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Abstract

Capsicum frutescens L. (green chili) is an important food crop normally used in traditional cuisine. It is soft in 
texture with high moisture content and active metabolism; hence, it is highly vulnerable to quality deterioration. 
The object of this study was to explore the storage conditions for the enhancement of postharvest storage life of 
C. frutescens with six treatments: 1mM/L (T1), salicylic acid (SA) 2mM/L (T2), SA 4mM/L (T3), calcium chloride 
(CaCl2) 0.5% (T4), CaCl2 1.5% (T5), and CaCl2 2% (T6). Treated fruits were packed in three different types of pack-
ing materials (polythene, paper, and cardboard), and the experiment was duplicated to store at 10ºC and 25ºC. 
The quality of fruits was assessed by decay percentage, weight loss percentage, length of shelf life, and antioxidant 
activities. The given treatments improved the quality of chili. The shelf life was significantly enhanced by 4mM/L 
SA and 2% CaCl2 treatment for up to 56 days in cardboard packaging at 10°C. 

Keywords: Calcium chloride; green chili; postharvest; salicylic acid; shelf life

Introduction

Capsicum frutescens L., commonly known as green 
chili, is an annual herbaceous member of the family 
Solanaceae. It is grown as cash crop, especially in tropi-
cal and subtropical regions of the world (Panigrahi et al., 
2017). Capsicum is widely used for its aroma and taste 
in culinary applications (Mi et al., 2023). China, Mexico, 
Indonesia, Jordan, and Egypt accounted for 50.8%, 7.4%, 

5.5%, 4.5%, and 2.1% of global chili production, respec-
tively (Crippa et al., 2022). Capsicum is extensively 
grown in Pakistan covering an area of 38.4 hectares pro-
ducing 90,400 tons, with the major chili producing areas 
being Sindh, Punjab, and some parts of Baluchistan. It 
is exported in various forms like fresh green chili, dried 
chili powder, and as oleoresin to various countries, 
including to the Gulf States, the United States, Canada, 
Sri Lanka, the United Kingdom, Singapore, and Germany, 
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(Koo  et  al.,  2020). SA belongs to phenolic compounds 
and is emerging as a natural compound that can main-
tain the quality of fruits and vegetables during storage. 
Literature confirms that postharvest application of SA 
enhanced the shelf life of papaya used for the reduction of 
weight loss (WL), senescence, decay loss, firmness, mois-
ture content, and increasing antioxidant activities (Hanif 
et al., 2020). CaCl2 is a mineral used to cure calcium defi-
ciency in a human body and a good source of calcium 
ion that plays multiple roles in the plant physiological 
processes. Application of calcium on fruit maintains the 
integrity of the cell wall and delays the senescence (Zhi 
et al., 2017). Along with phytohormones and minerals, 
appropriate packaging also plays a crucial role in enhanc-
ing the shelf life by protecting the product from physical, 
chemical, and biological hazards. Therefore, this study 
was planned to evaluate the efficacy of SA and CaCl2 
application on C. frutescens fruits stored in three differ-
ent packaging materials at two different temperatures for 
shelf life enhancement.

Materials and Methods

This study was carried out to explore the most effective 
phytohormones or mineral concentration, packaging 
material, and temperature to prolong the shelf life of C. 
frutescens for longer preservation of the antioxidant con-
stituents and other useful components to compliment 
efficient utilization. 

Plant material and processing

Freshly harvested green chili (20 days) was transported 
to the research laboratory from a farm in Lahore. 
Special care was taken to select the fruit where the crite-
ria for selection were uniform shape/size with no blem-
ishes and defects. To remove any infection, fruit was 
dipped in 2% sodium hypochlorite for 2 minutes, rinsed 
with water, and then dried. Total plant material used in 
the experiment was 40 kg which was divided into two 
groups (one for SA treatment and the other for CaCl2 
treatment), comprising of 20 kg plant material for each 
group. 

Experiment design was the completely randomized split 
block with six treatments: SA 1mM/L (T1), SA 2mM/L 
(T2), SA 4mM/L (T3), CaCl2 0.5% (T4), CaCl2 1.5% (T5), 
CaCl2 2% (T6), and control. The postharvest treatments 
comprising of SA and CaCl2 of different concentrations 
were given by dipping the fruit in respective concentra-
tion for 15 mins and then air dried for 30 mins. Chili 
was then packed in three different types of packing 
materials—polythene bags, paper bags, and cardboard—
and stored in two different storage conditions—one 

contributing 1.5% to the gross domestic product (GDP) 
growth of Pakistan. The yield of chili showed great fluc-
tuation over the years (Enamullah et al., 2022). Recently, 
different mechanical techniques are being applied to 
dry chili for export, but the required results could not 
be obtained. In Europe, the major producers of chili are 
Spain, Macedonia, Hungary, Serbia, and Croatia (Duan 
et al., 2022). Phenotypically, chili is oblong, 1.5–2.5 cm 
long, and lanceolate in shape (Vinkovic et al., 2018), and 
used in food for color and flavor. It also has many nutri-
tional and medicinal benefits. Capsaicinoids is the most 
common phytochemical group synthesized and accumu-
lated in placental tissues of the chili fruit, contributing 
toward the pungent taste. The quality of chili depends on 
the concentration of capsinoides, with the major chem-
ical constituents being (i) capsaicin, (ii) dihydro capsa-
icin, and (iii) non-dihydrocapsaicin, collectively termed 
as capsaicinoids (Pola et al., 2018; Topuz and Ozdemir, 
2020). Fresh green chilies contain a valuable amount of 
vitamin A and C (major antioxidants), in addition to neu-
tral and acidic phenols. Antioxidants play an important 
role in the maintenance of health and prevention of heart 
diseases, cancer, delaying aging, and in neurodegenera-
tive diseases, deriving significant attention of scientists to 
improve the health of consumers (Koo et al., 2020; Hanif 
et al., 2020). Capsaicinoids are economically very viable 
because of their use in the food, cosmetic, military, and 
pharmaceutical industry (Zhi et al., 2017; Gruber et al., 
2022). Maintenance of functional phytochemicals in fruit 
from field to consumer is a big challenge. Temperature 
and moisture are two important factors that contribute 
toward the quality and shelf life of green chili. To main-
tain quality and prolong postharvest storage duration 
(shelf life), it is essential to store them at their peak—
freshness, taste, and color—for a desired time period. The 
conventional methods to store and preserve chili include 
refrigeration, drying, and salting, with refrigeration being 
essential to store fruits for a comparatively long time 
(Birgen et al., 2020). However, salting and drying do not 
preserve chili in their original shape, taste, freshness, and 
odor. Today, scientists are researching ways to improve 
the shelf life of vegetables and fruits for an extended time. 
Methods like irradiation with different gamma rays fre-
quencies have been tested on vegetables to prolong shelf 
life. However, this technology is expensive and may affect 
the important constituents of food like vitamin C. The 
quality maintenance of vegetable or fruit after irradiation 
is still a big question mark (Jourki and Khazaei, 2014); 
however, the use of phytohormones and chemicals like 
calcium chloride (CaCl2) may be beneficial in achieving 
the goal. 

Salicylic acid (SA) is a phytohormone that plays an 
important role in the physiological processes (seed 
germination, flowering, fruit ripening, etc.) and plant 
defense systems against stress (biotic and abiotic) 



102� Quality Assurance and Safety of  Crops & Foods 17 (1)

Tariq Z et al.

0.025 mL of extract enzyme, 0.975 mL of phosphate buf-
fer (pH 5.5, 0.05M), 1 mL guaiacol solution, and 1mL of 
H2O2. Wavelength absorbance was calculated at 470 nm.

Antioxidant activity

DPPH (2,2-Diphenyl-1-picrylhydrazyl) is used to evalu-
ate the free radical scavenging activity of a fruit extract 
by preparing a methanol extract of the fruit. this activity 
was performed by following methodology of Theofanous 
et al. (2022). The reaction mixture was prepared by mix-
ing 0.2 mL of the plant extract and 1.4 mL of DPPH 
solution (prepared in methanol) and incubated for 30 
minutes in the dark. Absorbance was recorded at 517 nm 
by spectrophotometer. 

Total antioxidant activity

The total antioxidant capacity of methanol extract of chili 
was evaluated by following the protocol set by Zewdie 
et al. (2022). Reagent solution (3 mL) consisting of 0.6M 
sulfuric acid, 28mM sodium phosphate, and 4mM/L 
ammonium molybdate was prepared. The reaction mix-
ture contained 0.3 mL fruit extract and 3 mL reagent 
solution. This mixture was incubated for 60 minutes at 
95°C. Wavelength absorbance was recorded at 695 nm.

Statistical analysis

The experimental design for the study was the completely 
randomized split block with six treatments. Each treat-
ment along with control was run in triplicate. The data 
was presented as mean ± standard deviation. Mean sep-
aration was done by using the least significant difference 
(LSD) with p < 0.05 level and the statistical analysis was 
done using IBM SPSS statistics 20 software (Carvalho 
et al., 2023).

Results and Discussion

Weight loss and decay percentage

The degrees of WL and decay percentage are import-
ant indicators for the shelf life of fruits and vegetables. 
In this study, WL and decay percentage directly related 
to temperature was observed. Fruits stored at 10°C 
had  a low degree of decay percentage and WL as com-
pared to the fruits stored at 25°C (Tables 1 and 2). The 
reason for the high decay percentage and WL at 25°C 
was because high temperature increases the respiration 
rate and the rate of metabolic processes. This increased 
rate leads toward the efficiency of substrates like sugars 

group with 10ºC and other 25ºC. Each treatment was in 
triplicate.

Weight loss

WL was recorded every 8 days by following standard 
method of Association of Official Agricultural Chemists 
(AOAC) (16). Moisture content was calculated by using 
the following formula (Sinha et al., 2019):

	

( )IW FW
Moisture Content 100

IW
−

= ×

where IW = initial weight and FW = final weight (g).

Decay percentage

The decay percentage of all the fruits was calculated by 
the method given by Solanki et al. (2022). The percent-
age of decay loss was calculated by using the following 
formula:

	

nrDecay Ioss %  100
n0

= ×

where nr = the number of decayed grapes and n0 = the 
number of total grapes.

Length of shelf life

The length of shelf life was calculated by counting the 
days required to attain the final stage in which fruit 
remains marketable (Devi et al., 2022). 

Enzyme extraction

Peroxidase (POD) enzyme was extracted from pulp tissue 
and 10% of the w/v (weight of solute dissolved in volume 
of the solvent) pulp homogenate was made by homoge-
nizing the pulp tissue of the fruit with solution (20mM 
tris-HCl [hydrochloric acid], 20mM Cysteine HCl, 
20mM EDTA (ethylenediaminetetraacetic acid), and 
0.05% Triton-X-100). This homogenate was centrifuged at 
15,000×g for 30 minutes in refrigerated centrifuge at 4°C 
(Phornvillary et al., 2019).

Assay for peroxidase

POD activity was determined by the method described by 
Kamińska et al. (2020). The reaction mixture contained 
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and proteins, with the ultimate result being WL (Zewdie 
et al., 2022). Transpiration and its rate increase with an 
increase in temperature (Bovi et al., 2016). First observa-
tion for the WL and decay percentage was made after 8 
days in storage. The result with the three types of packing 
and two chemical treatments was: SA (1mM/L, 2mM/L, 
and 4mM/L) and CaCl2 (0.5%, 1.5% and 2%). WL and 
decay percentage were higher in polythene packaging at 
both storage temperatures. Chili stored at 10°C treated 
with SA and CaCl2 in cardboard packaging showed less 
degree of decay and WL as compared to paper and poly-
thene packaging. As fruits and vegetables are vulnera-
ble to moisture damage, they need to be stored in such 
packing materials which serve as a high humidity bar-
rier but which do not desiccate the packed food stuff. 
Polythene serves as desiccator for fruits and vegetables 
because it keeps food stuff airtight; although paper pack-
aging does not provide desiccation, it did act as a high 
humidity barrier. Cardboard packaging was proven to be 
the most suitable material for packing fruits. Chili treated 
with SA 4mM and CaCl2 2% showed less WL and decay 
as compared to the other treatments. Chili at 25°C lasted 
only for two weeks. As an electron donor, SA prevented 
normal respiration by producing free radicals. SA could 
reduce respiration rate and consequently decrease WL by 
closing stomata. Widyastuti and Gahayu (2022) observed 
that the application of KMnO4 extended the shelf life of 
curly red pepper.

Length of shelf life

The maximum duration for which the fruit remained 
acceptable for market and consumption was 56 days. 
First observation regarding the morphological charac-
ters like freshness, color, and texture was recorded after 
8 days of storage. The shelf life of chili as compared to 
the control fruits stored at 10°C extended significantly 
compared to those at 25°C (Figure 1). Shelf life of 56 days 
was attained in cardboard packaging, 49 days in paper, 
and 43 days in polythene by fruit treated with 2mM/L SA 
(T2) and CaCl2 (T5). The obtained results indicated that 
the shelf life of chili significantly increased in all treated 
fruit stored at 10°C. The main cause of postharvest wilt-
ing, withering, and shortening of shelf life of fruit stored 
at 25°C was increased transpiration rate. The shelf life of 
curly red peppers was extended up to 21 days through 
the application of 0.10% concentration of KMnO4 
(Widyastuti and Gahayu, 2022).

Peroxidase activity

PODs are important iso enzymes involved in the capsa-
icin metabolism. These enzymes readily oxidize capsaicin, 
resulting in wilting and withering of fruit (Schweiggert 
et al., 2006). At both storage conditions, POD increased 
with the storage duration. The fruit stored at 25°C showed 

60

40

20

N
o.

 o
f d

ay
s

Treatments

0

Figure 1.  Shelf life of Capsicum frutescence fruits during storage. T1 (1mM/L/L SA), T2 (2mM/L SA), T3 (4mM/L Sa), T4 (0.5% 
CaCl2), T5 (1.5% CaCl2), T6 (2% CaCl2), and T7 control, CBCS (cardboard cold storage 10oC), CBCS (cardboard room storage 
25oC), PTCS (polythene bags 10oC), PTCS (polythene bags 25oC), PAPCS (paper packaging 10oC), and(PAPRT (paper packaging 
25oC).
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higher POD value as compared to those stored at 10°C 
(Figure 2). The results obtained in this study revealed that 
the application of SA and CaCl2 increased the defense 
mechanism of the fruit. The POD value in cardboard 
packaging at 10°C T3 (SA 4mM/L) showed 0.202, which 
was higher than all the other SA treated fruit. POD activ-
ity of other treated fruit stored at 10°C T1 (SA 1mM/L) = 
0.147 and T2 (SA 2mM/L) = 0.174. The POD values for 
CaCl2 were T4 (CaCl2 0.5%) = 0.145, T5 (CaCl2 1.5%) = 
0.172, and T6 (CaCl2 2%) = 0.200. The POD values for 
fruit stored at 10°C in polythene packaging were T1 (SA 
1mM/L) = 0.136, T2 (SA 2mM/L) = 0.165, and maximum 
value was shown by T3 (SA 4mM/L) = 0.174, T4 (CaCl2 
0.5%) = 0.134, T5 (CaCl2 1.5%) = 0.164, and T6 (CaCl2 
2%) = 0.182. The maximum values were shown by T3 and 
T6. In paper packaging, the POD values for fruit stored 
at 10 °C were T1 (SA 1mM/L) = 0.138, T2 (SA 2mM/L) = 
0.168, T3 (SA 4mM/L) = 0.193, T4 (CaCl2 0.5%) = 0.137, 
T5 (CaCl2 1.5%) = 0.166 and T6 (CaCl2 2%)  = 0.200. 
Chili stored at 25°C among the three packaging materi-
als showed maximum value in the second week; after the 
second week, chili peppers could not survive at 25°C. 
The maximum values for POD were shown by fruit 
treated with T3 and T6. The values for POD were T3 (SA 
4mM/L) = 0.123 and T6 (CaCl2 2%) = 0.121 for cardboard 
packaging, T3 (SA 4mM/L) = 0.111 and T6 (CaCl2 2%) = 
0.111 for polythene packaging, and T3 (SA 4mM/L)  = 
0.121 and T6 (CaCl2 2%) = 0.119 for paper packaging. 
Increase in POD activity with storage duration was also 
observed by Kantakhoo and Imahori (2021).

DPPH radical scavenging activity

Oxidative stress is the major contributing factor in the 
living system that leads toward the aging phenomenon 
(Kantakhoo and Imahori, 2021). Free radicals are pro-
duced as the result of oxidation. Plants like chili have 
chemical compounds that are antioxidant in nature 
and their activities can be increased through different 
treatments. During storage, the DPPH radical scaveng-
ing activity increased in both control and treated fruits 
stored at 25°C and 10°C (Figure 3). As compared to the 
control fruit, the activity was found to be higher in SA 
and CaCl2 treated fruit, the reason being is that SA appli-
cation acts as an antitranspirant agent and retains the 
moisture loss (Hanif et al., 2020). Usage of CaCl2 as post-
harvest treatment delayed the time of the fruit to reach 
its maturation stage by reducing the accumulation of 
sugars and organic acids. Consequently, radical scaveng-
ing activity was higher in T3 (SA 4mM/L) and T6 (CaCl2 
2%) in all types of packing. Scavenging activity increased 
up to 40 days and then showed consistency, leading 
toward the decline of the activity at the end of the stor-
age period. The application of SA and CaCl2 reduces the 
oxidation of phytochemicals. In this study, α tocopherol 

and BHT (β-hydroxyltoluene) were used as a standard in 
the absorption of 517 nm to determine scavenging activ-
ity. Maximum DPPH radical scavenging activity (%) was 
observed by T3 (SA4mM/L), that is, 64.6%, and T6 (CaCl2 
2%), that is, 63.4% d in cardboard packaging at 10°C on 
the 56th day. Kanwal et al. (2020) documented that okra 
pods survived for four days at 20°C and 20 days at 7°C 
through the combined treatment of 1-MCP (1-methylcy-
clopropene) and MAP (modified atmosphere packaging).

Total antioxidant activity

The total antioxidant capacity of chili was used to deter-
mine the changes in antioxidant activity at both the 
storage conditions at 10°C and 25°C (Figure 4); the anti-
oxidant activity was higher in chili treated with SA and 
CaCl2. Both chemicals have the ability to reduce tran-
spiration rate and decrease the accumulation of organic 
acid and sugars, which can delay metabolic processes and 
consequently prolong shelf life. The antioxidant activity 
increased significantly for up to 40 days. The increased 
antioxidant activity indicates strength of defense mech-
anism of fruit to fight against oxidative stress. Two stan-
dards α-tocopherol and BHT were used to determine 
the total antioxidant activity at 695 nm. The maximum 
value of antioxidant activity was attained by T3 (SA 
4mM/L) and T6 (CaCl2 2%) after 56 days in cardboard 
packaging at 10°C, which is 0.407 and 0.404, respectively. 
Chili stored at 25°C in all packaging showed maximum 
increase in the second week of storage: T3 (SA 4mM/L) 
0.218 and T6 (CaCl2 2%) 0.205 for cardboard packag-
ing, T3 (SA 4mM/L) 0.183 and T6 (CaCl2 2%) 0.197 for 
polythene packaging, and T3 (SA 4mM/L) 0.206 and T6 
(CaCl2 2%) 0.204 for paper packaging. After the second 
week, chili could not survive at 25°C. In a study con-
ducted on strawberry, it reported that application of 
Lemon verbena bio extract increases the total antioxidant 
activity of strawberry fruits during storage (Moshari-
Nasirkandi et al., 2020).

Conclusions

The shelf life of chili peppers significantly enhanced with 
postharvest application of SA (4mM/L) and CaCl2 (2%) 
up to 56 days in cardboard packaging, up to 48 days by 
4mM/L SA, and 2% CaCl2 at 10°C in paper packaging. By 
these treatments and cardboard packaging, the fruit can 
be stored for longer duration with reduced spoilage.

Data Availability Statement

The data will be available from the corresponding author 
upon reasonable request. 
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Figure 2.  Peroxidase (POD) activity of capsicum fruit during storage in different conditions (A) Cardboard, (B) Polythene, and 
(C) Paper. The values are expressed in terms of U g-1 FW.
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Figure 3.  Effect of postharvest treatments and storage temperatures on DPPH scavenging activity of the capsicum fruit 
during storage in different packaging materials (A) Cardboard, (B) Polythene, and (C) Paper. The values of standards taken are 
α-tocopherol A517 nm = 0.095 and BHT (β-hydroxytoulene) A517 nm = 0.190. Values from a to f represent higher to lower rank 
based on the level of significance.
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Figure 4.  Effect of postharvest treatments and storage temperatures on total antioxidant activity of capsicum fruit during stor-
age in different packaging materials (A) Cardboard, (B) Polythene, and (C) Paper. The value of standards taken are α-tocopherol 
A517 nm = 0.095.
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