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Abstract: Okra possesses a short shelf-life which limits its marketability, thereby, the present study
investigates the individual and combined effect of 1-methylcyclopropene (1-MCP) and modified
atmosphere packaging (MAP) on the postharvest storage life of okra. The treated/ untreated okra
samples were stored at ambient (i.e., 27 ◦C) and low (i.e., 7 ◦C) temperatures for eight and 20 days,
respectively. Results revealed that the 1-MCP and/or MAP treatment successfully inhibited fruit
softening, reduction in mucilage viscosity, and color degradation (hue angle, ∆E, and BI) in the product
resulting in a longer period of shelf-life. However, MAP with or without 1-MCP was more effective to
reduce weight loss in okra stored at both ambient and cold storage conditions. Additionally, ascorbic
acid and total antioxidants were also retained in 1-MCP with MAP during cold storage. The 1-MCP
in combination with MAP effectively suppressed respiration rate and ethylene production for four
days and eight days at 27 ◦C and 7 ◦C temperature conditions, respectively. According to the results,
relatively less chilling injury stress also resulted when 1-MCP combined with MAP. The combined
treatment of okra pods with 1-MCP and MAP maintained the visual quality of the product in terms
of overall acceptability for four days at 20 ◦C and 20 days at 7 ◦C.

Keywords: okra; 1-MCP; modified atmosphere packaging; shelf-life; total color change; browning index

1. Introduction

Okra (Abelmoschus esculentus L.) is a highly nutritious vegetable of tropical and subtropical regions
of the world [1,2], also known as “Bhindi Tori” in Pakistan [3] and “ladies’ fingers” in English-speaking
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countries. It is a rich source of fats, carbohydrates, protein, zinc, calcium, potassium, magnesium,
and vitamins A and C [4–6]. Okra fruit also has antioxidant properties, due to the high content
of flavonoids, carotenoids, and vitamin C [7]. Okra mucilage are polysaccharides that are used as
viscosity enhancers, thickeners, and texture improver by the food industry [8]. Postharvest loss of
okra ranges from 50 to 72% [9]. The fresh okra pods deteriorate rapidly after harvest due to high
water loss, fruit softening, and color degradation (blackening of ridges and calyx discs) by oxidation
and enzymatic activities, resulting in commercial value deletion [10]. Fruit softening is caused by
cellular disintegration and breakdown of proto-pectin into pectin [11]. The main causes of injuries in
the pods are improper handling, and packaging and storage at ambient temperatures or even at low
temperatures [12].

Storage temperature is the most vital environmental factor to extend the shelf-life of fruits and
vegetables [13]. High temperature increases respiration and ethylene production rates that initiate
senescence, while storage at low temperature extends the postharvest life by inhibiting their rates [14].
Storage at low temperature induces chilling injury stress in okra pods that reduces its acceptability for
consumers [1]. The common chilling injury symptoms in okra are pitting, discoloration, water-soaked
lesions, and appearance of mold. Chilling stress also induces a high respiration rate, firmness,
and weight loss [15]. The development of brown pigment involves the oxidation of phenols by the
action of the PPO enzyme [16]. Cultivar and phenological stage of okra pods affect the chilling
injury in the pods [17]. As a result of varying cultivar and phenological stage of okra, the green
and yellow okra pods turn into brownish olive green and brownish-red [17]. Ethylene plays an
important role in the ripening of fruits and vegetables; it accelerates fruit softening by chlorophyll
degradation [18]. In addition, ethylene is also involved in the formation of chilling injury disorder in
some commodities [19]. Therefore, a reduction in ethylene production is an effective way to control
senescence at high temperatures and chilling injury disorder at low-temperature storage.

1-Methylcyclopropene (1-MCP) acts as an ethylene inhibitor that delays ripening by binding
ethylene receptors in plant cells and extends the shelf-life of fruits and vegetables [20,21]. Additionally,
1-MCP also inhibited the chilling injury stress in some fruits, such as avocado [19], plum [22], pears [23],
and okra [24]. Moreover, 1-MCP maintained the antioxidant capacity in Peppers during 25 days of
storage at 10 ◦C [25]. Postharvest treatments with 1-MCP are effective, non-toxic, and stable over
time but its efficiency is highly variable and depends on the treatment conditions, the type of species
and cultivars employed, and the stage of maturity of the fruits [20,26,27]. In addition to the 1-MCP
treatment of agricultural products, different air-conditioning options for extending agricultural product
storage life are extensively studied in the literature [28,29].

Modified atmosphere packaging (MAP) is one of the several techniques available to extend the
shelf-life by altering the atmosphere around the fruits that ultimately control the natural process of
respiration [1,30,31]. The modified atmosphere induced by the PVC films reduced the chlorophyll
degradation as well as moisture retention in okra pods stored at 5 ◦C, 10 ◦C, and 25 ◦C [1]. Moreover,
MAP retained total antioxidants, total phenolic compounds, and ascorbic acid during 28 days of
broccoli storage at 1 ◦C [32]. The application of 1-MCP during cold storage showed great potential
to retain okra quality by controlling respiration rate, reduction in chlorophyll degradation, and the
development of chilling injury stress [24]. In addition, different low-cost air-conditioning options to
increase agricultural product postharvest storage life are studied in the literature [33]. In view of these
facts, the present study was conducted with an objective to compare the effectiveness of 1-MCP and/or
MAP at ambient and cold temperature storage conditions on the storage stability of okra.

2. Materials and Methods

2.1. Plant Materials

In this study, an approved variety (i.e., Sabz Pari) of okra (Abelmoschus esculentus L) was harvested
from the Vegetable Research Institute, Ayub Agriculture Research Institute (AARI), Faisalabad-Pakistan.
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The harvested okra was immediately transported to the Post Harvest Research Center (PHRC) laboratory
of the institute. The fruit was sorted visually based on uniformity in color, shape, size, and free from
disease symptoms.

2.2. Experimental Design

Pods were investigated for harvest day (day 0) analysis before the application of any treatment.
After the initial investigation, the fruit was divided into two main groups. Each group was further
divided into four equal lots, containing: (1) control (untreated); (2) 1-MCP (unpacked); (3) MAP
(untreated with 1-MCP); (4) 1-MCP + MAP. One group was stored at ambient temperature (27 ± 2 ◦C)
for eight days and the other was kept at low-temperature storage (7 ± 1 ◦C) for 20 days. The relative
humidity for both the ambient and low-temperature storage was 80–85% [1,24].

2.3. 1-MCP Application

For 1-MCP treatment, pods were kept in an air-tight chamber of volume 110 L. The 1-MCP
(5 µL/L) gas was generated by adding 4.4 mL distilled water (45–50 ◦C) into the 0.88 g of 1-MCP
powder (SmartFresh™, 0.14% active ingredient). The concentration of 1-MCP was calculated by the
percentage of the active ingredient in 1-MCP powder and the volume of the chamber. The chamber
was immediately sealed after adding water to 1-MCP powder for 16 h at 20 ◦C [24].

2.4. Modified Atmosphere Packaging (MAP)

A preliminary trial was conducted a few days before to assess whether the low-density polyethylene
(LDPE) film was suitable for preserving the okra samples at 27 ◦C and 7 ◦C for eight and 20 days,
respectively, before conducting the actual experiment. The purpose of this assessment was to confirm
that the CO2 and O2 concentrations inside the LDPE bags were within the recommended limit for okra
storage; that is, CO2 in the range of 4–10% and O2 in the range of 3–5% [34]. Table 1 shows the effect
of different packaging materials and control atmosphere (CA) technique on the shelf-life of okra at
different storage temperatures and relative humidity ranges. For this study, LDPE was purchased
through the local market having 30 µm thickness and permeability of 2150.4 mL/m2 d atm for O2 and
9120 mL/m2 d atm for CO2 at 20 ◦C (provided by the manufacturer). Okra pods (weight = 363 ± 15 g)
were packed in each low-density polyethylene bag of 36 cm × 25.8 cm in size with 30 µm thickness.
The samples were kept at RH 80–85% and storage temperature—ambient (27 ± 2 ◦C) and cold storage
(7 ± 1 ◦C)—for eight and 20 days, respectively. The CO2 and O2 concentrations through each LDPE bag
were measured at the end of the storage period with the help of a headspace gas analyzer (Model 902 D,
Quantek Instruments, Grafton, MA 01519, United States of America). After eight days of storage at
ambient temperature, O2 and CO2 concentration was 3.85 ± 0.3% and 12.40 ± 0.4%, respectively, and at
the end of 20 days of cold storage O2 and CO2 was 3.27 ± 0.2% and 8.71 ± 0.3%, respectively. It was
nearly in the acceptable range, which explains why the actual experiment was conducted using LDPE.

Table 1. Effect of different packaging material and control atmosphere on the shelf-life of okra.

Technique Storage Conditions Storage Period Ref.
Temperature Relative Humidity

Packaging

HDPE (High density
Polyethylene) 12.5 ◦C and 3 ◦C 80 ± 5% 8 days [35]

Polyvinyl chloride (PVC) 5 ◦C, 10 ◦C and 25 ◦C 85–95% 7–10 days [1]
LDPE (low density

Polyethylene) 15 ± 2 ◦C and 28 ± 2 ◦C 9 days [36]

Polypropylene
O2 (6.3–8.4%)

CO2 (10.7–11.8%)
15 ◦C 75% 9 days [12]

Control
Atmosphere

5% O2 + 10% CO2 11 ± 1 ◦C 90–93% 12 days [37]
4–10% CO2 7–12 ◦C 90–95% [38]
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Therefore, for the main experiment, 40 okra pods of the weight 363 ± 15 g were packed in each
LDPE bag (size = 36 cm × 25.8 cm with 30 µm thickness). A paper towel of size 46 cm × 10.2 cm was
also placed inside each LDPE bag to absorb the condensed water released by the pods.

2.5. Fruit Quality Parameters

Fruit quality i.e., weight loss, moisture content, firmness, mucilage viscosity, skin color, ascorbic
acid content, chilling injury, respiration rate, and ethylene production for treated and untreated okra
pods, were analyzed with three replicates per treatment at every 4th day. The weight loss of pods was
analyzed by using a digital weight balance (Sartorius GM 1501). Weight loss was expressed as the
percentage weight loss to the initial weight using Equation (1) [39]:

Weight loss (%) =
Initial weight (g) −Weight on nthday (g)

Initial weight (g)
× 100 (1)

Moisture content (%) of the okra pods was measured with a moisture analyzer (KERN dlb
160–3a). The firmness of pods was recorded with a penetrometer (PCE-FM 200). A 2 mm diameter steel
plunger/probe was used to conduct the test. Firmness was measured in unit kg. Mucilage viscosity
was determined by the blending of whole okra pods (100 g) with double-distilled water (200 mL) for
5 min. The blended material was centrifuged (HERMLE Z 300) at 6000 rpm for 50 min. After centrifuge,
mucilage was separated from the rest of the supernatant with the help of a pipette. Then the viscosity
of the mucilage was measured by using HAAKE Viscotester 2 plus using Rotor No. 3 at 27 ◦C [37].

The color of the pods was recorded with ColorTec-PCM colorimeter in a*, b*, and L* modes.
The change in hue angle (h◦), total color change (∆E), and browning index (BI) were determined using
Equation (2) [24], Equation (3) [40], and Equation (4) [40], respectively.

h
◦

= 180
◦

+ tan−1
(b f

a f

)
(2)

∆E =

√(
Li − L f

)2
+

(
ai − a f

)2
+

(
bi − b f

)2
(3)

BI =
[100(x− 0.31)]

0.17
(4)

where coefficient x can be given as:

x =

(
a f + 1.75 L f

)(
5.645L f + a f − 3.012b f

)
where Li, ai, bi are the initial color measurements and Lf, af, bf are the color measurements of okra
samples on the nth day. The ascorbic acid content of the okra specimen was determined by titrating
fruit extract with 2,6-dichlorophenol indophenols dye. The fruit sample was grounded with a 3%
metaphosphoric acid solution and made up to a 2 g volume of 100 mL. The fruit extract was titrated
against 2,6-dicholorophenol indophenol dye after filtration and finally, ascorbic acid content was
calculated in mg/100 g [41].

Chilling injury was measured as the extent of pitting spots with a brownish discoloration of the
pods. Chilling injuries on the fruit skin of 40 samples were visually observed, estimated, and categorized
into a linear scale ranging: 0 denoting absence of any chilling injury symptom; 1 denotes 1–25% brown
pitting spots; 2 denotes 26–50% brown pitting spots; 3 denotes 51–75% brown pitting spots; 4 denotes
76–100% brown pitting spots on the skin of the individual fruit [24]. The chilling injury index was
measured by using Equation (5):
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Chilling Injury Index =

∑
(Chilling injury scale×No. of fruits falling in that scale)

Total no. of fruits
(5)

The antioxidant capacity was assessed in percent DPPH (2,2-Diphenyl-1-Picrylhydrazyl)
scavenging activity (%). Plant extraction was carried out by homogenizing 0.5 g of dried powdered
okra (drying conditions: pods were dried at 55 °C in a tunnel dehydrator) with 5 mL of extraction
mixture (90% Methanol: 8% Acetone: 2% HCl). The homogenate was centrifuged at 3000 RPM for
1 h at 4 ◦C. The plant extract 0.5 mL was added to 3 mL of a methanol solution of DPPH (0.03%).
The mixture was incubated in darkness for 30 min at ambient temperature. The changes in color
(violet-yellow) of the mixture were read as absorbance at 517 nm using a UV-VIS spectrophotometer.
Antioxidant capacity was calculated using Equation (6):

DPPH Scavenging Activity (%) = (
A0 × A1

A0
)100 (6)

where A0 is the absorbance of DPPH in methanol, A1 is the absorbance of DPPH with the sample
extract solution [42].

Respiration rate was measured by incubating 40 fruits in a 5 L air-tight desiccator for 1 h at 25 ◦C.
CO2 and C2H4 concentrations were recorded with a headspace CO2 analyzer (Model 902 D, Quantek
Instruments, USA) CO2 m (model 8560) and ethylene analyzer Drager Pac III. The ethylene production
was measured in mgC2H4 kg−1 h−1 and respiration rate was exhibited as mg CO2 kg−1 h−1, using
Equation (7) [41,43]:

Respiration rate =
(Final CO2%− Initial CO2%) × Free volume of decicator

100×Mass of fruit×
(
time period final − time period initial

) (7)

2.6. Statistical Analysis

The physicochemical parameter data obtained from this experimental study was analyzed using a
two-way factorial design in Minitab. Storage days and treatment methodologies were the two factors
considered for the analyses. A comparison of means was performed using the Tukey test at a significance
level of p≤ 0.05. Results obtained from statistical analyses are presented as means ± standard deviations.
Pearson correlation was also applied to data to interpret the relations among the parameters due to the
effect of 1-MCP and MAP treatment with the storage time and temperature.

3. Results & Discussion

Weight loss is one of the main issues that occurs during okra storage, which influences its
marketability. A highly significant (p ≤ 0.05) effect of 1-MCP and MAP treatment with respect to storage
temperature and time was observed on weight loss of okra. 1-MCP and MAP reduced the weight
loss, but the difference was found among the specimens stored at different temperatures. However,
MAP with or without 1-MCP was more significant in reducing weight loss in samples stored at both
ambient and cold storage conditions than the 1-MCP alone. Figure 1a shows, control okra stored at
ambient temperature had lost 15.21 ± 0.7% of its weight in just four days, although this value was
significantly decreased in MAP (6.07 ± 0.1%), especially for okra treated with both 1-MCP and MAP
(5.28 ± 0.2%). The behavior of okra at ambient temperature showed that MAP and 1-MCP can decrease
the weight reduction in pods up to four days at ambient temperature. Similarly, the avocado sample
treated with the 1-MCP (i.e., 0.45 µL L−1) stored at 20 ◦C reduced the weight loss from the avocado
sample during the first few days of storage [20].
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Figure 1. Effect of 1-methylcyclopropene (1-MCP) and/or modified atmosphere packaging (MAP)on
weight loss (%) of okra during storage at (a) ambient (27 ± 2 ◦C) and (b) cold (7 ± 1 ◦C) temperatures.
The values indicate mean (±) standard deviation. According to the Tukey test, the bars with different
letters represent the significance level with each other at p ≤ 0.05.

Figure 1b shows that lowering the storage temperature reduces the weight reduction and 1-MCP
+ MAP was most effective (6.13 ± 0.22%) in weight retention. The same was observed during okra
storage at ambient (24 ± 2 ◦C) and cold temperature (5 ± 1 ◦C) [39]. Moreover, 1-MCP acts as an
ethylene inhibitor, thus it reduces the changes linked with the ripening process, and in return, fruits
remain fresh for a longer time period [20,44]. However, modified atmosphere packaging reduces
weight loss due to the restrained water vapor diffusion through the plastic films that increase vapor
pressure inside packages [32,36]. The efficiency of both 1-MCP and MAP on weight loss reduction is
associated with controlled biochemical activities like transpiration and respiration [45].

Moisture content in okra after harvest was recorded at 88.7 ± 0.36%, which was significantly
reduced in control samples at the end of storage. The diminution was greater in samples kept at
ambient temperature than the cold stored okra. However, after eight days at ambient temperature,
MAP and 1-MCP + MAP treated okra showed nearly identical moisture loss pattern, which was
71.21 ± 0.9%, and 72.8 ± 2.2%, respectively at the end of storage, see Figure 2a. Whereas, at cold storage,
the minimum moisture loss (82.2 ± 1.1%) was observed in 1-MCP + MAP treated okra followed by
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MAP (80.1 ± 0.9%) and 1-MCP (76.9 ± 1.2%) after 20 days, shown in Figure 2b. These results show
that the 1-MCP with MAP keeps the fruit fresh by maintaining its water content for a longer time
period [45]. Although, temperature is the main factor contributing to moisture loss, lowering the
temperature of storage led to better moisture retention [39]. Okra stored at high temperature induces
weight loss due to excessive moisture loss [46,47].
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Figure 2. Effect of 1-MCP and/or MAP on moisture content (%) of okra during storage at (a) ambient
(27 ± 2 ◦C) and (b) cold (7 ± 1 ◦C) temperatures. The values indicate mean (±) standard deviation.
According to the Tukey test, the bars with different letters represent the significance level with each
other at p ≤ 0.05.

Firmness is another freshness indicator that determines the quality of okra as loss in firmness
is assessed as a sign of senescence. According to the results presented in Figure 3a,b, okra firmness
was retained significantly (p ≤ 0.05) when treated with the 1-MCP and/or MAP, however, it was more
obvious in the samples treated with 1-MCP + MAP. The firmness of the okra treated with 1-MCP
+ MAP was 0.69 ± 0.04 kg at ambient temperature, which decreased to 0.47 ± 0.01 kg at ambient
temperature during eight days of storage. Similarly, fruit firmness retention with the application
of 1-MCP has also been reported in plum, avocado, and eggplant [20,27,39,44]. The reduction in
fruit firmness with the 1-MCP application was due to the decline in ethylene production and the
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fruit softening enzymatic activities [20,44,45]. Additionally, okra firmness was retained by reducing
storage temperature and the application of 1-MCP treatment [23]. Both 1-MCP and MAP inhibited
the softening of pear and plum fruit during cold storage. During fruit softening, the fruit passes
through different compositional changes that reduce its ascorbic acid content [48]. According to Table 2,
the treatment effect with storage time and temperature showed a highly positive correlation between
fruit firmness and mucilage viscosity (R = 0.99).
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Figure 3. Effect of 1-MCP and/or MAP on firmness (kg) of okra during storage at (a) ambient (27 ± 2 ◦C)
and (b) cold (7 ± 1 ◦C) temperatures. The values indicate mean (±) standard deviation. According to
the Tukey test, the bars with different letters represent the significance level with each other at p ≤ 0.05.
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Table 2. Pearson correlation coefficient of the physicochemical characteristics of the okra.

Temp. Days Ascorbic
Acid Ethylene Firmness Hue

Angle
Moisture
Content

Respiration
Rate Weight BI

Days
p-values

0.00
1.00 - - - - - - - - -

Ascorbic
acid

−0.62
0.00

−0.63
0.00 - - - - - - - -

Ethylene −0.39
0.00

−0.41
0.00

0.75
0.00 - - - - - - -

Firmness −0.59
0.00

−0.67
0.00

0.99
0.00

0.69
0.00 - - - - - -

Hue angle −0.59
0.00

−0.53
0.00

0.94
0.00

0.90
0.00

0.91
0.00 - - - - -

Moisture
content

−0.61
0.00

−0.56
0.00

0.97
0.00

0.85
0.00

0.95
0.00

0.99
0.00 - - - -

Respiration
rate

−0.42
0.00

−0.48
0.00

0.81
0.00

0.98
0.00

0.77
0.00

0.94
0.00

0.90
0.00 - - -

Weight
loss

0.03
0.69

0.09
0.25

0.04
0.63

0.65
0.00

−0.03
0.67

0.35
0.00

0.23
0.00

0.58
0.00 - -

Mucilage
viscosity

−0.55
0.00

−0.72
0.00

0.97
0.00

0.65
0.00

0.99
0.00

0.87
0.00

0.92
0.00

0.73
0.00

−0.08
0.30

BI −0.24
0.00

−0.20
0.01

0.48
0.00

0.91
0.00

0.41
0.00

0.73
0.00

0.64
0.00

0.88
0.00

0.88
0.00

∆E −0.006
0.94

0.13
0.09

0.07
0.39

0.68
0.00

−0.01
0.86

0.38
0.00

0.27
0.00

0.60
0.00

0.97
0.00

0.89
0.00

Mucilage viscosity is an important quality attribute that accounts for consumer appeal [49]. Mainly,
consumers show strong intent to purchase highly viscous pods because of their use as a thickener
for stews and soups [50]. Okra mucilage is usually present in the pod walls and is a water-soluble
polysaccharide formed by large molecules of sugars that are associated with minerals and proteins [8].
Figure 4a,b shows okra specimens at cold storage showed a less severe decline in comparison with the
ambient stored pods and this decline increases with the increase in storage period. This reduction in
viscosity is due to the metabolic activities that breakdown polysaccharide chains during the storage
period. Fresh produce respire during storage which results in the production of carbon dioxide
and water and, as mucilage is soluble in water, thereby, its viscosity decreases during this biological
process [51]. Although, low-temperature storage slows down the metabolic processes of the okra
causing less reduction in viscosity. The highest mucilage viscosity was observed for 1-MCP + MAP
and that is mainly due to the controlled metabolic activities, see Figure 4a,b.

The ascorbic acid is a nutritional and quality index for okra [47]. It is a water-soluble antioxidant
that usually decreases with the increase in light intensity, storage temperature, and storage period [25].
Table 3 shows the level of ascorbic acid in okra decreased with the increase in storage temperature
and storage period. The initial ascorbic acid content of okra after harvest was 21.6 ± 0.42 mg/100 g
that declined over storage time nonetheless, but the diminution was progressively higher in okra
stored at ambient temperature especially in untreated (control) pods. Whereas the MAP retained more
ascorbic acid than the 1-MCP alone treated samples at both storage temperatures. In a similar way,
the concentration of ascorbic acid in okra and broccoli fruits was more retained by MAP at cold storage
temperatures [12,32]. In the present study, the results indicated that the 1-MCP combined with MAP
was the most effective treatment to maintain an acceptable level of ascorbic acid content throughout
the storage period, however, this retention was more obvious in cold-stored samples (Table 3). After
20 days of low-temperature storage, ascorbic acid contents of 1-MCP + MAP was significantly higher
(i.e., 18.2 ± 0.42 mg/100 g) as compared with the fruit stored in MAP (i.e., 16.9 ± 0.30 mg/100 g) and
1-MCP without MAP (i.e., 15.3 ± 0.30 mg/100 g). Similarly, in pear during 210 days of cold storage,
1-MCP and MAP were effective to retain the ascorbic acid content [31].
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Figure 4. Effect of 1-MCP and/or MAP on mucilage viscosity (dPas) of okra during storage at (a)
ambient (27 ± 2 ◦C) and (b) cold (7 ± 1 ◦C) temperatures. The values indicate mean (±) standard
deviation. According to the Tukey test, the bars with different letters represent the significance level
with each other at p ≤ 0.05.

Retention of bright green color is a primary indicator for quality evaluation of okra in the
market [12]. During storage, darkening, or browning of okra pods ridges is a major problem affecting
its appearance [39]. The color of okra was assessed in hue angle (h◦), the total color change (∆E),
and browning index (BI) that was calculated by individually measuring color parameters L, a, and b.
According to Table 3, hue angle was rapidly declined in okra specimens stored at ambient temperature,
but this decline was less intensive in MAP (i.e., 112.33◦ ± 0.42) and 1-MCP + MAP (i.e., 113.91◦ ± 0.52)
than the 1-MCP without MAP (i.e., 109.91◦ ± 0.65). Conversely, a comparatively slight decline in hue
angle was observed in 1-MCP with MAP at cold storage, with final values of 115.96◦ ± 0.49.

On the other hand, a drastic change in total color (∆E) was observed for the okra specimen kept
at ambient conditions than the cold stored samples. Less intensive total color change was noticed
in 1-MCP with MAP during okra specimen storage at 7 ◦C. Table 3 shows, the highest value of the
browning index was observed in control samples (untreated) at both storage temperatures. During
ambient temperature storage, the browning index increased by 270.7% in control pods, compared
to an increase by 126–130% in MAP and 1-MCP + MAP treated pods. Likewise, during 20 days of
cold storage, the browning index of MAP and 1-MCP + MAP treated samples increased by 32–44%
compared to 125.5% in the control.



Sustainability 2020, 12, 7547 11 of 19

Table 3. Effects of 1-MCP and/or MAP on ascorbic acid content, hue angle, total change in color (∆E), and browning index (BI) of okra pods.

Treatments Storage Time
(Days)

Ambient Temperature (27 ± 2 ◦C) Cold Store (7 ± 1 ◦C)

Ascorbic Acid
(mg/100 g) Hue Angle Total Change

in Color (∆E)
Browning
Index (BI)

Ascorbic Acid
(mg/100 g) Hue Angle Total Change in

Color (∆E)
Browning
Index (BI)

Control

0 21.6 ± 0.42 a 118.82 ± 0.49 a - 34.72 ± 0.03 i 21.6 ± 0.42 a 118.82 ± 0.49 a - 34.72 ± 0.03 s

4 14.2 ± 0.43 c 113.23 ± 0.34 e,f 6.20 ± 0.06 d 58.91 ± 0.04 e 19.9 ± 0.15 b 118.21 ± 0.32 a,b 1.06 ± 0.06 ab 38.14 ± 0.03 n

8 8.1 ± 0.56 f 107.86 ± 0.43 h 14.15 ± 0.04 a 128.72 ± 0.05 a 18.2 ± 0.30 d,e 116.75 ± 0.36 c,d,e 3.09 ± 0.05 d,e 45.84 ± 0.02 j

12 - - - - 15.8 ± 0.36 g 114.02 ± 0.40 g,h 6.31 ± 0.05 h,j 60.98 ± 0.07 d

16 - - - - 13.6 ± 0.34 h 113.59 ± 0.44 h 7.28 ± 0.06 j,k 65.98 ± 0.09 b

20 - - - - 11.2 ± 0.37 i 111.11 ± 0.67 i 8.78 ± 0.07 k 78.29 ± 0.03 a

1-MCP

0 21.6 ± 0.42 a 118.82 ± 0.49 a - 34.72 ± 0.03 i 21.6 ± 0.42 a 118.82 ± 0.49 a - 34.72 ± 0.03 s

4 16.2 ± 0.49 b 115.21 ± 0.50 c,d 4.84 ± 0.07 e 52.28 ± 0.093 f 19.5 ± 0.27 b,c 118.60 ± 0.08 a 0.40 ± 0.03 a,b 35.52 ± 0.08 r

8 10.4 ± 0.56 e 109.91 ± 0.65 g 12.43 ± 0.05 b 110.66 ± 0.04 b 19.2 ± 0.15 b,c,d 117.87 ± 0.44 a,b 0.58 ± 0.13 a,b 37.24 ± 0.04 a,b

12 - - - - 17.6 ± 0.29 e,f 115.84 ± 0.34 d,e,f 3.53 ± 0.05 d,e 48.43 ± 0.04 g

16 - - - - 15.7 ± 0.14 g 114.34 ± 0.14 f,g 5.36 ± 0.05 f,g,h 56.81 ± 0.12 e

20 - - - - 15.3 ± 0.30 g 114.14 ± 0.58 g,h 6.85 ± 0.04 i,j,k 62.39 ± 0.03 c

MAP

0 21.6 ± 0.42 a 118.82 ± 0.49 a - 34.72 ± 0.03 i 21.6 ± 0.42 a 118.82 ± 0.49 a - 34.72 ± 0.03 s

4 16.4 ± 0.36 b 116.13 ± 0.30 b,c 3.82 ± 0.05 f 48.93 ± 0.06 g 21.7 ± 0.17 a 118.93 ± 0.30 a 0.14 ± 0.05 a 34.24 ± 0.06 t

8 12.1 ± 0.26 d 112.33 ± 0.42 f 9.34 ± 0.08 c 80.19 ± 0.23 c 20.1 ± 0.20 b 117.85 ± 0.42 a,b 0.66 ± 0.04 a,b 36.71 ± 0.03 a,b

12 - - - - 18.8 ± 0.17 c,d 116.14 ± 0.47 c,f 2.46 ± 0.05 c,d,e 42.85 ± 0.04 l

16 - - - - 17.1 ± 0.26 f 115.32 ± 0.43 e,f,g 3.80 ± 0.02 e,f,g 47.50 ± 0.03 h

20 - - - - 16.9 ± 0.30 f 115.17 ± 0.45 e,f,g 4.90 ± 0.03 g,h,i 50.19 ± 0.04 f

1-MCP +
MAP

0 21.6 ± 0.42 a 118.82 ± 0.49 a - 34.72 ± 0.03 i 21.6 ± 0.42 a 118.82 ± 0.49 a - 34.72 ± 0.03 s

4 16.9 ± 0.21 b 116.82 ± 0.53 b 3.58 ± 0.07 g 46.46 ± 0.05 h 22.3 ± 0.25 a 118.88 ± 0.41 a 0.24 ± 0.03 a 34.29 ± 0.07 t

8 12.8 ± 0.29 d 113.91 ± 0.52 d,e 9.28 ± 0.05 c 78.51 ± 0.03 d 21.4 ± 0.43 a 118.42 ± 0.42 a,b 1.06 ± 0.05 a,b,c 37.49 ± 0.03 o

12 - - - - 19.2 ± 0.45 b,c,d 117.22 ± 0.42 a,b,c 1.63 ± 0.06 b,c,d 39.68 ± 0.05 m

16 - - - - 18.7 ± 0.51 c,d 115.96 ± 0.49 b,c,d 3.09 ± 0.05 a,b,c 44.00 ± 0.07 k

20 - - - - 18.2 ± 0.41 d,e 115.93 ± 0.49 d,e,f 3.46 ± 0.07 b,c,d 46.12 ± 0.03 i

The values indicate mean (±) standard deviation. Values superscripted with different letters (a–t) are statistically significant with each other, according to the Tukey test, at p ≤ 0.05. Letter
“a” indicates highest mean value whereas “t” was used for the lowest mean.
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This less intensive change in color of okra specimen treated with 1-MCP + MAP was may be
due to the suppressed ethylene production and controlled respiration rate. Similarly, Chinese pear
fruit treated with 1-MCP suppressed ethylene production that reduced the drastic change in bright
green color up to some extent of the storage period [52]. Moreover, the rate of chlorophyll degradation
in okra was diminished by decreasing the storage temperature and by covering the fruit with PVC
film [1]. The bright green color of okra was well retained by 1-MCP during storage at 7 ◦C [24]. Table 3
shows that the 1-MCP and/or MAP effect with respect to storage temperature and days has a positive
correlation between Hue angle and respiration rate (R = 0.94) and browning index and ethylene
production (R = 0.91). This relationship between color change and ethylene production has also been
reported in the literature for Chinese pear fruits [52].

Okra pods are very sensitive to low-temperature storage. Storage of fruits (or agricultural products)
below room temperature for a long period of time after harvesting, results in chilling injury disorder
(browning and pitting) on the fruit surface [53]. As shown in Figure 5, chilling injury symptoms were
observed in samples kept at 7 ◦C for 20 days. The pictorial representation of the chilling injury in
the okra pod samples indicates that control samples showed the highest level of chilling injury after
20 days of storage at 7 ◦C.Sustainability 2020, 12, x FOR PEER REVIEW 13 of 21 
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Figure 5. Effect of 1-MCP and/or MAP on chilling injury of okra during storage at a cold temperature
(7 ± 1 ◦C). The pictorial images are showing chilling injury at the end of storage (i.e., 20th day).
The values indicate mean (±) standard deviation. According to the Tukey test, the bars with different
letter s represent the significance level with each other at p ≤ 0.0.

As shown in Figure 5, the okra pod samples treated with 1-MCP exhibited a delay in developing
chilling injury until the 8th day of the storage period at 7 ◦C, while 1-MCP + MAP retarded chilling
injury symptoms up to the 12th day of the storage period. At the end of storage (i.e., 20 days), chilling
injury indices were 2.7 ± 0.17, 2.1 ± 0.20, 1.7 ± 0.17, and 1.4 ± 0.15 in control, 1-MCP, MAP, and 1-MCP
+ MAP, respectively. The development of chilling injury in fruits is related to a decrease in membrane
integrity which occurs due to stress and senescence [24]. As senescence increases with the increase in
ethylene production [19], therefore, reducing ethylene production is an effective way to control chilling
injury. Moreover, as MAP decreases the ethylene in the atmosphere around the fruit and 1-MCP binds
the ethylene receptors [19], therefore, both MAP and 1-MCP can limit the chilling injury stress in
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fruits. The 1-MCP significantly alleviated the chilling injury in cold-stored citrus and grapefruit [54].
The development of chilling stress in banana was significantly delayed by the presence of modified
atmosphere packaging [55]. Similarly, MAP+1-MCP both delayed effectively the chilling injury stress
and retained the nutritional quality of peppers and sweet peppers [25,56]. Table 4 shows the effect of
different postharvest techniques alleviating chilling injury.

Table 4. Postharvest technologies alleviating chilling injury in okra pods.

Technology Storage Conditions
Effect(s) Ref.Temperature Humidity

Methyl Jasmonate coating 4 ◦C 90–95% Reduced electrolyte leakage, color
change, and chilling injury [17]

Putrescine (Put) dipping 4 ◦C
Minimized chilling injury stress and
activity of polyphenol oxidase and

peroxidase enzymes
[43]

PVC film wrapping 5 ◦C and 10 ◦C 95%
Reduced chilling injury, weight loss,

decay, and rate of chlorophyll
degradation

[1]

1-MCP 7 ◦C 80–85%
Alleviated chilling injury stress with
lower membrane permeability and

lipid peroxidation
[24]

Hot water dipping 5 ◦C 90 ± 2% Reduced chilling injury disorder and
oxidative stress [13]

The DPPH radical scavenging activity was calculated after harvest (i.e., 0 days of storage) and at
the end of the storage period of both the ambient (i.e., eight days) and cold (i.e., 20 days) stored samples.
The DPPH scavenging activity of okra pods at 0-day investigations was 62.4 ± 0.18%. This activity
was diminished to 41.3 ± 0.61% and 49.5 ± 0.30% in control samples at ambient and cold storages,
respectively. A similar effect was observed for pear fruit, the antioxidant activity was decreased
with the increase in storage period [57]. This decrease was less intensive in treated pods than the
untreated okra. It has been reported that the decrease in antioxidant activity values was probably due
to the degradation of ascorbic acid and phenolic compounds during biosynthesis [58,59]. Figure 6
shows that the 1-MCP + MAP at low-temperature storage maintained well the antioxidant capacity
(i.e., 60.7 ± 0.49%). This may be due to the more retention in ascorbic acid comparative to other treated
and untreated samples. Figure 7 shows the standard calibration curve for ascorbic acid that was used
for the DPPH scavenging activity.
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Figure 6. Effect of 1-MCP and/or MAP on DPPH scavenging activity (%) of okra at 0 days (harvesting
day) and end of storage i.e., eight days at ambient (27 ± 2 ◦C) and 20 days at cold (7 ± 1 ◦C) storage.
The values indicate mean (±) standard deviation. According to the Tukey test, the bars with different
letters represent the significance level with each other at p ≤ 0.05.
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Figure 7. Calibration curve for ascorbic acid concentration.

Okra is a vegetable with a high respiration rate that is a major cause limiting its shelf-life [17].
As shown in Figure 8a, 1-MCP and MAP treatment suppressed ethylene production for four days at
ambient and eight days at cold storage conditions, and afterward, ethylene production attained peak as
shown in Figure 8a,b Similarly, in avocado fruit treated with 1-MCP at 0.45 l L−1 for 12 or 24 h and stored
at 20 ◦C, ethylene production was delayed for six and 10 days, respectively [40]. On the other hand,
ethylene production of control okra (kept at ambient temperature) increased continuously after harvest
and reached a peak value of 1.12 ± 0.05 mg kg−1 h−1 at the end of eight days of storage. However,
control samples stored at 7 ◦C showed a decrease in ethylene production in the initial days of storage
and then gained a peak of 0.88 ± 0.03 mg kg−1 h−1 towards the end of the storage period (i.e., 20 days).Sustainability 2020, 12, x FOR PEER REVIEW 16 of 21 
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Figure 8. Effect of 1-MCP with/without MAP on ethylene production of okra during storage at (a)
ambient (27 ± 2 ◦C) and (b) cold (7 ± 1 ◦C) temperatures. The values indicate mean (±) standard
deviation. According to the Tukey test, the bars with different letters represent the significance level
with each other at p ≤ 0.05.
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The present study shows a similar trend for the respiration rate as was observed for ethylene
production. According to Table 2, a positive, as well as highly significant correlation, was observed
between ethylene and respiration rate (i.e., R = 0.98). As shown in Figure 9a,b, respiration rate
(mg CO2 kg−1 h−1) in okra treated with 1-MCP and MAP alone increased after four (ambient storage)
and eight days (cold storage) and attained their peaks at the end of storage. However, okra treated
with 1-MCP + MAP peaked on the 16th day of cold storage. Overall, 1-MCP + MAP decreased the rate
of respiration and ethylene production most strongly, especially after 20 days of cold storage.
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The rate of respiration and ethylene production increases with the increase in temperature [60]
and 1-MCP inhibit this increase by binding ethylene receptors that reduce the activity of ripening
enzymes [61]. This shows that the storage temperature had a significant effect on the longevity of
ripening inhibition after 1-MCP treatment. At high-temperature storage, pear treated with 1-MCP
recovered its ripening ability more quickly than the low-temperature storage specimens [62]. Similarly,
cold-stored pear and plum treated with 1-MCP and MAP inhibited respiration and ethylene production
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rates by reducing the activity of ethylene biosynthesis enzymes compared with the fruits stored at the
normal atmosphere [31,45].

4. Conclusions

This study aimed to investigate the effects of 1-methylcyclopropene (1-MCP) and modified
atmosphere packaging (MAP) on postharvest storage life of okra at two storage conditions; ambient
(i.e., 27 ± 2 ◦C) and low temperature (i.e., 7 ± 1 ◦C). Results revealed that control (untreated) okra
lost its quality within four days because of high moisture and weight loss, while 1-MCP and MAP
retained the quality promisingly up to four days at ambient temperature. At low-temperature storage,
1-MCP combined with MAP kept okra quality maintained by controlling its respiration rate and
water and weight loss during the storage period (i.e., 20 days). However, control (untreated) okra at
low-temperature storage condition lost its quality after eight days due to severe water loss and the
vanishing of green color due to chilling injury disorder. Overall, the treatment of okra pods with 1-MCP
and MAP was the most effective treatment for maintaining the visual quality as well as inhibiting fruit
softening, weight loss, ethylene, and degradation in ascorbic acid and total antioxidant activity.
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