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ABSTRACT
Peppers are a popular fresh market commodity but have a limited shelf life. The present study evaluated the ef-

fects of storage time, packaging films, and 1-methylcyclopropene (1-MCP) on weight loss, firmness, respiration
rate, ethylene production, ascorbic acid, antioxidant activity, and bioactive compounds of Sweet Delilah
(Capsicum annuum). Four packaging films were tested in this study: polypropylene (P12F), laminated polynylon
(30 NV), coextruded vacuum pouch (30 NVC), and polyethylene (P15G). Collectively, packaged peppers showed
less weight loss than the control. When stored at the red stage, the firmness loss was 13 % in peppers that were
treated with 1-MCP compared to 25% loss in the control samples. The most significant reduction in respiration
rate in the red stage peppers was 0.88 ml kg™ h™' when packaged with 30NVC and 0.91 ml kg™ h™' when packaged
with P15G, compared to 1.22 ml kg h™ for the control. The ranges of total phenolic and total flavonoid com-
pounds were 3782 and 5090, respectively, in the green stage and 519 and 647 ng/g, respectively, in the green and
red stages. When Sweet Delilah peppers that were treated with 1-MCP maintained higher levels of phenolic and
flavonoid compounds than the control samples. Overall, the largest phenolic and flavonoid losses occurred from
the control samples, while the smallest phenolic and flavonoid losses occurred from the packaged peppers. The
highest ABTS activity was 150 pmol TE/g when packaged with P12G film, whereas the lowest ABTS activity
was 143 umol TE/g in the control samples in the red stage. Peppers packaged with 30NVC films retained higher
ascorbic acid levels than peppers that were packaged with other films and the control samples.

Keywords: Peppers, Phenolics, Flavonoids, Ascorbic acid, Antioxidant activity, Packaging.
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1. INTRODUCTION

Peppers are grown worldwide and have been incorpo-
rated into the cuisines of many cultures. Peppers are
valued for their diverse flavors and nutritional con-
tent. In addition to their use in foods, peppers are
used for coloring and valued for their medicinal prop-
erties (Ramchiary et al., 2013; Sora et al., 2015). Pep-
pers are excellent sources of phytochemicals such as
anthocyanins, vitamins, phenolic acids, flavonoids,
carotenoids, and capsaicinoids (Kumar et al., 2009).
These compounds act as primary antioxidants or free-
radical terminators and are considered to be among
the main phytochemicals that are related health bene-
fits that include antioxidant, anti-inflammatory, and
antimicrobial activities, reduced prevalence of type 2
diabetes and obesity, protection against hypercholes-
terolemia, and reduced prevalence of atherosclerotic
cardiovascular diseases (Alvarez-Parrilla et al., 2011;
Hervert-Hernandez et al., 2010; Sora et al., 2015).

Peppers are often harvested at both the immature
green and mature red stages. Peppers are highly per-
ishable and require suitable postharvest handling
practices to maintain food quality and decrease stor-
age losses (Mahajan et al., 2010; Erin et al., 2018).
Several factors cause pepper fruit losses after harvest,
including increased respiration rate, hormone produc-
tion such as ethylene, physiological disorders, and
senescence (Chitravathi et al., 2016). Pepper nutri-
tional quality is affected by the stage of fruit develop-
ment, the type of processing, and the postharvest con-
ditions during storage, transport, and handling
(Chung et al., 2012). In addition, pepper nutritional
quality can be affected by water loss, shriveling, tis-
sue softening, physiological disorders, and fungal
infection (Ilic et al., 2017).

There are several ways to improve pepper shelf life,
such as lower storage temperature, increased humidi-
ty, and packaging with films to preserve product con-
sistency during storage time (Sharma et al., 2013).
During storage time, different treatments such as
physical, chemical, and gaseous can be applied to
delayed fruit ripening and preserve the high nutrition-
al quality of peppers (Ili¢ et al., 2012; Mahajan et al.,
2010). Studies have suggested that optimum storage
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temperature and high relative humidity may slow
down the water loss and increase the shelf life of pep-
pers fruits (Sharma et al., 2013). A lower storage tem-
perature and increased humidity can extend pepper
shelf life (Ili¢ et al., 2012). However, low tempera-
tures may cause chilling injuries (Lim et al., 2007).

Recently, packaging films have been used to extend
the shelf life and storability of perishable commodi-
ties (Manolopoulou et al., 2012). There are different
types of packaging films such as Polypropylene,
Laminated Poly-Nylon, Coextruded Vacuum Pouch,
and polyethylene that have been used to extend the
shelf life of many commodities such as vegetables
and fruits. These films differ in barrier properties and
selective permeability based on thickness and materi-
al. Packaging films, one of the most important tech-
niques that have been successfully used to delay
physiological processes such as water loss, respira-
tion rate, transpiration, ethylene production, and sof-
tening and prevent decay in various vegetables and
fruits (Sahoo et al., 2014; Barbosa et al., 2020). In
peppers, the packaging films extend the shelf life by
reducing respiration rates, chilling injury, physiologi-
cal disorders (Gonzalez et al., 1999).

In addition to packaging, the 1-methylcyclopropene
(1-MCP) application can have beneficial effects on
fruit quality. 1-MCP is an ethylene perception inhibi-
tor that can bind ethylene receptor molecules and de-
lay the ripening process (Mahajan et al., 2010; Oz et
al., 2011). Moreover, 1-MCP can delay ripening and
senescence processes, such as pigment color changes,
cell wall softening, and processes that affect nutri-
tional properties (Huang et al., 2003; Oz et al., 2011).
Many pepper cultivars have been released in Colora-
do by the peppers breeding program in Arkansas Val-
ley Research Center Colorado (AVRC), such as Joe
Parker, Flavorburst, Canrio, Aristotle, and Sweet De-
lilah. The specialty variety Sweet Delilah is known to
have a high level of bioactive compounds such as
phenolics, flavonoids, and ascorbic acid but no capsa-
icinoid compounds (Hamed et al., 2019). It is a fla-
vorful pepper with a short shelf life. This project's
primary objective is to evaluate the effects of several
packaging films and 1-MCP applications on Sweet
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Delilah pepper quality and to extend the shelf life to
capture its true marketing potential. We measured
weight loss, firmness, respiration rate, bioactive com-
pounds, antioxidant activities, and ascorbic acid con-
tent in Sweet Delilah peppers with different packag-
ing and storage conditions.

2.MATERIALS AND METHODS

2.1. Chemicals

Ascorbic acid, Folin Ciocalteu Reagent (FC Reagent),
sodium carbonate, gallic acid, potassium chloride,
sodium acetate, DPPH (2,2-diphenyl-1-
picrylhydrazyl) reagent, ABTS [2,2’-azino-bis (3-
ethylbenzthiazoline-6-sulphonic acid)], 1-MCP, po-
tassium persulfate, Trolox, Quercetin, and all other
reagents were purchased from Sigma Aldrich.

2.2 Pepper cultivars

The peppers varieties that were used in this study
were collected from the AVRC during the 2019 sea-
son at the mature green and red stages. Pepper fruits
were harvested and placed in polyethylene bags in a
cold container and transferred to the San Luis Valley
Research Center. For evaluation of various quality
parameters, three peppers were placed in four packag-
ing films with different thicknesses. To estimate the
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content of bioactive compounds, antioxidant activity,
and ascorbic acid content, three to five peppers were
cut into small pieces and placed in a freeze drier until
completely dry (LABCONCO New York, USA). The
freeze-dried pepper samples were ground to a fine
powder using a mortar and pestle and stored at —20 °
C until further analysis.

2.3 Packaging films and storage conditions

Four different packaging films with different thick-
nesses were tested in this study polypropylene flat
bag (P12F), laminated poly-nylon (30NV), coextrud-
ed vacuum pouch (30NVC), and polyethylene (P15G)
with 0.038, 0.0762, 0.038, 0.036 mm thicknesses,
respectively. Three peppers were placed into their
respective packaging films; then, peppers were sealed
by a sealer and stored at 7.2 °C and 90 % relative
humidity (RH) for 21 days to estimate the quality.
Unpackaged peppers (control) were stored in trays
without packaging films. To simulate retail marketing
conditions, peppers were kept for four days at 15.5 °C
and 75 % RH without packaging films. Three peppers
were placed in each bag and we did three bag replica-
tions in each treatment. Three replicates of each pack-
aging film were used in this study. A total of nine
technical replicates were analyzed.

Table 1. Relative permeability values for four types of commercial packaging.

Type of package Thickness (mm) Permeabilities Density, g/cm ’
0, CO,
Polypropylene (P12F) 0.0380 4.3 13.6 0.87
Laminated Poly-Nylon (30NV) 0.0762 34 18.4 0.90
Coextruded Pouch (30NVC) 0.0381 3.1 10.7 0.89
Polyethylene (P15G) 0.0364 3.2 11.9 0.88

2.4 Application of 1-MCP

Pepper fruits in the red stage had been treated with 60 nl L' 1-MCP by placing the fruits in a closed container in

warm water for 24 hours at 20 °C. A small fan was mounted inside the container with a battery for the gas's cir-
culation around the fruits. Control and green stage peppers weren't treated with 1-MCP. We did not observe eth-

ylene production in green peppers.

2.5 Weight loss

The weight loss (%) of peppers was calculated as the percentage of each sample's initial mass using an electronic
scale (Giantex, San Diego, CA, USA). The weight loss of each packaging film P15G, P12F 30NV, 30NVC, and
control samples were recorded at the beginning of the experiment, 7™, 14™, 21" and four days simulated market-

ing conditions.
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2.6 Firmness

The firmness of peppers in green and red stages was
measured by using texture analyzer equipment
(Brookfield CT3, Middleboro, MA, USA). The firm-
ness measurement was carried out using a cylindrical
stainless-steel probe of 2 mm in diameter, and the
speed of the probe was set to 1 mm/s. The measure-
ment of firmness was carried out on 20 discs of pep-
pers, and the firmness was measured at the beginning
of the experiment, 7%, 14", 21 and four days simu-
lated marketing conditions.

2.7 Respiration rate and Ethylene levels

The Respiration rate and ethylene production of pep-
pers were measured by using a Gas Analyzer (F-900
Felix Instruments Place, Camas, USA. The measure-
ments of the gases were carried out at the beginning
of the experiment, 7%, 14™, 21*" and four days simu-
lated marketing conditions.

2.8. Color measurement

The color was measured with MiniScan Chromam-
eter (Reston Virginia, U.S.A.) on CIE L*a*b* chro-
matic space. The instrument was initially calibrated
using a white standard and black standard. Color
measurements were taken on opposite sides of each
pepper sample. The chroma values of the green and
red stage were calculated by using the chroma values
equation. C* = (a**+b*?)*°. C* chroma value de-
scribed the intensity of color in a sample (+a*) de-
scribe the degree of red, (-a*) the degree of green
while (-b*) describe blue and (+b*) describe the de-
gree of yellow color (Manolopoulou et al., 2010)

2.9. Extraction and analysis of the phenolic and
flavonoid compounds

Pepper samples weighing 0.500 g were mixed with
15 ml (80 % methanol) and homogenized for 5 min.
The supernatants of pepper extract were filtered to
evaluate total phenolics and total flavonoids. Total
phenolics and flavonoids were estimated by spectro-
photometric methods, using a Costar 3370 spectro-
photometer (Corning, NY, USA). The total phenolic
compounds were calculated according to the method
declared by Kalita and Jayanty. (2014) with modifi-
cations. FC reagent solution was added to pepper ex-
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tract, and sodium carbonate was added to the 96 mi-
croplates. The total phenolic compounds of pepper
samples were calculated as gallic acid (ug/g). The
colorimetric method was used for total flavonoid
compounds to evaluate the total flavonoid com-
pounds in pepper samples. Aluminum chloride was
added to the pepper extract in 96 microplates. The
total flavonoid compounds of pepper samples were
expressed as quercetin (ug/g).

2.10 Extraction and analysis of ascorbic acid
Ascorbic acid was extracted using meta-phosphoric
acid from ground samples and estimated using a
method defined by Watada et al. (1982). The ascorbic
acid quantification was performed using a Waters
2695 HPLC system fitted with a Photodiode Array
Detector and column C18. In unknown samples, the
concentration of ascorbic acid was determined from
the standard curve.

2.11. Antioxidant activity

2.11. 1 DPPH assay

DPPH activity of peppers extract was estimated ac-
cording to the method described by Kalita and
Jayanty. (2014). Pepper's extract (25 pl) was added to
15 pl distilled water in a 96-well microplate. Then,
the DPPH solution was added to pepper extract, and
the absorbance of the reaction was set at 515 nm. The
DPPH activity has been calculated using the follow-
ing formula: DPPH activity (%) = [(A control — A
sample/ A control)] x100.

2.11.2 ABTS assay

The ABTS radical cation-scavenging activity of the
pepper sample was estimated using the method de-
scribed by Kalita and Jayanty. (2014) with modifica-
tions. ABTS solution (280 pl) was added to 10 pl
sample extract in 96 microplates. Then, the absorb-
ance of the reaction was set at 734 nm. To evaluate
pepper samples' antioxidant activity, Trolox was used
as a standard, and the antioxidant capacity was ex-
pressed as umol TE/g.

2.12 Statistical Analysis
The effects of packaging films, and storage time on
weight loss, firmness, respiration rate, ethylene lev-
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els, antioxidant activity, vitamin C, and bioactive
compounds were determined by analysis of variance
(ANOVA) using the R software. The results were
reported as mean =+ standard deviation (SD.) values.
Tukey's test was performed to determine whether dif-
ferences between means were significant at P <0.05.
All statistical analyses were performed with R soft-
ware version 3.4.3 for Windows. The correlation
analysis among the means of respiration rate and
weight loss by using IBM SPSS Statistics version
28.0.0.0 (190) at a = 0.05. Pearson’s correlation test
was used to assess correlations between the means.

3. RESULTS AND DISCUSSION

3.1 Weight loss

Weight loss is one of the most important quality pa-
rameters that determine the shelf life of fruits and
vegetables (Castro et al., 2002). Weight loss in fruits
and vegetables during storage is primarily due to wa-
ter loss, respiration, and evaporation, which depends
on the temperature, relative humidity, and storage
conditions (Awole et al., 2011). Our studies observed

A
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that packaging films and storage conditions affected
the quality of pepper fruits during storage time (Fig.
1A). In the green and red stages, the weight loss in
packaged peppers is less when compared to control at
7.2 °C and 90% RH for 21 days. Green peppers pack-
aged with films lost 0.70 % with (P15G), 0.72 % with
(P30NVC), 0.89 with % (P30NC), and 1.06 % with %
(P12F) whereas control samples lost 3.37 % at 7.2 °C
and 90 % RH for 21 days. Moreover, there was a sig-
nificant difference between green pepper packaged
with P15G films and P12 film compared to other
packaging films. Green peppers packaged with P15G
showed the lowest loss of weight compared to other
packaging. Manolopoulou et al., (2010) reported that
green peppers packaged with MDPE-30 lost 0.32 %
of their weight, 0.65 % with LDPE-60, and 1.17 %
with PVC unpackaged samples showed the largest
weight loss (3.91 %). In the case of bell peppers that
were packaged with low-density polyethylene, the
weight loss was less than 2 % after 21 days of storage
compared to that of the control samples.

w===Confro] e===P]lF e===P]5G e==P3(NV ==———=pP3(0NVC

Weight loss (%)
=l

7 Storage time (days) 14

21

= Coniro]l emm==P])F em—=P]5G e=——PiiNV e—P3ONVC with 1-MCP
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[y

o
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®

14 21 MC

storage time (days)

Fig. 1. Percent weight loss in Sweet Delilah at green stage (A) red stage (B) at 7.2 °C and 90 % humidity. Data
are the mean of six replicates with standard deviation. Significant differences are denoted by different letters,
while the same or shared letters indicate that they are not significant to each other. MC: marketing conditions

(after 4 days).

WWW.SIFTDESK.ORG 360

Vol-6 Issue-2



SIFT DESK

Our findings exhibited that red peppers had a higher
weight loss than green peppers (Fig.1B). Red peppers
packaged with films lost 1.82 % (P30NC), 2.03 % (P15G),
2.35 % (P30NVC), and 2.28 % (P12F) whereas, control
samples lost 4.91 %. The rate of weight loss depends on
the type of crop andthe stage of maturity of a commodity.
The difference in weight loss between green and red pep-
pers, when stored under the same temperature and humidi-
ty conditions, may result from differences in physiological
condition and respiration.

These results are similar to the findings of Mahajan et al.,
(2016), who reported that pepper fruits were stored at 18-
20 °C with 90-95 % relative humidity packaged with vari-
ous films such as heat shrinkable film (15p), cling film
(15p) and low-density polyethylene film (LDPE25p)
showed the lowest weight loss compared to control sam-
ples.

There was a significant difference between red pepper
treated 1-MCP stored in P30NC and peppers that were
packaged with P15G films and P12 film. Furthermore, the
lowest weight loss was 1.82 % in packaged peppers when
treated with 1-MCP, whereas the highest weight loss was

Mansor Hamed et al

4.91 % in control samples. These results agree with data
described by Ili¢ et al., (2012), who studied the influence
of 1-MCP on postharvest storage quality of bell pepper at
7 °C and 90 % RH for 18 days storage in dark conditions.
They found that pepper fruits treated with 1-MCP exhibit-
ed less weight loss (3.2 %) compared to control samples
(3.6 %). Similar results were obtained by Thakur et al.,
(2017), when peppers treated with 1000 ppb of 1-MCP.
Our study showed that the quality attributes of peppers
packaged with different films were observed to be higher
than control fruits. These results suggested that pepper at
red stage treated with 1-MCP showed to be the most effec-
tive treatment in maintaining fruit quality and minimizing
deterioration during storage time of peppers.

3.2 Firmness

Firmness is a critical quality attribute for consumers. The
use of packaging films in the food industry is essential
because they provide excellent protection against changes
in texture during storage time (Diane et al., 2010). Several
studies have indicated that the change in firmness in fruits
and vegetables is related to moisture loss through transpi-
ration and enzymatic changes in the cell wall (Pozrl et al.,
2010).

A
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) a a a a ab ab ab
7 3000 a a ab abe ab ap bed
.2 a
E
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=
o
2
s 1000 1
[ &)
0
0 7 14 21
Storage time (days)
B
EControl ®P12F OP15G OP30NV OP30NVC with 1-MCP
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C]
§ 3000 A a a2
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= ab ab abab b
g a a db 2abab ab ab ab ab
5 2000 - a
B
&
g 1000 |
=
(&)

0
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Fig. 2. Firmness levels in green stage (A) and red stage (B) of Sweet Delilah at 7.2 °C and 90 % humidity. Data are the
mean of six replicates with standard deviation. Significant differences are denoted by different letters, while the same letters
indicate that they are not significant to each other. MC: marketing conditions (after 4 days).

WWW.SIFTDESK.ORG

361

Vol-6 Issue-2



SIFT DESK

During storage, green pepper firmness was reduced
by 3.11 % with P15G, 4.35 % with P12F, 4.84 % in
P30ONVC, 4.87 % with P30NV, and 12.10 % in the
control peppers (Fig. 2A) whereas the firmness of red
peppers was reduced to 13.04 % with P30NVC, 16.6
% with P15G, 16.8 % with P30NV, 16.9 % with
P12F, and 25.07 % in control peppers (Fig. 2B).
Tsegay et al. (2013), reported that the firmness of
sweet bell pepper decreased with an increase in stor-
age time. The results demonstrated that red peppers
that were treated with 1-MCP and stored with
P30NVC films maintained a higher level of firmness
than peppers that were packaged with other packag-
ing films and the control samples Thakur et al. (2017)
found that pepper fruits that were treated with 1-MCP
(1000 ppb) exhibited the highest mean texture com-
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reported the treatment of pepper fruits with various
concentrations of 1-MCP (1.0 pl-dm>, 3.0 pl-dm>,
and 5.0 pl-dm™ at 0 °C and 5 °C for up to 8 days
slowed softening compared to untreated fruits. In our
study, peppers treated with 1-MCP maintained a high
level of firmness throughout 21 days at 7.2 °C and
four days in retail marketing conditions.

3.3 Respiration rate and ethylene levels
Respiration is one of the most important physiologi-
cal processes that occur in all commodities. Decreas-
ing the respiration rate is one of the primary objec-
tives after harvest to delay the ripening process and
preserve the quality of vegetables and fruits. We esti-
mated the levels of respiration rate in green peppers
and red peppers during storage time and compared
them with control samples (Fig 3).

ab ab

pared to control fruits. Grzegorzewska et al., (2020)
A
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[
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Fig. 3. Respiration rate in Sweet Delilah green stage (A) and red stage (B) at 7.2 °C and 90 % humidity. Data
are the mean of six replicates with standard deviation. Significant differences are denoted by different letters,
while the same letters indicate that they are not significant to each other. MC: marketing conditions (After 4

days).
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Fig. 4. Ethylene levels in Sweet Delilah at red stage at 7.2 °C and 90 % humidity. Data are the mean of six repli-
cates with standard deviation. Significant differences are denoted by different letters, while the same or shared
letters indicate that they are not significant to each other. MC: marketing conditions (After 4 days).

In green peppers, the highest respiration rate was in
control samples, whereas the lowest rate of respira-
tion rate was in packaged peppers with (P12F) films.
It was observed that the respiration rates in packaged
peppers with films decreased with increasing storage
time in both the green and red stages compared to
those of the control samples. These results are in
agreement with those of Hameed et al. (2013), who
found that pepper fruits that were stored at 10 °C and
90-95 £RH exhibited the lowest respiration rate com-
pared to control samples. Similar observations were
made by Manolopoulou et al. (2012), who observed
that the levels of O, were decreased in packaged pep-
pers whereas the levels of CO, were increased during
storage. Singh et al., (2014), observed that storage
temperatures influenced respiration rates, and the
smallest decrease in respiration rate was measured at
10 °C during the storage period. Pearson correlation
analysis of respiration rate and weight loss and was
carried out (Table 4). The respiration rate and weight
loss had a negative correlation in all packaging films
in both green and red stages respectively. A signifi-
cant difference was observed between red peppers
treated with 1-MCP and packaged with P30ONVC
films and untreated red peppers that were packaged
with P12 and 15G films after three weeks of storage.
The largest decrease in respiration rate was 0.88 ml
kg' h' in peppers that were treated with 1-MCP,
whereas the lowest respiration rate was 1.02 ml kg™ h
"!in the control samples. Thakur et al. (2017) report-
ed that the lowest mean respiration rate was observed

in pepper fruits that were treated with 1000 ppb 1-
MCP at 10 °C and 90-95 % RH for 28 days of stor-
age compared to control samples.

Studies have demonstrated that ethylene exhibits both
beneficial and deleterious effects on produce. Shorter
storage life, promotion of senescence, fruit softening,
and discoloration are examples of deleterious effects
of ethylene on peppers and other vegetables and
fruits (Mahajan et al., 2016). The application of 1-
MCP has been shown to delay the ripening process
by slowing the respiration rate in several vegetables
and fruits. Significant variations in ethylene produc-
tion level were observed in peppers that were pack-
aged and peppers that were treated with 1-MCP com-
pared to the level of the control (Fig 4). We observed
that ethylene production was decreased in all peppers
that were packaged and peppers that were treated
with 1-MCP during storage compared to that of the
control. Our data show that the lowest ethylene pro-
duction level was 9.25 ppm kg h™', measured in pep-
pers treated with 1-MCP, whereas the highest eth-
ylene production was 13.6 ppm kg” h”', which was
measured in the control samples. Fernandez-Trujillo
et al. (2009) reported that red pepper treated with 900
ppb of 1-MCP and storage at 8 °C in polypropylene
package inhibited ethylene production. Huang et al.
(2003) found that pepper fruits that were treated with
250 nmol/liter of 1-MCP and stored at 20 °C in poly-
ethylene bags (0.02-mm thick) for 18 days showed
less ethylene production than untreated fruits.
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Fig. 5. Chroma values in Sweet Delilah at green stage (A) and red stage (B) at 7.2 °C and 90 % humidity. Data
are the mean of six replicates with standard deviation. Significant differences are denoted by different letters,

while the same or shared letters indicate that they are not significant to each other. MC: marketing conditions

(After 4 days).

3.4 Color change

The change of color is an important indicator of the
maturity and quality of fresh pepper. The color inten-
sity in pepper fruits is one of the essential quality
parameters that determine acceptance (Alcock and
Bertling., 2013). Due to differences in carotenoid
composition, peppers exhibit a range of colors, in-
cluding green, yellow, orange, and red. Several stud-
ies have suggested that variations in color change can
be attributed to physicochemical reactions, such as
biochemical synthesis and metabolic interconversion
of xanthophylls and carotenoids associated with the
ripening process (Marcus et al., 1999). Therefore, we
estimated the changes in color in packaged peppers
with various films and peppers at the red stage that
were treated with 1-MCP during the storage time.

During storage time, chroma values of fruits and veg-
etables can change rapidly with storage conditions.
At the end of storage time, the chroma values of
green peppers were 20.19 with P3ONVC 20.31 with
PI12F, 20.52 with P30NV, 20.92 withP15G, and
19.62 in control peppers (Fig. 5A). The chroma val-
ues at red stage peppers showed a significant differ-
ence during the storage time with control peppers
(Fig. 5B). After two weeks of storage, there was a
significant difference between green pepper pack-
aged with P30ONVC and P15G films. Overall, we ob-
served that the chroma values of the green peppers
decreased, whereas the chroma values of the red pep-
pers increased. We found that the peppers that were
packaged with films maintained their green color bet-
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ter than the controls. Significant differences were
observed between red peppers treated with 1-MCP
and stored in P30ONVC and untreated peppers pack-
aged with P12F. Lim et al., (2007) and Gonzalez-
Aguilar et al. (1999) reported that the chroma values
of green peppers that were stored in low-density pol-
yethylene maintained green color even after four
weeks.

The red peppers samples that were treated with 1-
MCP showed a significant delay in the ripening pro-
cesses and color change during storage. According to
a study that was conducted by Fox et al. (2005), the
chroma values increased from 24.2 to 29.9 in bell
peppers that were stored at 20 °C with 90 % RH for
ten days. The chroma values increased with increas-
ing RH during storage at 15 °C according to the
study conducted by (Nunes et al., 2012). Fernandez-
Trujillo et al. (2009) found that when peppers were
treated with 900 ppb1-MCP and stored at 8 °C in pol-
ypropylene bags showed an increase in chroma val-
ues during storage. Various studies have suggested
that 1-MCP treatment delays the color change of pep-
per fruits by inhibiting ethylene production during
storage.

3.5 Phenolic, flavonoids and ascorbic acid

Peppers are an excellent source of bioactive com-
pounds, including carotenoids, phenolics, and flavo-
noids. The total phenolic (TF) and total flavonoid
(TF) contents of the green and red stages are present-
ed in Table 1. At the beginning of the experiment,
there were no significant differences in TP level
among peppers that were packaged with various
films and control samples in either stage. Substantial
variations (p < 0.05) in TP content were observed in
green peppers that were packaged with various films.
In the green stage, the smallest TP loss was 4.93 %,
which was observed in peppers that were packaged
with P30NV, whereas the largest TP loss was
11.98%, which was observed in the control samples.
The results demonstrated that the TP levels decreased
with increasing storage time, and the largest TP loss
was established in the control samples. Red pepper
fruits that were treated with 1-MCP in P30NVC films
showed the smallest loss of phenolic compounds,

Mansor Hamed et al

whereas the control showed the largest loss of phe-
nolic compounds.

The TF levels in green peppers that were packaged
with the considered films followed the order P15G >
P12F > P30NV > P30NVC > control samples. There
was a significant loss in TF during storage; the larg-
est loss of TF was 7.77 % in the control samples,
whereas the smallest loss of TF was 3.79 % in
P30ONV.

The decrease in phenolic compounds is attributed to
oxidation by polyphenol oxidase (Yamaguchi et al.,
2003). Szwejda-Grzybowska et al. (2016) reported
that pepper fruits that were stored at 5 °C for four
days exhibited decreases in polyphenol content by 2—
7 % in the Blondy variety and 11-20% in the Yecla
variety. Many researchers reported similar results
that TP in peppers decreases with increasing storage
time (Barbagallo et al., 2012; Haishan et al., 2019;
Igbal et al., 2015). Chung et al. (2012) reported that
peppers treated with 90 ppb1-MCP and stored at 10°
C in polyethylene bags (50 wm) maintained high lev-
els of phenolic content. The results demonstrated that
peppers that were packaged with various films and
treated with 1-MCP showed increased stability of
bioactive compounds during storage. Additionally,
the packaging of peppers with various films effec-
tively slowed the decreases in the total phenolic and
total flavonoid contents in both the green and red
stages.

Vitamin C is one of the most important bioactive
compounds in peppers which plays an essential role
as an antioxidant compound (Zhang et al., 2003). A
wide range of ascorbic acid concentrations have been
reported in pepper cultivars; hence, the differences
are related to the type of variety, genetic variation,
ripening stage, and climatic conditions (Kumar et al.,
2009). Several studies suggest that the level of ascor-
bic acid in fruits is associated with carbohydrate me-
tabolism. The level of ascorbic acid is high in ripen-
ing fruits due to the accumulation of sugars during
the advanced ripping process (Campos et al., 2013)
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Table 2. Change in content of phenolic, flavonoid, and ascorbic acid content in green and red stages of Sweet
Delilah at 7.2 °C and 90 % humidity. Values of total phenolic and total flavonoids are expressed as (ug\g). Data
are mean of six replicates with standard deviation. Significant differences are denoted by different letters, while
the same or shared letters indicate that they are not significant to each other. NM: not measurement. MC: mar-
keting conditions (after 4 days).

Bioactive compounds

Total phenolic (ng/g) Total flavonoids (ng/g) Ascorbic acid (mg/100g)
Stages | Fockag | o rime 70 14% 21¢ MC Zero) 7 14% 21 MC 250 70 140 210 MC
ing films Time Time
P15G 3785116 3715°138 3693"+20 3576°+18 NM 520731 517°+35 51516 505°+42 NM 420°+25 418°+8 41521 415*+13 NM
PI12F 3785116 3706120 3697°+36 3581°428 NM 520731 514°+39 509'+11 504'+31 NM 420°+25 415+8 413+9 411°+6 NM
Green
PS(():NV 3785116 371729 3684161 3568°+16 NM 520731 51816 512°+4 503'+8 NM 420°+25 41743 415425 405*+13 NM
P30NV 3785116 3726155 3655a+64 3598467 NM 520°+31 51513 511°+49 502°+20 NM 420°+25 417°+6 416°+4 421%43 NM
Control 3785116 3694+35 3548426 3331%127 NM 520°+31 510°+41 501°+4 490™+19 NM 420°+25 412°+9 389445 371%+3 NM
PI5G 5090°+242 5082'+279 4994°+29 4882434 4778'+47 647°+37 639°+31 633'+42 62852 622°+48 497°+9 491°+2 488'+3 482'+3 480°+3
PI2F 5090°+242 5067'+203 4915°+82 4850"+80 4807'+30 647°+37 642°429 634°+36 625%37 614'+41 497°+9 493'+4 485%+1 483'+6 480.4%+1
P30NV
Red C+ 5090°+242 5035°£267 5026°+85 4912°+61 488252 647'+37 6427445 634°+38 6227433 615°+6 497°+9 489°+2 485.3%+1 482°+7 478'+4
MCP
P30NV 5090°+242 5047257 5007°+290 47917133 477375 647'+37 639°+33 636'+35 624°+37 61019 497°49 4912'2 = 486"+1 484°+2 4791
ab,
Control 5090°+242 4900230 4773*190 44067 10 430424 64737 633%+43 627451 620"+46 5979 4979 48742 4791 4751 472203

A significant variation (p < 0.05) was observed in ascorbic acid content between the packaged peppers and con-
trols (Table 2). The results demonstrated that the red peppers had the highest level of ascorbic acid content at the
beginning of storage time, whereas the green peppers had the lowest level. During storage, the largest loss of
ascorbic acid was observed in the control samples, whereas the smallest loss of ascorbic acid was in peppers that
were packaged with P3ONVC film. Our data showed that the ascorbic acid level decreased as the storage time
was increased in the packaged peppers and control samples. During the red stage storage period, the largest loss
of ascorbic acid was 4.9 % in the control samples, whereas the smallest loss of ascorbic acid was 3.2 % in pep-
pers that were packaged with P12G films. Various studies reported similar results on the loss of ascorbic acid in

peppers during storage (Sahoo et al., 2014; Haishan et al., 2019; Chavez-Mendoza et al., 2015)

3.6 Antioxidant activity

Antioxidant compounds of fruits and vegetables play an essential role in reducing the risk of several chronic
diseases (Singh et al., 2015). Antioxidant activity is associated with bioactive compounds such as vitamin C,
phenolic, and flavonoid compounds. Antioxidant compounds can inhibit free radical compounds due to the re-
dox properties of their hydroxyl groups (Palma et al., 2015). The difference in antioxidant activity between
green and red peppers could be explained by their differences in carotenoid, phenolic, and flavonoid contents
(Sun et al., 2007).
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Table 3. Change of antioxidant activity in green and red stages of Sweet Delilah at 7.2 °C and 90 % humidity.
Values of DPPH are expressed as percentage, and ABTS are expresses as (umol TE/g). Data are mean of six rep-
licates with standard deviation. Significant differences are denoted by different letters, while the same or shared
letters indicate that they are not significant to each other. NM: not measurement. MC: marketing conditions (after

4 days).
Antioxidant Activity
DPPH (%) ABTS (umol TE/g)
Stages | Packaging films Zero 7h 14n 21 MC | Zero time | 7" 14™® 21% MC
time

PI5G 6811 | 68%11 | 67°+10 | 65°+11 NM 122°+5 | 119748 | 115%+8 1141 NM

P12F 6811 | 67%11 | 67°+12 | 65°+12 | NM 122°%5 | 118%1 | 115°+4 114%1 NM

P30ONVC 6811 | 6711 | 67°11 | 65™+12 NM 122°+5 | 11842 | 1161 113%+2 NM

P30ONV 6811 | 6811 | 66™+11 | 66°+11 M 122°%5 | 118%1 | 115%1 112°+3 NM

Green Control 6811 | 6511 | 64™+12 | 61°+13 NM 122°+5 | 114%1 | 113%+5 108"+7 M
P15G 7211 | T1°%3 | 70°+4 | 6648 | 656 156°£2 | 154%1 | 153%1 153%1 148°+4
P12F 72°£3 | 70%+4 | 69°+3 672 | 666 156*+2 | 154°+1 | 152°+2 151%1 150*+1
P30NVC + MCP 7243 | T1%4 | T71%4 | 67'+4 | 66°k] 156°£2 | 154%1 | 151%1 1502 149°+£2
Red P30NV 7243 | 7042 | 6943 | 68+l 651 156°£2 | 15342 | 152°+2 149°+2 148°+3
Control 7243 | 7077 | 675 | 641 | 54%+1 | 1562 | 153%1 | 148%3 | 146™+2 | 143%+3

The present study evaluated the antioxidant activities
of green and red peppers that were packaged with
films and those of control samples. The results of this
study demonstrated that packaged peppers and con-
trol samples in the green stage did not show signifi-
cant differences in DPPH or ABTS activity. Kevers
et al. (2007) reported that green pepper storage does
not negatively affect antioxidant capacity. Our results
demonstrated that red peppers had higher DPPH ac-
tivity than green peppers (p < 0.05). This is due to the
presence of more total phenolics and ascorbic acid in
the red stage than in the green stage (Table 2). Dur-
ing storage, the largest loss of ABTS activity was
5.86 % in the control samples, whereas the smallest
loss of ABTS activity was 1.9 % in the red peppers
that were packaged with P15 films. The reduction in
antioxidant activity could be related to the loss of
antioxidant compounds, such as total phenol and L-
ascorbic acid, during storage (Haishan et al., 2019).
We found that the antioxidant activity decreased with
advanced storage time in both the green and red stag-
es, which agrees with the findings of (Chitravathi et
al., 2015; Devgan et al., 2019). According to this
study, pepper fruits packaged with various films and
pepper fruits treated with 1-MCP showed higher anti-
oxidant activity during storage.

Table 4. Pearson’s correlation coefficient analysis
between respiration rate and weight loss in at green
stage and red stages of Sweet Delilah packaged with
different films.

Variables Gr.een. stage
Respiration Rate
Weight loss P12F P15G 30NV 30NVC
P12F 1
0.016
-0.99
P15G 1
0.061
-0.95
30NV 1
0.023
-0.792
30NVC 1
0.025
-0.99
Red stage
30NVC+
P12F P15G 30NV MCP
P12F 1
0.065
-0.95
P15G 1
0.004
-.091
30NV 1
0.094
-0.989
30NVC+MCP 1
0.150
-0.972
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4. CONCLUSIONS

Sweet Delilah pepper in both green and red stages
packaged with different films were tested during stor-
age time and marketing conditions. Packaged peppers
with P15G and PI2F films presented significantly
less weight loss, lower ethylene and respiration rates,
and less texture change compared to the control pep-
pers. Also, the results indicate that using 1-MCP can
effectively delay weight loss, color change, maintain
firmness, extend the shelf life and retain the nutri-
tional value of peppers. Finally, packaged Sweet De-
lilah peppers treated with 1-MCP effectively slowed
down the loss of total phenolic, total flavonoids, and
ascorbic acid in the red stage. The data suggest that
packaged peppers preserved more phenolics and re-
tained antioxidant activity compared to control sam-
ples.
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