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INTRODUCTION 

Strawberry (Fragaria x ananassa Duch., Family 

Rosaceae, subfamily Rosoideae) is herbaceous peren-

nial of temperate origin (Potter et al., 2000) and com-

mercially cultivated in a broad range of climates, includ-

ing temperate, Mediterranean, and subtropical regions 

of the world (Hancock, 2008). Strawberry fruits are 

prized for their delectable taste, health-promoting prop-

erties, and reputation as the “Harbinger of 

Spring” (Wilhelm and Sagen, 1974). It is one of the 

most adorable fruits, often characterized by its unique 

organoleptic properties, nutritional values, flavonoids 

and diverse array of phenolic compounds (Giampieri et 

al., 2012). In India, strawberry performs equally well in 

climates that are characteristically temperate in the 

northern latitudes, sub-tropical in the plains, or tropical 

at high altitude (Pramanick et al., 2013). Temperate 

regions of Northern India viz., Jammu and Kashmir, 

Himachal Pradesh and Uttrakhand have been tradition-

al states of commercial strawberry cultivation; however, 

cultivation in subtropical and tropical plains have 

gained momentum in the last few decades. Although, 

the extreme summer temperatures in the plains region 
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restricts the longer cropping season and runner produc-

tion are very low (Ali and Gaur, 2013); farmers in Delhi, 

Haryana, Punjab, Maharashtra, Karnataka, and Uttar 

Pradesh obtain planting materials from hill states and 

produce strawberries profitably during the cold months 

and in spring season in open field condition. A number 

of large-fruited, high yielding varieties, introduced in 

temperate regions of India from Europe and North 

America such as Chandler, Sweet Charlie, Pajaro, Et-

na, Selva, Douglas, Confictura, Dana, Belrubi, Gorella, 

and Addie, etc., are also being explored in plains of the 

country. In recent past, strawberry has received impe-

tus with large business houses setting up a number of 

agro-based establishments primarily aimed at large 

scale production of strawberry fruits for super markets 

in metro-cities (Pramanick et al., 2013).  

Strawberry is a highly perishable non-climacteric fruit 

and not advisable for storage even for a week under 

ambient conditions. Fruits continue to increase in size 

during the ripening process (Perkins-Veazie and Huber, 

1987; Abeles and Takeda, 1990; Perkins-Veazie et al., 

2008). The physiological, morphological, and composi-

tional changes concurrent during fruit ripening and the 

entire ripening process is rapid, generally occurring 

within 5 to 10 days following the white stage to red col-

our fruits and highly depends on air temperature (Kano 

and Asahira, 1981; Perkins-Veazie et al., 1987). Fruit 

softening occurs due to disassembly of the cell wall as 

a result of the dissolution of middle lamellae during rip-

ening (Paniagua, et al., 2014). Fruits exhibit high respi-

ration and tissue softening rate, water loss and suscep-

tibility to physical damage during postharvest handling 

(Kader, 1991, Kader, 1999). Relatively high postharvest 

losses of fruits occur due to fungal development, me-

chanical injury, physiological deterioration and water 

loss (Cordenunsi et al., 2005). Fruit maturity, packaging 

method, and transportation distance greatly influence 

the post-harvest losses in strawberries (Duran et al., 

2016; Matar, et al., 2020). Therefore, developing and 

carefully adhering to specific postharvest management 

techniques of strawberries are critical to ensuring fruit 

quality for a longer duration. Postharvest rapid cooling 

and storage at low temperature (0-4 °C) is the most 

effective method for maintaining strawberry fruit quality 

(Tahir et al, 2018); however, assuring proper storage 

and temperature control during the transportation chain 

is not always possible in India due to limited refrigerat-

ed transport chain facilities. Hence, appropriate post-

harvest treatments are crucial to limit the rate of respi-

ration and water loss, maintain fruit firmness, and re-

duce pathogen development under ambient and cold 

storage settings. One of the low-cost techniques to in-

crease the shelf life of soft fruits is modified atmospher-

ic packaging (MAP) using different films or packaging 

materials (Gorris et al. 1992; Moyls et al., 1996; Van-

der-Steen et al., 2002; Sandhya, 2010; Opara et al., 

1919) with its well-known benefits of maintaining the 

freshness of fruits comparatively for an extended peri-

od. According to Smith (1992), strawberry packed with 

PP punnets develops as an internal atmosphere with 

gaseous composition recommended for strawberry. 

Nielsen and Leufven (2008) also advocated the modi-

fied atmospheric packaging for enhancing the storabil-

ity and fruit quality. Various kinds of synthetic chemi-

cals also have been utilized to increase postharvest 

life; however, their uses are highly restricted due to 

food safety issues. The use of calcium compounds has 

been reported beneficial in maintaining the quality of 

several fruits during storage. Localized calcium defi-

ciency can be attributed to differences in xylem mor-

phology, amniotic fluid conditions, and pectin composi-

tion and leads to leaky membranes, irregular cell migra-

tion, the transmission of altered hormonal signals and 

abnormal development of the fruit (Hocking et at., 

2016). Increased calcium content in fruit tissue cell 

walls can assist in postponing softening and mould 

growth and reducing the occurrence of physiological 

problems (Rosen and Kader, 1989; Garcia et al., 1996). 

A higher concentration of cell wall-associated calcium 

in the firmer fruit suggests that there is a pectin calcium 

and hemicellulose dynamic associated with contrasting 

firmness at harvest and during cold storage (Olmedo et 

al., 2021). Calcium is a divalent cation that readily en-

ters the apoplast and is bound to the cell wall and exte-

rior surface of the plasma membrane in an exchangea-

ble form and maintains the cell wall structure of the fruit 

by interacting with the pectic acid in the cell walls to 

form calcium pectate (White, 2001; Hocking et al., 

2016). Ca2+ forms cross-links between pairs of nega-

tively charged homogalacturonans, thus tightening the 

cell wall (Picchioni et al., 1998). According to Dunn and 

Able (2005), the application of calcium delayed fruit 

ripening and the development of grey mould and result-

ed in better quality fruits in strawberry. The present 

study intended to assess the combined response of 

packaging material and calcium compounds and on 

shelf life and the fruit quality attributes of strawberry 

(Fragaria x ananassa Duch.) during storage. 

MATERIALS AND METHODS 

The present study was conducted at Krishi Vigyan Ken-

dra (NHRDF), Ujwa, New Delhi, during 2018-19. Straw-

berry (Fragaria x ananassa Duch.) cv. Winter Down 

fruits were manually harvested at the red ripe stage of 

maturity. The fruits were selected for color and size, 

individually picked in plastic trays and immediately 

transferred to the laboratory and kept for 30 min to re-

move field heat under ambient conditions. Uniform size 

fruits were selected and seven lots were taken for the 
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treatments, each consisted of 48 fruits with four repli-

cates. One another fruit lot was also used for initial re-

cording data on physio-chemical parameters. Fruits 

were gently washed with distilled water and allowed to 

dry under a drier fan for 30 minutes and thereafter sub-

jected to packaging and calcium treatments. Treat-

ments consisted of (T1) Calcium chloride @ 2 % + poly-

propylene terephthalate (PET) packaging, (T2) Calcium 

nitrate @ 1.5 % + PET packaging, (T3) PET packaging, 

(T4) Calcium chloride @ 2 % + High-density polythene 

(HDPE) crates, (T5) Calcium nitrate @ 1.5 % + HDPE 

crates, (T6) HDPE crates, and (T7) untreated control. A 

quick dip method was used for treating fruits with calci-

um chloride and calcium nitrate. After treatment, again, 

fruits were dried under fan drier for 30 minutes before 

packing. Untreated control fruits were kept in a ventilat-

ed room at ambient conditions (26°C±3 °C) while the 

remaining set of treatments were stored in Refrigerator 

(3 °C±1 °C). The experiment was laid out in random-

ized complete block design (RCBD) with four replica-

tions. 

Fruit quality assessment 

Observations on physiological loss in weight (PLW) and 

decay percentage were recorded at 3, 6 and 8 days of 

storage, while biochemical quality of fruit (titratable 

acidity, total soluble solids, total sugars, and ascorbic 

acid content) were recorded 0, 3, 6 and 8 days of stor-

age in accordance of the procedures given hereunder: 

Physiological loss in weight 

Physiological loss in weight of the fruit was determined 

by the formula suggested by Westwood (1979). The 

PLW of the fruits in per cent was calculated on initial 

weight and final weight noted on specified days after 

storage using the following formula: 

PLW (%) = (Initial weight – Final weight) / Initial weight 

x100                   ………. Eq. 1 

Fruit decay 

The Fruit decay was calculated by subtracting the num-

ber of decay fruit from the total number of fruits in each 

treatment on specified days after storage using follow-

ing formula and expressed in per cent.  

Decay (%) = (Total number of fruits – Number of decay 

fruits)/Total number of fruits  × 100            ………. Eq. 2 

Biochemical quality of fruit 

Total soluble solid (TSS) was determined by Hand Re-

fractometer (0-32 °Brix). Titratable acidity was deter-

mined by titrating juice against standard alkali solution 

using phenolphthalein as indicator, ascorbic acid was 

determined by 2,6-dichlorophenol indophenol visual 

titration method and total sugars was determined using 

Fehling’s solutions (AOAC, 2019). 

Statistical analysis 

The data were analyzed according to the procedure for 

analysis of Randomized Complete Block Design 

(Gomez and Gomez, 1984). The results were statisti-

cally analyzed with the help of using SPSS software 

package 10. The significance of difference among the 

treatments mean was tested at 5% level of significance 

using the critical differences (CD). 

RESULTS AND DISCUSSION 

Physiological loss in weight (%) 

Physiological loss in weight (PLW) of fruit was in-

creased with the advancement of storage duration, 

irrespective of the treatments; although, fruits treated 

with packaging materials and calcium compounds 

showed significantly low PLW as compared to untreat-

ed control (Table 1). At 3 days storage, CaCl2 (2 %) 

treated fruits packed in PET Punnets resulted in the 

minimum PLW (6.55%) under cold storage (3°C±1 °C) 

while the maximum PLW (13.54 %) was observed in 

control fruits stored at ambient conditions (26°C±3 °C). 

Similar observation with regards to PLW under different 

treatments was observed at 6 and 8 days of storage, 

wherein minimum PLW was observed in the CaCl2 

(2%) treated fruits packed in PET Punnets (11.12 and 

15.34 %) and the maximum physiological loss was ob-

served in control (23.50 and 32.46 %) at 6 and 8 days 

of storage, respectively. Weight loss of fruit is one of 

the most noticeable changes in strawberries during 

storage, and it is linked to changes in metabolism and 

water content (Garcia et al., 2011). Packaging materi-

als alter the CO2 and O2 ratios inside the packages; the 

respiration rate of such a high respiring fruit like a 

strawberry is lowered by confining it in a low O2 and/or 

high CO2 state (El-Kazzaz et al., 1983). Khalid et al., 

(2020) also observed that packaging material signifi-

cantly influenced mass loss (%) of strawberry, wherein 

maximum mass loss (9.11%) was recorded in control 

samples while minimum mass loss (1.24%) in polyeth-

ylene enclosed fruit. Fruits packaged with various 

packaging films lose less weight and appropriately play 

their role in regulating the rate of transpiration/

respiration. High respiration and transpiration rates, 

high temperature, enhanced microbial infection, and 

elevated catabolic activity of strawberry fruits are all 

factors that contribute to greater PLW in the control 

fruits (Shin et al., 2008; Jouki and Khazaei, 2012).  

Decay loss (%) 

Fruit decay increased as the storage time progressed; 

however, calcium compounds and packaging treat-

ments showed a significant role in minimizing the fruit 

decay loss (Table 2). At 3 days of cold storage, fruit 

treated with CaCl2 (2%) and packed in PET Punnets 
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exhibited minimum decay (7.29 %), followed by fruits 

treated with Ca (NO3)2 @ 1.5% and packed in PET 

Punnets (8.33 %), while the maximum decay (25.00 %) 

was observed in control. Similar results were was ob-

served at 6 and 8 days of storage, wherein minimum 

decay loss was observed in the fruits treated CaCl2 

(2%) and packed in PET Punnets (17.71 and 34.38 %, 

respectively). Untreated control fruit stored at ambient 

conditions showed far high decay of fruits compared to 

packaging materials and calcium treated fruits during 

storage and resulted in maximum decay (62.21 % and 

91.67 % at 6 and 8 days storage, respectively). Pack-

aging materials that regulated the fruit decay loss over 

the period under different storage conditions might be 

due to its properties to restrict transpiration from fruit 

surface and retain a higher level of CO2 inside the 

packs. Ozkaya et al. (2009) also reported modified at-

mospheric packaging of strawberry fruits resulted in a 

lower decay loss than the control fruits (without packag-

ing). High respiration and transpiration rates and also 

high catabolic process occur and thus, fruits may be 

affected through severe microbial infection within stor-

age period (Shin et al., 2008). According to López et al. 

(2007), cinnamon essential oils added into polypropyl-

ene (PP) and polyethylene/ethylene (PE/EVOH) films 

inhibited the growth of spoilage fungi by 4 percent (w/

w). Also, Panda et al. (2016), advocated that LDPE 

packaging material is effective to control weight loss 

(5.49%) and all of the LDPE films, along with the poly-

propylene and cling films, are best to minimize decay 

loss. Packaging material significantly influenced straw-

berry juice's mass loss (%) and electrical conductivity 

(S/m), irrespective of its interaction with storage condi-

tions and storage durations. It has been reported that 

fungal growth in strawberry fruit can cause an increase 

in respiration rate (Bower et al., 2003; Hernández-

Muñoz et al., 2008); and there is an inverse relationship 

between respiration rate and shelf-life (Kader, 2002); 

thus it can be postulated that the decrease in respira-

tion rate by the modified packaging can potentially help-

ful in minimizing postharvest losses and extending the 

shelf life of fruits.  

Biochemical quality 

A gradual increase in TSS of fruit under all the treat-

ments was noted during storage period (8 days) but 

there was a non-significant difference among the treat-

ment as noted on 3, 6 and 8 days of storage (Fig. 1A).  

Fruit TSS at initial was estimated 7.65 °Brix. At 3, 6 and 

8 days storage highest (8.10, 8.36 and 8.74 °Brix, re-

spectively) was in PET Punnets packaging with CaCl2 

(2%), followed by in PET Punnets packaging with Ca

Treatment 
Physiological loss in weight (%) 

3 DAS 6 DAS 8 DAS 

T1-PET Punnets + CaCl2 (2%) 6.55 11.12 15.34 

T2-PET Punnets + Ca(NO3)2  (1.5%) 7.40 12.48 17.35 

T3-PET Punnets 7.32 13.26 18.46 

T4-HDPE crates + CaCl2 (2%) 7.44 12.72 17.62 

T5-HDPE crates + Ca (NO3)2 (1.5%) 7.82 13.55 18.91 

T6-HDPE crates 8.12 14.95 20.88 

T7-Untreated Control 13.54 23.50 32.46 

Sem 0.27 0.42 0.60 

CD(P=0.05) 0.81 1.27 1.80 

Table 1. Effect of packaging materials and post-harvest calcium treatment on physiological loss in weight of strawberry 

fruits during storage  

Treatment 
Fruit decay (%)   

3 DAS 6 DAS 8 DAS 

T1-PET Punnets + CaCl2 (2%) 7.29 17.71 34.38 

T2-PET Punnets + Ca(NO3)2  (1.5%) 8.33 18.75 40.63 

T3-PET Punnets 9.38 20.83 45.83 

T4-HDPE crates + CaCl2 (2%) 9.38 19.79 39.58 

T5-HDPE crates + Ca (NO3)2 (1.5%) 10.42 21.88 42.71 

T6-HDPE crates 11.46 22.92 47.92 

T7-Untreated Control 25.00 62.21 91.67 

Sem 0.89 1.16 1.52 

CD(P=0.05) 2.67 3.47 4.46 

Table 2. Effect of packaging materials and post-harvest calcium treatment on fruit decay of strawberry during storage 
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(NO3)2 @ 1.5% in cold storage while control fruits at 

ambient condition resulted in minimum TSS (7.65, 7.58 

and 7.18, respectively). The increase in TSS during 

storage might be attributed to the increasing concentra-

tion of soluble solids in fruit as a result of water loss of 

fruit and accumulation of soluble sugars with the pro-

gression of the storage period. The results of the pre-

sent study are in close conformity with the findings re-

ported by Sood et al. (2012) in strawberry as they ob-

served that the fruit TSS increased up to 14th day and 

thereafter decreased in fruits packed in punnets with 

LDPE cover and treated with 1% CaCI2. Adams et al. 

(2017) also observed progressive changes in TSS of 

banana fruit with the punnet packaging treatments as 

compared to control. In contrast to TSS, titratable acidi-

ty decreased during 8 days storage period in all the 

treatments (Fig. 1B). The decrease in titratable acidity 

may be attributed to converting organic acids into sugar 

and utilising acid in the respiratory process. Packaging 

and calcium treatments showed a significant effect on 

acidity. Fruits stored in cold conditions, treated with 

CaC2 (2 %) and packed in PET Punnets showed maxi-

mum titratable acidity, while minimum acidity was noted 

in untreated control under ambient conditions at 3, 6 

and 8 days of storage. The results are in close con-

formity with the findings of Paraskevopoulou et al. 

(1995).  

The total sugar content of strawberry fruits gradually 

increased during the storage period (8 days) irrespec-

tive of treatments (Fig. 2A). A slight increase of total 

sugars during storage is due to inhibition of the meta-

bolic process rate after harvest. These findings are in 

contrast with Upadhayaya and Sanghavi (2001). Alt-

hough packaging and calcium treatments showed 

slightly higher total sugars content in fruit in cold stor-

age, the results were statistically at par with TSS of 

untreated control fruits stored at ambient conditions. 

The slight increase in total sugar content of stored fruits 

may be attributed to quick metabolic transformation in 

the soluble compounds and more conversion of organic 

acid in to sugar by calcium. These results are in close 

conformity of the findings reported by Singh et al. 

Fig. 2. Effect of different packaging materials and calcium 

compounds on (A) total sugars and (B) ascorbic acid of 

strawberry fruit during storage. 

Fig.1. Effect of different packaging materials and calcium 

compounds on (A) TSS and (B) titratable acidity of straw-

berry fruit during storage. DAS=Days of storage.  
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(2008). Irrespective of the packaging treatments, the 

ascorbic acid content of fruits was decreased during 8 

days storage as the ascorbic acid content of fruits was 

maximum on zero day of storage and the minimum on 

8th day of storage (Fig. 2B). Oxidation and irreversible 

conversion of ascorbic acid to dehydro-ascorbic acid in 

the presence of enzyme ascorbinase (Kirad et al., 

2007) is the probable reason for the decrease of ascor-

bic acid content of fruits with the advancement of days 

storage duration. Packaging material and calcium treat-

ments significantly influenced the rate of decrease and 

thus resulted in higher ascorbic acid content in treated 

fruit stored at cold conditions. PET Punnets packaging 

with CaCl2 (2%) resulted in the highest ascorbic acid 

(46.23, 36.09 and 18.11 mg 100g-1) followed by HDPE 

crates with CaCl2 treatments (46.03, 29.34 and 18.06 

mg 100g-1) at 3, 6 and 8 days of storage, respectively. 

Sood et al. (2012) also reported similar results in straw-

berry. They observed higher ascorbic acid content in 

the fruits treated with CaCI2 (1%) and LDPE covered 

punnet packaging as compared to untreated control. 

The effect of packaging materials (plastic punnets, 

HDPE and polypropiline) may be due to the changes in 

the atmosphere inside the packaging by reducing the 

O2 concentration, which at the same time reduced the 

enzymatic oxidation of ascorbic acid (Agrahari et al., 

2001, Panda 2016).  

Conclusion 

Packaging material (PET Punnet and HDPE crates) 

and calcium compound (CaCl2 & Ca(No3)2) treatment 

affected storability and biochemical quality of strawber-

ry fruits (cv. Winter Down) stored in cold conditions 

(3±1 °C) as compared with untreated control fruits 

stored at ambient conations (26°C±3 °C). Fruits treated 

with CaCl2 (2%), packed in polypropylene terephthalate 

(PET) stored in cold conditions resulted in the most 

suitable storage treatment for enhancing the storability 

of fruit by a considerable reduction in the physiological 

loss in weight and decay per cent and maintain the bio-

chemical quality of fruit. Untreated fruits stored at ambi-

ent conditions deteriorated much rapidly than the treat-

ed fruits in terms of physiological loss in weight and 

fruit decay. Therefore, these findings may be useful for 

producers, stakeholders, and researchers in minimizing 

physiological loss in weight, fruit decay, and retaining 

the biochemical quality of strawberry fruit after harvest. 
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