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ABSTRACT

Strawberry is an attractive and nutritious fruit grown all over the world. However, its quality
is deteriorated rapidly after harvest due to inappropriate postharvest management. The
objective of the experiment was to evaluate the effectiveness of calcium chloride and
packaging on postharvest quality of strawberry varieties viz. RABI-3 (V1), BARI strawberry-
3 (V2) and Festival (V3). The six treatments used here are viz. Control- Ambient condition
(T1), No packaging + CoolBot (T2), Paper box packaging + CoolBot (T3), Calcium chloride
1% + paper box packaging + CoolBot (T4), Calcium chloride 2% + paper box packaging +
CoolBot (T5) and Calcium chloride 3% + paper box packaging + CoolBot (T6). The
experiment was laid out in factorial completely randomized design (CRD) with three
replications for the treatments. Changes in physico-chemical characteristics, fruit spoilage and
shelf life of fruits were studied during storage. There was marked variation among the varieties
RABI-3, BARI strawberry-3 and Festival. Festival (V3) performed best during the study
period for minimum fruit weight loss (16.63%), polar diameter (3.99 cm), firmness (15.04 N),
‘ p (3.56), TSS (8.60%), less fruit spoilage (18.36%) and shelf life (8.55 days). BARI
‘ ’ strawberry-3 (V2) showed maximum equatorial diameter (3.74 cm) and ascorbic acid (41.69
i mg/ 100 g). RABI-3 was the best for total carbohydrates (7.72 g/100 g), TA (0.65%) and
anthocyanin (38.19 mg/100 g). Color values did not differ among the three varieties. On the
other hand, T6 (Calcium chloride 3% + paper box packaging + CoolBot) resultéd the best for
minimum weight loss (6.33%), firmness (13.10 N), total carbohydrates (7.92 g/100 g), TA
(0.66%), polar diameter (4.25 cm), anthocyanin (39.68 mg/1 Od g) and shelf life (9.81 days).
T5 (Calcium chloride 2% + paper box packaging + CoolBot) expressed highest ascorbic acid
(44.21 mg/100 g) and p™ (3.54). T4 (Calcium chloride 1% + paper box packaging + CoolBot)
showed best result for equatorial diameter (4.08 cm) and less fruit spoilage (13.52%) while
T3 (Paper box packaging + CoolBot) was higher in TSS (7.36%). Color values were almost
similar in all treatments applied to strawberry. As Festival (V3) is superior to other varieties,
it could be concluded that Festival (V3) with T6 (Calcium chloride 3% + paper box packaging

+ CoolBot) would be the best choice for successful postharvest management of strawberry.

Keywords: Strawberry, variety, postharvest, fruit quality, CoolBot, calcium chloride, packaging.
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CHAPETRI1
INTRODUCTION

The cultivated Strawberry (Fragaria x ananassa Duch.) is an attractive, tasty, luscious and
nutritious fruit with a distinct, pleasant aroma and delicate flavor. It is a hybrid of two Native
American species; Fragaria chiloensis and Fragaria virginiana, belongs to the Rosaceae
family. The plant comprises a shorten stem or crown from which arises leaves, runners, roots,
auxiliary crowns and inflorescences (Maas, 1998; Bowling, 2000; Darnell et al., 2003).
Botanically it is an aggregate non-climacteric fruit (Coombey, 1976). The fruit is extensively
cultivated in the temperate and subtropical regions in the world. They are grown throughout
the Europe, the United States, as well as in Canada, China, Russia, South America and many

other countries.

Strawberry comes in Bangladesh as an exotic fruit. Bangladesh has suitable climate in terms
of photoperiod, temperature and humidity to cultivate strawberry. A number of varieties have
been developed by different research organizations such as Bangladesh Agricultural Research
Institute (BARI) (BARI Strawberry-1, BARI Strawberry-2, BARI Strawberry-3); Rajshahi
University (Rabi-1, Rabi-2 and Rabi-3); Bangladesh Agricultural University (FTIP-BAU
Strawberry-1); Bangladesh Agricultural Development Corporation (BADC Strawberry);
Modern Horticulture Center, Natore (Modermn Strawberry-1, Modern Strawberry-2, Modern
Strawberry-3, Modern Strawberry-4, Modern Strawberry-5). Significant differences on field-
and postharvest performances were reported among strawberry cultivars in Bangladesh
(Ahsan et al., 2014; Rahman et al., 2014; Chowhan et al., 2016). In this instance, choice of
cultivars is of paramount importance (Asrey and Singh, 2004; Ahsan et al. 2014).

The postharvest quality of fruit comprises of fruit weight, color index, polar diameter,
equatorial diameter, TSS, p*, anthocyanin content, carotenoid content, flavonoids, total
phenol content, carbohydrate content, ascorbic acid, firmness of fruit, titratable acidity,
riboflavin content, decay (%), shelf life of fruit etc. (Kader, 2002). These quality parameters
can be retained by refrigeration, precooling, edible coatings, water/ heat/ edible oil or chemical

- treatments and packaging (Azam et al., 2019).
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Strawberry is a highly perishable fruit due to their soft texture, extreme tenderness, high level
of respiration, high rate of softening and excess sensitivity to fungal attack (Hernandez-Mufioz
et al., 2006). Postharvest losses of strawberry are extreme (25-40%) due to inappropriate
management practices, poor handling, low quality packaging and poor storage condition
(Aday and Caner, 2014). Quality declines rapidly after harvest may be less than a week (Wills
et al., 1998). Strawberries should be kept at 0-4°C to retain fruit quality (Khreba et al., 2014).

Besides this, Calcium Chloride application can be useful for maintaining strawberry fruit
quality (Astuti et al., 2013). Calcium contributes in improving the rigidity of cell walls; retard
tissue softening also reduces the accessibility of cell wall degrading enzymes to their
substrates (Lurie, 2009). Moreover, calcium is considered to be an important mineral element
that regulates fruit quality such as maintenance of fruit firmness, retaining ascorbic acid,
decreasing postharvest decay and fungal attack without affecting sensory quality (Garcia et
al., 1998; Luna-Guzman and Barrett, 2010).

Additionally, packaging is also an eco-friendly approach to retain the fruit quality of
strawberry during storage condition (Khalid et al. 2020). Polythene, plastic box, paper box,
plastic punnets, zipper box and aluminum foil paper box can be used as packaging material.
Fruits packed with bio-based film and stored at 2°C showed best results to maintain fruit
quality during storage (Peano et al., 2014).

However, some postharvest treatments have negative impact on flavor, taste, color and texture
resulting in decline of the consumer acceptability in the market. Therefore; the use of harmless
materials as calcium chloride and use of paper box packaging to control physiological

processes draws increasing interest (Garcia et al., 1996).

In Bangladesh, no or very little research work are available on the effect of calcium chloride
and packaging on strawberry. Considering above facts, the present study has been undertaken
with a view to evaluate the effect of calcium chloride and packaging on postharvest

performance of different strawberry varieties with following objectives-
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. To evaluate the effectiveness of calcium chloride and packaging for improving fruit

storability of strawberry varieties.

. To identify the best concentration of calcium chloride to extend the shelf life and

maintain the fruit quality of strawberry.
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REVIEW OF LITERATURE
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CHAPTER II

REVIEW OF LITERATURE

2.1 Introduction

Strawberry is a popular fruit in Bangladesh as well as all over the world. There are many
popular strawberry varieties in cultivation. Physico-chemical properties of strawberry vary
from variety to variety. Researchers have done many varietal evaluation of strawberry in
respect of postharvest performance. In Bangladesh, some developed varieties are available but
there is lack of data regarding postharvest performances of strawberry varieties. Azam et al.
(2019) stated the available postharvest treatments of strawberry eg. physical treatments,
chemical treatments, thermal treatments, modified atmosphere, edible coatings and combined
treatments with several packaging materials. Among these, calcium chloride and packaging
were chosen for present study as there is a scarce of detailed study in this regard in
Bangladesh. Some existing and important research works related to present study have been

reviewed below.
2.2 Postharvest performances of strawberry varieties
2.2.1 Festival

Ahsan et al. (2014) and Das et al. (2015) expressed the superiority of Festival over RABI-3
and Camarosa in respect of fruit weight, fruit length, disease resistance and TSS (%). Similarly
Rahman et al. (2014) reported higher fruit weight in Festival than Sweet Charlie, Camarosa
and BARI strawberry-1. Chowhan et al. (2016) found maximum non reducing sugar in

Festival.
2.2.2 RABI-3

Chowhan et al. (2016) observed highest ascorbic acid and iron content in RABI-3 compared
to Camarosa, Festival and BADC strawberry. But Ahmed et al. (2014) found minimum fruit
weight, fruit length and TSS (%) in RABI-3 compared to Festival and Camarosa.

, @Xhul na Uni versity



2.2,3 Camarosa

Maximum reducing sugar was observed in Camarosa as reported by Chowhan et al. (2016).
Ahmad et al. (2018) and Neetu and Verma (2020) also recommended Camarosa for its
maximum fruit length, fruit diameter, fruit weight, ascorbic acid, TSS, TA and organoleptic

score.
2.2.4 BARI strawberry-1

According to Chowhan et al. (2016), BARI strawberry-1 contains highest potassium. Akter et

al. (2018) also found maximum ascorbic acid and carotene content in BARI strawberry-1.
2.2.5 Chandler

Nagre et al. (2005), Kumar et al. (2016) and Sharma and Thakur (2008) expressed highest
fruit weight, TSS and total sugar in Chandler.

2.2.6 Other varieties

Temocico et al. (2019) and Hossain et al. (2016) analyzed seven and four genotypes
respectively for nutrient composition and found significant differences. Uddin et al. (2016)
stated that SAU germplasm-1 contains maximum fruit weight. Dhakal et al. (2022)
recommended EMCO-32 and EMCO-33 variety for best postharvest performances. Kim et al.
(2018) observed higher ascorbic acid content in Arihyang variety than Seolhyang. Nabila
variety is recommended by Neetu (2018) and Sweet Ann and Ruby June is recommended by
Das and Samtani (2021). Elsanta variety showed maximum disease resistance as reported by
(Nes, 1996). Chandel and Badiyala (1996) and Ram and Yadav (2006) identified Belrubi
variety containing highest TSS and total sugar. Kumari et al. (2020) recommended Elyana
variety for bigger fruit size, Selva for TSS content and Sweet Charlie for total sugar.

2.3 Physical characteristics of strawberry varieties
2.3.1 Fruit diameter

Festival provides maximum fruit diameter as reported by Ahsan et al. (2014), Das et al. (2015)
and Rahman et al. (2014). But Ahmad et al. (2018) and Neetu and Verma (2020)

recommended Camarosa for maximum fruit diameter.
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2.3.2 Fruit weight

Rahman et al. (2014) found maximum fruit weight in Festival where Ahmad et al. (2018) and
Neetu and Verma (2020) expressed Camarosa as best in respect of individual fruit weight.
Nagre et al. (2005), Kumar et al. (2016) and Sharma and Thakur (2008) observed highest fruit
weight in Chandler variety.

2.3.3 Fruit firmness

Nes (1996) reported that Elsanta variety retains fruit firmness highly. Better firmness as
observed in chandler as reported by Nagre et al. (2005).

2.3.4 Fruit color

There is significant variation present in varieties of strawberry as reported by Koyuncu (2004).
2.4 Chemical characteristics of strawberry varieties

24.1 pH

Dhakal et al. (2022) showed highest p* in EMCO-33 and Aziz et al. (2018) found the highest

p"! in Chandler variety.
2,42 TSS (%)

Abhsan et al. (2014) and Das et al. (2015) expressed the superiority of Festival in respect of
TSS (%). On the other hand, Ahmad et al. (2018) and Neetu and Verma (2020) recommended
Camarosa for TSS. Nagre et al. (2005), Kumar et al. (2016) and Sharma and Thakur (2008)
expressed highest TSS in Chandler. Chandel and Badiyala (1996) and Ram and Yadav (2006)
identified Belrubi variety containing highest TSS and Kumari et al. (2020) recommended
Elyana variety for higher TSS.

2.4.3 Total carbohydrates

Nagre et al. (2005), Kumar et al. (2016) and Sharma and Thakur (2008) found highest total
carbohydrates in Chandler. Chandel and Badiyala (1996) and Ram and Yadav (2006)
identified Belrubi variety containing highest total carbohydrates. Kumari et al. (2020)

recommended Sweet Charlie for total carbohydrates.

@hul na Uni versity



2.4.4 Ascorbic acid

Chowhan et al. (2016) observed highest ascorbic acid in RABI-3. Akter et al. (2018) found
maximum ascorbic acid in BARI strawberry-1. Kim et al. (2018) observed higher ascorbic

acid content in Arihyang variety than Seolhyang.
2.4.5 Mineral nutrients

Aktar et al. (2018) and Hossain et al. (2016) found significant variation on mineral nutrients
(Ca, P, MG, Na, K, Mn, Zn, Cu and Fe) among strawberry genotypes.

2.5 Shelf life of the fruit

Shelf life of fruit varies from variety to variety as reported by Akter et al. (2018) and Nes
(1996).

2.6 Fruit spoilage

The varietal differences may be a cause for fruit spoilage. Das et al. (2015) got Festival variety
as superior in respect of high disease resistance. Nes (1996) reported that Elsanta variety of

strawberry is more resistant to spoilage than other varieties.
2.7 Effect of postharvest treatments

Calcium chloride, packaging and some other postharvest treatments on strawberry
significantly influence the fruit quality parameters. The literature on postharvest treatments

related to present study are reviewed below.
2.7.1 Treatments with calcium chloride

Turmanidze et al. (2016) conducted an experiment on Calcium chloride treatments on quality
characteristics of Strawberry after cold storage. After harvesting, Strawberry fruits were
immediately treated with 1% and 2% Calcium Chloride by immersion at 20+1°C for 2.5
minutes and kept for 8 days at 0+0.5°C and relative humidity (RH) of 90+5%. They observed
maximum weight loss in untreated berries and minimum in 2% Calcium Chloride treated ones.
They also observed highest retention of ascorbic acid, polyphenol content, antioxidants in

strawberry while the fruits were treated with 2% Calcium Chloride.
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Effect of 3% Calcium Chloride increased the strawberry fruit hardness and shelf life (Zun et
al., 2020).

CaCl, maintains the postharvest quality of strawberry. Strawberry fruit treated with 10%
CaCl; were freshest during the whole storage. CaCl, could also retard the mycelial growth
and spore germination of Botrytis cinerea, and decrease the incidence of gray mold rot in
strawberry fruit significantly (Zhao ef al., 2013).

According to Cheour et al. (1991), Calcium chloride has considerable effect on amounts of
free sugars and organic acids, color, texture, and disease development in Strawberry fruits

during storage at 4°C.

However, Calcium Chloride 1% treatment on strawberry showed no effect on the sensory
quality of strawberry fruits. It also enhanced the Ca content, controlled Postharvest decay,

maintained firmness and total soluble solid content as reported by Garcia et al. (1996).

Atri et al. (2008) found that two and three times of foliar application of CaCl; with zero, 0.3
and 0.5 percentages (w/v) significantly reduced strawberry fruit decay and enhanced the fruit
shelf life. They added that foliar application of CaCl; has less effect on other fruit quality

parameters.

According to Dukani et al. (2018), 0.5% of CaCl, treatment showed the decrease in the loss
of fresh weight (%) and decay (%) while retain berry hardness (N), increased total soluble
solids (TSS %) and calcium content (mg/100 g) in strawberry fruits.

Calcium chloride 300 mg/l have been found to increase the Polyphenol Oxidase activity and
enhance the antifungal properties of strawberry as it was reported by Jannati and Abdoosi,
(2014).

Wan Mahfuzah et al. (2012) evaluated the physical changes (weight loss, colour and
firmness), chemical changes (TSS and pH), sensory evaluation and overall appearance on 0,
3, 8 and 12 days of storage (10°C) of strawberry fruits. Calcium chloride (1%) treatment
showed less weight loss (0.123%) as compared to fruits treated with 2% (0.17%) and 3%
(0.5%) at the end of storage period. Calcium chloride (1%) treatment also maintained more

fruit firmness with deep red color development than the other fruits (2 and 3% calcium treated
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and control fruits) as observed on day 8 and 12. They did not observe any fungal attack for
both treated and control fruits and concluded that both control and treated fruits still could be
eaten after 12 days of storage while 1% treated fruits showed better taste acceptance. P¥ and
TSS values showed no significant changes throughout the 12 days storage period as noted

both in the control and treated fruits.

According to Langer et al. (2019), Strawberry fruits dipping in 10 gm per liter of Calcium
Chloride solution increased fruit firmness, polyphenol oxidases, chitinases, peroxidases and

PB-1, 3-glucanases as well as prevented fungal pathogen growth effectively.

Moradinezhad et al. (2019) suggested that dipping of Jujube fruits in 1% Calcium chloride
solution increased the crispness of fruit but decreased the amount of Total soluble solids

(TSS). There was no change in pulp color and anthocyanin content of fruits after treatment.

Akhtar et al. (2010) carried out an experiment on the effectiveness of Calcium chloride
treatments on postharvest quality and storage behavior of “Surkh” cultivar of loquat. They
concluded that 1% CaCl; has no significant effect on quality parameters of the fruit compared
to control treatment, whereas, 2% and 3% CaCl> were effective for retaining maximum
firmness, TSS and ascorbic acid content. It also reduced browning index (BI), relative

electrical conductivity (REC) and weight loss.

Minh (2022) reported that Banana fruits dipped in 3% CaCl; has a positive effect in reducing
spoilage (2.24+0.11 mark); retaining texture firmness (7.25+0.10 N); increasing the
extractable juice recovery (85.49+1.12%); maintaining ascorbic acid (12.79+0.13 mg/100 g),
total soluble solid (16.40+0.13 °Brix), phenolic retention (161.35+1.19 mg GAE/100 g),
flavonoid content (64.41+0.25 mg QE/100 g) and H>O2 accumulation (20.09+0.10 pmol/g);
improving carotenoid (21.83+0.13 pg/100 g), catalase (15.28+0.12 U/g), superoxide
dismutase activity (5.60+0.10U/g), antioxidant capacity of banana fruit (46.20+0.15%) during
cold storage (at 4+£0.50C with 85-90% relative humidity).

Kirmani et al. (2013) applied 0.5% Cacl: on Plum which showed minimum weight loss,

maximum retention in fruit firmness and minimum spoilage.
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Reyes-Medina et al. (2017) proved that application of calcium chloride on Gooseberry
delayed ripening and stopped early fruit deterioration. But it did not change the color
properties of fruits.

Sati and Qubbaj (2021) recommended 6% calcium chloride in combination with postharvest
coating with either 10% Arabic gum or 50% cactus mucilage for 3 minutes for high fruit

firmness, titratable acidity, less weight loss and less spoiled tomato fruits.

According to Mahmud et al. (2008), Papaya fruits treated with 2.5% calcium chloride has the
ability to control disease incidence, prolong the storage life and retain valuable attributes of

postharvest papaya.

Awang et al. (2011) conducted an experiment on effect of calcium chloride on anthracnose
disease and postharvest quality of red-flesh dragon fruit (Hylocereus polyrhizus). The fruits
were treated with CaCl, varying concentrations of 0, 1.0, 2.0, 3.0 and 4.0 CaCI2 gL!. Calcium
chloride applied at different concentrations did not produce major effect on anthracnose

incidence, but the size of lesion was linearly reduced with increasing Ca concentration.

Sohail et al. (2015) carried out an experiment on effect of calcium chloride treatment on post-
harvest quality of peach fruit during cold storage. They used CalCl; (1%, 2%, 3%) solution
for dipping peach fruit for 5 minutes. After that, they placed those fruits in cold storage at
10°C and 75+5% RH. Calcium chloride 1% treated fruits did not represent any significant
results. 2% calcium chloride treated fruits showed little improvement, while 3% CaCl,
retained maximum firmness, TSS, ascorbic acid content and reduced decay index and weight

loss as compared to control.

Bagheri et al. (2015) evaluated the storage life and quality of persimmon (Diospyros
kaki Thunb.) fruit cv. ‘Karaj induced by 0.5%, 1% and 2% CaCl,. They observed that the fruit
weight loss and chilling injury significantly decreased by CaCl, treatments compared with the
control. CaCl; treatments also increased fruit firmness and catalase and antioxidant activities.
They concluded that 2% calcium chloride is best in almost all the studied parameters during

cold storage (4°C) for 4 months.
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2.7.2 Treatments with packaging materials

Accoding to Khalid et al. (2020), packaging materials significantly reduce the fruit weight
loss. They used polyethylene package. The p¥, TSS, titratable acidity were decreased during

| storage condition.

Godana et al., (2018) reported that different packaging materials with controlled atmosphere
can enhance shelf-life and postharvest quality of fruits. Three different packaging materials
(carton, jute bag, and newspaper) and three different post-harvest treatments (ginger, clove,
hot water) treatment at 550 degrees for 40 seconds were used. An ambient control was also
employed. Fruits packed in cartons and treated with ginger (8 days) showed the best results,
followed by fruits packed in cartons and treated with clove (8 days). All three postharvest
treatments and packaging methods can extend the shelf life and improve other quality criteria

of fruits.

Life" system packaging has a positive influence on the visual appearance, the organoleptic

traits and the weight loss of strawberries. Active packaging reduced the microbial proliferation

Peano et al. (2014) compared bio-based and polypropylene perforated films as packaging
materials. Fruits packed with bio-based film and stored at +2°C showed the best results to
retain fruit quality for all the storage time.

|

|

L and the loss of product (Giacalone and Chiabrando, 2017).
Panda et al. (2016) packed freshly harvested fruits in plastic punnets and wrapped with
different packaging materials viz., low-density polyethylene (LDPE) 25, 50 and 75 micron,
polypropylene (PP) 25 micron, cellophane paper and cling film. Effect of all the packaging
materials was observed in ambient storage condition (18-25 °C and 80-90% RH). They found
that LDPE 50 micron packaging material was the most effective one to control the weight loss
(5.49%) and all of the LDPE films along with the PP and cling films appeared best to minimize
decay loss. Ascorbic acid in strawberry fruits packed with LDPE 50 (31.56 mg/ 100g) and 75
micron (29.86 mg/ 100g) packaging films retained successfully. The organoleptic rating of

strawberry fruits was best in fruits packed with LDPE 50 micron (7.90) packaging films.

e According to Lee et al. (2003), strawberry packaged with low density polyethylene (LDPE)
and stored at 4°C showed decreased decay of fruit and weight loss percentage for packaged.
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Nunes et al. (2015) compared wrapped PVC polymeric film and non-wrapped fruits.
Evaluations were done after storage for one week at 1°C plus one day at 20°C. They observed

that wrapped strawberries maintained better appearance and quality than non-wrapped berries.

2.7.3 Combined effect of CaCl: and other materials

Amal et al. (2010) stated that all treatments including soy protein + CaCl: coating film and
Wheat gluten + CaCl; coating film maintained ascorbic acid content, firmness, TSS, total
sugar and reduced the colony, molds, yeasts compared to control. CaCl; coated fruits also

showed lowest weight loss percentage.

Nguyen et al. (2020) recommended that storing the strawberry fruit with 3% CaCl; and 0.5%
Nano chitosan at 0°C is highly effective in retaining the overall quality index of strawberries
up to 21 days. The treatment also significantly reduced weight loss, preserved ascorbic acid
content, antioxidant capacity, and total anthocyanin content, prevented microbial growth and

prolonged storage-life of treated strawberries up to 21 days.

Suutarinen et al. (2000) studied that CaCl; and sucrose prefreezing treatments stabilized the
structure of strawberry tissues positively with more stable pectin, lignin, protein and structural

carbohydrate components after freezing and thawing.

Kumar et al. (2020) observed the biochemical properties of Strawberry cv. camarosa by the
pre-harvest application of Chitosan, Calcium Chloride and low temperature storage (7°C)
condition. The experiment showed higher TSS, anthocyanin and marketability than untreated
fruits. The results also suggested that environment friendly chemical compounds can be a

suitable option for reducing weight loss and extending shelf life of strawberry fruits.

Shahzad et al. (2020) described that pre-harvest application of Calcium Chloride and salicylic
acid (SA) may be used as an alternative to synthetic fungicides for controlling decay problem
and to extend the shelf life of harvested strawberry fruits. They dipped marketable fruits in
different concentrations of CaCl: (2, 4, 6 mM) and SA (3, 5, 7 mM) solutions for 10 minutes
along with control (simple water) and stored at 4°C with 80-85% relative humidity for 15
days. They collected data on fruit quality parameters during 0, 3, 6,9, 12, 15 days after storage.
Finally, they concluded that pre storage dipping of strawberry fruits in CaCl, (6mM) and SA

(5mM) for 10 minutes can be used successfully to minimize the decay %, weight loss % and
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to maintain the quality related parameters of strawberry fruits during 15 days of cold storage
(4°C).

According to Rahimi et al. (2018), coated strawberry with Chitosan and CaCl. significantly
reduced the loss of weight and firmness of fruit. These fruits also retained higher TSS,
anthocyanin and ascorbic acid. They mentioned, “Edible coatings have potentials as a means

to reduce postharvest spoilage in strawberry fruit.”

Guan et al. (2006) conducted an experiment on effect on quality of strawberry fruit by dipping
in Calcium solution with modified atmosphere (MA) packaging. They dipped fresh
Strawberry fruits at 1% CaCl; for 20°C and 45°C for 15 minutes. Then they packaged the fruit
with or without PE film (0.011 mm thickness) before storing it into cold storage at 5°C. It
showed that CaCl, treatment at 45°C with packaging expressed with lowest rate of rot
incidence, higher vitamin C, higher firmness and best superficial appearances of Strawberry
fruits. They also observed a decrease in the P and increase in titratable acidity and suggested
that the combination of postharvest calcium dipping and packaging could result in more

effective preservation than individual treatment.

Bola et al. (2017) carried out an experiment on efficacy of calcium chloride, carboxymethyl
cellulose (CMC) and chitosan on the shelf-life of strawberry (Fragaria x ananassa D.). They
dipped Strawberry fruit for 5 min in Calcium Chloride (1%, 2% and 3%) and CMC (1%, 2%
and 3%) alone and in combination with chitosan 1% for 5 minutes and kept them on paper
sheet for air drying in shade for 30 minutes. After treatment, they packed the fruits of each lot
in specially designed “punnets” which are made up of propylene material. Then they stored
these fruits in refrigerated condition at 4+10°C and 85-90% relative humidity. The uncoated
fruit were treated as control. The researchers observed significant delays in the change of
weight loss, spoilage percentage, P, total soluble solids (TSS) and anthocyanin content in

case of fruit coated with edible coatings as compared to uncoated control fruit.

Mozhdehi et al. (2012) evaluated the effect of packing system, calcium chloride and chlorine
on storage life of strawberry fruits. Fresh fruits were treated with chlorine (calcium
hypochlorite at 0, 25, 50 and 100 ppm and sodium hypochlorite at 0, 25, 50 and 100 ppm with
distilled water) for one minute and then again treated with different grades of Calcium

Chloride 0, 0.5, 1 and 1.5 percentage for five minutes. These fruits were then divided to two
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groups; packed and non-packed with plastic cover. The fruits were then evaluated for changes
in quantity parameters; pH, TA (Titratable acidity), TSS (Total soluble solids), Dry and fresh

weight ratio, water content, Anthocyanin, Ascorbic acid, Ca?"

, Sugar and pectin. They
observed that the packed fruits treated with Calcium Chloride (at 0.5% and 1%) and chlorine
(at 50 ppm) survived better when compared with non-packed fruits. Combined effect of CaClz
and chlorine showed significant effect on anthocyanin, ascorbic acid and sugar content and

these traits were increased. Other interaction effects were not considerably significant.

Alharaty and Ramaswamy (2020) worked on the effect of a sodium alginate-Calcium Chloride
edible coating on quality preservation and shelf-life extension of strawberry cut fruits stored
at cold storage (4°C). The coated fruit samples were mold free up to 15 days whereas control
samples showed mold growth after one week of storage at 4°C. The sodium alginate-Calcium
Chloride edible coating was highly efficacious in lowering respiration and transpiration rates
and slowed down the increase of the p™ and soluble solid content. Moreover, the coating
retarded surface mold growth for up to 15 days and preserved the sensory properties of the

Strawberry fruits such as color, odor, texture and general appearances.

Kumar et al. (2021) reported that storability and biochemical quality of strawberry fruits (cv.
Winter Down) stored in cold conditions (3+1°C) are significantly influenced by packaging
material (PET Punnet and HDPE crates) and calcium compound (CaCl, and Ca (No3)2)
compared with untreated control fruits stored at ambient conations (26°Ci3 °C). CaCl2 (2%),
packed in polypropylene terephthalate (PET) stored in cold conditions showed best results for
enhancing the storability of Strawberry fruit by a significant reduction in the physiological
loss in weight and decay percent and sustained the biochemical quality of fruit. Untreated
fruits at ambient conditions spoiled faster than the treated fruits in respect of physiological

loss in weight and fruit decay.
2.8 Effect of CoolBot storage on fruits

According to Sunil et al. (2013), CoolBot is a device which turns a conventional room air
conditioner into a produce cooler. It is a low cost storage system which is highly-insulated
room and can be transformed into a walk-in cooler. It is thermostatically controlled and keeps
the commodity fresh by cooling it down to 4-5°C. They studied the effectiveness of Coolbot

storage using vegetables viz. cauliflower, cabbage, tomato and okra. Different parameters viz.
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physiological weight loss and visual quality which determines the shelf life and marketability
of the produce were studied. A significant variation was recorded in physiological weight loss
of all the vegetables under control and CoolBot condition. Vegetables stored under cool room
conditions showed higher visual sensory score than those stored under ambient conditions. A
direct relationship was observed between pulp temperature and physiological weight loss.
They stated that the Coolbot storage maintains the low storage temperature and optimum
relative humidity thus keeping produce fresh, firm, visually appealing and marketable.
Besides it is low cost and therefore, can successfully be used by the famers for storage of their
fresh produce to maintain their market quality and to get good price from the market even

after storage.

Poudel et al. (2021) kept capsicum at coolbot storage (9.84+2°C, 86+5% RH) till 30 days and
analyzed for various postharvest physical, chemical and physiological parameters at every 10,
20 and 30 days of storage. The result showed that in CoolBot condition, Low Density
Polyethylene (LDPE) packaging influenced on reduction of physiological loss in weight
(PLW), spoilage loss, ascorbic acid content, TA, freshness, firmness and shelf life.

Tac-an et al. (2019) evaluated the quality of two maturities (reddish purple, dark purple) of
mangosteen fruit stored in ambient and CoolBot (10°C) conditions for 14 and 42 days,
respectively. CoolBot is an electronic gadget attached to a digital air conditioner to adjust the
temperature of an insulated room. All sample fruit had at least seven days of shelf life in
ambient while 28 days in Coolbot conditions. Peel color was maintained until four days under
ambient condition. In both storage conditions, total soluble solids (TSS) and pericarp
hardening were higher in dark purple fruit. Reddish purple fruit and higher L* (lightness), a*
(green-red scale), b* (blue-yellow scale), chroma, and hue. Fruit in CoolBot storage
conditions had better visual and calyx quality, lower weight loss, higher total soluble solids
(TSS), delayed onset of pericarp hardening, delayed peel color development, and higher L¥,
a*, b*. Chilling injury did not vary between fruit maturities stored in CoolBot. TSS, visual
and calyx quality of mangosteen fruit at 7 and 14 days were not affected by the interaction of
maturity and storage condition. Storage in CoolBot (10°C) of reddish purple mangosteen fruit

is a potential technique in maintaining fruit quality until 28 days.
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Weight loss was lower in chitosan treated tomato fruit stored in the CoolBot chamber than
that under ambient conditions (Leak et al., 2015). Peoun et al. (2015) got similar effect on

CoolBot storage using leaf mustard vegetable.

According to Karithi (2016), conventional cold rooms are expensive and unaffordable for
majority of the horticultural smallholder farmers. This has necessitated research in alternative
low-cost storage systems. The CoolBot technology is one such technology that has been used
effectively in many countries for various commodities. He confirms the efficacy of the
CoolBot technology to lower and maintain low temperatures in an insulated storage room
thereby preserving quality and extending shelf life of mango fruits. The technology can
therefore be promoted as a low-cost alternative cold storage option for adoption by

smallholder mango farmers.
2.9 Conclusion

From the above review of literature it could be said that CaCl; treatments in combination with
packaging may be suitable for selecting successful postharvest management of strawberry
which increases the shelf life and retains fruit physical and chemical properties. But there is a
scarce of research works present based on Calcium chloride and packaging on strawberry
varieties in Bangladesh. For this instance, the present study was undertaken to provide an eco-

friendly and cheap method of postharvest management of strawberry.
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CHAPTERIII
MATERIALS AND METHODS

This chapter describes the materials used and methods followed during conducting the
experiment. It includes detailed information about experimental site, storage room,
experimental design and layout, varieties and treatments with determination of physical and

chemical characteristics of fruit.
3.1 Experimental Site

The experiment was conducted at the Horticulture Laboratory of Agrotechnology Discipline
and CoolBot Storage room, Khulna University (KU), Khulna, during the period from 30
March to 12™ April 2021.

3.1.1 CoolBot storage room

A CoolBot room was developed following the procedure outlined by the Horticulture
Innovation Laboratory, USA. The room was totally concealed and insulated, and the
temperature was adjusted by a CoolBot (Store It Cold, USA) panel. The developed CoolBot
facility takes <2 hours to reach the lower limit of room temperature (6£+2°C). The relative
humidity (RH) of the CoolBot room is 90-95 % and the different dimensional factors of the

CoolBot room are as follows-

Storage room facility outside dimension: 7 ft x 9 ft X 10 ft
Storage room facility inside dimension: 6 ft x 8§ ft X 9 ft
Storage room facility door dimension: 0.1 ft X 3 fi x 7 ft
Floor area= 48 sq-ft

3.2 Climate

The maximum and minimum temperature of the CoolBot storage room was maintained as 8°C
to 4°C with relative humidity of 90-95%. The temperature of Horticulture Laboratory ranged
from 26°C to 31°C with relative humidity 80-90%. The temperature and relative humidity

were recorded with a digital thermo-hygrometer.
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3.3 Experimental materials

Three Strawberry varieties, namely, Rabi-3, BARI strawberry-3 and festival were collected
from farmer’s field of Jhikargacha of Jashore under Khulna division during morning hours.
Mature harvested fruits were almost uniform in size. The total amount of fruits harvested was
approximately 15 kg. After harvesting, the fruits were precooled through fan to remove field
heat. These fruits were then transferred immediately to Khulna University area (storage room)
without any physical damage. A short description of three strawberry varieties is presented

below.
3.3.1 RABI-3

Professor Dr. Manjur Hossain of the Department of Botany of Rajshahi University (RU),
pioneered the local strawberry farming using tissue culture method. Dr. Manjur's research
evolved RU-1, RU-2 and RU-3 (RABI-1, 2, 3) varieties of strawberry through tissue culture
method using 'Somaclonal Variation Technology' at the Plant ﬁreeding and Gene Engineering

Laboratory at Botany Department of RU in 2007.

Planting time of RABI-3 is September to October. Suitable soil PH is 6-7. Average number of
this fruit and fruit weight is 39 and 20-25 g respectively. Fruit shape is conical, reddish in
color with good aroma. Average shelf life of fruit is 2-3 days. The variety RABI-3 grows well
in all over the country (Ara et al., 2013).

3.3.2 BARI Strawberry-3

This variety was developed by Horticulture Research Center, Bangladesh Agriculture research
institute, Gazipur in 2015. Number of fruits per plant is 38.63 (avg.). Single fruit weight is
19.97 g. Itis a high yielder (770.86 g/plant) variety. Fruit is long conic shaped, highly uniform,
larger in size, attractive dark red color, very firm textured with excellent flavor. Ripe fruits
are sour and sweet in taste (TSS 10.5%). It also contains ascorbic acid as 72 mg/100g. Average
shelf life of this fruit is 3 days in ambient condition. Planting season and time is 1st week of

October. Harvesting time is January to April. Yield is 14-18 t/ha (Mia, 2022).
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3.3.3 Festival

Strawberry Festival was originated from a cross between ‘Rosa Linda’ (Chandler et al., 1997)
and ‘Oso Grande’ (Voth and Bringhurst, 1989). Festival is a short-day variety which produces
multiple runners if planted in early October in central Florida. Average petiole length is 120
mm. Average length and breadth of leaflets is 78 and 73 mm for terminal leaflets, respectively,
and 69 and 72 mm, respectively, for secondary leaflets. The calyx is big and showy. The fruits
are generally conical in shape. The external color of fully mature fruit is deep red and glossy;
internal color is bright red. Average fruit weight is 15-18 g. These fruits have a very firm
texture and excellent flavor (Chandler et al., 2000).

3.4 Experimental design and layout

The experiment was laid out in the factorial Completely Randomized design (CRD). Here the
factors were considered as the strawberry varieties and postharvest treatments. Days after
treatment (DAT) was also considered as one of the factors in this study. For each replication

of a treatment, approximately 250 g of freshly harvested strawberry fruits were used.

-~ 3.5 Treatments

Factor A. Variety (3)
(a) RABI-3 (V1)
(b) BARI Strawberry-3 (V2)
(c) Festival (V3)

Factor B. Postharvest treatments (6)

(a) Control- Ambient condition (T1)

(b) No packaging and keeping in CoolBot storage room (T2)

(c) Paper box packaging and keeping in CoolBot storage room (13)

(d) Treatment with 1% calcium chloride with paper box packaging and keeping in
CoolBot storage room (T4)

(e) Treatment with 2% calcium chloride with paper box packaging and keeping in
CoolBot storage room (T5)

(f) Treatment with 3% calcium chloride with paper box packaging and keeping in

CoolBot storage room (T6)
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3.6 Application of postharvest treatments

The postharvest treatments were applied to randomly selected strawberry fruits. Freshly
harvested fruits were dipped in Calcium chloride solution for 2 minutes. Some fruits as control
were left at Horticulture Laboratory in ambient conditions. Fruits treated with Calcium
chloride were kept in CoolBot storage conditions. Each treatment comprises of 250 g of fruits
in each of the three replications. Postharvest treatments used in each variety are described

below.

Control in ambient condition (T1)

Strawberry fruits (250 g) of each variety were selected randomly and the fruits were kept on

paper in the Laboratory room at ambient conditions in three replications.
No packaging and keeping in CoolBot storage room (T2)

Randomly selected 250 g of Strawberry fruits of each variety were kept on paper without

packaging and left in the CoolBot storage room in three replications.
Paper box packaging and keeping in CoolBot storage room (T3)

Strawberry fruits (250 g) of each variety were selected randomly and the fruits were placed in

a paper box packaging at CoolBot storage room in three replications.

Calcium chloride (1%, 2% and 3%) treated fruit packed in paper box and kept in
CoolBot storage room (T4, TS and T6)

Randomly selected Strawberry fruits (250 g) of each variety were dipped in 1%, 2% and 3%
CaCl; for 2 minutes, The Calcium chloride solutions were prepared by dissolving 1g, 2g or 3g
of CaCl; in 100 ml of distilled water and stirred gently by a glass rod. After dipping, the fruits

were allowed to air dry for 10 minutes and transferred to CoolBot storage room with paper

box packaging.




3.7 Collection of data

Fruits used in the experiment were observed regularly to collect data on the following

parameters.

¢ Polar diameter (cm)

e Equatorial diameter (cm)

e Fresh weight (g)

o  Weight loss (%)

e Colorimetric parameters of fruit (L*, a*, b* and h°)

e Firmness (N)
H

¢« P
e Total soluble solids (TSS) (%)

e Titratable acidity (TA) (%)

e Anthocyanin (mg/100 g)

e Ascorbic acid content (mg/100 g)
e Total carbohydrates (g/100 g)

e Fruit spoilage (%)

o Shelf life (days)

3.8 Methods of studying parameters

By using the following methods physico-chemical characteristics and shelf life of the
Strawberry varieties were studied. Data on physico-chemical properties were recorded in

every one day, two days or three days interval during the study period.
3.8.1 Physical characteristics
3.8.1.1 Equatorial and Polar diameter (cm)

The equatorial dimeter (D.) and polar diameter (D) were measured using digital slide calipers.
Equatorial diameter is the maximum width of the Strawberry in a plane perpendicular to the
polar diameter. Polar diameter is the distance between the Strawberry crown and the point of

fruit attachment to the strawberry (Afrisal et al., 2013).
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3.8.1.2 Fresh weight (g) of strawberry fruits

The fresh weight of strawberry fruit was measured by an electric balance. At first, the balance
was adjusted to zero mark. The fruits were weighted by keeping the Strawberry on the
chamber of the balance. Then the reading was taken in gram (g).

3.8.1.3 Determination of weight loss (%)

Fruit weight loss (%) was determined according to Wang et al. (2005). The Strawberry was
selected randomly from each treatment to assess the weight every day during storage and the
weight difference was compared day to day. The electric balance was used to measure the
weight and expressed the value in percentage. The following equation was used to assess

weight loss:

Mo—M;

Weight loss (%) = X 100
0

Where, My is the fresh weight of Strawberry fruit on the first day, and M; is the measured

weight on next day of storage.
3.8.1.4 Colorimetric parameters of fruit (L.*, a*, b* and h°)

The surface color of the Strawberry was determined using a colorimeter (CR-410, Konica
Minolta, USA). The readings were obtained at the basal portion of the pericarp and expressed
as L*, a*, b* modulus in accordance with the International Commission on Illumination (CIE)
color system for color measurement, specification, and adjustment. In this system, a color
solid is defined by three rectangular coordinates from which units or points of approximate
visual uniformity are obtained (McGuire, 1992). Coordinate L* indicates lightness, and it
varies from zero (completely black) to 100 (completely white). Coordinate a* expresses the
degree of green-red variation (increasingly negative values indicate stronger green and
increasingly positive values indicate stronger red) and coordinate b* expresses blue-yellow
variation (increasingly negative values indicate stronger blue and increasingly positive values
indicate stronger yello{Jv). In addition to these variables, the hue angle (h°) which indicates the
observable color, were also determined. The hue angle can vary between 0° and 360°, where
0° corresponds to red, 90° corresponds to yellow, 180° corresponds to green, and 270°

corresponds to blue.
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3.8.1.5 Firmness measurement

A texture analyzer (Shimadzu EZ-SX, USA) was used to determine the firmness of treated
Strawberry equipped with a cylindrical probe (2 mm diameter). Each fruit was penetrated four
different equilateral locations to assess the firmness. The penetration depth of the probe was
5 mm and the crosshead speed of the texture analyzer was 2 mms™. The maximum force

firmness was stated in N-mm from the force vs. time curve.
3.8.2 Chemical characteristics

The chemical analyses of Strawberry fruit were conducted according to Mazumdar and
Majumdar (2001) and Saini et al. (2006). The methods have been described below.

3.8.2.1 Determination of p¥ of strawberry fruit
The p* of Strawberry fruit was measured by a desktop p™ meter.
Preparation of standard buffer solution

p! 7 and p™ 4 buffer tablet were dissolved in water separately and made up the mark of 100

ml with distilled water.
Extraction of Strawberry juice

For the determination of fruit p¥, 5 g of fresh fruit was taken in a conical flask with 10 ml of
distilled water. Then the fruit was crashed by using blender and extract was filtrated through
two layers of cloth.

Procedure

The standard buffer solution of p* 7 was taken into a clean and dry beaker. The electrode
assembly of the p™ meter was dipped into the solution. The temperature correction knob was
set to 28°C and the fine adjustment was made by asymmetry potential knob to p¥ 7. After
washing with distilled water, the electrode assembly was dipped into a solution of standard p*
4 and adjusted to the required p'! by fine asymmetry potential knob. The electrode assembly
was raised, washed twice with distilled water then rinsed with Strawberry juice and finally it

» was dipped into the juice of Strawberry. The p™ was recorded from the meter.
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3.8.2.2 Determination of total soluble solids (TSS) (%)
Equipment

Digital Brix meter (Digital/Brix/RI-Check Refractometer, Reichert Technologies, Inc. Japan)

was used.
Procedure

A drop of juice from the fruit of strawberry was placed on the prism of the refractometer and
percentage of total soluble solid (TSS) (%) was obtained from direct reading.

3.8.2.3 Determination of titratable acidity (TA) (%) of strawberry fruit

Strawberry fruit contains organic and inorganic acids. These acids are important constituents
in fruits as together with sugars, they determine quality and taste of the strawberry fruit.
Maturity stages of Strawberry fruits at their harvest is also judged from their level of acids

along with sugars or the soluble solids.
Reagents:

A. Sodium hydroxide (NaOH): 0.1 normality (IN)

B. Indicator: Phenolphthalein (C20H1404) [approx. 0.5 % in 80% ethanol (W/V)]
Equipment:

Ten milliliter pipette, 25 ml burette, small glass funnel, dropper, blender, 250 ml measuring
cylinder, burette stand and beaker.

Procedure:

e 30 goftissue sample by weight was taken. This was extracted with distilled water
by thorough crushing in blender. Extract was filtered and the filtrate was made up
to 100 ml with distilled water.

e 15 ml of aliquot was taken into a conical flask. Three to four drops of

phenolphthalein solution were added to this aliquot and shaken well.

e A burette was filled with the sodium hydroxide solution after washing and rinsing.
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e Titration was done and end point was determined by the appearance of pink color

and its persistence for at least 10 to 15 seconds.
Calculation

In term of citric acid 1 ml of 0.IN NaOH solution can neutralize 0.064 g of citric acid.
Therefore, percentage of titratable acidity in the sample as equivalent of citric acid is

calculated as follows-

. . d x0.064 X ¢
Titratable acidity (%) = axb X 100

Where,a = Weight of sample (g), b = Volume of aliquot taken for examination (ml),
¢ = Volume made with disﬁlled water (ml), d = Average burette reading for sample.
3.8.2.4 Determination of anthocyanin (mg/100 g) of strawberry fruit

Principle

Anthocyanin is extracted with ethanolic-hydrochloride and the intensity of the color appeared
is measured calorimetrically. From the reading, the amount of the pigent present is

determined.

Reagents

(A) Ethanol: 95%

(B) Hydrochloric acid (HCI): 1.5 N.

(C) Ethanol -hydrochloric acid mixture: It was prepared by mixing 85 parts of reagent A and
15 parts of Regent B by volume.

Procedure

1. 5 g of tissue sample by weight was taken. This was extracted with ethanol hydrochloric

acid mixture. It could stand overnight at a temperature of about 4°C.

2. After extraction, the mixture was filtered through filter paper (Whatman No.1). The

extraction was repeated for maximum recovery of the pigent.

3. The extract was then made up to 15 ml with the solvent.
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4. 15 ml of aliquot from the above extract was taken. It was filtered through fine (milli-pore)
filter paper.

5. The filtered aliquot was maintained in darkness for about 2 hours with cover of the

container.

6. This was then made up to 25 ml with the solvent (for color measurement). The optical
density (O.D.) value of the solution was then measured through 535 nm wavelength in a

colorimeter against blank.
Calculation

eXbx
Total absorbance value of the sample (per 100 g) = —d-—x—-c—l—g x 100

Where,

a = Weight of sample, b = Volume made for color measurement, ¢ = Total volume made, d =

Volume of aliquot taken for estimation, e = Volume for 535 nm
Anthocyanin (mg/100g) = Total absorbance + 98.2

98.2= Constant value for equation

3.8.2.5 Determination of ascorbic acid (mg/100 g) content

Apparatus: Volumetric flask 250 ml, conical flask 250 ml, beaker 150 ml, blender, burette
250 ml and pipette.

Reagents used for the estimation of ascorbic acid content

Meta phosphoric acid (HPO3) (3% and 6%): It was prepared by dissolving exactly 30 g or
60 g of Meta phosphoric acid in 80 ml or 160 ml of acetic acid (for 3% and 6%) respectively
and 500 ml of distilled water was added to it. For proper mixing the solution, hot plate and
magnetic stirrer were used. Finally, the volume was made to 1000 ml and the solution was

filtered and stored.

Preparation of dye solution: Accurately 50 mg of 2, 6- dichloro-phenol indophenol dye and

42 mg of sodium bicarbonate was weighed on a chemical balance. Both the chemicals were

dissolved in 150 ml of distilled water. The solution was heated gently on a water bath to make
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it homogenous and raise the volume to 200 ml after cooling at room temperature. Then the

filtrates were transferred to an airtight container and placed it in a refrigerator.

Preparation of standard ascorbic acid solution: 100 mg of ascorbic acid was weighed on a
chemical balance and dissolved in 3% Meta phosphoric acid and the volume was made to 500

ml.

Standardization of dye solution: 5 m! of standard ascorbic acid solution was taken in a clean
beaker to which 5 ml of 3% Meta phosphoric acid solution was added with the help of a
pipette. This solution was titrated against the dye till a faint pink color was obtained which

persisted for more than 15 seconds.
Estimation of ascorbic acid by titration method

Fruit flesh (30 g) was weighed and blended with equal weight of 6% Meta phosphoric acid
for 3 to 4 minutes. Thenl5 g of this slurry was taken in a 100 ml volumetric flask and volume
was made by adding 3% Meta phosphoric acid. This juice was filtrated through a fast filter
paper (Whatman No. 42).

&
The burette was filled with standardized 2, 6-dichlorophenol, indophenols dye reagent. Only
10 ml of filtered solution was taken in a conical flask and titrated immediately against standard
dye solution, till faint pink color was observed which persisted for not less than 15 seconds.
Calculation:
. . V XT XW
Ascorbic acid (mg per 100 g) sample = x10(>)<
Where,
V= Volume of dye used in titration against an aliquant diluted sample,
T= Value of standardized dye,
W= Weight of fruit (g)
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3.8.2.6 Determination of total carbohydrates (g/100 g)

Materials

1. HCI (2.5N)

2. Anthrone Reagent: 200 mg anthrone was dissolved in 100 ml of ice cold 95% sulphuric

acid. It was prepared fresh before use.

3. Standard Glucose Stock: 100 mg glucose was dissolved in 100 ml water. For working
standard, 10 ml of the stock is diluted to 100 ml with distilled water. Final concentration is

0.1 mg/ml. It was stored in refrigerator after adding a few drops of toluene.
Procedure
1. Only 100 mg of the sample was weighed into a boiling tube.

2. It was hydrolyzed by keeping it in a boiling water bath for three hours with 5 ml of 2.5 N

HCI and cooled to room temperature.
~ 3. It was neutralized with solid sodium carbonate until the effervescence ceases.
4. The volume was made up to 100 ml and centrifuged.
S. The supernatant was collected and 0.5 and 1 ml aliquots were taken for analysis.

6. The standard curve was prepared by taking 0. 0.2, 0.4, 0.6, 0.8 and 1 ml of the working

standard. Zero serves as blank.

3. The volume was made up to 1 ml in all the tubes including the sample tubes by adding

distilled water.

8. Then 4 ml of anthrone reagent was added.

9. The solution was heated for eight minutes in a boiling water bath.

10. It was cooled rapidly and the green color was read at 630 nm on spectrophotometer.

11. A standard graph was drawn by plotting concentration of the standard on the x-axis and

absorbance on the y-axis.
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12. From the graph the amount of carbohydrate present in the sample tube was calculated.

Calculation

mg of glucose

Amount of carbohydrates in 100 mg of the sample = X 100

Volume of test sample

3.8.3 Fruit spoilage (%)

Spoiled fruit (%) was counted on visual deterioration measurement of strawberry as described
by Matar et al. (2018).

No.of spoiled fruit
Total no.of fruit

x 100

Fruit spoilage (%) =

3.8.4 Shelf life (Days)

Shelf life was determined on the basis of the physical parameters as weight loss, change in
color, firmness and % spoiled fruit. These parameters were judged through eye observation
and the judgement criteria was determined in a consumer perspective to consider the fruit as
acceptable for buying or selling. In this light, the average days required for losing a cumulative
weight of 25%, change of color from deep red to pale red, retaining at least eating softness
and reasonably minimum spoiled fruit (maximum 5%) was noted as shelf life of the fruits
(Tabassum et al., 2018).

3.9 Statistical analysis

The collected data were statistically analyzed by Analysis of variance one, two or three way
method of analysis by using STATISTIX 10 computer package program. The mean
differences were tested by LSD at 5% level of significance as described by Gomez and Gomez
(1984).
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CHAPTER IV
RESULTS AND DISCUSSION

The effects of different postharvest treatments on physical and chemical characteristics, fruit
spoilage (%) and shelf life of strawberry were studied in this experiment. The results of the
present investigation have been presented and interpreted in this chapter under following

headings:
4.1 Physical characteristics
4.1.1 Fruit weight loss (%)

Fruit weight loss (%) varied significantly among three strawberry varieties after 11 days of
storage. V1 showed higher weight loss (25.42%) compared to V2 and V3. Weight loss (%) of
V2 and V3 were 22.57 % and 16.63 % (Fig. 4.1). Koyuncu (2004) also found differences
among Camarosa, Cavendish and Chandler variety of strawberry in case of fruit weight loss
(%).

The highest weight loss (32.42%) was observed in T1 (Control- Ambient condition) and the
lowest in T6 (11.68%) treated fruit after 11 days of storage. Non-treated fruits in Coolbot
Storage (T2 and T3) showed almost similar weight loss (26.72% and 23.52%). However, all
CaCl, treatments significantly reduced the weight loss (%) during storage compared to control
(Fig. 4.2). The present result is similar to the findings reported by Mooto (1991) where the
researcher observed that the rate of fruit weight loss was highest in untreated fruit. The loss
in fruit weight was mainly due to evaporation and transpiration loss of water and somewhere
dry matter lost by evaporation. The lower weight loss in samples treated with calcium chloride
dip may be due to increased water holding by formation of calcium pectate hydrogel and delay
in dehydration process (Lester et al., 1999). Rahman et al. (2016) also stated that application
of CaCl, significantly reduced weight loss.

The combined effect of varieties and treatments on weight loss (%) are also significant.
However, V1T1 showed maximum weight loss (45.37%) which is minimum in V3T6 (7.0%)
(Table 4.1) after 11 days of storage. So, V3 with T6 was found to be best in case of combined
effect of varieties and treatments. Shahzad et al. (2020) also showed that combined effect of
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Calcium chloride and salicylic acid reduced the fruit weight loss (%) during 15 days of cold

storage (4°C). Findings from Rahimi et al. (2018) also supports the finding from the current

study.
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Fig. 4.1. Varietal difference in respect of fruit weight loss (%) of strawberry




Table 4.1. Combined effect of varieties and treatments on fruit weight loss (%) of strawberry

Variety x Treatments Fruit weight loss (%)
V1T1 4537 A
VI1T2 33.19B
VIT3 23.18C
V1T4 18.01 DE
VI1T5 21.57CD
V1T6 11.17F
V2T1 31.52B
V212 24.10C
V2T3 24.10C
V2T4 17.85 DE
V2T5s 21.01CD
V2Té6 16.84 E
V3T1 20.35 CDE
V3T2 2285C
V3T3 23.27C
V3T4 16.76 E
V3T5 9.50 FG
V3Té6 7.00 G

LSD (0.05) 3.78

Note: Treatments mean which represent same letter are statistically non-significant (P<0.05).

V1: RABI-3

V3: Festival

T1: Control- Ambient condition
T2: No packaging + CoolBot

V2: BARI Strawberry-3 | T3: Paper box packaging + CoolBot

T4: CaCl; 1% + paper box packaging + CoolBot
T5: CaCl22% + paper box packaging + CoolBot
T6: CaCl; 3% + paper box packaging + CoolBot

LSD (0.05): Significant at
5% level of probability
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4.1.2 Polar Diameter (cm)

V3 was bigger in polar diameter (4.48 cm) followed by V1 and V2. All of the three varieties
showed decreasing trend from DAT 2 to DAT 11 (Table 4.2). Rolle (2006) reported that fruit
diameter decreases day by day on different fruits and vegetables. It may be due to genetic

composition of specific fruits, vegetables or their different variety.

Maximum fruit diameter was obtained in T4 but it decreased rapidly. On the other hand, T6
with 4.55 cm diameter at DAT 2 showed less loss in diameter (3.81 cm) at DAT 11. T1 showed
initially 4.33 cm of polar diameter at DAT 2 which became 2.87 cm only at DAT 11 of storage
(Table 4.3). Ajender and Chawla (2019) got similar findings and reported that calcium treated
fruit retained higher fruit length than control fruits in apple due to less moisture loss and less
shrinkage.

In all variety and treatment combinations, polar diameter decreases gradually. V3T2 showed
maximum polar diameter (5.78 cm) at DAT 2 which decreased to 4.48 cm at DAT 11. On
DAT 11, V1T1 showed lowest polar diameter (2.33 cm) (Table 4.4). Decrease in fruit
diameter was more pronounced in ambient storage than in refrigerated storage due to moisture
loss and shrinkage. Ganai et al. (2018) used calcium chloride, hydro-cooling and wax in apple

and got similar result.
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Table 4.2. Varietal difference in respect of polar diameter (cm) of strawberry during storage

Polar diameter (cm) at DAT
Varieties 2 5 8 11
Vi 4.18B 3.93C 3.59 DE 327G
V2 420B 391C 3.54 EF 332 FG
V3 448 A 431 AB 3.8 CD 3.37 EFG
LSD (0.05) 023

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

Table 4.3. Effect of treatments on polar diameter (cm) of strawberry during storage

Treatments Polar diameter (cm) at DAT
2 5 8 11
T1 4.33 BC 3.83 E-H 3241 2.87K
T2 437 BC 4.18CD 3.85 DEF 3.53 F1
T3 3.85 EFG 3.67 E-H 3.15JK 2.89K
T4 482 A 4.49 BC 3.88 DE 35HI
T5 3.82 E-H 3.68 E-H 3.53 GHI 3321
T6 4,55 AB 445 BC 422C 3.81 E-H
LSD (0.05) 0.32

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

V1: RABI-3

V3: Festival

V2: BARI Strawberry-3

T1: Control- Ambient condition

T2: No packaging + CoolBot

T3: Paper box packaging + CoolBot

T4: CaCl, 1% + paper box packaging + CoolBot
T5: CaCl,2% + paper box packaging + CoolBot
T6: CaCl, 3% + paper box packaging + CoolBot

DAT: Days after treatment

LSD (0.05): Significant at
5% level of probability
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Table 4.4. Combined effect of varieties and treatments on polar diameter (cm) of strawberry

during storage

Polar diameter (cm) at DAT
Variety x Treatments 2 5 8 11
VIT1 3.09 Y-h 2.83 ghi 273 hi 2331
VIT2 3.89L-S 3.57 P-ab 324 U-h 3.19 V-h
VI1T3 3.68 N-X 345 Rd 2.88 d-i 2.86 f-i
VIT4 534 AB 5.02 BCD 448 D-K 3.62 O-a
VITS 4.14 G-O 397JR 3.85 M-T 342 R-f
V1Té6 4.96 B-E 4.73 C-F 444 E-L 4.18 F-O
V2T1 5.22 ABC 4.031-Q 3.26 U-h 3.15W-h
V2T2 3.44 R-¢ 329 T-h 299 c-h 2.88 e-i
V2T3 3.81 N-U 3.65N-Y 3.04 b-h 2.73 hi
V2T4 4.58 D-1 448 D-K 4.08 H-Q 3.83N-T
V2T5 3.69 N-W 3.54 Q-abc 3.44 R-e 341 R-f
V2T6 449 D-J 447 DK 441 E-M 390L-S
V3T1 4.68 C-G 4.63 D-H 3.73N-V 3.13 W-h
V3T2 578 A 568 A 539 AB 448 D-K
V3T3 4.06 1-Q 392K-S 3.52 Q-abc 3.07 Z-h
V3T4 4.55D-1 3.97J-R 3.07 a-h 3.07 a-h
V3T5 3.64 O-Z 3.54 Q-abc 329 T-h 3.12X-h
V3T6 422 F-N 4.10 G-P 3.81 N-U 3.36 S-g
LSD (0.05) 0.57
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1: RABI-3 T1: Control- Ambient condition DAT: Days after
T2: No packaging -+ CoolBot treatment
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot
T4: CaCl; 1% + paper box packaging + CoolBot LSD (0.05): Significant at
V3: Festival T5: CaCl, 2% + paper box packaging + CoolBot 5% level of probability
T6: CaCl; 3% + paper box packaging + CoolBot

35

hul na Uni versity



4.1.3 Equatorial diameter (cm)

On DAT 2, V2 was higher in equatorial fruit diameter (4.16 cm) followed by V3 (3.71 cm)
and V1 (3.41 cm) (Table 4.5). All three varieties showed decreasing trend from DAT 2 to
DAT 11 (Table 4.5). Finally, the lowest equatorial diameter (3.10 cm) was found in V1. Ahsan
et al. (2014) found similarly significant differences in fruit diameter among Festival, RABI-3
and Camarosa varieties of strawberry. The findings from Dhakal et al. (2022) also supports
the present study.

In the treatment T1 showed significant loss in equatorial diameter from 3.67 cm at DAT 2 to
3.00 cm at DAT 11. Maximum equatorial diameter was in T4 at DAT 2 (4.08 cm). All the
treatments showed decreasing trend in case of equatorial diameter (Table 4.6). Ajender and
Chawla (2019) got similar result. Calcium treated fruit retained higher fruit length than control

fruits in apple due to less moisture loss and less shrinkage.

In Combined effect of varieties and treatments, highest fruit equatorial diameter was found in
V2T4 (4.96 cm) at DAT 2 which gradually decreased to 3.87 cm at DAT 11. Lowest equatorial
diameter was found in V3T1 (2.90 cm) at DAT 11 (Table 4.7). Calcium chloride, hydro-
cooling and wax were used in apple in an experiment by Ganai et al. (2018) and they observed

that control fruit diameter decreased faster than treated fruit.
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Table 4.5. Varietal difference in respect of equatorial diameter (cm) of strawberry during

storage
Equatorial diameter (cm) at (DAT)
Varieties 3 5 3 T
Vi
341 EF 3.33 FGH 32HI 311
V2
4.16 A 389 B 3.53 DE 338FG
V3
FC 3.59CD 34F 3.26 GH
LSD (0.05) 0.13

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

Table 4.6. Effect of treatments on equatorial diameter (cm) of strawberry during storage

Treatments Equatorial diameter (cm) at DAT
2 5 8 11
Tl 3.67 CDE 3.51 EF 3.18 IK 3.00L
12 3.61 DE 3.55 DEF 3.28 HIJ 3.05KL
T3 3.49 EFG 3.31 GHI 3.171-L 3.11 JKL
T4 408 A 389B 3.56 DEF 3.43 FGH
Ts 39 AB 3.62 CDE 3.5 EFG 3.39 FGH
T6 3.8BC 3.72 BCD 3.57 DEF 3.49 EFG
LSD (0.05) 0.18

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

V1: RABI-3

V3: Festival

V2: BARI Strawberry-3

T1: Control- Ambient condition
T2: No packaging + CoolBot

T3: Paper box packaging + CoolBot
T4: CaCl; 1% + paper box packaging + CoolBot
T5: CaCl; 2% + paper box packaging + CoolBot
T6: CaCly 3% + paper box packaging + CoolBot

DAT: Days after treatment

LSD (0.05): Significant at

5% level of probability
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Table 4.7. Combined effect of varieties and treatments on equatorial diameter (cm) of

strawberry during storage
Equatorial diameter (cm) at DAT
Variety x Treatments 2 5 8 11
VIT1 341 L-Y 3.34 N-a 3.27R-d 3.02 a-f
VIT2 322T-e 3.17 W-f 3.07 Z-f 293 ef
V1T3 341 1L-X 319 U-f 3.05 Zf 2.99 def
VIT4 3.65 H-N 3.58 H-R 337M-Z 3.22U0-f
VITS 3.62 H-P 3.54J-T 344 K-W 341 L-X
V1Té6 3.18 V-f 3.10 X-f 3.01 b-f 3.00 cf
V2T1 429 BCD 4.08 CDE 3.33 N-ab 3.07 2
V2T2 3.61 H-Q 3411L-X 3.14 W-f 3.07 Zf
V2713 3.541-S 336 M-Z 3.15 W-f 3.09 Y-f
V2T4 496 A 4.51B 4.03 D-G 3.87E-H
V2T5 4.20 BCD 3.59 H-R 334 N-a 3.12 W-f
V2T6 440B 438 BC 422 BCD 4.07 C-F
V3T1 3.32 O-abc 3.12 X-f 295 ef 290f
V3T2 4.07 CDE 3.64 H-O 336 M-Z 3.16 W-f
V3T3 3.51K-U 340L-Y 331 Pd 3.24 S-e
V3T4 3.63 H-O 3.58 HR 3.29Qd 3.20 U-f
V3T5 3.86 E-1 3.75 FK 3.72G-L 3.65 H-N
V3Té 3.85E-] 3.67 H-M 349 K-V 340L-Y
LSD (0.05) 0.32
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1: RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaClz 1% + paper box packaging + CoolBot 5% level of probability
V3: Festival T5: CaClz 2% + paper box packaging + CoolBot
T6: CaCly 3% + paper box packaging + CoolBot
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4.1.4 Fruit firmness (N)

On DAT 2, V3 showed highest fruit firmness which was 2.28 and 1.17 times higher than V1
and V2 respectively. On DAT 11, significant firmness loss was observed in V2 and V3
whereas less firmness loss was occurred in V1 (Table 4.8). Similarly Sturzeanu (2020) did not
get significant difference in case of fruit firmness among seven strawberry varieties but the

firmness loss of fruit during storage was found to be significant.

On DAT 2, all of the treatments showed almost similar firmness and continued to show
decreasing trend on DAT 5, DAT 8 and DAT 11 (Table 4.9). On DAT 11, highest fruit
firmness (12.15 N) was found in T6 where severe firmness loss was observed in T1 (control)
fruits (1.95 times lower than T6). T4 and TS5 also showed less firmness loss than untreated
fruits in CoolBot (T2 and T3). Higher firmness and best superficial appearance of strawberry
induced by calcium dips and modified atmosphere packaging as reported by Guan et al.
(2016). They added that calcium dipping and packaging could result in more effective
preservation than individual treatment. Wan Mahfuzah et al. (2012) and Sati and Qubbaj
(2021) also supports the results from the current study.

The interaction effect of variety and treatment on fruit firmness was found to be significant.
Highest fruit firmness (18.21 N) was observed in V3T6 at DAT 2. On DAT 11, it decreases
to 15.11 N. However, all the combination showed decreasing trend in case of fruit firmness
(Table 4.10). Lowest fruit firmness was observed in V1T1 (4.93 N) at DAT 11. The calcium
treated fruits of V3 (T4, TS and T6) was found to be best in respect of retaining firmess. Bola
et al. (2017) used calcium chloride, carboxymethyl cellulose and chitosan to extend shelf life

of strawberry and found similar decreasing trend of firmness where coated fruits showed less

decrease than control fruits.




Table 4.8. Varietal difference in respect of firmness of strawberry during storage

Firmness (N) at DAT
Varieties 7 5 3 11
V1
759 G 735 GH 702H 6561
V2 1478 C 1341D 1141 E 1025 F
V3 1735 A 1645 B 1442C 11.94B
13D (0.05) 0.45

Note: Treatments mean which represent same letter are statistically non-significant (P<0.05).

Table 4.9. Effect of treatments on firmness of strawberry during storage

Treatments Firmness (N) at DAT
2 5 8 11

T1 13.07 BCD 11.92 FGH 937 623 L
T2 12.42 EF 11.5GH 10.671 8.56 K
T3 12.91 CDE 12.07 FGH 10.18IJK 8.93 JK
T4 13.61 AB 13.1 BCD 12.11 FG 10.821
T5 12.98 CDE 12.31 EF 1146 H 10.811
T6 13.93 A 13.51 ABC 12.83 DE 12.15F

LSD (0.05) 0.63

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

V1: RABI-3

V3: Festival

V2: BARI Strawberry-3

T1: Control- Ambient condition
T2: No packaging + CoolBot
T3: Paper box packaging + CoolBot

T4: CaClz 1% + paper box packaging + CoolBot
T5: CaCl22% + paper box packaging + CoolBot

T6: CaCly 3% + paper box packaging + CoolBot

DAT: Days after treatment

LSD (0.05): Significant at
5% level of probability
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Table 4.10. Combined effect of varieties and treatments on firmness of strawberry during

storage
Firmness (N) at DAT
Variety x Treatments 2 5 8 11
VITI 745 W-c 6.79 Y-d 5.99 def 493 f
VIT2 6.56 a-d 6.48 cd 6.50 abc 6.19 de
VIT3 8.15 VWX 8.00 VWX 7.81 WXY 777 W-Z
V1T4 7.59 W-b 7.53 W-c 7.08 X-d 6.76 Y-d
VITS 7.96 VWX 7.76 W-Z 7.66 W-a 7.06 X-d
VITé 7.81 WXY 7.52 W-c 7.09 X-d 6.69 Z-d
V2T1 13.79 K-O 11.81 QR 898 UV 5.28 ef
V2T2 13.25 M-P 11.63 QRS 10.89 RST 834 VW
V2T3 14.01 I-N 13.03 M-P 10.08 TU 8.48 VW
V2T4 15.21 D-G 14.42 G-L 12.72 OPQ 11.79 QR
V2T5 14.76 E-K 14.01 I-N 13.39L-P 12.98 M-P
V2T6 15.78 CDE 15.55 C-F 14.97 D-J 15.64 F-K
e V3T1 1797 A 17.15 AB 12.94 NOP 849 VW
V3T2 17.44 AB 16.40 BC 14.63 F-K 11.16 RST
V3T3 16.51 BC 15.18 D-G 12.66 PQ 10.56 ST
V3T4 18.04 A 17.36 AB 16.54 BC 13.91 J-N
| V3TS 1593 CD 15.14 D-H 14.33 L-P 12.40 PQ
' V3Té6 1821 A 17.47 AB 16.44 BC 15.11 D-1
LSD (0.05) 1.10
| Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
| V1: RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaClz 1% + paper box packaging + CoolBot 5% level of probability
V3: Festival T5: CaCl, 2% + paper box packaging + CoolBot
T6: CaClz 3% + paper box packaging + CoolBot
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4.2, Colorimetric parameters (L*, a*, b* and h°)
4.2.1 Color L*

Color L* value decreased in all three varieties from DAT 3 to DAT 11. However V2 and V3
showed higher color L* value than V1 (Table 4.11). A gradual decrease in color L* means
dark color with ripening of fruits and beginning to spoil as reported by Ngo et al. (2021).

The treatments are significant in case of color L* value. There was an increase in color L*
value in T4 and T6 from DAT 7 to DAT 11. Other treatments showed decreasing trend (Table
4.12). An increase in color L* refers to a slow color change occurred in calcium treated fruit.

Ngo et al. (2021) got similar effect in mango induced by pectin/Nano-chitosan based coatings.

The maximum color L* was obtained in V2T5 (41.81) at DAT 3 and lowest in VIT1 at DAT
11. In most treatments, decreasing trend was seen (Table 4.13). Pelayo et al. (2002) got similar

decreasing trend in strawberry by using cold storage and CO- in combination.
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Table 4.11. Varietal difference in respect of color L* of strawberry during storage

Color L* atDAT
Varieties 3 7 11
V1
38.43 AB 37.5BC 33.29E
V2
39.14 A 36.92C 34.72d
V3 39.11 A 35.66 D 3498 D
LSD (0.05) 1.17

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

Table 4.12. Effect of treatments on color L* of strawberry during storage

Color L*¥ atDAT

Treatments 3 7 11

T1 38.98 B 38.04 BCD 33.621J
2 38.58 BC 3738 BE 32037
T3

3936 B 36.7 DG 32457
T4 3721 CF 35.54 GH 36.33 E-H
5 4129 A 36.46 DG 347 HI
T6 37.93 B-E 35.58 FGH 36.85 D-G

LSD (0.05) 0.84

Note: Treatments mean which represent same letter are statistically non-significant (P<0.05).

V1: RABI-3
V2: BARI Strawberry-3

V3: Festival

T1: Control- Ambient condition

T2: No packaging + CoolBot

T3: Paper box packaging + CoolBot

T4: CaClz 1% + paper box packaging + CoolBot
T5: CaCl22% + paper box packaging + CoolBot
T6: CaCl23% + paper box packaging + CoolBot

DAT: Days after treatment

LSD (0.05): Significant at
5% level of probability
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Table 4.13. Combined effect of varieties and treatments on color L* of strawberry during

storage
Color L* at DAT
Variety x Treatments 3 7 11
VIT1 38.58 B-F 40.83 AB 30.12P
ViT2 38.29 B-G 37.81 C-H 32.72L-P
VIT3 39.22 A-E 38.81 B-E 30.37 NOP
V1T4 34.96 H-M 3231 M-P 33.90 I-M
VI1T5 40.88 AB 40.81 AB 37.10 D-1
VITé6 38.6 4B-F 3444 I-M 3555G-L
V2T1 39.09 A-E 37.80 C-H 33.76 I-M
V2T2 3832 B-G 35.77FK 33.17K-N
V2T3 38.63 B-F 35.50 G-L 33.10K-O
V2T4 3851 B-F 39.90 A-D 34.99 H-M
V2T5 4181 A 35.76 F-K 33.12K-N
V2T6 38.52 B-F 36.81 E-I 40.20 ABC
* V3T1 39.23 A-E * 35.50 G-L 36.99 E-1
V3T2 39.15 A-E 39.91 A-D 30.22 OP
V3T3 40.54 ABC 35.81 FK 33.90J-M
V3T4 38.16 B-G 34.43 I-M 40.11 ABC
V3T5s 40.93 AB 32.81 L-P 33.90 I-M
V3Té6 36.63 E-J 35.51 G-L 34.81 I-M
LSD (0.05) 2.87
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1: RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaCl, 1% + paper box packaging + CoolBot | 5% level of probability
V3: Festival T5: CaCl,2% + paper box packaging + CoolBot
T6: CaClz 3% + paper box packaging + CoolBot
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4.2.2 Color a*

Color a* value was highest in V3 and lowest in V1 at DAT 3 and all of three varieties showed
decreasing trend in this regard (Table 4.14). Koyuncu (2004) observed varietal difference on
color a* and decreasing trend as well among Camarosa, Cavendish and Chandler variety of

strawberry.

Significant increase in color a* from DAT 3 to DAT 11 was found in T2 where other
treatments showed decreasing trend. However, T1 and T4 was highest in color a* value and
it was lowest in TS (Table 4.15). The result is not similar to Ngo et al. (2021) as they described
slower decrease in color a* value for coated fruits than uncoated fruits. It might be due to

varietal differences and variation in storage condition.

Initial color a* value at DAT 3 was increased to DAT 7 for several variety and treatment
combinations and then started to decrease again at DAT 11 (Table 4.16). Pelayo et al. (2002)

got similar decreasing trend in strawberry using by cold storage and CO2 combinedly.
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Table 4.14. Varietal difference in respect of color a* of strawberry during storage

Color a* at (DAT)
Varieties 3 7 11
Vi
13.96 BC 13.77 BC 13.03 CD
v2 14.86 AB 1438 B 12.93 CD
V3 1578 A 1435B 12.08 D
LSD (0.05) 1.09

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

Table 4.15. Effect of treatments on color a* of strawberry during storage

Color a* at DAT
Treatments 3 7 11
T 16.95 A 14.42 BC 12.54 EF
T2 13.96 15.79 AB 12.63 DEF
B 13.97 CDE 13.98 CDE 11.98 F
T4 16.94 AB 13.47 C-F 12.62 DEF
s 13.51 CDE 13.2 C-F 13.29 C-F
T6 14.48 BC 14.13 CD 13.01 C-F
TSD (0.05) 154

Note: Treatments mean which represent same letter are statistically non-significant (< 0.05).

V1: RABI-3

V3: Festival

V2: BARI Strawberry-3

T1: Control- Ambient condition

T2: No packaging + CoolBot

T3: Paper box packaging + CoolBot

T4: CaCl; 1% + paper box packaging + CoolBot
T5: CaCl, 2% + paper box packaging + CoolBot
T6: CaCl, 3% + paper box packaging + CoolBot

DAT: Days after treatment

LSD (0.05): Significant at
5% level of probability
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Table 4.16. Combined effect of varieties and treatments on color a* of strawberry during

s storage
Color a* at DAT
Variety x Treatments 3 7 11

VI1T1 15.61 B-I 16.16 A-G 11.40 LMN
VI1T2 12.76 I-N 16.55 A-E 13.23I-N
VIT3 11.19 MN 15.51 B-I 11.39 LMN
V1T4 17.83 AB 12.81 J-N 13.44 H-N
VIT5 12,10 L-N 1081 N 14.80 C-J
ViT6 1428 D-K 1081 N 13.92E-L
V2T1 16.51 A-E 1331 I-N 13.12I-N
V212 12.30 J-N 13.73 G-M 12.76 J-N
V2T3 13.49 G-M 1332 -N 12.34 I-N
V2T4 1436 D-K 14.81 CJ 1321 I-N

“ V2T5 16.42 A-F 13.30 I-N 13.18 I-N
V2T6 16.10 A-H 17.81 AB 1299 I-N
V3Tl 1827 A 13.81 F-M 13.12I-N
V3T2 16.83 A-D 17.10 ABC 11.91 K-N
V3T3 17.22 ABC 13.12I-N 12.22 J-N
V3T4 15.64 B-I 12.81 I-N 11.21 MN
V3T5 13.21 I-N 15.51 B-I 11.91 K-N
V3Té6 13.05I-N 13.77 F-M 12.12K-N

LSD (0.05) 2.67
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1:RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot LSD (0.05): Significant at 5%
! - ' T4: CaCla 1% + paper box packaging + CoolBot level of probability
| V3: Festival TS: CaClz 2% + paper box packaging + CoolBot
T6: CaCl2 3% + paper box packaging + CoolBot
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4,2.3 Color b*

There was an increase found in V1 and V2 in color b* value where V3 showed slight decrease
(Table 4.17). Koyuncu (2004) observed varietal difference on color b* and decreasing trend
as well among Camarosa, Cavendish and Chandler variety of strawberry. The result from the

current study is different as the increase in b* value indicated a decrease toward darker chroma
(Ngo et al., 2021).

Except T4, T6 and T3, all treatments showed an increasing pattern of b* value at DAT 3 to
DAT 7 and then decreased again at DAT 11 (Table 4.18). T4 obtained highest value at DAT
11. The result is not similar to Ngo et al. (2021) as they described slower decrease in color
b* value for coated fruits than uncoated fruits. This might be due to the differences in the
applied treatments in the applied treatments in our study than the study conducted by Ngo et
al. (2021).

The combined effect of varieties and treatments did not follow any trending pattern. There
was slight increase in color b* value from DAT 3 to DAT 7 and then decreased or increased
again (Table 4.19). Holcroft and Kader (1999) got only decreasing trend in strawberry using
controlled atmosphere as they did not use any combined treatment of cold storage and

packaging materials.
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Table 4.17. Varietal difference in respect of color b* of strawberry during storage

Color b* at (DAT)
Varieties 3 7 11
Vi 14.36 AB 13.36 CDE 14.12 ABC
V2 12.91 EF 1478 A 1231 F
v3 14.06 A-D 13.68 B-E 13.14 DEF
LSD (0.05) 097

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

Table 4.18. Effect of treatments on color b* of strawberry during storage

Color b* at DAT
Treatments 3 7 11
i
13.42 C-G 14.69 ABC 12.53 E-H
12 13.86 B-F 14.88 AB 1191 H
T3
13.04 D-H 12.67 E-H 12.57 E-H
T4
14.83 AB 13.92 B-E 154 A
e 14.65 ABC 14.97 AB 1433 A-D
16 12.86 E-H 12.53 FGH 12.4 GH
LSD (0.05) 138

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

V1: RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot

V2: BARI Strawberry-3 | T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaClz 1% + paper box packaging + CoolBot 5% level of probability

V3: Festival T5: CaCl22% + paper box packaging + CoolBot
T6: CaClz 3% + paper box packaging + CoolBot
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Table 4.19. Combined effect of varieties and treatments on color b* of strawberry during

storage
Color b* at DAT
Variety x Treatments 3 7 11
VIT! 13.76 D-L 17.81 A 1347 G-M
VIT2 14.05 C-L 13.31 G-O 10.49 Q
VIT3 14.13C-L 13.12 G-P 13.70E-L
VI1T4 14.68 B-J 12.32JQ 16.12 A-D
VITS 15.99 A-E 12.721-Q 15.98 A-F
VIiT6 13.58 F-M 10.92 OPQ 14.98 B-I
V2T1 13.24 G-P 12.18 K-Q 10.90 PQ
V2T2 12.33J-Q 15.18 B-H 11.93L-Q
V2713 12.76 I-Q 12.81 H-Q 11.93L-@
V2T4 12.88 G-Q 16.32 ABV 13.11 G-P
V2T5 14.40 C-K 16.10 A-D 14.80 B-I
V2T6 11.86 L-Q 16.12 A-D 11.23 M-Q
V3T1 13.27 G-P 14.10C-L 1323 G-P
V3T2 15.21 B-G 16.15 A-D 13.32 G-N
V3T3 1225K-Q 12.10K-Q 12.10X-Q
V3T4 16.93 AB 13.12 G-P 16.98 AB
V3T5 13.58 F-M 16.10 A-D 1221 K-Q
V3Té6 13.14 G-P 10.56 Q 11.01 N-Q
LSD (0.05) 2.39
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1: RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
V2: BARI Strawberry-3 | T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaCly 1% + paper box packaging + CoolBot | 5% level of probability
V3: Festival T5: CaCl22% + paper box packaging + CoolBot
T6: CaClz 3% + paper box packaging + CoolBot

50

o @hul na University



4.2.4 Hue angle (h°)

Maximum hue angle (h°) was observed in V1 at DAT 3 and lowest in V1 at DAT 7. However,
all the varieties showed increasing trend from DAT 7 to DAT 11 (Table 4.20). Varietal
difference on hue angle (h°) was also reported by Koyuncu (2004).

All six treatments showed significant decrease in h°® from DAT 3 to DAT 7 and increase from
DAT 7 to DAT 11 (Table 4.21). An increase in h°® value refers to color retention which was
found in all treatments. The result is not similar to Holcraft and Kader (1999) where they
found a decreasing trend in h° value of stored fruit. This difference might be the result of

differences in selection of variety and treatment.

Maximum hue angle (h°) value was observed in V1T3 at DAT 3 and lowest in V1T4 at DAT
11. However, hue angle (h°) value change did not follow any particular pattern for all
combinations (Table 4.22). However, Pérez and Sanz (2001) expressed a decreasing pattern

using oxygen and carbon-di-oxide combinedly on strawberry which is not similar to the

current study.




Table 4.20. Varietal difference in respect of hue angle (h°) of strawberry during storage

Hue angle (h°) at DAT
Varieties 3 7 11
V1
42.62 A 32.79D 33.63 CD
V2
38.68 B 33.94 CD 3741 B
V3
34.17C 32.85D 33.75CD
LSD (0.05) 13

Note: Treatments mean which represent same letter are statistically non-significant (P<0.05).

Table 4.21. Effect of treatments on hue angle (h°) of strawberry during storage

Hue angle (h°) at DAT
Treatments 3 7 11
Ti1
38.11 AB 34.05 CDE 34.41 CDE
T2 38.48 AB 34.75 CDE 35.45 C
T3
38.92 AB 33.04 E 34.16 CDE
T4 36.68 A 3297 E 33.06 E
T3 38.56 AB 31.08 F 35.11 CD
T6 374 B 33.27 DE 374 B
LSD (0.05) 184

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

V1: RABI-3
V2: BARI Strawberry-3

V3: Festival

T1: Control- Ambient condition

T2: No packaging + CoolBot

T3: Paper box packaging + CoolBot

T4: CaCl; 1% + paper box packaging + CoolBot
T5: CaCl2 2% + paper box packaging + CoolBot
T6: CaCl, 3% + paper box packaging + CoolBot

DAT: Days after treatment

LSD (0.05): Significant at
5% level of probability
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Table 4.22. Combined effect of varieties and treatments on hue angle (h°) of strawberry during

storage
Hue angle (h°) at DAT
Variety x Treatments 3 7 1
VIT1 41.81 B-E 34.55 M-S 32.12R-W
ViT2 42.65 A-D 31.52S-W 37.67 G-M
VI1T3 45.65 A 31.52 S-W 35.851-P
V1T4 4443 AB 35.55J-P 29.15W
VIT5 40.16 D-G 30.81 T-W 33.12P-V
VI1T6 41.05 C-F 32.82P-V 33.90 O-T
V2T1 3871 E-J 3551 K-P 35.56 J-p
V212 38.85 E-I 37.20 G-N 33.13P-V
V2T3 37.82 G-L 35.811-P 33.54 0-U
V2T4 39.24 E-H 32.80 P-V 37.92F-L
V2Ts 38.53 F-K 30.12 VW 40.22 D-G
V2T6 38.94 E-I 3220 Q-W 44.11 ABC
V3T1 33.81 O-T 32.10 R-W 35.56 J-P
V3T2 33.94 O-T 35.55J-P 35.55J-p
V3T3 33.290-V 31.81 R-W 33.10 P-V
V3T4 35.37K-Q 30.56 UVW 32.11 R-W
V3TS 36.40 H-O 32.31 Q-W 32.01 R-W
V3Té6 3222 Q-W 3481 L-R 3420 N-S
LSD (0.05) 3.19
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1:RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
: - : ing +
g vcotor | 50 (005 St
V3: Festival T5: CaCl22% + paper box packaging + CoolBot 5% level of probability
T6: CaCl2 3% + paper box packaging + CoolBot
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4.3 Chemical characteristics
4.3.1 TSS (%)

On DAT 2, maximum TSS (%) was found in V3 which was 1.55 times higher than V1. A
decreasing pattern was observed in V2 and V3. On the other hand, there was a slight increase
of TSS on DAT 5 in V1 and then decreased again (Table 4.23). Ahsan et al. (2014) also found
significant difference on TSS among three strawberry varieties where Festival variety contains

12.6% TSS. Aziz et al. (2018) also reported variations in TSS content from variety to variety.

All the treatments have significant effect on TSS (%) of strawberry. Non-treated fruits (T1,
T2 and T3) showed gradual increase in TSS content from DAT 2 to DAT 8. However, calcium
treated fruits (T4, TS and T6) showed a decreasing trend during this storage period (Table
4.24). The increase in TSS of untreated fruits was probably due to hydrolysis of
| polysaccharides and concentrated juice content as a result of dehydration with the passage of
storage time (Akhtar et al., 2010). Calcium chloride treatments formed a thin layer on the
surface of fruit which slowed down degradation of TSS (Sohail et al., 2015).

‘ x In combined effect of varieties and treatments, highest TSS content (9.16%) was found in

‘ V3T3 on DAT 5 and lowest (4.96%) in V1TS5 on DAT 11. Non treated fruits (T1, T2 and T3)
showed slight increase in TSS on DAT 3 and DAT 5. On the other hand, Calcium treatments
(T4, TS and T6) blocked the increase in TSS in all varieties (Table 4.25). The interaction effect
of varieties and treatments on TSS was significant. However, Varieties differ from each other
in fruit TSS. Also, high concentration of calcium chloride application increased the metabolic
actions which eventually decreased the TSS of the apple fruits as reported by Sajid et al.
(2019).
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Table 4.23. Varietal difference in respect of TSS (%) of strawberry during storage

TSS (%) at DAT
Varieties 5 5 3 11
V1
568 F 59E 5.73 EF 519G
V2
8.04 B 795 B 747C 7.13D
V3
8.86 A 882A 8.69 A 8.04 B
LSD (0.05) 0.18

Note: Treatments mean which represent same letter are statistically non-significant (P<0.05).

Table 4.24. Effect of treatments on TSS (%) of strawberry during storage

TSS (%) at DAT
Treatments 2 5 8 11
Tl
7.14F 7.43 DE 7.46 DE 672G
T2
7.26 EF 7.61 BCD 7.37 DEF 6.84 G
T3
7.4 DEF 7.88 A 7.51 CDE 6.68G
T4
7.83 AB 7.6 BCD 7.15F 6.85G
T5
7.77 AB 7.44 DE 7.15F 6.78 G
T6
7.76 ABC 7.38 DEF 7.15F 6.85G
LSD (0.05) 0.26

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

V1: RABI-3
V2: BARI Strawberry-3

V3: Festival

T1: Control- Ambient condition
T2: No packaging + CoolBot

T3: Paper box packaging + CoolBot

T4: CaCl; 1% + paper box packaging + CoolBot
T5: CaCl2 2% + paper box packaging + CoolBot
T6: CaClz 3% + paper box packaging + CoolBot

DAT: Days after treatment

LSD (0.05): Significant at
5% level of probability
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Table 4.25. Combined effect of varieties and treatments on TSS (%) of strawberry during

storage
TSS (%) at DAT
Variety x Treatments 3 3 3 T
VIT1 5.56 d-g 6.03 Y-c 6.36 XYZ 543 e-h
VIT2 5.26 f-i 593 Z-d 5.83 b-e 5.13 ghi
VIT3 5.33f4i 6.40 XY 6.33 YZa 5334
VIT4 5.90 a-d 5.63 cf 5.10hi 5.03 hi
V1T5 593Zd 5.56 d-g 5.16 ghi 4961
VIT6 6.10 Y-b 5.86 b-e 553 c-f 5.26 f-i
V2T1 733 R-V 7.53 O-T 720 T-W 6.80 WX
V2T2 7.83 L-P 8.00 J-N 7.53 O-T 7.20 T-W
V2T3 7.76 L-R 8.10I-M 7.36 Q-V 6.93 VW
V2T4 8.53C1 8.40F-J 7.66 M-8 7.40P-U
V2T5 8.46 D-1 8.10 [-M 7.86 L-O 7.530-T
V2T6 833 GK 7.60 N-T 7.23 S-W 6.96 UVW
V3Tl 8.53C-I 8.73 A-G 8.83 A-F 7.93K-O
V3T2 8.70 B-G 8.90 A-D 8.76 A-G 8.20H-L
V3T3 9.10 AB 9.16 A 8.83 A-F 7.80 L-Q
V3T4 9.06 AB 8.76 A-G 8.70 B-G 8.13L-L
V3T5 8.93 ABC 8.66 B-G 8.43E-J 7.86 L-O
V3T6 8.86 A-E 8.70 B-G 8.60 C-H 8.33G-K
LSD (0.05) 046
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1: RABI-3 T1: Control- Ambient condition DAT: Days after
T2: No packaging + CoolBot treatment
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot
T4: CaClz 1% + paper box packaging + CoolBot
V3: Festival T5: CaCl;2% + paper box packaging + CoolBot LSD (0.05): Significant at
T6: CaCl;3% + paper box packaging + CoolBot 5% level of probability
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4.3.2 p2

The differences were observed during DAT 2 to DAT 11 for all of the three varieties. pf
values fluctuated without any trend (Table 4.26). Koyuncu (2004) did not find any significant

differences on p™ among three strawberry varieties during storage.

In case of treatments, p™! values fluctuated from DAT 2 to DAT 11 without any trend (Table
4.27). Turmanidze et al. (2016) and Wan Mahfuzah et al. (2012) support the findings from the

current study.

The combined effect of varieties and treatments during storage did not follow any certain

pattern of changing p¥ from DAT 2 to DAT 11 (Table 4.28). Combined effect of packing

system, calcium chloride and chlorine on strawberry p* was not statistically significant as

reported by Mozhdehi et al. (2012).
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Table 4.26. Varietal difference in respect of p of strawberry during storage

pat DAT
Varieties 5 5 3 11
V1
3.54 ABC 3.51 ABC 341 CD 338CD
V2
3.61 AB 343 BCD 329D 341CD
V3
364 A 3.69A 3.56 ABC 3.38CD
LSD (0.05) 0.19
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
Table 4.27. Effect of treatments on p™ of strawberry during storage
ptat DAT
Treatments ) 3 ) 11
B 3.53 AD 3.38 CDE 3.34 DE 3.38 CDE
* T2
374 A 35A-D 3.44 B-E 332 DE
3 3.64 ABC 3.64 ABC 3.35DE 321E
T4 344 B-E 3.55A-D 348 A-E 344 B-E
s 3.58 A-D 3.51 A-D 345B-E 3.63 ABC
T
6 3.64 ABC 3.68 AB 345 B-E 337 CDE
LSD (0.05) 0.27
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1: RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
V2: BARI Strawberry-3 | T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaCl2 1% + paper box packaging + CoolBot 5% level of probability
V3: Festival T5: CaCl2 2% + paper box packaging + CoolBot
T6: CaCl, 3% -+ paper box packaging + CoolBot
|
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Table 4.28. Combined effect of varieties and treatments on p" of strawberry during storage

p' at DAT
Variety x Treatments 5 5 g T
VITI 3.39B-K 3.35B-K 318 IK 3.35C-K
VIT2 3.74 A-F 3.54 B-K 3.77 A-D 3.40 B-K
VIT3 3.56 B-K 349 B-K 3.57 B-K 3.26 G-K
VIT4 3.47 B-K 3.68 A-l 3.37 B-K 3.42 B-K
V1T5 3.65 A-J 3.37B-K 3.36 B-K 348 B-K
VIT6 3.45 B-K 3.62 A-J 324 H-K 3.35C-K
V2T1 3.48 B-K 328 E-K 335C-K 3.54 B-K
V2T2 3.76 A-E 343 B-K 3.24 H-K 320K
V2T3 3.67 A-I 3.66 A-1 3.32D-K 312K
V2T4 3.42 B-K 3.40 B-K. 3.24 H-K 3.60 A-J
VaTs 3.67 A-l 347 B-K 3.28 E-K 3.64 A-J
V2Té6 3.67 A-1 3.35C-K 331 DK 3.38B-K
V3TI 373 A-G 352 B-K 349 BK 324 H-K
V3T2 3.73 A-F 3.54 B-K 333 D-K 3.36 B-K
V3T3 3.71 A-H 3.77 A-D 318K 327F-K
V3T4 3.44 B-K 3.57B-K 3.83 AB 329E-K
V3T5 3.43 B-K 3.70 A-H 3.72 A-G 3.77 A-D
V3Teé 3.81 ABC 4.06 A 3.82 ABC 3.38 B-K
LSD (0.05) 0.48
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1: RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaCl: 1% + paper box packaging + CoolBot 5% level of probability
V3: Festival T5: CaCl; 2% + paper box packaging + CoolBot
T6: CaCl; 3% + paper box packaging + CoolBot
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4.3.3 Titratable acidity (TA) (%)

On DAT 2, highest titratable acidity (0.68%) was observed in both V2 and V3 and lowest
(0.66%) in V1. The varieties under study showed decreasing trend from DAT 2 to DAT 11
(Table 4.29). However, Aziz et al. (2018) reported a 0.91% TA in Chandler variety of
strawberry. Koyunch (2014) got a decreasing trend of TA from DAT 0 to DAT 10 for three
strawberry varieties (Camarosa, Cavendish and Chandler) and this finding supports the
finding of present study. Garcia et al. (1998) stated that acidity decrease demonstrates

maturation development.

On DAT 2, highest titratable acidity was found in T4 treated fruits followed by the fruits
treated with T6 and TS5 (Table 30). All six treatments showed decreasing trend where severe
loss of titratable acidity was observed in T2. Turmanidze et al. (2016) used calcium chloride

(0, 1% and 2%) on strawberry and got decreasing trend which is similar to the present result.

In V1T4 treated fruits, the TA was 0.73% on DAT 2 which was maximum. All the ‘
combinations showed slow decrease in TA (%). Lowest TA was found in V1T2 at DAT 4
(Table 4.31). Mozhdehi et al. (2012) did not find any significant difference on TA it was
present in the current study as there is variation in fruit acidity and calcium treated fruits also
retain some acidity by blocking maturation during storage as reported by Koyuncu (2004) and
Garcia et al. (1998).
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Table 4.29. Varietal difference in respect of titratable acidity of strawberry during storage

Titratable acidity (%) at DAT
Varieties > 5 3 ¥
Vi
0.66 C 065D 063 E 0.62F
V2
0.68 A 0.66 B 0.64 D 0.62 F
V3
068 A 0.67B 0.64 D 0.62 F
LSD (0.05) 0.01

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

Table 4.30. Effect of treatments on titratable acidity of strawberry during storage

Treatments Titratable acidity (%) at DAT
2 5 8 11

T1 0.65 FG 0.64 HI 0.64 JK 0.62M
T2 0.65 GH 0.64 KL 062M . 0.60 N
T3 0.67D 0.65 EFG 0.641J 0.63 L
T4 0.71 A 0.70 B 0.68C 067D
TS 0.68 C 0.66 DE 0.64 KL 0.62 M‘
T6 0.70 B 0.68 C 0.66 DEF 0.62M

LSD (0.05) 0.01

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

V1:RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot

V2: BARI Strawberry-3 | T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaCl; 1% + paper box packaging + CoolBot 5% level of probability

V3: Festival T5: CaCl22% + paper box packaging + CoolBot
Té6: CaClz 3% + paper box packaging + CoolBot
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during storage

Table 4.31. Combined effect of varieties and treatments on titratable acidity of strawberry

Titratable acidity (%) at DAT
Variety x Treatments 5 5 3 1
VIT1 0.65 K-N 0.65L-O 0.63 PQ 0.61 ST
VIT2 0.58X 056Y 0552 053 A
V1T3 0.61 ST 0.60 TU 0.59 WX 0.58X
ViT4 0.73A 0.71 BC 0.70CD 0.69 DE
VITS 0.68 EF 0.67 GH 0.66 H-K 0.65L-O
V1Té6 0.70 CD 0.69 DE 0.68 FG 0.65 L-O
V2T1 0.66 HIJ 0.65 I-M 0.65L-O 0.64 M-P
V2T2 0.66 H-K 0.64 M-P 0.60 TU 0.60 T-W
V2T3 0.68 EF 0.67 GHI 0.66 HIJ 0.64 M-P
Va2T4 0.69 DE 0.68 EF 0.67 GH 0.65L-O
V2715 0.68 EF 0.65 I-M 0.64 OPQ 0.62RS
V2T6 071 B 0.69 DE 0.66 I-L 0.60 T-W
V3T1 0.64 NOP 0.63 QR 0.62 R 0.59 UVW
V3T2 0.71 BC 0.69 DE 0.68 EF 0.65 K-N
V3T3 0.70CD 0.69 DE 0.67 GH 0.65 J-M
V3T4 0.70CD 0.69 DE 0.66 HIJ 0.65L-O
V3T5 0.68 FG 0.66 I-L 0.60 TUV 0.59 WX
V3Té 0.67 GHI 0.66 I-L 0.64 NOP 0.59 VWX
LSD (0.05) 0.0121
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1: RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot LSD (0.05): Significant at 5%
T4: CaCl> 1% + paper box packaging + CoolBot level of probability
- V3: Festival T5: CaCl, 2% + paper box packaging + CoolBot
T6: CaCl, 3% + paper box packaging + CoolBot




4.3.4 Ascorbic acid (mg/100 g)

Maximum ascorbic acid (44.25 mg/ 100 g) was found in both V2 and V3 where V1 contained
43.34 mg/ 100 gm of ascorbic acid at DAT 2. All three varieties showed decreasing trend from
DAT 2 to DAT 11. On DAT 11, V3 showed 37.85 m/ 100 gm of ascorbic acid which was
lowest (Table 4.32). The findings from the present study is similar to the findings reported by
Akter et al. (2018) and Singh et al. (2008). They got varietal difference on ascorbic acid

content of strawberry cultivars.

Good retention of ascorbic acid was found in the fruits treated by both TS and T6 followed by
T4 (Calcium treated fruits) from DAT 2 to DAT 11. Untreated fruits expressed significant
loss in ascorbic acid where T1 contained lowest ascorbic acid (32.3 mg/100 g) (Table 4.33).
Calcium chloride treated fruits retained more ascorbic acid after 15 days of storage compared
to untreated fruits as reported by Shahzad et al. (2020). This might be because higher

concentrations of calcium chloride delayed the rapid oxidation of ascorbic acid in the samples.

Significant loss was observed in all combinations where the fruits of all three varieties with
Calcium chloride treatment (T4, TS5 and T6) retain more ascorbic acid than the varieties with
T1, T2 and T3 from DAT 2 to DAT 11 (Table 4.34). Mozhdehi et al. (2012) also reported that
the combined effect of packing system, calcium chloride and chlorine retains more ascorbic

acid content than unpacked and untreated fruits of strawberry.
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Table 4.32. Varietal difference in respect of ascorbic acid of strawberry during storage

Ascorbic acid (mg/100 g) at DAT
Varieties ) 5 3 11
Vi
4334 B 41.6 D 4005 F 38.27H
V2 4431 A 4271C 4076 E 39G
V3 4425 A 41.78 D 3942 G 37.85H
LSD (0.05) 0.58

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

Table 4.33. Effect of treatments on ascorbic acid of strawberry during storage

Ascorbic acid (mg/100 gm) at DAT

Treatments 2 5 8 11
Tl 44.15 B-E 38.55K 3445 N 3230
T2 44.51 A-D 42.31 GH 40.291 3745L
T3 4154 H 39.24 JK 36.03 M 3423 N
T4 43,71 DE 42.78 FG 4181 H 399511
TS 45.19 A 44 .87 AB 43.97 CDE 42 84 FG
T6 44.69 ABC 44 43 A-D 43.92 CDE 43.47 EF

LSD (0.05) 0.82

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

V1: RABI-3

V3: Festival

V2: BARI Strawberry-3

T1: Control- Ambient condition
T2: No packaging + CoolBot

T3: Paper box packaging + CoolBot
T4: CaCl2 1% + paper box packaging + CoolBot
T5: CaCl;2% + paper box packaging + CoolBot
T6: CaClz 3% + paper box packaging -+ CoolBot

DAT: Days after treatment

LSD (0.05): Significant at
5% level of probability
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Table 4.34. Combined effect of varieties and treatments on ascorbic acid of strawberry during

storage
Ascorbic acid (mg/100 g) at DAT
Variety x Treatments 5 5 3 i1
VIT1 42.831-0 3838 a-d 3439 gh 32.324
ViT2 43.14 G-M 41.470-V 40.11 V-Y 37.64 b-e
VIT3 40.43 U-X 3849 Z-d 37.26 de 35.74 fg
VI1T4. 4495 A-E 44.03 D-J 4329 F-M 41.21 Q-W
VITS 46.18 A 4532 A-D 44.00 D-J 42.10 L-S
VIT6 4249 K-Q 41.89 M-T 41.25Q-W 40.66 T-X
V2T1 4424 D-1 38.91 Y-¢ 35.54 fg 33.70 hi
VT2 44.62 B-F 4233L-R 40.93 R-X 38.04 b-e
V2T3 4321 F-M 41.71N-U 37.32de 3523 g
V2T4 43.10 H-N 42.68 J-P 41.39P-V 39.00 Y-b
V2T5 44.96 A-E 44.86 A-E 44.06 D-J 43.07 H-N
V2T6 45.84 AB 45.69 ABC 4534 A-D 44,96 A-E
V3Tl 45.37 A-D 38.35a-d 33.42 hi 30.89k
V3T2 45.78 AB 43.14 G-M 39.83 W-Z 36.68 ef
V3T3 40.98 R-X 37.51 cde 33.50 hi 31.73 jk
V3T4 43.09 H-N 41.620-U 40.75 8-X 39.64 X-a
V3T5 44.53 B-G 4434 C-H 43.8:1 EK 43.35F-L
V3T6 45.74 ABC 4571 ABC 45.17 A-E 44.81 A-E
LSD (0.05) 1.42
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1:RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaClz2 1% + paper box packaging + CoolBot 5% level of probability
V3: Festival T5: CaCl22% + paper box packaging + CoolBot
T6: CaClz 3% + paper box packaging + CoolBot
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4.3.5 Total carbohydrates (g/ 100 g)

On DAT 2, V1 contained 7.99 g/100 g carbohydrate while V2 contained 7.49 g/100 g (Table
4.35). The decreasing trend is almost similar to all three varieties. There is variation present
between in respect of total carbohydrates as reported by Saied et al. (2005). Ahmed et al.
(2018) found more carbohydrate content (6.81%) in camarosa variety of strawberry.

The T6 treated fruits expressed highest carbohydrate content with good retention followed by
TS. Fruits treated with T4 was also moderately good compared to untreated fruits (T1, T2 and
T3) (Table 4.36). Calcium chloride treated fruits retained more total carbohydrates than
control in guava as it was observed by Chawla et al. (2018).

Significant differences were present between combined effect of varieties and treatments.
V1T3 at DAT 2 showed highest total carbohydrate content (8.46 g/100 g) and lowest in V2T3
(6.52 g/100 g) at DAT 11. All the combinations showed decreasing trend while varieties
treated with T4, TS5 and T6 retained more carbohydrates than T1, T2 and T3 from DAT 2 to
DAT 11 (Table 4.37). The research conducted by Mozhdehi et al. (2012) expressed similar

result in case of total carbohydrates.
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Table 4.35. Varietal difference in respect of total carbohydrates of strawberry during storage

~
Total carbohydrates (g/ 100 g) at DAT
Varieties 2 5 8 11
V1
799 A 7.84 B 763D 7.45 E-F
V2
749E 738F 727G 7.14H
V3
7.73C 7.59D 7.41 EF 729G
LSD (0.05) 0.08
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
Table 4.36. Effect of treatments on total carbohydrates of strawberry during storage
Total carbohydrates (g/ 100 g) at DAT
Treatments 2 5 g 11
e 7.55 FG 747 GH 7.09 KL 6.85 M
5 12 7.8 CD 7.56 FG 7.41 HI 7.19 IK
3 7.63 EF 73110 7.04 L 6.82 M
T4 7.64 EF 7.56 FG 749 GH 7.39 HI
s 7.84 BC 779 CD 7.69 DE 7.65 EF
16 798 A 7.94 AB 791 ABC 7.87 ABC
LSD (0.05) 0.12
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1: RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaCl; 1% + paper box packaging + CoolBot 5% level of probability
V3: Festival T5: CaClz 2% + paper box packaging + CoolBot
T6: CaCl, 3% + paper box packaging + CoolBot
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Table 4.37. Combined effect of varieties and treatments on total carbohydrates of strawberry

- during storage
Total carbohydrates (g/ 100 gm) at DAT
Variety x Treatments 5 z 3 1
VIT1 7.62 M-Q 7.58 N-S 7.12Y-b 6.79 ef
VIT2 8.05D-G 7.85 G-L 772 1N 7.48 O-T
VIT3 846 A 7.95F-1 7.470-U 7.12 Y-ab
VIT4 744 P-V 740 R-W 727 T-Z 7.18 X-a
VITS 8.38 AB 8.29 ABC 8.26 A-D 8.22B-E
VIiT6 7.99 FGH 7.97 F-1 7.95F-1 7.92G-J
V2T1 7.58 N-S 7.40 R-W 7.14 Y-ab 6.89 c-f
V212 7.59N-R 7.26 U-Z 7.10 Zc 6.88 def
V2T3 6.80 ef 6.73 f 6.70 fg 6.52¢g
V2T4 7.33T-X 728 T-Z 7.21 W-a 7.16 X-b
- V2T5 7.77 I-N 7.76 I-N 7.66 K-O 7.64 L-P
V2Té6 7.89 G-J 7.87 G-K 7.81 H-M 777N
V3Tl 7.45 O-V 7.43P-V 7.00 a-e 6.87 def
V3T2 7.76 I-N 7.59 N-R 7.42 Q-W 721 W-a
V3T3 7.64 L-Q 7.25V-Z 6.96 b-e 6.81 ef
V3T4 8.14 C-F 8.01 E-H 7.97 F-1 7.82 H-M
V3T5 737 S-X 732T-Y 7.15Y-b 7.08 Zd
V3Té6 8.05 D-G 7.98 F-1 7.97 F-1 7.93 F-J
LSD (0.05) 0.22
Note: Treatments mean which represent same letter are statistically non-significant (< 0.05).
V1: RABI-3 T1: Control- Ambient condition DAT: Days after treatment
T2: No packaging + CoolBot
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaClz 1% + paper box packaging + CoolBot 5% level of probability
- V3: Festival T5: CaCl22% + paper box packaging + CoolBot
T6: CaClz 3% + paper box packaging + CoolBot
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4.3.6 Anthocyanin (mg/100 g)

The variety V1 expressed highest anthocyanin content followed by V2 at DAT 3. There was
a slight increase in anthocyanin content in V1 and V2 on DAT 7 from DAT 3. But it decreased
rapidly on Day 7 to DAT 11 (Table 4.38). Singh et al. (2008) confirmed the varietal difference

in anthocyanin content in strawberry fruit which is similar to the findings from present study.

The T4, TS and T6 treated fruits retained anthocyanin content as only a small increase in
observed in DAT 7. Untreated fruits (T1, T2 and T3) showed low anthocyanin value with
similar decreasing trend from DAT 3 to DAT 11 (Table 4.39). The result from this study is
similar to the findings of Kumar et al. (2020). Calcium treatment has been found to increase
color formation of strawberry fruits by affecting phenylalanine ammonia lyase and tj/rosine

ammonia lyase activities (Kumar et al., 2020).

In case of interaction effect of variety and treatment on anthocyanin content, all three varieties
with T6 treatment showed higher anthocyanin content than other treatments followed by T5
and T4. Untreated fruits (T1, T2 and T3) of all varieties expressed less anthocyanin content
from DAT 3 to DAT 11 (Table 4.40). Rahimi et al. (2018) found similar effect from combined

interaction of chitosan and calcium chloride on anthocyanin content of strawberry.




Table 4.38. Varietal difference in respect of anthocyanin of strawberry during storage

Anthocyanin (mg/100 g) at DAT
Varieties 3 7 11
Vi
38.57 AB 38.68 A 3733 E
V2 37.79D 37.88D 36.15 G
V3 38.29 BC 38.05 CD 369 F
LSD (0.05) 0.32

Note: Treatments mean which represent same letter are statistically non-significant (P<0.05).

Table 4.39. Effect of treatments on anthocyanin of strawberry during storage

Anthocyanin (mg/100 g) at DAT
Treatments 3 7 11
T 37.51 GH 37.65 FGH 35.18K
T2 37.78 FG 37.21 HI 35927
3 38.21 DE 37.58 FGH 35.55 JK
T4 38.48 CD 38.86 C 37.88 EFG
s 37.67FG 38.01 EF 36.791
Té 39.69 AB 39.92 A 39.45B
LSD (0.05) 045

Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).

V1: RABI-3
V2: BARI Strawberry-3

V3: Festival

T1: Control- Ambient condition
T2: No packaging + CoolBot

T3: Paper box packaging + CoolBot

T4: CaClz 1% + paper box packaging + CoolBot
T5: CaClz 2% + paper box packaging + CoolBot
T6: CaCly 3% + paper box packaging + CoolBot

DAT: Days after treatment

LSD (0.05): Significant at
5% level of probability
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Table 4.40. Combined effect of varieties and treatments on anthocyanin of strawberry during

storage
Anthocyanin (mg/100 g) at DAT
Variety x Treatments 3 7 T
VIT1 37.691-Q 38.097 F-L 35.62V-Y
VIT2 38.63E-G 37.40L-Q 36.41 8-V
VIT3 37.66 J-Q 37.721-p 3590 U-X
V1T4 39.43CD 40.03 ABC 38.42E-]
VIT5 37.99 G-M 38.25E-K 37.33L-R
VIT6 40.04 ABC 40.62 A 40.33 AB
V2T1 37.020-T 37.07N-T 34477
V2T2 37.34L-R 37.32L-R 3499YZ
V213 38.55E-H 37.701-Q 3514 XYZ
V2T4 38.68 D-G 38.84 DEF 3822EK
V2T5 36.56 R-U 37.47 K-Q 35.87U-X
V2T6 38.58 E-H 38.90 DE 3823 E-K
V3Tl 37.83 H-N 37.79 H-O 3547XY
V3T2 3725 MR 36.92Q-T 3635 T-W
V3T3 38.43E-J 37.32L-R 35.62 WXY
V3T4 3734L-R 37.721-P 36.99 P-T
V3T5 38.47E-I 38.30E-J 37.18 N-S
V3Té6 40.44 AB 40.25 AB 39.79 BC
LSD (0.05) 0.79
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1: RABI-3 T1: Control- Ambient condition DAT: Days after
T2: No packaging + CoolBot treatment
V2: BARI Strawberry-3 | T3: Paper box packaging + CoolBot
T4: CaCl; 1% + paper box packaging + CoolBot LSD (0.05): Significant
V3: Festival T5: CaCl2 2% + paper box packaging + CoolBot at 5% level of probability
. T6: CaClz 3% + paper box packaging + CoolBot
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4.4 Fruit spoilage (%)

Maximum fruit spoilage (%) was obtained in V1 (21.01%) followed by V2 (Fig. 4.3) after 11
days of storage. V3 showed less fruit spoilage (18.35%) after 11 days of storage (Fig 4.3).
Spoilage of strawberry fruit is a varietal characteristics and varies among varieties. Das et al.
(2015) got Festival variety (V3) as superior in respect of high disease resistance. Nes (1996)

also reported that Elsanta variety of strawberry is resistant to spoilage than other varieties.

The treatments T4 and TS5 performed best at showing less fruit spoilage (Fig. 4.4). The T1
treated fruit showed maximum fruit spoilage (36.71%). Amal et al. (2020), Guan et al. (2006),
Zhao et al. (2013), Kumar et al. (2021), Garcia et al. (1996) and Cheour et al. (1991) supports
the present result as they got minimum strawberry fruit spoilage in calcium treated fruits
compared to untreated fruits. Calcium chloride forms an edible coating that induces defense
capability for fungal attack in strawberry fruit (Zhao et al., 2013). Surprisingly higher
concentration of calcium chloride 3% (T6) showed significant fruit spoilage (%). Higher
concentrations of calcium chloride may cause fruit rotting and core rot in apple as reported by
Ullah et al. (2007).

The combined effect of varieties and treatments on fruit spoilage (%) was found to be
significant at the end of storage. All three varieties with T1 showed maximum spoiled fruits
where T4 and T5 treated fruit showed minimum spoilage (Table 4.41). The combined effect
of calcium chloride and salicylic acid may be act as synthetic fungicide for controlling fruit
decay in strawberry (Shahzad et al., 2020). Combined effect of calcium chloride and chitosan
also reduced strawberry fruit spoilage as reported by Rahimi et al. (2018).

72

@hul na Uni versity




Fruit spoilage (%)
b [ N
[} [— (7}

]
A

0

-
9]

Fig. 4.3. Varietal difference in respect of fruit spoilage (%) of strawberry

45 -

40 1

35 4 bR

)
X 30 -
e’
[-+]
2025 .
=]

3
& 20 -

=

£ 15 -

<3

10 4
5 d

0 -

111

| 1sp3isesoos)

/

|

= NI

T1

Fig. 4.4. Effect of treatments on fruit spoilage (%) of strawberry

V1: RABI-3
V2: BARI Strawberry-3

V3: Festival

T1: Control- Ambient condition

T2: No packaging + CoolBot

T3: Paper box packaging + CoolBot

T4: CaCl; 1% + paper box packaging + CoolBot
T5: CaCl, 2% + paper box packaging + CoolBot
T6: CaCl, 3% + paper box packaging + CoolBot

LSD (0.05): Significant at
5% level of probability

73

@hul na Uni versity




Table 4.41. Combined effect of varieties and treatments on fruit spoilage (%) and shelf life

(days) of strawberry
Variety x Treatments Fruit spoilage (%) Shelf life (days)
VI1T1 4927 A 516K
VIT2 17.39 DEF 6.75 HI
VIT3 15.94 EFG 7.16 GH
VI1T4 14.49 EFG 8.25F
VITS 11.59 G 9.00 DE
VITé6 17.39 DEF 941 CD
V2Tl 36.23B 5753
V2T2 17.39 DEF 651
V2T3 17.39 DEF 6.671
V2T4 13.04 FG 8.57 EF
V2T5 14.49 EFG 950C
V2T6 2464 C 9.50C
V3Tl 2464 C 6411
V3T2 21.74CD 725G
V3T3 14.49 EFG 725G
V3T4 13.04 FG 9.75C
Vi3T5 17.39 DEF 10.16 AB
V3T6 18.84 DE 10.50 A
LSD (0.05) 5.45 0.46
Note: Treatments mean which represent same letter are statistically non-significant (P< 0.05).
V1:RABI-3 T1: Control- Ambient condition
T2: No packaging + CoolBot
V2: BARI Strawberry-3 T3: Paper box packaging + CoolBot LSD (0.05): Significant at 5% level
T4: CaClz 1% + paper box packaging + CoolBot | of probability
V3: Festival T5: CaCl22% + paper box packaging + CoolBot
Té6: CaClz 3% + paper box packaging + CoolBot
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4.5 Shelf life (days)

Maximum shelf life (8.55 days) was obtained from the V3. The variety V1 and V2 showed
almost similar shelf life (days) (Fig. 4.5). Shelf life of fruit varies from variety to variety as
reported by Akter et al. (2018) and Nes (1996).

T6 showed 1.69 times extended shelf life compared to T1 (Control). The T5 treated fruits also
showed 1.65 times longer shelf life than T1. Untreated fruits in Coolbot storage (T2 and T3)
expressed almost similar shelf life (Fig. 4.6). Maximum shelf life (days) of strawberry is
exhibited in calcium treated fruits rather than untreated fruits due to less weight loss (%), less
decay (%), good color retention and high fruit firmness (Wan Mahfuzah et al., 2012).

The combined effect of varieties and treatments on shelf life are found to be significant. V3T6
expressed maximum shelf life (10.50 days) which is minimum in V1T1 (5.16 days). All three
varieties with T1 showed lowest shelf life of strawberry (Table 4.41). Mozhdehi et al. (2012)
reported that combined effect of packing system, calcium chloride and chlorine is best for

strawberry fruit survival compared to non-packed, untreated fruits.
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Fig. 4.6. Effect of treatments on shelf life (days) of strawberry

V1: RABI-3 T1: Control- Ambient condition
T2: No packaging + CoolBot
V2: BARI Strawberry-3 | T3: Paper box packaging + CoolBot LSD (0.05): Significant at
T4: CaCl, 1% + paper box packaging + CoolBot 5% level of probability
V3: Festival T5: CaCl, 2% + paper box packaging + CoolBot
T6: CaCl; 3% + paper box packaging + CoolBot
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CHAPTER V
SUMMARY, CONCLUSION AND RECOMMENDATION

5.1 Summary

The present experiment was conducted on the effect of calcium chloride and packaging on
postharvest quality of strawberry. The main objective was to find an effective control measure
to minimize the postharvest losses of strawberry. The study was conducted at Horticulture
Laboratory, Agrotechnology discipline, Khulna University, Khulna during the period from
30% March to 12% April, 2021. A CoolBot storage room was developed to store the treated
and untreated fruits. It generally takes less than 2 hours to reach the lower limit of room
temperature (6£2°C). The relative humidity (RH) of the CoolBot room is 90-95%. Moreover,

CoolBot is cost efficient compared to traditional cold storage.

The experiment was laid out in factorial completely randomized design (CRD) with three
replications for the treatments. Here the factors were considered as the strawberry varieties,
postharvest treatments and days after treatment (DAT). For each replication of a treatment,
approximately 250 gm of freshly harvested fruits were used. There were three varieties of
strawberry viz. RABI-3 (V1), BARI strawberry-3 (V2) and Festival (V3) and six treatments
viz. Control- Ambient condition (T1), No packaging + CoolBot (T2), Paper box packaging +
CoolBot (T3), Calcium chloride 1% + paper box packaging + CoolBot (T4), Calcium chloride
2% + paper box packaging + CoolBot (T5) and Calcium chloride 3% + paper box packaging
+ CoolBot (T6) were used in the study.

Changes in physico-chemical characteristics as weight loss (%), polar and equatorial diameter
(cm), firmness (N), colorimetric parameters (L*, a*, b* and h°), p%, TSS (%), TA (%), ascorbic
acid (mg/100 g), anthocyanin (mg/100 gm), total carbohydrates (gm/100 gm), fruit spoilage
(%) and shelf life (days) of fruits were observed during storage. ‘

Significant variation was observed among the varieties for physico-chemical characteristics,
fruit spoilage (%) and shelf life. Festival (V3) performed best during the study period through
minimum change in fruit weight (16.63%), polar diameter (3.99 cm), firmness (15.04 N), pt
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(3.56), TSS (8.60%), least fruit spoilage (18.35%) and longer shelf life (8.55 days). BARI
strawberry-3 (V2) showed maximum equatorial diameter (3.74 cm) and ascorbic acid (41.69
mg/ 100 g). RABI-3 was best for total carbohydrates (7.72 g/100 g), TA (0.65%) and
anthocyanin (38.19 mg/100 g). Color values did not differ among the three varieties during
the study period. No single variety was found to be superior in case of all fruit quality

parameters.

In case of treatment, the T6 (Calcium chloride 3% + paper box packaging + CoolBot) resulted
best with minimum loss of weight (6.33%), firmness (13.10 N), total carbohydrates (7.92
g/100 g), TA (0.66%), polar diameter (4.25 cm), anthocyanin (39.68 mg/100 g) and longer
shelf life (9.81 days). T5 (Calcium chloride 2% + paper box packaging + CoolBot) treated
fruits expressed highest ascorbic acid (44.21 mg/100 g) and p™ (3.54). Fruits treated with T4
(Calcium chloride 1% + paper box packaging + CoolBot) showed best result for equatorial
diameter (4.08 cm) and lowest fruit spoilage (13.52%) while T3 (CoolBot + paper box
packaging) was higher in TSS (7.36%). Color values were almost similar to treatments applied
to strawberry. T1 (Control- Ambient condition) was found to be inferior in respect of fruit

quality parameters and shelf life.

5.2 Conclusion and Recommendation

The findings on the combined effect of variety and treatment indicate that Festival (V3) and
T6 (Calcium chloride 3% + paper box packaging + CoolBot) might be able to delay the
deterioration process and retain maximum fruit quality for longer period. It could be
recommended that combination of Festival (V3) and T6 (Calcium chloride 3% + paper box
packaging + CoolBot) might be an effective postharvest approach for maintaining physico-
chemical properties and extending the shelf life of strawberry during storage. In this regard,
further research could be conducted with other strawberry varieties by considering other
concentrations of calcium chloride as well as other chemicals with different types of

packaging materials.
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APPENDIX

Fig. 1. CoolBot storage Fig 2. Desktop p™ meter
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Fig 3. Electrical balance Fig. 4. Hand refractometer

Fig 5. Chemical balance Fig 6. Spectrophotometer (i)
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Fig 7. Spectrophotometer (ii)

Fig 8. Hot plate magnetic stirrer

Fig. 9. Outside views of water bath

Fig. 11. Outside views of refrigerated
centrifuge machine
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Fig. 10. Inside views of water bath

Fig 12. Inside views of refrigerated
centrifuge machine
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Fig. 13. Incubator (temperature controller)

Fig. 15. Fruits collection from field Fig. 16. Collected fruits from field
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