such a descriptor. The test allowed us to know if there were
significant differences between samples depending on the
method of pepper storage. The Mann—Whitney U nonpara-
metric test for two independent samples (unpackaged and
packaged pepper) was applied to the sensory descriptor
evaluated with a three-point structured scale. All analyses
were performed using SPSS 17.0 for Windows (SPSS Inc.,
Chicago, IL, USA).

Results and Discussion
First Assay

The initial composition of the packaging atmosphere used
in this first assay was around 7.9% 0,—12.3% CO,, varying
slightly between pallets. The changes in the gaseous compo-
sition measured in one of the pallets during storage time are
shown in Fig. 1. Changes found in the rest of pallets were
similar and data are not represented in the plot. Similar trends
were reported by other researchers, that is, a decrease in O,
and an increase in CO, (Akbudak, 2008). In our study, the
O, levels inside packaging bags fell below 2.5% after 12 days
of storage but no off-flavors and odors were detected due
to fermentation processes (Ospina Meneses & Cartagena
Valenzuela, 2008; Rojas-Grau et al., 2009). Imahori et al.
(2002) reported that when peppers were exposed to O, levels
below 1%, it enhanced the ethanol fermentation metabolism.
The development of anaerobic conditions might also lead to
the proliferation of anaerobic microorganism (Lucera et al.,
2011). CO, increased as time advanced to stabilize at around
20.7% after 13 days. CO, levels during the entire storage
period were much higher than the recommended values
(2-5%) for peppers (Manolopoulou et al., 2010). These high
concentrations of CO, had been reported to damage bell pep-
pers causing discoloration, pitting, and softening (Devgan
et al., 2019). Owoyemi et al. (2021) detected severe fermen-
tative off-flavors in red bell peppers stored in non-perforated
packages, which became inedible, due to the anaerobic condi-
tions created (O, < 1.0%) and the high CO, levels (CO,>9%)
reached caused severe peel damage. Devgan et al. (2019)
reported that the shelf-life of MAP yellow bell peppers was
extended to 28 days by addition of an oxygen absorber. How-
ever, the amount of absorbent should be carefully optimized
to prevent anaerobic conditions.

Large water vapor condensation was observed inside the
bags after the seventh day of storage. This was most likely
due to the development of high RH caused by the material
(microperforated-LDPE) of the packaging bags that does not
have sufficient permeability for water vapor. Studies carried
out by ) in MAP green chillies using several non-perforated
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Fig. 1 Evolution of gas compo-
sition over storage time inside
MAP pallets
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films showed that the films of LDPE and polyolefin, the
latter to a lesser extent, led to condensation in the packets
whereas the use of an anti-fog film maintained the fresh-
ness of peppers due to its higher water vapor permeability.
Sharma et al. (2018) observed the presence of water drop-
lets on bell peppers fruit in PE packaging. However, other
researchers did not report the condensation of water vapor
when peppers were packaged with a LDPE film (Cerit &
Demirkol, 2020; Manolopoulou et al., 2010; Ornelas-Paz
et al., 2015; Sakaldag & Kaynag, 2010).

Firmness and color are two of the most important param-
eters for peppers in terms of consumer acceptance. Fruit
and vegetables tend to soften after harvesting resulting in a
loss of firmness. Softening is due to the breakdown of the
carbohydrates in the cell wall structure and the increase in
soluble pectin substances that results in a weakening of the
cell walls and a reduction of the cohesive forces binding
cells together (Majidi et al., 2014). MAP has a positive effect
slowing down the activity of the enzymes involved in the
degradation of the cell wall (polygalacturonase and pectin-
methylesterase) and thus reducing softening (Artés Calero,
2006). It was also suggested that the high CO, concentration
involved in MAP results in suppression of the degradation
of protopectin to soluble pectin thus reducing fruit softening
(Majidi et al., 2014). Changes in firmness found over storage
time are plotted in Fig. 2A. Statistical results obtained by
two-way ANOVA with interaction and the t-Student test for
firmness and other physico-chemical parameters are shown
in Table 1. At day O, firmness in peppers was 9.52 N and
remained unchanged during storage time in both packaged
and unpackaged samples. In agreement with this result, no
significant differences were observed in the scores awarded
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Fig.2 Changes in firmness of control and MAP peppers throughout
the storage time for the first (A), second (B), and third (C) assays
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Table 1 Statistical data of physico-chemical parameters in ‘Padrén’ peppers obtained by two-factor ANOVA with interaction and the t-Student

test

First assay Second assay Third assay
Two-way ANOVA  t-Student Two-way ANOVA  t-Student Two-way ANOVA t-Student
(0-7 days) (0-14 days) (0-7 days)

t P t*P  Control MAP t P t*P Control MAP t P t*P  Control MAP
Firmness ns * ns ns ns ns ns ns ns ns ns #ns ns ns
Neoxanthin® * * * - - - - - - - - - - - -
Violaxanthin®  * * * - - - - - - - - - - - -
Lutein skeksk ES ns ns ns skekesk kek sskck skekek £ sksksk sk skekesk * skekek
p-carotene #EE - ng * ns ns Hk ns ns Hk Hk hE g kEE wE ns
Chlorophyll a skskck ns ns £ skek skekk ns skek skek * sk ns skekck ksk ksk
Chlorophyll b seskok 3k ns ns ns skskk ns skeksk skek kek skeksk skok skskok skek seskosk
L* w3k ns ns * w% ns ns ns * ns ns ns #EE g ns
a* ns ns ns ns ns ns ns ns ns ns ns ns k% ns ns
b* ns ns ns * wE wE ns ns ns ns * ns * ns ns
C* ns ns ns * * *% ns ns ns ns * ns * ns ns
H° wAE kR ns ns Hk * ns ns * ns wE ns ns ns ns
AE ns ns ns ns ns H * ns - - * ns ns - -
AA ns * ns ns ns *ok FkE kE *okk ok * ns * ns ns
TI)(:Zl 3k skekek sfeskok ns ns _ _ _ _ _ ns kk skeksk * 3k

T, Storage Time, P Packaging, MAP Modified Atmosphere Packaging, NS Not Significant. *p <0.05, **p <0.01, ***p <0.001

“No data available for neoxanthin, violaxanthin, and TPC in the second assay

by the tasters for turgidity over time. Turgidity, as well as the
rest of the sensory descriptors evaluated, was scored using
10-cm unstructured scales; the corresponding statistical data
are shown in Table 2.

Several researchers (Akbudak, 2008; Manolopoulou
et al., 2010; Sahoo et al., 2014; Sakaldas & Kaynag, 2010;
Singh et al., 2014) reported a loss of firmness in several
cultivars of cold-stored green bell peppers that was slowed
down using MAP. In a study by Lwin et al. (2022) on bell
peppers (cvs. yellow Volante and red Sirocco) stored at
22 °C, MAP also delayed pericarp firmness loss and reduced
fruit shriveling. In our work, firmness was significantly
lower in packaged peppers in all samplings which might be
attributed to the water vapor condensation inside packag-
ing bags that causes peppers to be slightly softer. However,
the tasters did not detect significant differences in turgidity
between unpackaged and packaged fruit.

Color in green peppers is related to the total chloro-
phyll content (Sakaldas & Kaynas, 2010). Chlorophylls
easily undergo degradation processes and most of them
are converted into pheophytin and other derivatives lead-
ing to noticeable color changes (Cano et al., 1998). In this
first assay, the values of the color parameters showed only
small changes during storage (Tables 1 and 3). H° at day
0 was 113.28°, similar to those obtained in the following
assays. H® values greater than 90° correspond to a more
intense green color while angles close to 90° to a yellow

@ Springer

one (Manolopoulou et al., 2010). H® was slightly higher
in packaged than unpackaged peppers throughout stor-
age and decreased in both types of samples at the end of
storage. In accordance with this result, packaged peppers
obtained the highest scores for “external color intensity,”
although no significant differences were found between
unpackaged and packaged samples. Ornelas-Paz et al.,
(2015) also reported minor changes in color (L*, a*, and
b*) of both unpackaged and MAP green Jalapefio peppers
stored for 42 days and they considered the low tempera-
ture used for their storage (7 °C) to be responsible for this
since chlorophylase only remains active at temperatures
between 10 and 75 °C (Arkus et al., 2005). However,
Singh et al. (2014) found good retention of color (L*,
C*, and H°) in MAP peppers (cv. Swarna) stored at 8§ °C
whereas the color parameters were reduced in unpackaged
samples maintained at the same temperature. Koide and
Shi (2007) did not find appreciable changes in the color
parameters of MAP green peppers after 7 days of storage
at 10 °C nor was the development of yellow color on the
surface of the fruit found. Taheri et al. (2020) reported
severe color changes (AE) and a notable decrease of the L*
values in MAP red bell peppers (mature stage) during stor-
age (9 °C/30 days). The red color in peppers, associated
with carotenoids, is degraded by oxidation and the pres-
ence of oxidative enzymes during storage. Changes were
reduced by placing filter papers impregnated with HPEO
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or HPEO-CSNPs inside the packaging bags. It might be
due to the antioxidant properties of HPOE.

The initial contents of chlorophyll a and chlorophyll b in
‘Padrén’ peppers were 123.9 and 27.9 mg kg~! FW, respec-
tively. The initial content of p-carotene was 18.3 mg kg™
FW and those of the xanthophylls neoxanthin, violaxanthin,
and lutein were 5.6, 6.7, and 12.8 mg kg~! FW, respectively.
All pigments suffered degradation during storage in both
control and MAP peppers. For all pigments, slightly higher
values were found in control peppers the first 14 days of
storage, although, at a statistical level, chlorophyll a and
p-carotene were not affected by the use of MAP (Tables 1
and 4). Sakaldas and Kaynas (2010) found a continuous
decrease of total chlorophyll in cold-stored unpackaged pep-
pers (cv. Maxibell F1). They also indicated that MAP slowed
degradation of chlorophylls which was attributed to the low
O, concentration and low respiration. Akbudak (2008) found
similar results and a positive correlation between color and
total chlorophyll. Carotenoids usually decrease during senes-
cence and increase during the maturation, and these changes
can be affected by temperature. Therefore, biosynthesis of
carotenoids in fruit and vegetables during ripening, includ-
ing peppers, is reduced or inhibited by refrigeration (Yahia
& Ornelas-Paz, 2010). In our work and, according to what
was stated above, the decrease in the amount of B-carotene
at the end of storage was attributed to the senescence of
peppers. In a study carried out by Ornelas-Paz et al. (2015),
the amount of P-carotene was not altered during storage in
unpackaged and packaged peppers that had been kept under
refrigeration. ) found a continuous increase of total carot-
enoids in green chili peppers at the same time that the degra-
dation of chlorophyll was taking place; they also found that
both processes were slowed down due to a slower respiration
rate when MAP was used.

Vitamin C is used as an indicator of quality for fresh
vegetables (El-Mogy & Kitinoja, 2019). Red bell peppers
are an excellent source of AA (Taheri et al., 2020). Mature
peppers generally have the highest AA content when com-
pared to immature peppers (Bae et al., 2014; Howard et al.,
2000). Changes in the content in AA throughout the stor-
age time are plotted in Fig. 3A and statistical results are
shown in Table 1. The initial AA content in this first assay
was 100.1 mg kg~ FW. No significant effect of the storage
time was found, but an increasing trend was observed in the
values of AA in both unpackaged and packaged samples.
Singh et al. (2014) reported a similar trend in chilled peppers
stored in open PP bags (RH 95.0%). These authors associ-
ated the increase in AA to pepper dehydration because, when
AA was expressed in terms of dry matter, its loss was almost
70% of the initial value. In our work, values of AA were
lower in MAP fruit. Koide and Shi (2007) reported only
minor changes in AA in green peppers packaged in several
films and kept refrigerated at 10 °C for 7 days. Ornelas-Paz
et al. (2015) found a similar content of AA in unpackaged
and packaged, cold-stored jalapefio peppers; AA maintained
quite constant during storage in both types of fruit. However,
AA increased continuously in unpackaged peppers stored
at 23 °C which was associated with postharvest ripening
and dehydration. Sahoo et al. (2014) reported a decrease in
AA in peppers stored at room temperature or refrigerated,
although it was found to be higher in samples at room tem-
perature. Andrade Cuvi et al. (2011) reported an 5% increase
of AA in peppers in the first 7 days of storage at 0 °C and
then a reduction in its content.

Phenolic compounds contribute to the color and flavor of
fruits and vegetables as well as to the antioxidant system in
plant tissues, since some phenolic compounds are power-
ful antioxidants (Krongyut & Duangsi, 2021). The phenolic

Table 4 Pigment contents data (mean + standard deviation) in ‘Padrén’ peppers as a function of storage time and packaging (first and second

assays)

Day 0 Day 7 Day 14 Day 21

Control Control MAP Control MAP Control MAP
Pigment (mg kg~! FW) First assay
Neoxanthin 5.6+0.5 52104 4.6+0.2 6.8+0.4 57+0.6 41+03 38+0.2
Violaxanthin 6.7+0.3 49+03 43+04 8.7+0.8 71+x1.1 42404 45+03
Lutein 12.8+0.8 13.6+£1.2 123+£0.3 17.1£1.0 148+1.6 11.0+£0.8 10.9+0.7
B-carotene 183+1.4 13.7£0.6 11.6+£0.6 195+1.5 179+1.8 11.1£09 13.6+£1.0
Chlorophyll a 123.9+6.5 104.4+6.3 93.9+3.6 141.2+6.4 127.0+12.1 87.0+6.2 95.2+4.6
Chlorophyll b 279+1.3 242+1.6 21.8+1.1 323x1.1 26.7+3.0 20.0+1.5 20.2+1.1

Second assay
Lutein 20.8+0.6 - - 13.1+0.4 17313 11.8+£0.2 10.6+£0.1
p-carotene 25.4+0.6 - - 18.1+2.0 189+1.5 17.3+0.2 14.6+0.5
Chlorophyll a 117.4+3.1 - - 88.9+4.0 99.4+6.8 82.6+2.6 74312
Chlorophyll b 329+1.0 - - 25.3+0.9 272+1.1 23.7+1.0 19.9+0.1
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Fig.3 Changes in the concentration of ascorbic acid in control and
MAP peppers throughout the storage time for first (A), second (B),
and third (C) assays

compounds are considered to be one of the main phytochem-
icals related to human health (Devgan et al., 2019).

Initial TPC was 323.2 mg GAE kg~! FW and decreased
in unpackaged fruit to 241.3 mg GAE kg~' FW at the end
of storage (Fig. 4A; Table 1). However, TPC in packaged
fruit remained quite constant during the first 14 days of stor-
age and then decreased to 202.6 mg GAE kg~! FW. Several
researchers have reported an increase of TPC in peppers
as ripening progresses (Chuah et al., 2008; Howard et al.,
2000; Zhuang et al., 2012). According to this, the decrease
of TPC in unpackaged samples might indicate senescence
of peppers, in which case the use of MAP would slow it
down. Ornelas-Paz et al. (2015) did not find changes in TPC
in both unpackaged and packaged green jalapefio peppers

@ Springer

—e—control
MAP

400 -
350 A T L
300 + ) T
250 1 _®
200 A
150 1
100

TPC (mg GAE kg! FW)

0 7 14 21
Storage time (days)

—e—Control

400 - MAP

350
300 1 i
250 -

200 1 1

150 -
100

—

TPC (mg GAE kg' FW)

7 14 21
Storage time (days)

o

Fig.4 Changes in TPC in control and MAP peppers throughout the
storage time for first (A) and third (B) assays

during storage and Barbosa et al. (2020) only found negligi-
ble losses in MAP fresh-cut bell peppers at different matura-
tion stages (green, yellow, and red). However, Devgan et al.
(2019) reported an increase of TPC in MAP yellow bell
peppers during storage. Other researchers (Chitravathi et al.,
2020, 2015a, b) found the same trend as Devgan et al. (2019)
in unpackaged and MAP green chillies with highest TPC
values in the unpackaged peppers. Taheri et al. (2020) found
a linear increase of TPC in MAP red bell peppers (mature
stage) up to the first 18 days of storage and then a decrease.
Krongyut and Duangsi (2021) reported an increase of TPC
in MAP chilli pepper (full-red stage) with cold storage, and
at the same time, an increase in the activity of phenylalanine
ammonia lyase (PAL) which is a key enzyme in phenolics
biosynthesis.

The number of “dark seeds” in this first assay increased
after 7 days in both packaged and unpackaged peppers, but
significant differences between the two samples were not
found. In addition, unpackaged samples scored higher for
“internal odor intensity” than packaged samples through-
out the entire storage time. As for the sensory descriptors
evaluated using two-point scales, differences were found
only for “spots” at 14 and 21 days of storage. At the end
of storage, 37.5% of the control peppers had spots while
none of the MAP peppers presented them. Spots observed in
control peppers after 14 days of storage are shown in Fig. 5.
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Fig.5 Spots observed in control peppers after 14 days of storage (first
assay)

In the item “other alterations,” the tasters indicated that, in
both control and MAP peppers, the peduncle was dry after
14 days of storage. They also observed presence of rot at
the end of storage in both type of peppers due to microbial
growth. We attribute the appearance of rot in MAP peppers
to the condensation of water vapor on the surface of the
fruit, as well as to the gaseous atmosphere created inside
the pallets with levels of O, outside the recommended range.
In the second assay, we decided to change the initial gas
composition inside PE bags to prevent anaerobic conditions,
leaving the study of the effect of using a moisture absorber to
prevent water vapor condensation for the third assay.

Second Assay

In this second assay, a gas mixture which contained higher
O, and lower CO, levels (10.4% 0,-10.4% CO,) than those
of the previous assay was tested to prevent the development
of a hypoxic modified atmosphere. The possibility of extend-
ing the time of storage of the samples to 28 days was also
studied and we decided to eliminate the 7-day sampling.
However, the new gas composition used was not effective
in maintaining adequate levels of the gases within the PE
bags. O, fell below the recommended value after 1 week of
storage, and in addition, CO, increased over time to stabilize
around 20.1% after 8 days; however, levels this high are not
recommended (Fig. 1).

At a sensory level (Table 2), the packaged peppers
obtained the highest scores for the descriptor “external
color intensity” and, as occurred in the first assay, the tasters
gave the highest scores for “internal odor intensity” to the
unpackaged peppers. The tasters also observed an increase
in the number of “dark-seeds” after 14 days of storage in

both packaged and unpackaged peppers with no significant
differences as per storage method.

Firmness (9.70 N at day 0) did not change over time
or because of the storage method, even though the water
vapor condensation continued to persist in the MAP pallets
(Fig. 2B; Table 1). Consequently, turgidity (Table 2) was not
influenced by packaging the peppers or not and no changes
were found in the scores of this descriptor throughout the
storage time for both types of samples.

Pepper color was affected by the storage time (Tables 1
and 3). L* tended to increase in both control and MAP
peppers as storage time advanced, indicating an increase
in lightness of fruit but, at a statistical level, the changes
were not significant. C* and b* tended to increase and H° to
decrease slightly. The changes in b* and H* indicate a trend
of fruit to develop a yellowish-green color. However, the
scores awarded by the tasters to the intensity of the external
color did not change significantly over time; nevertheless, a
decrease in the values of this descriptor in control samples
has been observed. AE increased in both type of samples
with smaller changes in packaged samples which agreed
with the highest scores given by tasters to the external color
intensity of packaged fruit. No significant differences were
found between unpackaged and packaged samples for the
rest of the color parameters. In this second assay, only the
most abundant pigments were determined, and their con-
tent continuously decreased during storage (Tables 1 and
4). B-carotene and the two chlorophylls were not affected
by MAP, as occurred with pB-carotene and chlorophyll a in
the first assay.

AA (150.6 mg kg~! FW) decreased in control peppers
during storage and, at 21 days, was 78.2% of its initial value
(Fig. 3B; Table 1). AA is known to decrease in the pres-
ence of light, oxygen, and heat (Plaza et al., 2006). AA is
very prone to degradation by oxidative processes such as
autoxidation and enzymatic oxidation caused by ascorbate-
oxydase, polyphenol-oxidase, cytochrome—oxidase, and
peroxidase (Sanchez-Mata et al., 2003). Ascorbate-oxidase
is known to be the main enzyme responsible for deteriora-
tion of AA. Under stress, ascorbate-oxydase levels increase
(Taheri et al., 2020). Oxidation of AA and phenolic com-
pounds can result in loss of nutritional value and sensory
attributes (Queiroz et al., 2011). The amount of AA was
fairly constant during storage in MAP fruit. The low O, lev-
els might have inhibited the oxidative processes that degrade
AA. Several researchers (Akbudak, 2008; Cerit & Demirkol,
2020; Sahoo et al., 2014; Sakaldas & Kaynag, 2010) also
reported a beneficial effect of MAP on AA; high losses were
found in unpackaged cold-stored bell peppers and MAP
slowed its degradation. Taheri et al. (2020) found that AA
in MAP red bell peppers (mature stage) at day 30 of stor-
age decreased 82.5%, when compared to the initial day; the
application of HPEO-CSNPs slowed down its loss. In MAP
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chilli peppers at the full-red stage that were cold-stored up
to 12 days, the AA degradation rate was slower (Krongyut
& Duangsi, 2021). Differences found in the several studies
might be related to differences in maturity stage and genetics
(Castro et al., 2008).

Regarding the sensory descriptors evaluated by two-point
scales, no significant relation between each of them and the
use or not of MAP was found. In “other alterations” the
tasters indicated the presence of rottenness from 14 days of
storage in both control and MAP peppers. The presence of
rottenness in MAP peppers could be explained by the con-
densation of water vapor along with an unsuitable packaging
atmosphere, as indicated in the first assay. The results of the
second assay showed that it was not possible to extend the
shelf-life of ‘Padrén’ Peppers for another week. Therefore,
the 28-day sampling was not carried out in the last assay.

Third Assay

In the third and final assay, another initial gas composition
was tested (11.8% 0,—8.5% CO,), containing higher O, and
lower CO, levels than those used in the previous assays.
Therefore, O, concentration was increased to have more
oxygen available and thus avoid anaerobic conditions. We
decreased the amount of CO, so that this gas would not
increase as much as in the previous assays. The samplings
were maintained at 0, 7, 14, and 21 days of storage as in
the first assay. We also decided to use silica gel to reduce
excess moisture inside the LDPE bags and prevent water
vapor condensation. In general, silica gel is highly effective
as a moisture absorbent because it can absorb up to 50% of
its own weight in water (Singh et al., 2014).

The behavior of the gases was contrary to what was
expected. The initial concentration of O, in one of the pallets
increased to stabilize after 1 week at around 18.7% and ini-
tial CO, decreased over time and stabilized at around 2.2%
after 10 days (Fig. 1). Hence, anaerobic conditions did not
occur at any time and the CO, levels in the modified atmos-
phere at equilibrium were within the recommended values
(2-5%). Similar trends, that is, an increase in O, inside pack-
ages and a decrease of CO,, were found by Barbosa et al.
(2020) in MAP fresh-cut bell peppers.

The use of silica gel as a moisture absorbent noticeably
reduced the condensation of water vapor which was con-
centrated mainly on the areas of the pallet farthest from
the cardboard box that contained the absorbent, as in our
group’s prior work (Olveira-Bouzas et al., 2021). Despite
this, firmness was lower in packaged peppers in the 14- and
21-day samplings, as it happened in the first assay (Fig. 2C).
However, at a sensory level, the tasters did not find signifi-
cant differences in turgidity (Table 2) between the control
and MAP peppers. We attribute the reduction in the aver-
age firmness values found in MAP samples to the possible
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heterogeneity of the peppers in the sampling in terms of
how they were affected by the condensation because, in the
second assay, when silica gel was not used, the packaged
and control samples were found to have the same firmness
throughout the 21 days of storage, despite the higher water
vapor condensation.

Regarding the color parameters, changes in most of them
over storage time in both packaged and unpackaged samples
were observed (Tables 1 and 3). b*, C* tended to increase
and H° to decrease, as in the second assay. The changes in
b* and H° indicated that the green color of the peppers was
fading and tending to turn yellowish green. However, the
scores for “external color intensity” did not show significant
changes. The packaging factor was not significant for any of
the color parameters.

The contents of lutein, B-carotene, chlorophyll a, and
chlorophyll b at day O in control pallet were 13.9, 18.2, 83.6,
and 22.8 mg kg~! FW, respectively (Fig. 6). p-carotene and
chlorophyll a were not affected by MAP, as observed in the
previous assays (Table 1). The p-carotene and chlorophylls
contents were fairly constant throughout the storage time. At
the end of storage, retention of B-carotene in packaged fruit
was 96.2% and chlorophyll a and chlorophyll b were 92.8
and 87.7%, respectively. Similar retentions were obtained
in control fruit at the end of storage. The loss of lutein was
69.1% at the end of storage in both type of samples.

AA (186.9 mg kg~! FW) showed a decreasing trend dur-
ing the time of storage in both unpackaged and packaged
peppers indicating that its degradation occurred (Fig. 3C;
Table 1). However, no significant differences were found
for the conservation method of peppers which is most likely
related to the fact that the oxygen levels in the modified
atmosphere at equilibrium (18.7%) were similar to those in
samples stored under air (21%). According to the statistic
analysis by ANOVA, the initial value of TPC (354.7 mg
GAE kg~! FW) did not change significantly during storage
neither in the control fruit nor in the packaged fruit. In fact,
the values at the end of storage were similar to the initial
value (Fig. 4B; Table 1).

As for the five descriptors evaluated using 10-cm unstruc-
tured scales (Table 2), the number of dark-seeds increased after
7 days of storage in unpackaged fruit, and a week later in pack-
aged fruit. In addition, the scores awarded by the tasters to
the intensity of the external odor were lower for the packaged
peppers during the entire storage time, as was the case with the
intensity of internal odor in the first two assays. Regarding the
sensory descriptors evaluated with two-point scales, a signifi-
cant relationship was obtained between the descriptor “wrin-
kles” and the storage method in the 14- and 21-day samplings.
At the end of storage, 75% of the control peppers showed wrin-
kles whereas only 12.5% of the MAP peppers presented them.
Therefore, MAP showed beneficial effects in reducing the
fraction of peppers with water loss. The use of silica gel was
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Fig.6 Changes in the concentrations of lutein (A), B-carotene (B),
chlorophyll a (C), and chlorophyll b (D) in control and MAP peppers
throughout the storage time (third assay)

effective in reducing excess moisture inside packaging bags
because the condensation of water vapor was notably reduced.
Moreover, the tasters did not observe rottenness in MAP pep-
pers throughout the storage time and the fruit always showed
a good appearance and color. The use of silica gel and the

modified atmosphere created inside pallets prevented microbial
growth. In the previous assays, rottenness occurred during stor-
age in both control and MAP fruit. Sahoo et al. (2014) assessed
marketability of cold-stored MAP green bell peppers by look-
ing at the level of visible mold growth, shriveling, decay, shine,
and smoothness. Marketability was 61.30% using perforated
LDPE and increased to 86.53% using perforated PP. A disad-
vantage of using MAP was the loss of external odor intensity
which was detected in the sensory analysis performed by the
tasters. Owoyemi et al. (2021) reported that the use of a micro-
perforated film in red bell peppers created an atmosphere of
15-18% 0O,/2-5% CO,, similar to that obtained in our work,
whereas an atmosphere of 20-21% 0,/0.1-0.5% CO, was
created by a macro-perforated film. These gas compositions
reduced weight loss, shriveling, and softening and retained
flavor acceptance and visual appearance.

Conclusions

A simple and easy way to apply palletized MAP system was
developed for ‘Padrén’ peppers. Packaging conditions were
optimized through three assays. This packaging system pre-
vented the development of anaerobic conditions and kept suit-
able CO, levels throughout the entire storage period. The use
of silica gel considerably reduced water vapor condensation.
The shelf-life of peppers was extended to 21 days of storage
due to the gaseous atmosphere created inside packaging bags
and the use of silica gel. No rotting or other types of undesir-
able alterations were observed during the storage time. The
percentage of MAP samples with wrinkles was minimal when
compared to control samples indicating a reduced fraction of
peppers with water loss. Overall, good pigment stability was
obtained. In addition, chlorophyll a and p-carotene were not
affected by MAP in any of the third assays carried out.

Based on the results of this study, we can conclude that
the MAP system in pallets developed could be effective as
a complement to conservation by refrigeration to extend the
shelf-life of ‘Padrén’ peppers with good marketability. The
use of other packaging film with a greater permeability to
water vapor could also be evaluated and, if required, this
could also be carried out in combination with silica gel.
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