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1. INTRODUCTION
Banana is one of the world’s most important fruit crops and India is the largest
producer with more than 50 different cultivars. Among them ‘Nendran’ (Musa AAB) is
the most popular variety of Kerala for domestic as well as export market and there is a
growing demand for Nendran as a table fruit and for processing because of its high

nutritional value.

Banana being a climacteric fruit continues its metabolic activities viz., respiration,
transpiration, ripening and remain biologically active leading to high perishability. So, it
is necessary to comprehend the management practices to enhance the shelf life of fruits
without quality loss and thus to minimize postharvest losses. Banana fruits are generally
harvested at mature green stage transported to markets and later got ripened before
reaching to the consumer. Hence, delaying the ripening process, retaining the green
colour and firmness of the fruits for 1-2 weeks is of utmost importance for safe

transportation and to retain the quality of fruits.

There are several factors which account for postharvest losses of which, rapid
ripening of fruits is a major challenge hampering a postharvest loss of about 15%
(Jogdand et al., 2017). Research on appropriate methods to extend the shelf life of
bananas to maintain fruit quality for long distance and domestic markets is vital
(Kudachikar et al., 2011). For long distant transport and domestic storage, green life is a
major factor whereas for retailers it is important that bananas arrive at a ripening stage
that produces a marketable product. Therefore, the success in marketing of banana needs
control over the ripening process through modifying storage conditions, use of

pretreatments and application of ripening retardants (Kader, 2002).

Postharvest treatments can affect physiological activities in fruits including the
biosynthesis of ethylene and thereby play an important role in delaying natural ripening
process which helps to extend the green life of banana. Therefore, it is necessary to
develop cost efficient postharvest treatments to minimize postharvest losses so as to

ensure better farm income.



As Nendran banana is highly perishable under tropical conditions, standardisation
of postharvest treatments to delay the senescence and to maintain the fruits for a longer
period in normal storage condition is needed. Hence the present study entitled
‘Postharvest quality management in banana cv. Nendran (Musa spp.)’ with the objective
to standardize the postharvest management for delayed ripening and extended shelf life of
banana cv. Nendran with minimum nutritional loss through postharvest handling
practices had been conducted in Department of Postharvest Technology, at College of

Agriculture, Vellayani, Kerala Agricultural University.
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2. REVIEW OF LITERATURE
Banana (Musa spp.) holds second position amongst the important fruit crops in
India, next to mango (NHB, 2018). Banana originally belong to the lowlands of the
humid tropics and most of the edible cultivated species are either derived from its wild
race Musa acuminata (2n=22) or by the hybridization between Musa acuminata and
Musa balbisiana (2n=22) (Seymour and Tucker,1993). More than 50 different cultivars
are grown and among them ‘Nendran’ (Musa AAB), the plantain cultivar, is the most

popular variety of Kerala.

Nendran banana is a climacteric fruit and shows highest respiration and ethylene
evolution rate during ripening. Being a climacteric fruit, banana shows high
physiological changes during ripening (Stover and Simmonds, 1987). It continues its
metabolic activities like respiration, transpiration, ripening and remains biologically
active leading to high perishability. Hence it is necessary to reduce the rate of these
changes through management practices in order to improve shelf life and quality of
fruits. Harvested bananas have short shelf life and are highly perishable leading to
postharvest losses in the range of 20-50% which could be due to quality deterioration
and poor handling practices (Ajayi and Mbah, 2007; Zewter et al., 2012). Research on
appropriate methods to extend the shelf life of banana is vital to maintain the fruit

quality for long distance and domestic markets (Kudachikar ef al., 2011).

Nendran banana fruits are normally harvested at mature green stage, transported
to markets, and ripened at the time of retail marketing. Hence extension of green life is
an important aspect to improve the shelf life of Nendran banana fruits. Several research
works are being conducted on different postharvest treatments in banana with a view to
delay the process of ripening to increase the shelf life. A review of postharvest
treatments in banana as well as other related fruits to extend the shelf life is described in
this chapter.

2.1. CALCIUM CHLORIDE
Calcium plays an important role in a number of physiological activities of plants

and inhibits senescence in many fruits and vegetables (Jones and Lunt, 1967).Calcium



chloride is commercially used as a firming agent for both fresh cut and whole products
in fruit and vegetable industry. Shear(1975) reported thatvacuum infiltration of calcium
chloride into pears and Cavendish banana at 20 °C delayed the process of ripening
and increased the shelf life of the fruits by 40%.In this study, the ripening time was
extended to 15 days for pear fruits infiltrated with 12% CaCl, as compared to 11 days
in control fruits. Wills and Tirmazi (1982) studied the ripening behavior of intact
avocado fruit infiltrated with 4% CaCl, under reduced pressure and observed that
infiltration helped in delaying the ripening of avocado and the effect was higher at 20°C
storage temperature. Embul banana infiltrated with 4% CaCl, recorded higher firmness
retention and better quality than control fruits (Pereraand Karunaratne, 2002). The use
of 4% CaCl, in avocado improved optimal uptake of calcium resulted in extended
storage life 50% greater than the untreated fruits. It was also effective in enhancing
firmness and retained crispness of minimally processed fruits (Chardonnet et al., 2003).

Anjum and Ali (2004) assessed green mature fruits of mango cv. SS-1 (Kala
Chausa) which were immersed for 10 minutes in 5% calcium chloride solution and were
subsequently ripened at ambient temperature (25 + 3 °C). Calcium chloride treatment
delayed the ripening of fruits for 4 days and resulted in better skin and pulp colour as
against 10 minutes fresh water dipping of the fruits as control. Saif and Hashinaga
(2004) revealed that banana fruits cv. Cavendish treated with hot water along with
CaCl, (4 %) resulted in better retention of firmness (1.15 kg cm™), less weight loss
(0.49 %) and increment in shelf life to 18 days as compared to 7 days in control.
Aghofack and Yambou (2005) evaluated the bananafruits cv. William treated with
calcium chloride 100mg L' for their rate of ripening, pigment quality, total lipid
content and water content and reported that calcium chloride treatment inhibited the
water loss from banana peel, prevented shrinkage of fruits and extended the shelf life.
CaCl, 4 % treatment of Njalipoovan and Chengalikodan banana resulted inextended
shelf life and superior quality of fruits (Sheela and Reni, 2005). Rajkumar and
Manivannan (2007) found that treatment of CO- 2 papaya variety with CaCl, as
postharvest dip at 2 % showed extended shelf life of 9 days without affecting its



physiological, biochemical and organoleptic attributes. Esguerra et al. (2008) reported
that in banana, 4% calcium chloride delayed the onset of ripening and finger drop by 2
to 4 days hence an extension of shelf life.

Attiq et al. (2010) studied the effectiveness of 3 % Calcium chloride treatment as
dipping for 2 minutes on storage behavior rand quality of loquat cv. Surkh, and reported
that CaCl, treatment retained ascorbic acid, TSS, firmness and also reduced the
browning index, and weight loss up to a storage period of 4-5 weeks.Custard apple
fruits treated with CaCl, at 2 % for 5 minutes and stored at ambient conditions exhibited
the lowest spoilage, highest organoleptic scores and shelf life due to delayed ripening
and senescence of fruits (Nagaraja et al., 2011).

Shirzadeh et al. (2011) assessed the effects of application of CaCl, 2% as
postharvest application on the shelf life and quality of Malus domestica cv. ‘Jonagold’
apple in cold storage (2°C) upto 5 months. The results showed considerable reduction
in loss of fruit weight in calcium treatments in comparison to controland increase in
fruit firmness, catalase activity, and total acidity while decreased pH, sugar acid ratio
and peroxidase activity. Irfan et al. (2013) assessed the application of fruit hardening
agents after the harvest on fig cv. Poona and reported that calcium chloride (4%)
showed the highest quality in terms of maintenance of fruit colour, texture and
enhanced ascorbic acid accumulation as compared to untreated fig fruits and reduced
the microbial spoilage.

Gol et al. (2013) evaluated calcium chloride (1.5%) treated strawberry fruits cv.
Camarosa in combination with chitosan and evaluated the postharvest quality of fruits
stored at 34 + 1°C and 70-75% relative humidity. The calcium chloride treatment
decreased the percentage of weight loss, fruit decay, total soluble solids, titratable
acidity, pH, sugar accumulation, ascorbic acid content, pigment degradation and thereby
prolonged the shelf life as compared to untreated fruits.

Khaliq et al. (2015) studied the effect of 3% calcium chloride on the
physiological and biochemical changes in mango (Mangifera indica L. cv. Choke Anan)

when stored at 6 = 1 °C with RH 90 £ 3 % for 28 days and then transferred to 25 + 2 °C



for 5 days. Calcium chloride treatment significantly reduced physiological loss in
weight, TSS, color, respiration rate, ethylene production and maintained high titratable
acidity, ascorbic acid and firmness.

Sahay et al. (2015) reported that treating banana cv. Robusta with 4 % CaCl,
improved the shelf life by 16 days with higher mean score for organoleptic qualities and
maximum soluble sugars indicating the consumer acceptance. Papaya cv. Red Lady
treated with CaCl, at 4 % exhibited the lowest physiological weight loss, disease
occurrence, decay percentage with highest organoleptic scores, ascorbic acid content,
fruit firmness, acidity and increased the shelf (Dasu et al., 2016).

Pitangas treated with CaCl, (1 or 2 %) was found to maintain quality of fruits up
to nine days as against six days in control and retained pulp firmness, solids content,
ascorbic acid,phenolic contents with lower weight loss (Sanches et al, 2017).
Postharvest treatment of jamun fruits with CaCl, at 1.5 % had significantly declined
physiological weight loss, shriveling of fruits, spoilage loss, and good firmness which
increased the marketability (Dalvadi et al., 2018). Postharvest treatment of Barhi dates
with calcium chloride (2%) increased the total soluble solid content and reduced the
weight loss as well as fruit decay. It was also efficient in restricting the fruit color
changes and loss of firmness as against control fruits (Atia et al., 2018).

Eugene et al. (2019) evaluated the effect of CaCl, 150 mg L™ on banana fruits and
found an enhancement in overall quality of fruits in terms of firmness and low
chlorophyll degradation. Sajid et al. (2019) noticed that pear fruits treated with calcium
chloride (2%), subsequently stored at 20°C with relative humidity 65-70% resulted in
an increasing trend in total soluble solids and non-reducing sugar, while the ascorbic
acid content, titratable acidity and reducing sugar decreased with extended storability
of25 days. Seleshi et al. (2019) assessed the effect of postharvest treatment of nectarine
fruits with 4.5% CacCl, and noticed an extension in shelf life and improved fruit quality.
Calcium chloride (1%) spray on guava fruits reduced physiological weight loss, rot
incidence and increased the calcium content in fruits and ascorbic acid by 40 % was

reported by Ribeiro et al. (2020).



2.2. GIBBERELLIC ACID

Gibberellins are growth promoting substances that are known to reduce the
process of ripening as well as senescence of fruits. GAj3 helps in preventing chlorophyll
disintegration, fruit softening, and helps in maintaining, sugar acid ratio, and sugar
accumulation in fruits like mango and banana (Osman and Abu-Goukh, 2020).

The treatment of bananas (Musa paradisica L. cv. Dwarf Cavendish) with
gibberellic acid, retarded ripening which wasindicated by higher values for starch,
cellulose, hemicellulose and firmness (Desai and Deshpande, 1978). GA; treatment on
banana cv. Tellachakkarakeli showed positive effects on shelf life and ripening (Raju,
1989). Khader (1992) found that postharvest application of gibberellic acid (200 mgL™")
on mango cv. Mallika showed considerable delay in ripening when stored at a
temperature of 37 + 2°. The degradation of ascorbic acid and chlorophyll in the peel
was significantly retarded, and also there appeared a reduction in rate of loss of weight
and peroxidase activity during storage and storage life was extended upto 20 days when
stored at 15°C.

Dipping treatment of Dwarf Cavendish banana fruits in aqueous solution of
gibberellic acid (500 ppm), and ripened in cabinets maintained at 20 + 1 °C and relative
humidity 85-90 %, delayed the ripening process which was manifested in terms of
delayed colour development and internal ripening changes and prolonged pre-
climacteric respiration by two to three days as compared to untreated fruits (Ahmed and
Tingwa,1995).

Hiwale and Singh (2003) revealed that GAj treated guava fruits packed in
polyethylene bags had effectively retained physico-chemical properties of fruit, reduced
acidity and prolonged shelf life up to 6 days. The treated fruits also exhibited reduced
postharvest loss and enhanced the marketability. Gautam and Chundawat (2005)
reported that sapota cv. Kalipatti treated with GAs (300 ppm) retarded the process of
ripening by declining respiration and transpiration rate significantly, and in turn
extended the shelf life. Kadu and Gajipara (2009) found that there was a gradual rise in

total sugar, reducing sugar, and TSS, whereas a reduction in ascorbic acid content and



titratable acidity in sapota fruits treated with gibberellic acid (200 mg L") and were
stored up to eight days.

Gibberellic Acid at 100 ppm wasfoundto be efficientas a protective coating on
banana fruits for retaining the quality attributes during the storage and extended the
shelf life (17.25 days) and was reported as environmentally friendly, good handling
procedure to enhance long distant marketing of banana as well as export (Gol and Rao,
2011). GA;3(150 ppm, 15°C) treatment increased the shelf life of banana cv. Grand
Naine (Rammohan, 2011). Vargas and Lopez (2011) reported that postharvest
application of gibberellic acid (1000 mg kg™) as spray on green banana fruit cv.
Cavendish delayed its maturation by 10.6 days compared to control fruits. Gibberellic
acid spray at 200 ppm resulted in highest bunch weight (6.37 kg) and superior quality of

banana fruits cv. Nanjangudu Rasabale (Kumar ef al., 2011).

Duguma et al. (2014) found that Giant Cavendish banana fruits treated with
GA; 300ppm exhibited delayed ripening in comparison to control fruits and exhibited a
positive effect on pulp/peel ratio and total soluble solids. It was also reported that GA;at
a higher concentration, delayed ethylene production, peel color changes, weight loss,
CO; production and total sugar content. Zomo et al. (2014) reported that gibberellic
acid (150 ppm) treatment in Sabri banana stored at 15°C revealed the best storage
quality in terms of lower titratable acidity (0.49 %) and total sugar content (20.13 %)
and the longest shelf life (14.56 days) against 8.20 days in control fruits.

Application of GAj; at 500 ppm and 750 ppm in Kathali (Musa spp.) fruits
delayed peel colour development, total sugar synthesis, total soluble solids
accumulation and decreased the pH and total weight loss during storage as compared to
fruits in control without the treatment and also extended the shelf life by 4 and 5 days as
against control fruits (Archana and Sivachandiran, 2015). El-Boray et al. (2015)
reported that postharvest treatment of gibberellic acid in bananacv. Williams recorded
lower PLW (13.38) as against 25.97 % in control fruits. Mulagund et al. (2015) reported
that postharvest dipping of bananas in 150 ppm GA; improved storage life of fruits with

good firmness and quality.



Banana fruits cv. Berangan treated with GA; 150 mg L' recorded reduction in
weight loss (0.25 %), TSS (9.5 %) and the highest shelf life of 16 days as against only
10 days in control fruits (Sembok et al., 2016).

Bains et al. (2017) evaluated the result of GAs; at 150 ppm as postharvest
treatment on matured banana fruits and reported that a maximum titratable acidity of
0.41%, TSS (24.76 ° Brix) and less reduction of ascorbic acid (39.65 %). Dates cv.
Barhi treated with GA; (150 ppm) reduced the percentage of weight loss and fruit
decay, with a controlled increment in total soluble solids (0.015 %) as against 22.5 %in
control. Moreover, GAj treatment was efficient in restricting the changes in texture and
fruit color of the treated fruits in comparison to the fruits in control (Atia et al., 2018).
Thokchom and Mandal (2018) evaluated the effect of gibberellic acid (100 ppm) on the
post harvest life of Aonla cv. Chakaiya and observed that there was a significant
increase in TSS (12. 46 ° Brix), ascorbic acid retention (413.13 mg 100 g), and total

sugar (8.62 %) with the advancement of storage life.

Effect of of gibberellic acid (100 ppm) as postharvest treatment on lime fruits
stored at 18 + 1 °C and 85% — 90% relative humidity was studied by Abdallah and
Abu- Goukh (2019) and reported that there was a decrease in rate of respiration, fruit
softening and total soluble solids accumulation and also delayed peel colour
development and increased ascorbic acid retention with significant reduction in weight
loss (25 %) as against 36 % in control fruits. Abu- Goukh and Mohamed- Nour (2019)
reported that application of GAj as postharvest treatment in guava delayed the onset of
ripening by 3-5 days and maintained quality and exhibited reduced respiration rate,
PLW, fruit softening, TSS, titratable acidity and delayed peel colour development and
maximum vitamin C retention. Al-Qurashi and Awad (2019) reported that application
of GA3 at 150 mgL—1 in banana cv. Grand Naine retained more peel green colour,
firmness but lowered TSS, sugar: acid ratio and browning as compared to control.
Application of gibberellic acid (100 ppm) in banana fruits cv. Dwarf Cavendish
revealed thatGAsapplication could retain the quality attributes of banana, TSS

accumulation, peel colour development, fruit softening, weight loss and improved the



shelf life by delaying the climacteric peak of respiration during storage (Osman and
Abu- Goukh, 2020).
2.3. OXALIC ACID

Oxalic acid (OA) is a natural antioxidant in plants and act as anti-senescence
and anti-browning agent (Zheng andTian, 2006) withresistance against various diseases
(Tian et al., 2007)and delays fruit ripening (Zheng et al., 2012).

Oxalic acid (5%)treatmentwas foundto be a potent anti-browning agent in
longan fruit cv. Dawand and it also reduced the postharvest decay and pericarp
browning as compared with other acids (Whangchai et al., 2005). Storage of Litchi fruit
cv. Huaizhi, at room temperature after with 4 mM oxalic acid treatment prevented
pericarp browning, increased membrane integrity, inhibited anthocyanin degradation,
reduced oxidation, and maintained relatively low peroxidase activity during storage was
reported by Zheng and Tian (2006).Mango fruits (Mangifera indica L. cv. Zill) dipped
in 5 mM oxalic acid solution for 10 min at 25°C, reduced ripening and decay incidence
during storage at room temperature (Zheng et al., 2007).Wang et al. (2009) revealed
that oxalic acid application on jujube fruits at a concentration of 5 mM delayed the
process of senescence by reducing ethylene production, alcohol content and suppressing
fruit reddening. Wuet al. (2011) concluded that the application of oxalic acid 5 mM for
3 min reduced ethylene production and delayed softening of plum fruit cv. Damili
packed in polyethylene bags and recorded a shelf life of 12 days when kept at 25 °C.

Huang et al. (2013) revealed that banana fruits cv. Brazil subjected to oxalic
acid (20 mM) as a dipping solution and subsequently stored at room temperature
delayed change in fruit colour, browning of peel and maximum chlorophyll
fluorescence and fruit firmness (8-26+1.36 N) by maintaining a smooth surface. Razzaq
et al. (2015) reported that mango fruits cv. Samar Bahisht Chaunsa dipped in oxalic
acid (5 mM) and stored at room temperature and cold storage reduced the rate of
ethylene production, tissue softening, respiration rate and exo-polygalacturonase

enzyme activity with better fruit firmness and activity of pectin esterase.



The exogenous application of oxalic acid at 20 mM as a coating on ‘Williams’
banana for 10 minutes and stored at room temperature ensured a smooth surface by
reducing the browning of peel in long term storage. It also induced a reduction in cell
membrane degrading enzymes such as cellulose, lipoxygenase and pectinase and
browning enzymes like and phenylalanine ammonia-lyase and polyphenol oxidase
(Lo’ay and Dawood, 2017). Ravi and Pareek (2018) reported that postharvest treatment
of ber fruit cv. Bela with oxalic acid 10 mM was found to be beneficial in extending the
shelf life upto 9 days at room temperature, and reduced physiological and enzymatic
activity of fruits, thereby retaining its quality. A spray of 5 mM oxalic acid on kiwi fruit
cv. Bruno delayed the increase in soluble solids and decreased titratable acidity of fruits
with an increased content of ascorbic acid (45.86 mg 100 g ') was also observed during
storage (Ali et al., 2019). Pomegranate fruits cv. Hicaznar treated with oxalic acid at a
concentration of 6 mM exhibited higher titratable acidity, antioxidant property, and total
phenols in comparison with control fruits (Koyuncu et al., 2019).

2.4. SALICYLIC ACID

Salicylic Acid (SA) is a non-toxic, effective inhibitor of ethylene biosynthesis
and delays fruit ripening by inhibiting the conversion of 1-aminocyclopropane-1-
carboxylic acid to ethylene and maintains postharvest quality of fruits (Leslie and
Romani, 1986; Srivastava and Dwivedi, 2000). Salicylic Acid is an endogenous signal
molecule, playing pivotal roles in regulating stress. The postharvest losses can be
effectively controlled through application of Salicylic Acid (Babalar et al., 2007 and
Cao et al., 2013). Salicylic acid treatment could delay the rise in reducing sugars,
maintain texture and improve the level of biologically active compounds which
provide health benefits to human beings and is recognized as Generally Recommended
As Safe (GRAS) for postharvest application of fruits and vegetables (Supapvanich and
Promyou, 2013).

Application of salicylic acid as post harvest spray had been found to delay the
ripening process in banana, which is expressed in terms of delayed softening of fruits,

reduced pulp to peel ratio, reducing sugar, respiration rate and invertase activity as



compared to control fruits. The major cell wall degrading enzymes viz.,
polygalacturonase, xylanase, and cellulose and major antioxidants (catalase, peroxidase)
were also found to be reduced in presence of salicylic acid during ripening (Srivastava
and Dwivedi, 2000). Joyce et al. (2001) found that ‘Kensington Pride’ mango fruits
when treated with salicylic acid at concentration of 2000 mgL'as dip and vacuum
infiltration, the skin colour and firmness changes were significantly slowed down,
attributing to prevention of mango fruit ripening and senescence. During the ripening
and softening of kiwifruit cv. Bruno at 20.8°C, a positive correlation was found to exist
between change in Salicylic Acid levels in the fruit tissues and the extent of fruit
ripening and softening (Zhang et al., 2003).

Huang et al. (2008) studied the postharvest attributes of antioxidant compounds
in ‘Cara Cara’ navel orange (Citrus sinensis L. Osbeck) fruit in relation to the
application of SA and reported that the treatment increased carotenoid content, ascorbic
acid, total phenolics and flavonoid content in the pulp and peel during storage. Aghdam
et al. (2009) harvested kiwifruit (Actinidia deliciosa ‘Hayward’) at commercial maturity
and exposed it to 32 pl SA vapor at 20 °C for 16 h. The study reported that the
treatment resulted in considerable reduction of ethylene production, softening of fruit
flesh and ascorbic acid content of fruit during the storage while maintaining the
firmness andthe overall quality of fruits was improved during the storage.

Gholami et al. (2009) assessed the anthocyanin, total acidity and stem and flesh
freshness of Mashhad sweet cherry (Prunus avium) treated with 3 mM Salicylic Acid
and found that the treatment was effective in decreasing ethylene production and
prolonging stem green colour while retaining the fruit quality. Pomegranate fruits
treated with Salicylic Acid at 2 mM and stored at 2°C effectively reduced chilling injury
and electrolyte leakage in the husk of pomegranate as well as loss of ascorbic acid as
compared to control fruits (Sayyari et al., 2009).

The application of SA as pre and postharvest dip at 5 mM for 15 minutes was
effective in shelf life extension of pineapple up to 20 days and prevented internal

browning (Lu et al., 2010).The fruit quality of strawberry cv. Camarosa increased



considerably when given a postharvest treatment of salicylic acid (2 mM) in 25 °C or
45 °C water which reduced the physiological loss in weight(0.77 %), decay and redness
and with higher firmness and hue angle than control fruits (Shafiee et al., 2010).Luo et
al. (2011) conducted studies on effect salicylic acid at 2mM concentration on plum
fruits and observed an inhibition in ethylene production and delay in ripening. Sweet
cherry fruits treated with salicylic acid at 1 mM delayed fruit ripening and reduced
weight loss and acidity with maximum retention of antioxidant activity and ascorbic
acid with a shelf life of 20 days (Valero et al., 2011). Tareen et al. (2012) evaluated the
effect of SA (2 Mm) on peach fruit cv. Florida King and noticed reduction in PLW,
increased fruit firmness, TSS, vitamin C content and an extended shelf life of five
weeks. Harvested clusters of Gizel Uzum grapes when subjected to salicylic acid
treatment at 2 mM L™ concentration helped to retain its soluble solid content, total
phenolic content, antioxidant and catalase activity with an increased storability and
quality (Asghari et al., 2013).

Salicylic acid applied Cornelian cherry fruits stored at 4°C for 21 days had
resulted in an increment in ascorbic acid content and postharvest antioxidant potential
which may bedue to activation of PAL enzyme and hence triggering the
phenylpropanoid-flavonoids pathway (Dokhanieh et al, 2013). Kumar et al. (2013)
observed a rise in ascorbic acid content and delay in pericarp browning and ripening in
litchi fruit cv. Rose Scented when treated with salicylic acid (0.5 %) as postharvest
treatment. Salicylic acid treatment on mangosteen fruits have shown to delay the
process of ripening (Mathew, 2013). Brar et al. (2014) observed that pre and
postharvest application of SA treatments decreased the weight loss of peach fruits as

against the fruits in control.

A postharvest dip of ‘Kaek Dam’ papaya fruit in salicylic acid at 2 mM
significantlydelayed the fruit ripening and retained fruit firmness during refrigerated
storage by hindering the levels of EL and, EDTA and Na,CO; soluble pectin
components and the treatment also enhanced scavenging activity of fruits (Promyou and

Supapvanich, 2014). Jaishankar and Kukanoor, (2016) concluded that salicylic acid



treatment (0.01%) on sapota cv. Kalipatti for 5 minutes recorded reduced physiological
weight loss, TSS (23.45 "Brix), respiration rate, reduced decay percentage and increased
shelf life for 9.67 days. Mandal et al. (2016) noticed that postharvest handling of
banana cv. Grand Naine with SA at 4 mM resulted in good physico- chemical attributes
such as reduced level of titratable acidity (0.22%), sugar: acid ratio, total sugar
(13.42%) and high ascorbic acid level (11.53 mg 100g-1) which shows the efficiency of
salicylic acid in delaying ripening. It also resulted in an increased shelf life of 14.85
days. Postharvest application of SA (0.05 Mm) in cherry cv. Sweet Heart exhibited
maximum fruit firmness, TSS, colour index, and antioxidant activity with maximum

retention of nutrients (Gimenez et al., 2017).

SA application (4 mM) in grapes cv. Superior Seedless experienced better berry
firmness, decreased PLW, carotenoids content and an extended shelf life of 4 days
(Lo’ay, 2017). Increased fruit firmness, carotenoids, ascorbic acid and total antioxidant
activity with reduced rate of PLW was observed in ‘Holland’ papaya treated with SA 2
mM during storage (30+£2°C) (Supapvanich and Promyou, 2017).SA treatment at | mM
in nectarines recorded reduced weight loss, and softening, increased shelf life with

higher overall fruit quality (Bal, 2018).

Mandal et al. (2018) evaluated the effect of SA, at 0.5-3.0 mM as exogenous
postharvest treatment on banana cv. Grand Naine and reported that the fruits subjected
to treatment SA 2 mM caused reduced weight loss (21.08%) with sugar: acid ratio
(41.57) and high retention of ascorbic acid (19.60 mg 100g-1) with extended shelf life
(20.25 days) compared to 15.35 days in control. An improved shelf life of 15.75 days
and good biochemical attributes like minimum TSS content (24.40 * Brix), acidity (0.47
%) and higher retention of ascorbic acid content (9.84 mg 100 g') was reported for
banana cv. Nendran treated with Salicylic Acid at 2 mM and stored at ambient

temperature (Nair, 2018).

Application of Salicylic Acid 200 mM improved the anthocyanin content,
antioxidant activity and phenol content in grape berries (Oraei et al., 2019). Banana

fruits cv. Cavendish treated with salicylic acid (1 mM) exhibited better retention of



firmness, antioxidant activity, phenol content, more weight loss control, and inhibition
of polyphenol oxidase enzyme activity in comparison to the control fruits (Khademi et
al., 2019). Ennab et al. (2020) reported that SA treatment of Murcott mandarin at a
concentration of 400 ppm led to retention of firmness, TSS, ascorbic acid, acidity

andsugar acid ratio during storage with minimum weight loss and decay.
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3. MATERIALS AND METHODS
The experiment entitled “Postharvest quality management in banana cv.
Nendran (Musa spp.)” was conducted with the objective to standardize the postharvest
management for delayed ripening and extended shelf life of banana cv. Nendran with
minimum nutritional loss through postharvest handling practices. The materials and
methodologies used for the investigation have been described in this chapter.
3.1 DETAILS OF EXPERIMENT
3.1.1. Experimental site
The experiment was undertaken at PG research lab of Department of Post
Harvest Technology, College of Agriculture, Vellayani, Kerala Agricultural University,
Thiruvananthapuram, during the year 2018 - 2020.
3.1.2. Selection of banana fruits
Nendran banana bunches of uniform maturity, size, weight, shape, colour,
quality, without any pests, diseases, and other damages were procured from the
progressive farmers of Farmer Producer Organisation, Sanghamaithri, at Kalliyoor,
Thiruvananthapuram.
3.1.3. Postharvest treatments
The dehanded Nendran banana of uniform maturity were washed, and sanitized
by ozonation (2 ppm) for 10 minutes. The sanitized Nendran banana hands were
subjected to the following postharvest treatments by dipping for 10 minutes along with
control as Nendran fruits without any postharvest treatments.
T;: Calcium chloride (4%)
T,: Gibberellic Acid (150 ppm)
T;: Oxalic Acid (20 mM)
T4: Salicylic acid (2 mM)

3.1.3.1 Preparation of Calcium chloride solution

Calcium chloride solution of 4 per cent was made by adding 4 g calcium

chloride to 100 ml of distilled water and Tween 80 as wetting agent.



3.1.3.2 Preparation of Gibberellic Acid solution

Gibberellic Acid solution of 100 ppm was prepared by dissolving 100 mg of
GA3in 10 mL of ethanol, and was then added to 1000ml of distilled water.

3.1.3.3 Preparation of Oxalic Acid solution

Oxalic acid solution of 20 mM was prepared by dissolving 1.8g of oxalic acid in

1000ml of distilled water and Tween 80 as wetting agent was also added.
3.1.3.4 Preparation of Salicylic Acid solution

Salicylic acid solution of 2 mM was made by adding the required quantity of

salicylic acid in 1L of distilled water along with 0.1 percent Tween 80 as wetting agent.
3.1.4. Storage

After the postharvest treatments, Nendran banana fruits were air dried and stored
in Corrugated Fibre Board boxes under room temperature (30+ 2 ° C and 80-85% RH)
and were analysed for physiological, biochemical, physical and sensory characters
during storage.

3.2 TREATMENT DETAILS
T;: Calcium chloride (4%) (Dipping for 10 minutes)
T,: Gibberellic Acid (150 ppm) (Dipping for 10 minutes)
T3: Oxalic Acid (20 mM) (Dipping for 10 minutes)
T4: Salicylic acid (2 mM) (Dipping for 10 minutes)

Ts: Control (without any treatment)
Experimental design: Completely randomized Design (CRD)
Number of treatments: 5

Number of replication: 4 (10 fruits in each replication)



Ozonation (2 ppm)

At the end of shelf
life

Postharvest treatment

Stored in CFB

Plate 1. Postharvest treatment of Nendran banana




3.3. OBSERVATIONS RECORDED

Physiological, biochemical, physical, and sensory parameters of postharvest
treated Nendran banana fruits during storage at room temperature were analysed at an
interval of three days till the end of storage life.

3.3.1. Physiological parameters

Different physiological parameters like physiological loss in weight and
respiration rate of the treated Nendran banana fruits were recorded.
3.3.1.1. Physiological Loss in Weight (PLW)

Physiological loss in weight was determined by recording the initial fruit weight
and fruit weight during storage at intervals. The cumulative physiological loss in weight
was calculated by subtracting the fruit weight on particular storage day from the initial
fruit weight. The weight was taken at an interval of three days till the end of shelf life

and physiological weight loss was calculated and expressed in percentage.

(Initial weight — Final weight)
PLW (%) = x 100
Initial weight
3.3.1.2. Respiration rate (mL CO; kg'lh'l )

The respiration rate of Nendran banana fruits was determined based on the
COsconcentrations as per the procedure described by Kader and Saltveit (2003) using
Checkpoint Portable Gas Analyzer. The respiration rate was expressed in mL CO, kg™'h
1.

3.3.2. Biochemical parameters

Biochemical properties like moisture content, starch, total sugar, reducing sugar,
total soluble solids (TSS), acidity, carotenoids, ascorbic acid and antioxidant activity of
Nendran banana after postharvest treatments were analysed at 3 days interval.
3.3.2.1. Moisture content (%)

Moisture analyser (Essae, AND MAX 50) was used to estimate the moisture

content of banana pulp. It consists of a halogen lamp which dries the sample and



expresses the moisture content in percentage on the basis of principle of gravimetric
analysis.
3.3.2.2. Starch (%)

Starch content of Nendran banana fruits was analysed as per the procedure
described by Ranganna (1986) and expressed as percentage. To 5 g of sample, a little
quantity of distilled water was added and was heated to 60°C to obtain a solution of
starch. To this, 100 mL of 95% alcohol was added and centrifuged till precipitate settled
at the bottom. Then it was filtered and the residue was mixed with alcohol (50 %) until
the filtrate gave no test for sugars.

The residue was then transferred into a conical flask and added about 100 mL
distilled water and 20 mL conc. HCI and digested for 2h in a water bath at 100°C. Then
it was cooled and 40% NaOH was added until the solution was neutral and the
neutralization completed by adding sodium carbonate. It was then filtered to a 250 ml
standard flask and made the solution to the mark. The solution was then taken in a
burette and mixture of 5 mL Fehling solution A & 5 mL Fehling solution B was taken
in a conical flask. Then 50 mL of distilled water was added and mixed well, to which
0.5 mL methylene blue indicator was added and heated for one minute and titrated. The
endpoint was determined by the disappearance of the blue colour and appearance of a
brick red colour. The starch content of the fruits was expressed in percentage:

Total volume made up x 0.05x 0.09 x 100

Starch (%) =
VW

V = Titre value

W = Weight of sample

3.3.2.3. Total sugar (%)

The total sugar content of Nendran banana fruits was analysed and expressed in
percentage according to Ranganna (1986). Twenty five gram of banana fruit pulp was
grinded using a mortar and pestle and 100 ml distilled water was poured to it and made

up to 100 mL with distilled water. Neutralization was done with 1 N NaOH and neutral



lead acetate (2 mL) was added and kept for 10 minutes after shaking. Excess lead
acetate was removed by addition of 2 mL potassium oxalate and the solution was then
filtered and made up to required volume to produce a clarified solution. Twenty five mL
clarified sample solution was pipetted into 250mL conical flask to which distilled water
50 mL and citric acid (5 g) were added. The solution was boiled for 10 minutes to
complete the inversion, cooled, and neutralized with 1N NaOH using phenolphthalein
indicator and was made up to required volume. Fehling’s solutions A and B, 5 mL each
were pipetted and 50 mL water was added and boiled vigorously. The burette was filled
with clarified fruit sample and added to the boiling Fehling solution drop by drop until
the blue colour faded. When the blue colour of the solution changed, 3 drops of
methylene blue indicator was added and the titration was continued till the indicator

was completely discoloured and a brick red colour developed.

Glucose Eq. (0.05) x Total vol. made up (mL) x Vol. made

up after inversion (mL) x 100

Total sugar (%) =
Titre value x Weight of pulp taken (g) x Aliquot taken for
inversion (mL)

3.3.2.4. Reducing sugar (%)

Estimation of reducing sugar was done by using Lane and Eynon method as
suggested by Ranganna (1986). Twenty five gram of banana fruit pulp was ground
using a mortar and pestle and 100 mL distilled water was added to it and made up to
100 mL with distilled water. Neutralization was done with 1 N NaOH and 2 mL neutral
lead acetate was added and kept for 10 minutes after shaking. 2 mL potassium oxalate
was added to remove excess lead acetate and the solution was then filtered and made up

to required volume to produce a clarified solution.

Fehling’s A and B solution 5 mL each were pipetted out and 50 mL of distilled
water was transferred into a 250 mL conical flask. The burette was filled with the
clarified sample and was then added drop by drop to the Fehling’s solution. When the

blue colour of the Fehling’s solution changed, three drops of methylene blue indicator



was added and the titration was continued till a brick red colour formed. The reducing

sugar percentage was estimated according to the given formula
Glucose Eq. (0.005) x Total volume made up (mL) x 100

Reducing sugar (%) =

Titre value (mL) x Weight of pulp (g)
3.3.2.5. Total Soluble Solids (° Brix)

Total soluble solids (TSS) of banana fruit pulp was assessed by using digital

refractometer (Atago- 0 to 53%) and expressed in degree brix (°Brix).
3.3.2.6. Acidity (%)

The titratable acidity of banana fruit pulp was recorded by the method described
by Ranganna (1986) and expressed percentage of citric acid equivalent using following

formula:
Titre value x Normality of NaOH (0.1N) x volume made

up (100 mL) x Equivalent weight of acid (0.064) x100

Acidity (%) =
Volume of aliquot (25 mL) x weight / volume of the sample (5 g)
3.3.2.7. Carotenoids (mg 100g™)

The method suggested by Saini et al. (2001) was used to measure the carotenoids

of Nendran banana fruits and expressed in mg 100g™

Five gram of banana fruit was taken and ground using motor and pestle with 10
mL of 80% acetone to get a thin paste. The pulp was filtered and the extract was
centrifuged (5000 rpm for 5 minutes) and the supernatant was transferred to 100 mL
volumetric flask. The residue was again extracted with 80% acetone and made up to
100 mL. The absorbance was read at 480nm and 510 nm against solvent (80%) blank.

Total carotenoid content was calculated as follows:



Carotenoids (mg 100 g'1 )= 7.6 xODy4gy - 1.49x ODs1ox V

W x 1000
3.3.2.8. Ascorbic acid (mg 100g™)

DCPIP (2, 6-dichlorophenol indophenol) dye method suggested by Ranganna
(1986) was used to estimate the ascorbic acid content of Nendran banana fruit and

expressed as mg 100g™"

Five gram of Nendran banana fruit was made into pulp with 4% oxalic acid and
made up to a known volume (100mL) and centrifuged. The supernatant was collected
and 5mL of the aliquot was pipetted into a conical flask to which 10 mL of 4% oxalic
acid was added. This was titrated against 2,6-dichlorophenol indophenol dye solution,
until the end point of pink colour (V;) was attained, which persisted for a few minutes.

The ascorbic acid content was estimated as follows:

Titre value (V, mL) x dye factor x volume made up (mL) x 100

Ascorbic acid =

(mg IOOg'l) Aliquot of extract taken (mL) x wt. of sample (g)

Dye factor=0.5/V;mL
3.3.2.9. Antioxidant activity (DPPH assay) %

DPPH radical scavenging assay was used to measure the antioxidant activity
using 2, 2 — diphenyl -1- picryhydrazyl and the scavenging effect on free radical was
estimated according to the procedure put forth by Sharma and Bhat (2009).

The fruit sample extract (ImL) was added to 2 mL 0.1 mM DPPH solution, mixed
thoroughly and left for 30 minutes at room temperature. The absorbance was read at
517 nm. The scavenging effect was shown as per cent inhibition of DPPH as conveyed

in the below equation.



{A blank — A sample} x 100

% inhibition of DPPH=

A blank

Where,

A plank — Absorbance of DPPH solution without sample, read against ethanol

blank
A sample — Absorbance of test sample after 30 Minutes
3.3.3. Physical parameters

The Nendran banana fruits after postharvest treatment were analysed for its
physical attributes viz., peel percentage, pulp percentage, pulp to peel ratio, colour and

fruit firmness (texture) at an interval of 3 days during storage.
3.3.3.1 Pulp %

The pulp percentage was calculated by measuring the whole fruit weight and

pulp weight and expressed as percentage.
Pulp Weight

Pulp % = x 100

Whole fruit weight
3.3.3.2. Peel %

The peel percentage was estimated by recording the whole fruit weight at an

interval of three days, using the following formula and expressed in percentage.
Peel Weight

Peel % = x 100

Whole fruit weight



3.3.3.3. Pulp to peel ratio

Pulp to peel ratio of treated Nendran banana was calculated using the following

formula after measuring the pulp and peel weight during the storage.

Pulp Weight

Pulp to peel ratio =
Peel weight
3.3.3.4. Colour

The standard banana ripening chart by the USDA (2001) was used to analyze
the external fruit colour of treated Nendran banana fruits during storage. Each sample
was given a numerical value from stage 1 (I) to stage 7 (VII) based on the peel colour

using following scores.
Dark Green — 1
Light Green- 2
More Green than Yellow- 3
More Yellow than Green- 4
Yellow with Green tips- 5
Full Yellow- 6
Yellow with Brown Spots- 7
3.3.3.5. Texture (fruit firmness) (N)

Measurement of firmness of the treated Nendran banana fruit was done using
texture analyser TA.HD plus (stable Microsystems, England) using compression mode.

The machine was calibrated as following.
Test mode- Measure force in compression

Pre-test speed- 1.5 mm s™



Test speed- 2 mm s™

Posttest speed- 10 mm s™
Distance- 25 mm

Trigger force- 0.049 N

Data acquisition rate- 200 pps

After calibration, the Nendran banana fruit was placed on the platform and the
test was conducted at three equidistant points on the fruit. A 2 mm cylindrical stainless
steel (p/2 dia-cylinder stainless steel) probe was used to carry out the compression test
and to plot a corresponding force deformation curve. The maximum force obtained
during probe travel was used as a measure of texture as fruit firmness and expressed in

Newton (N).
3.3.4. Sensory analysis

Nendran banana fruits were subjected to sensory analysis after ripening and assessed for
sensory attributes such as appearance, colour, flavor, taste, texture and overall
acceptability by a 30member semi-trained panel. The panel was formed with the staff
members and research scholars of College of Agriculture, Vellayani. They were asked
to score the Nendran banana fruits for the sensory qualities on a numerical scoring

method using nine-point hedonic scale in the order of preference as shown below.

Like extremely -9
Like very much -8
Like moderately -7
Like slightly -6
Neither like nor dislike -5
Dislike slightly -4

Dislike moderately -3



Dislike very much -2
Dislike extremely -1

The samples were scored and statistically analysed using the Kruskall-

Wallis test (chi-sqaure value).
3.3.5. Shelf life (days)

The shelf life of Nendran banana fruits was expressed in days and the end

of shelf life was determined when10% of the fruit surface showed discoloration.
3.4. STATISTICAL ANALYSIS

The data recorded from the experiments were statistically analysed using
Completely Randomized Design (CRD). Sensory parameters were statistically

analysed using Kruskall-Wallis Chi-sqaure test.
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4. RESULTS

The data obtained from the present study on “Postharvest quality management in
banana cv. Nendran (Musa spp.)” were analyzed statistically and the results are
described in this chapter.

Nendran banana fruits were subjected to sanitization treatment with ozone at
2ppm and were then subjected to different postharvest treatment viz., Calcium chloride
(CaCly) (4%), Gibberellic Acid (GA3) (150 ppm), Oxalic Acid (OA) (20 mM), Salicylic
acid (SA) (2 mM) as against fruits without any treatment as control. The treated fruits
after the removal of excess moisture were stored under ambient condition (30 + 2 °C,
RH 80- 85%) and the effectiveness of the treatments was analysed based on
physiological, biochemical, physical and sensory parameters at 3 days interval till the
end of shelf life.

4.1. PHYSIOLOGICAL PARAMETERS
4.1.1. Physiological Loss in Weight (PLW) (%)

Effect of postharvest treatments on Physiological Loss in Weight (PLW) of
Nendran banana during storage is described in Table 1. The PLW of Nendran banana
fruits increased from 3.16% to 11.21 % after 12 days of storage at room temperature.
The untreated fruits (Ts- control) recorded the highest PLW of 9.48 % whereas T4 (SA 2
mM) recorded the least Physiological Loss in Weight (5.61 %) at the end of 12 days of
storage.

When the interaction effects between the postharvest treatments and days of
storage were considered, the lowest PLW (2.63 %) was recorded by T4 (SA 2 mM) and
the highest PLW (3.93%) was recorded for the fruits without any treatment T’ (control)
after 3 days of storage. The lowest PLW was recorded by the SA 2 mM (T4) treatment
throughout the storage period and recorded weight loss of 3.59%, 6.66%, and 9.57%
after 6™, 9Mand 12™ day of storage respectively. After 12" day, Nendran fruits without
any postharvest treatment Ts (control) recorded the highest PLW of 15.21 % followed



byT; (CaCl, 4%) with 11.81 % and the lowest PLW (9.57 %) was observed in (SA 2
mM) which was on par with T, (GA3 150 ppm) with a PLW of 9.58%. The fruits
without any postharvest treatments (control) were discarded due to spoilage after 12
days of storage.

The lowest Physiological Loss in Weight (13.43%) was recorded for T4 (SA 2
mM) followed by T, (GA3; 150 ppm) (14.3 %) and the highest PLW of (16.14 %) was
recorded for the fruits treated (T;) with CaCl, 4 % after 15 days of storage.
4.1.2. Respiration rate (mL CO, kg'l )

The effect of postharvest treatments on respiration rate during storage of Nendran
banana is depicted in Table 2. The respiration rate of Nendran banana increased during
storage and from 29.32 mL CO, kg h'at the time of storage to 109.59 mL CO, kg™ h
'after 12 days of storage. The salicylic acid treatment T4 (SA 2 mM) recorded the lowest
mean respiration rate of 61.44 mL CO, kg h™' followed by T, (GA3 150 ppm) with
71.51 mL CO, kg h™" and Ts (control) recorded the highest mean respiration rate of
89.69 mL CO, kg™ h™ after 12 days of storage.

When the interaction effects were studied, the pretreated banana fruits inT,4 (SA 2
mM) showed the lowest respiration rate of 41.88 mL CO, kg’ h”' and the highest
respiration rate was noticed in Ts (control) with 66.51 mL CO, kg™ h™', after 31 day of
storage. After 6" day of storage, the highest rate of respiration was noticed in fruits
without any treatment Ts (control) (99.18 mL CO, kg™ h™") and the lowest in T4 (SA 2
mM) with 63.40 mL CO, kg™ h™".

The Salicylic Acid treatment at 2mM (T4) recorded the lowest rate of respiration
of 82.12 mL CO, kg h' followed by T, (GA; 150 ppm) with 96.76 mL CO, kg" i’
'and the highest rate of respiration was recorded in untreated Nendran fruits (Ts-
control) with 118.34 mL CO, kg™ h' after 9 days of storage. Respiration rate recorded
was the lowest (91.27 mL CO, kg h™") in T4 (SA 2 mM) followed by GA3 150 ppm
(T,) with 105.95 mL CO, kg h™ which significantly differed from other treatments
and the highest respiration rate of 129.58 mL CO, kg h™' was recorded by Ts (control),
after 12" day of storage.



Table 1. Effect of postharvest treatments on Physiological Loss in Weight (%) of banana cv. Nendran during storage

Days after storage (D)
Postharvest treatments Treatment mean(T) 15
3 6 9 12
T, (CaCl,4%) 3.33 (2.08)** | 5.28 (2.50) 7.67 (2.94) 11.81 (3.57) 7.02 (2.78) 16.14 (4.14)
T>(GA;3 150 ppm) 2.80 (1.96) 3.68 (2.16) 7.25 (2.87) 9.58 (3.28) 5.83 (2.57) 14.30 (3.91)
T3 (OA 20 mM) 3.11 (2.03) 5.10 (2.48) 7.42 (2.90) 9.89 (3.29) 6.38 (2.68) 15.14 (4.01)
T4(SA 2 mM) 2.63 (1.90) 3.59 (2.14) 6.66 (2.76) 9.57 (3.25) 5.61(2.51) 13.43 (3.80)
Ts (Control) 3.93(2.22) 8.24 (3.04) 10.52 (3.39) | 15.21*%(4.02) 9.48 (3.17)
Days (D) mean 3.16 (2.03) 5.18 (2.46) 7.90 (3.97) 11.21 (3.48)
SE + (m) CD (0.05)
Treatment (T) 0.003 0.010 SE £ (m) 0.016
Days (D) 0.003 0.009 CD (0.05) 0.058
Treatment (T) X Days (D) 0.007 0.019

*Banana fruits were discarded due to spoilage

** Values in parenthesis indicate square root transformation




Table 2. Effect of postharvest treatments on respiration rate (mL CO, kg™ h™) of banana cv. Nendran during storage °

Days after storage (D)
Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl, 4%) 27.42 54.55 114.19 99.31 111.70 74.65 114.19
T, (GA; 150 ppm) 28.41 50.37 112.38 96.76 105.95 71.51 112.38
T5(OA 20 mM) 27.41 54.30 112.763 98.55 109.45 73.04 112.763
T4 (SA 2 mM) 28.50 41.88 102.70 82.12 91.27 61.44 102.70
Ts (Control) 34.84 66.51 99.18 118.34 129.58%* 89.69 -
Days (D) mean 29.32 53.52 79.42 99.02 109.59
+
SE +(m) CD (0.05) SE + (m) 0.094
Treatment (T) 0.107 0.304 CD (0.05) 0.292
Days (D) 0.107 0.304 (0.05) 0.
Treatment (T) X Days (D) 0.239 0.68

*Banana fruits were discarded due to spoilage




The salicylic acid 2 mM (T4) treatment recorded the lowest respiration rate of
102.70 mL CO, kg h™' followed byT, (GA3 150 ppm) with 112.38 mL CO, kg™ h!
andthe highest respiration rate was observed in T; (CaCl, 4%) with a respiration rate of
114.19 mL CO, kg™ h™'after a storage period of 15 days.

4.2. BIOCHEMICAL PARAMETERS
4.2.1. Moisture content (%)

The moisture content (%) of Nendran banana fruits during storage after the
postharvest treatments is described in Table 3.The moisture content of Nendran banana
fruits increased during storage from 54.72 % to 61.52 % after 12 days of storage. The
maximum moisture content of 63.40 % was noticed in the untreated fruits, Ts (control)
and minimum value of 59.77 % recorded for T4 (SA 2 mM) followed by T, (GA; 150
ppm) with a moisture content of 60.99 % after 12 days of storage.

The moisture content of Nendran banana fruits at the time of storage, after
different postharvest treatments were on par and it ranged from 58.04% to 59.26 % at
the time of storage.

On studying the interaction effects, the fruits without postharvest treatments, T’
(control), recorded the highest moisture content (57.38 %) and a moisture content of
56.80 % by T4 (SA 2 mM), after 3 days of storage. After 6" day of storage, minimum
moisture content of 57.30 % was recorded by T4 (SA 2 mM) and Ts (control) recorded
maximum moisture content of 59.13 %. The highest moisture content was recorded by
the untreated control fruits (Ts)with 61.71 %, and 63.40 % after 9™ and 12" days of
storage respectively. The fruits treated with SA at 2 mM recorded the lowest moisture
content of 58.26 % at the end of 9 days and 59.77 % after 12 days of storage.The SA
application 2 mM (T4) was followed by T, (GA3 150 ppm) with 60.99 % moisture
content which did not differ significantly with T3 (OA 20 mM).

After 15 days of storage, Nendran banana fruits treated with T4 (SA 2 mM)
recorded the lowest moisture content (61.27 %) followed by T, (GA3; 150 ppm) with

61.81 % and the highest moisture content (62.46%) was recorded for 4% CaCl, (T)

treated fruits.



4.2.2. Starch (%)

The effect of postharvest treatments on starch content (%) of Nendran banana
during storage is depicted in Table 4. The starch content of banana fruits was 21.5 %
and decreased to 9.49 % after 12 days of storage. The starch content significantly
reduced among the treatments during storage and recorded a lowest of 13.61 % in fruits
without any treatment (control) and the highest starch content of 15.22 % in treatmentT4
(SA 2 mM) at the end of 12 days of storage.

The starch percentage of Nendran banana at the time of storage showed
significant difference and it ranged from 21.54% to 21.37%. After 31 day of storage,
treatment T4 (SA 2 mM) recorded the highest starch content of 18.25% and the lowest
starch content was recorded in Ts (control) with a starch content of 16.47 %. After 12
day of storage, treatment T4 (SA- 2 mM) recorded the maximum starch content of 10.44
% followed by 9.74 % in treatment T, (GA3 150 ppm) which showed no significant
difference with T3 (OA 20 mM). The banana fruits without any treatment (control)
showed minimum starch content of 9.05 % and were discarded after 12 days of storage
due to spoilage. After 15days of storage, treatment T4 (SA 2 mM) recorded the highest
starch content of 10.19 % followed byT, (GA3 150 ppm) with starch content of 9.38 %
and the lowest starch content by T, (CaCl, 4%) with 8.25%.

4.2.3. Total sugar (%)

The total sugar content (%) of banana cv. Nendran during storage at room
temperature is depicted in Table 5. Total sugar content of Nendran banana fruits at the
time of storage after different postharvest treatments was on par and it ranged from
10.25 % t010.48 %. The total sugar content of fruits was 10.37 % at the time of storage
which increased to 21.27 % after 12 days of storage. The total sugar content increased
in all the treatments during storage and the highest sugar content of 16.77 % was
recorded in fruits stored without any treatment (Ts.control) and the lowest total sugar
content of 14.26 % was observed for the treatment T, (SA 2 mM) after 12 days of

storage.



Table3. Effect of postharvest treatments on moisture content (%) of banana cv. Nendran during storage

Days after storage (D)
Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl,4%) 54.55 57.37 58.16 60.94 61.98 58.60 62.46
T, (GA3 150 ppm) 54.92 56.64 58.37 59.26 60.99 58.04 61.81
T3 (OA 20 mM) 54.84 56.55 58.38 60.32 61.47 58.31 62.28
T4 (SA 2 mM) 54.60 56.80 57.30 58.26 59.77 57.35 61.27
Ts (Control) 54.69 57.38 59.13 61.71 63.40%* 59.26
Days (D) mean 54.72 56.95 58.27 60.10 61.52
SE + (m) 0.442
SE + (m) CD (0.05) CD (0.05) NS
Treatment (T) 0.087 0.249
Days (D) 0.083 0.249
Treatment (T) X Days (D) 0.195 0.556

*Banana fruits were discarded due to spoilage




Table4. Effect of postharvest treatments on starch (%) of banana cv. Nendran during storage

Days after storage (D)

Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl, 4%) 21.54 (4.74)** | 16.5(4.18) | 12.9(3.73) | 10.04 (3.32) 9.07 (3.17) 14.01 (3.83) 8.25 (3.04)
T2 (GA3 150 ppm) | 21.62 (4.75) | 17.87 (4.34) | 13.58 (3.82) | 11.06 (3.47) 9.74 (3.28) 14.77 (3.92) 9.38 (3.22)
T3 (OA 20 mM) 21.48 (4.74) 17.3(4.28) | 13.14(3.76) | 10.3 (3.37) 9.16 (3.18) 14.27 (3.86) 8.90 (3.15)
T4 (SA 2 mM) 21.49 (4.74) | 18.25(4.38) | 14.35(3.92) | 11.58(3.54) | 10.44(3.38) | 15.22 (4.06) 10.19 (3.35)
Ts (Control) 2137 (4.73) | 16.47(4.41) | 11.77(3.57) | 9.37 (3.21) 9.05 (3.17)* 13.61 (3.72) -
Days (D) mean 21.50 (4.74) 17.27 (4.3) | 13.14 (3.83) | 10.47 (3.45) 9.49 (3.27)
SE +(m) 0.012
SE+ (m) CD (0.05) CD(0.05) 0.037
Treatment (T) 0.006 0.016
Days (D) 0.006 0.016
Treatment (T) X Days (D) 0.012 0.035

*Banana fruits were discarded due to spoilage

** Values in parenthesis indicate square root transformation




Table 5. Effect of postharvest treatments on total sugar (%) of banana cv. Nendran during storage

Days after storage (D)
Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl, 4%) 10.35 12.72 17.41 18.34 21.66 16.10 22.04
T2 (GA; 150 ppm) 10.47 11.64 15.72 17.43 20.95 15.24 21.05
T3 (OA 20 mM) 10.25 12.07 16.18 17.94 21.27 15.54 21.61
T4(SA 2 mM) 10.29 11.00 14.60 15.62 19.81 14.26 20.21
Ts (Control) 10.48 13.61 17.61 19.47 22.66%* 16.77 -
Days (D) mean 10.37 12.20 16.30 17.76 21.27
SE + (m) 0.188
SE + (m) CD (0.05) CD (0.05) 0.586
Treatment (T) 0.068 0.194
Days (D) 0.068 0.194
Treatment (T) X Days (D) 0.152 0.44

*Banana fruits were discarded due to spoilage




Table 6. Effect of postharvest treatments on reducing sugar (%) of banana cv. Nendran during storage

Days after storage (D)
Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl, 4%) 9.23 11.73 15.51 16.57 18.61 14.33 19.50
T, (GA3 150 ppm) 9.21 10.52 12.20 14.90 17.11 12.78 17.80
T3 (OA 20 mM) 9.15 10.84 12.57 15.84 17.56 13.24 17.92
T4 (SA 2 mM) 9.24 10.27 11.53 14.58 16.72 12.47 17.34
Ts (Control) 9.18 13.39 16.40 18.81 20.37* 15.63 -
Days (D) mean 9.20 11.35 13.69 16.14 18.07
SE+ (m) 0.205
SE + (m) CD (0.05) CD (0.05) 0.64
Treatment (T) 0.058 0.165
Days (D) 0.058 0.165
Treatment (T) X Days (D) 0.129 0.368

*Banana fruits were discarded due to spoilage




In the interaction effects between the postharvest treatments and days of storage
were considered, after 3rdday of storage, the lowest total sugar content (11 %) was
recorded by T4 (SA 2 mM) followed by T, (GA3 150 ppm) with a total sugar content of
11.64 % and the highest total sugar content of 13.61 %was observed for the treatment
Ts (control). After 12 day of storage, Nendran fruits without any postharvest treatment
Ts (control) recorded the highest total sugar content of 22.66 % followed by T, (CaCl,
4%) with 21.66% and the lowest total sugar content of 19.81 % was reported in SA 2
mM treatment (T4)followed by T> (GA3 150 ppm) with 20.95 %. The fruits without any
postharvest treatments (control) were removed due to spoilage after 12 days of storage.

After 15" day of storage, the minimum total sugar content of 20.21% was
recorded by T4 (SA 2 mM) followed by T, (GA3 150 ppm) (21.05 %) and the maximum
total sugar contentof 22.04 % was observed for T; (CaCl, 4%) which showed no
significant difference with T, (OA 20 mM).

4.2.4. Reducing sugar (%)

Effect of postharvest treatments on reducing sugar content (%) of banana cv.
Nendran is depicted in Table 6. The reducing sugar content of fruits was 9.20 % at the
time of storage which increased to 18.07% after 12 days of storage. The reducing sugar
gradually increased during storage in all the treatments and recorded the highest
reducing sugar content of 15.63 % in fruits stored without any treatment (Ts) (control)
and the lowest reducing sugar content of 12.47 % was observed for the treatment T4 (SA
2 mM) after 12 days of storage.

When the interaction effects were considered, after 3™ day of storage, the
minimum reducing sugar content (10.27 %) was recorded by Nendran banana fruits
subjected to T4 (SA 2 mM) treatment followed by T, (GA3 150 ppm) with a reducing
sugar content of 10.52 % and the highest reducing content(13.39 %) was observed for
the fruits without any postharvest treatment Ts (control). The minimum reducing sugar
content of 11.53% was noticed in T4 (SA 2 mM) and maximum reducing sugar content

(16.40 %) was recorded for Ts (Control), after 6 days of storage.



Nendran fruits treated with SA 2 mM (T4) recorded the lowest reducing sugar content
(14.58%) and a highest reducing sugar content (18.81 %) was noticed for Ts (control),
after 9 days of storage. After 12" day of storage, Nendran fruits without any
postharvest treatment Ts (control) recorded the highest reducing sugar content of 20.37
% followed by T, (CaCl, 4%) and the lowest reducing sugar content (16.72 %) was
observed in SA 2 mM (Ty4) followed by T, (GA3 150 ppm with 17.11 %. The fruits
without any postharvest treatments (control) were removed due to spoilage after 12
days of storage.

After 15 day of storage, the minimum reducing sugar content of 17.34 % was
recorded by T4 (SA 2 mM) followed by T, (GA3; 150 ppm) with 17.80 % and the
maximum reducing sugar content (19.50 %) was obtained for the fruits treated with
CaClL4% (T)).

4.2.5. Total Soluble Solids(TSS) (" Brix)

The changes in Total Soluble Solids of Nendran banana during storage is
depicted in Table 7. Total Soluble Solids of Nendran banana fruits at the time of
storage after different postharvest treatments showed no significant difference among
the treatments and ranged from 2.71 ° Brix to 2.79 ° Brix. The TSS content of fruits was
2.75 ° Brix at the time of storage which increased to 23.84 ° Brix after 12 days of
storage. The TSS increased during storage in all the treatments and recorded the highest
value of 16.20 ° Brix in fruits stored without any treatment (Ts) (control) and the lowest
TSS of 10.74 ° Brix was observed for the treatment T4 (SA 2 mM) after 12 days of
storage.

When the interaction effects between the postharvest treatments and days of storage
were considered, after 3" day of storage, the minimum TSS of 4.47 ° Brixwas recorded
by T4 (SA 2 mM) followed by T> (GA; 150 ppm) with a TSS of 5.29 ° Brix and the
highest TSS (7.27 ° Brix) was observed for the treatment Ts (control). After 12 day of
storage, Nendran fruits without any postharvest treatment Ts (control) recorded the

highest TSS of 27.56 O Brix followed by T; (CaCl, 4%) (23.59 % Brix) which showed no



Table 7. Effect of postharvest treatments on TSS ("Brix) of banana cv. Nendran during storage

Days after storage (D)

Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl, 4%) 2.73 6.65 9.72 20.24 23.59 12.59 25.57
T, (GA; 150 ppm) 271 529 8.62 18.54 2248 11.53 25.03
T3 (OA 20 mM) 2.78 5.70 9.14 19.56 23.38 12.11 25.43
T4 (SA 2 mM) 2.75 4.47 7.69 16.57 22.20 10.74 24.60
Ts (Control) 2.79 7.27 18.74 24.65 27.56* 16.20 -
Days (D) mean 2.75 5.88 10.78 19.91 23.84
i e spaim a1
Treatment (T) 0.067 0.192 (0.05) 0.
Days (D) 0.067 0.192
Treatment (T) X Days (D) 0.154 0.431

*Banana fruits were discarded due to spoilage




Table 8. Effect of postharvest treatments on acidity (%) of banana cv. Nendran during storage

Days after storage (D)
Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl, 4%) 0.18 0.25 0.35 0.42 0.49 0.34 0.51
T> (GA3 150 ppm) 0.17 0.24 0.30 0.37 0.43 0.30 0.45
T3 (OA 20 mM) 0.17 0.23 0.32 0.35 0.44 0.30 0.46
T4 (SA 2 mM) 0.18 0.23 0.25 0.33 0.42 0.28 0.45
Ts (Control) 0.18 0.34 0.42 0.49 0.51* 0.39 -
Days (D) mean 0.18 0.26 0.33 0.39 0.46
SE+ (m)  0.003
SE + (m) CD (0.05) CD (0.05) 0.011
Treatment (T) 0.002 0.006
Days (D) 0.002 0.006
Treatment (T) X Days (D) 0.005 0.013

*Banana fruits were discarded due to spoilage




significant difference with T3 (OA 20 mM)and the lowest TSS (22.20 ° Brix) was
recorded by the treatment T4 (SA 2 mM). The fruits without any postharvest treatments
(control) were spoiled and were removed after storage for 12 days.

After 15" day of storage, the lowest TSS of 24.60 ° Brix was recorded by T4 (SA
2 mM) followed by T» (GA; 150 ppm) with 25.03 ° Brix and the highest TSS of 25.57°
Brix was obtained for T; (CaCl, 4%) which showed no significant difference with Ts
(OA 20 mM).

4.2.6. Acidity (%)

The effect of postharvest treatments on titratable acidity during storage of
Nendran banana is depicted in Table 8. The acidity of Nendran banana fruits subjected
to postharvest treatments increased significantly during storage. The titratable acidity of
Nendran banana increased from 0.18 % at the time of storage to 0.46%after12 days of
storage. The treatment T4 (SA 2 mM) recorded the lowest titratable acidity of 0.28 %
followed by T, (GA3 150 ppm) with 0.30 % and Ts (control) recorded the highest acidity
0f 0.39 % after 12 days of storage.

When the interaction effects were studied, T4 (SA 2 mM) recorded the lowest
titratable acidity of 0.23 % which was statistically on par with T3 (OA 20 mM) and the
highest titratable acidity of 0.34 % was noticed in Ts (control), after 31 day of storage.
After 6™ day of storage, a maximum titratable acidity (0.42 %) was observed in fruits
without any treatment Ts (control) and the lowest was in T4 (SA 2 mM) with 0.25%
titratable acidity.

The banana fruits treated with Salicylic acid 2 mM(T4) exhibited the lowest
titratable acidity of 0.33 % followed by 0.37 % in T, (GA; 150 ppm) and the highest
titratable acidity was recorded in Ts (control) with 0.49 % after 9 days of storage.
Titratable acidity was the lowest (0.42 %) in T4 (SA 2 mM) followed by 0.43 % in T,
(GA; 150 ppm) which differed significantly from other treatments and the highest

acidity of 0.51 % was noticed in Ts (control), after 12" day of storage.



After 15 days of storage T4 (SA 2 mM) recorded the lowest titratable acidity of
0.45 %, which is statistically on par with T, (GA3; 150 ppm) and the highest titratable
acidity of 0.51 % was recorded for CaCl, 4% treated fruits (T}).
4.2.7. Carotenoids (mg 100g™)

The effect of postharvest treatments on carotenoid content (mg 100g™) during
storage of Nendran banana is depicted in the Table 9. The carotenoid content of
postharvest treated banana fruits increased during storage in all the treatments and it
was 0.13 mg 100g™ at the time of storage which increased to 0.31mg 100g™ after 12
days of storage.

The treatment T4 (SA 2 mM) recorded the lowest carotenoid content of 0.19mg
100g™ followed byT, (GA; 150 ppm) with 0.21 mg 100g" which showed significant
difference with other treatments and the highest carotenoid content (0.25 mg 100g™ )
was noticed in fruits without any treatment T’ (control) after 12 days of storage.

On studying the interaction effects, it was observed that after 3 days of storage
the banana fruits subjected to T4 (SA 2 mM) recorded the lowest carotenoid content of
0.15 mg 100g™" and the fruits without any treatment Ts (control) recorded the highest
content (0.19 mg 100g™).

After 12 day of storage, the lowest carotenoid content (0.25 mg 100g™) was
noticed in T4 (SA 2 mM) followed by 0.30 mg 100g'1 in T, (GA; 150 ppm) and the
highest was recorded in Ts (control) with 0.35mg 100g”.The fruits without any
treatments Ts (control) were removed after storage for 12 days due to spoilage.

The postharvest treatment with SA 2 mM (T4) recorded the minimum carotenoid
content of 0.29 mg 100g” followed by T, (GA; 150 ppm) and T3(OA 20 mM) with
0.32 mg 100g™" and the maximum carotenoid content of 0.33mg 100g" was recorded by
T, (CaCl, 4%) after 15 days of storage.

4.2.8. Ascorbic acid (mg 100g'1)

The effect of postharvest treatments on ascorbic acid (mg IOOg'l) content of Nendran
banana during storage is depicted in the Table 10. The postharvest treatment with

salicylic acid2 mM (Ty) recorded the maximum ascorbic acid content (15. 17mg100g™)



Table 9. Effect of postharvest treatments on carotenoid content (mg 100g™) of banana cv. Nendran during storage

Days after storage (D)
Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl, 4%) 0.13 0.18 0.21 0.27 0.32 0.22 0.33
T, (GA3 150 ppm) 0.13 0.16 0.19 0.26 0.30 0.21 0.32
T; (OA 20 mM) 0.14 0.17 0.20 0.26 0.31 0.22 0.32
T4 (SA 2 mM) 0.13 0.15 0.17 0.23 0.25 0.19 0.29
Ts (Control) 0.14 0.19 0.26 0.31 0.35* 0.25 -
Days (D) mean 0.13 0.17 0.21 0.27 0.31
SE+ (m) 0.005
SE + (m) CD(0.05) CD (0.05) 0.014
Treatment (T) 0.020 0.006
Days (D) 0.020 0.006
Treatment (T) X Days (D) 0.005 0.014

*Banana fruits were discarded due to spoilage




Table 10. Effect of postharvest treatments on ascorbic acid (mg 100g™") of banana cv. Nendran during storage

Days after storage (D)
Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl, 4%) 18.26 14.11 12.40 10.44 7.55 12.55 7.48
T, (GA3 150 ppm) 18.41 16.69 14.40 12.5 10.20 14.44 8.59
T3 (OA 20 mM) 18.46 16.58 13.46 12.39 9.54 14.09 8.03
T4 (SA 2 mM) 18.32 17.54 15.59 13.60 10.81 15.17 9.30
Ts (Control) 18.62 13.43 11.45 10.43 6.55* 12.10 -
Days (D) mean 18.41 15.67 13.46 11.87 8.93
SE + (m) 0.157
SE+ (m) CD (0.05) CD (0.05) 0.488
Treatment (T) 0.081 0.23
Days (D) 0.081 0.23
Treatment (T) X Days (D) 0.18 0.513

*Banana fruits were discarded due to spoilage




followed byT, (GAs; 150 ppm) with 14.44 mg 100g™ which showed significant
difference with other treatments and the lowest ascorbic acid content (12.10 mg 100g™
was noticed in fruits without any treatment (T - control).

The ascorbic acid content of postharvest treated fruits decreased significantly
during storage and it ranged from18.41 mg 100g on the initial day of storage to 8.93
mg 100g™ at the end of 12 days of storage.

On studying the interaction effects, after 3 days of storage the banana fruits
subjected to SA 2 mM (Ty4) recorded the highest ascorbic acid content of 17.54 mg
100g™ and the lowest content 13.43 mg 100g” was recorded by Ts (control). Similar
trend was observed after 6™ and 9" days after the storage where SA 2mM retained
highest ascorbic acid.

After 12" day of storage, the highest content of ascorbic acid (10.81 mg 100g™)
was noticed in T4 (SA 2 mM) followed by 10.20 mg 100g™ in T> (GA; 150 ppm) and the
minimum was recorded in Ts (control) with 6.55 mg 100g™. The fruits without any
treatments were removed after storage for 12 days due to spoilage.

The treatment, T4 (SA 2 mM) recorded the maximum ascorbic acid content of
9.30 mg 100g™ followed by T, (GAz 150 ppm) ( 8.59 mg 100g™") and the minimum
ascorbic acid content (7.48 mg 100 g) was exhibited by T, (CaCl, 4%) after 15 days of
storage of Nendran fruits.

4.2.9. Antioxidant activity (%)

The effect of postharvest treatments on antioxidant activity (%) of Nendran
banana fruits during storage is described in Table 11.The antioxidant activity of
Nendran banana fruits after different postharvest treatments ranged from 90.27 % to
90.50 % at the time of storage. The antioxidant activity decreased among the treatments
and recorded a maximum of 85.23 % in T4 (SA 2 mM) followed by T, (GA3 150 ppm)
with an antioxidant activity of 83.57% and a minimum of 80.06 % was observed in Ts
(control), after12 days of storage. The antioxidant activity of Nendran banana fruits
decreased with storage from 90.38 % after 3™ day of storage to 74.39 % after 12" day

of storage.



When the interaction effects were analysed, the treatment T4 (SA 2 mM) showed
the maximum retention of antioxidant activity of 88.78 % and the minimum antioxidant
activity of 82.67% was recorded by Ts (control), after storage of 3 days. After 6™ day of
storage, a maximum of 85.05 % was recorded by T4 (SA 2 mM) and Ts (control)
recorded minimum antioxidant value of 79.34 %.

The untreated fruits, Ts (control) recorded the lowest antioxidant activity of77.44
% and70.41 % after 9 and 12 days of storage respectively whereas the treatment, T4 (SA
2 mM) recorded the highest antioxidant activity of 83.45 % after 9 days and 78.39 %
after 12 days of storage. The untreated fruits were spoiled and were removed after
storage for 12 days.

After 15 days of storage, banana fruits treated with SA 2 mM (T4) recorded the
highest antioxidant activity of 75.52 % followed by T, (GA; 150 ppm) with 74.31 %
which showed significant difference with other treatments and the lowest antioxidant
activity of 71.37 % was recorded for fruits treated with CaCl, 4% (T)).

4.3. PHYSICAL PARAMETERS

4.3.1. Pulp (%)

Effect of postharvest treatments of Nendran banana on pulp (%) during storage is
depicted in Table 12. The pulp % increased during storage from 63.56 % at the time of
storage to 67.38 %, 69.18 %, 71.46 % and 72.37 % on 3™, 6™, 9" and 12" day of storage
respectively. The treatment T4 (SA 2 mM) recorded the minimum pulp percentage
0f66.89 % followed by T, (GA3 150 ppm) with 68.20 % and the maximum pulp
percentage (70.72 %) was recorded by Ts (control), after 12 days of storage.

Nendran banana fruits subjected to postharvest treatments with SA 2 mM (T4)
recorded the lowest of pulp percentage (65.76 %) and the highest pulp percentage of
69.50% was recorded by Ts (control) after 3 days of storage. After 6 day of storage, Ts
(control) fruits observed the maximum pulp percentage (71.38 %) and a minimum pulp
percentage (67.31 %) was noticed in T4 (SA 2mM).

The highest pulp percentage of 73.77 % was recorded by Ts (control) after 9 days
of storage and the lowest pulp percentage (68.39 %)in fruits treated with SA 2 mM (T4).



Table 11.Effect of postharvest treatments on antioxidant activity (%) of banana cv. Nendran during storage

Days after storage (D)
Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl,4%) 90.27 84.40 81.58 79.26 73.49 81.80 71.37
T2 (GA3 150 ppm) 90.32 86.41 84.23 81.64 75.23 83.57 74.31
T3 (OA 20 mM) 90.36 83.90 82.27 80.39 74.44 82.27 72.94
T4 (SA 2 mM) 90.50 88.78 85.05 83.45 78.39 85.23 75.52
Ts (Control) 90.45 82.67 79.34 77.44 70.41%* 80.06 -
Days (D) mean 90.38 85.23 82.49 80.44 74.39
SE + (m) 0.246
SE+ (m) CD (0.05 CD (0.05) 0.760
Treatment (T) 0.111 0.315
Days (D) 0.111 0.315
Treatment (T) X Days (D) 0.247 0.705

*Banana fruits were discarded due to spoilage




Table 12. Effect of postharvest treatments on pulp (%) of banana cv. Nendran during storage

Days after storage (D)
Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl;4%) 63.74 67.55 70.22 72.16 73.16 69.36 73.94
T2(GA; 150 ppm) 63.63 66.47 68.16 71.17 71.60 68.20 73.32
T3 (OA 20 mM) 63.11 67.62 68.84 71.84 72.46 68.78 73.78
T4(SA 2 mM) 63.43 65.76 6731 68.38 69.59 66.89 70.60
Ts (Control) 63.91 69.50 71.38 73.77 75.03* 70.72 -
Days (D) mean
63.56 67.38 69.18 71.46 72.37 SE+ (m) 0.179
SE+ (m) D (0.05) CD (0.05) 0.558
Treatment (T) 0.126 0.358
Days (D) 0.126 0.358
Treatment (T) X Days (D) 0.281 0.800

*Banana fruits were discarded due to spoilage




After 12 day of storage, Nendran fruits without any postharvest treatmentsTs
(control) recorded the highest pulp percentage of 75.03 % and the lowest pulp
percentage of 69.59 % was recorded byTs (SA 2mM). The fruits without any
postharvest treatments Ts (control) were discarded due to spoilage after 12 days of

storage.

After 15™ day of storage, the maximum fruit pulp percentage of 73.94 % was
recorded by T; (CaCl, 4%) and the minimum pulp percentage (70.60 %) was in fruits
treated with SA 2 mM (Ty).

4.3.2. Peel (%)

Effect of postharvest treatments of Nendran banana on peel (%) during storage
is depicted in Table 13. The treatment T4 (SA 2 mM) recorded the maximum peel
percentage of 33.10 % and the minimum pulp percentage of 29.28 % was recorded by
Ts (control), after 12 days of storage. The peel % decreased during the storage period of
12 days from 36.44% on the initial day to 32.61 %, 30.81 %, 28.53 % and 27.65 % on
3 6™ 9™ and 12™ day of storage respectively.

Peel percentage of Nendran banana fruits subjected to postharvest treatment
with SA 2 mM (T4) recorded the highest value of 34.24 % and the lowest peel
percentage (30.49 %) was for Ts (control) after 3 days of storage. The fruits subjected to
treatment with T4 (SA 2 mM) observed the maximum peel percentage (32.69 %) and a
minimum peel percentage (28.62 %) was noticed in Ts (control) at the end of 6 days of
storage.

The highest peel percentage of 31.61% and 30.41% were recorded for SA 2mM
(T4) treated fruits after 9 and 12 days of storage respectively and the lowest peel
percentage 0f26.23 % after 9th day and 24.97% after 12 day was recorded by fruits
without any treatment Ts (control). The fruits without any postharvest treatments Ts
(control) were spoiled and were removed after storage for 12 days.

After 15™ day of storage, the minimum fruit peel percentage of (26.05%) was
recorded by T; (CaCl,4 %) and the maximum peel percentage of 29.39 % was for fruits
treated with SA 2 mM (Ty).



4.3.3. Pulp to Peel ratio

Effect of postharvest treatments of Nendran banana on pulp to peel ratio during storage
is depicted in Table 14. The pulp to peel ratio of Nendran banana fruits at the time of
storage after different postharvest treatments ranged from 1.71to 1.77. The pulp to peel
ratio of fruits was 1.74 at the time of storage which increased to 2.63 after 12 days of
storage. The treatment T4 (SA 2mM) recorded the lowest pulp to peel ratio of 2.03
followed by T, (GA3 150 ppm) with 2.17 and the highest pulp to peel ratio (2.47) was
recorded by T (control), after 12 days of storage.

The pulp to peel ratio was 2.28 for Nendran banana fruits subjected to
postharvest treatment with SA 2 mM (T4) and the highest pulp to peel ratio (1.92) was
recorded by Ts (control) at the end of 3™ day of storage. After 6" day of storage, fruits
without any postharvest treatment Ts (control) observed the maximum pulp to peel ratio
of 2.49 and a minimum pulp to peel ratio (2.06) was noticed in T4 (SA 2mM).

The highest pulp to peel ratio of 2.81 after 9 days and 3.01 after 12 days of
storage was recorded by Ts (control) and the lowest pulp to peel ratio was recorded by
Ts (SA 2 mM) with a value of 2.16and 2.29 after 9™ and 12" day of storage
respectively. The fruits without any postharvest treatments Ts (control) were spoiled and
were removed after storage for 12 days.

After 15" day of storage, the highest fruit pulp to peel ratio of 2.83 was recorded
by T, (CaCl, 4%) and the lowest pulp to peel ratio (2.40) was for fruits treated with SA
2 mM (Ty).

4.3.4. Colour

Effect of postharvest treatments on peel colour of Nendran banana is depicted in
Table 15. The colour of banana fruits changed significantly during storage and it ranged
from dark green colour(Stage I), light green colour (Stage II), more green than yellow
(Stage III), more yellow than green (Stage 1V), yellow with green tip (Stage V), full
yellow (Stage VI) and yellow with brown spots (Stage VII).



.Table 13. Effect of postharvest treatments on peel (%) of banana cv. Nendran during storage

Days after storage (D)
Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl, 4%) 36.26 32.45 29.78 27.84 26.94 30.64 26.05
T, (GA3 150 ppm) 36.37 33.53 31.84 28.83 28.40 31.79 26.68
T3 (OA 20 mM) 36.89 32.38 31.15 28.16 27.54 31.22 26.21
T4 (SA 2 mM) 36.57 34.24 32.69 31.61 30.41 33.10 29.39
Ts (Control) 36.09 30.49 28.62 26.23 24.97* 29.28 -
Days (D) mean 36.44 32.61 30.81 28.53 27.65
SE+(m) 0.179
SE + (m) CD (0.05) CD(0.05) 0.558
Treatment (T) 0.126 0.358
Days (D) 0.126 0.358
Treatment (T) X Days(D) 0.3281 0.800

*Banana fruits were discarded due to spoilage




Table 14. Effect of postharvest treatments on pulp to peel ratio of banana cv. Nendran during storage

Days after storage (D)

Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
0
T1(CaCly4%) 1.76 2.08 2.36 2.59 2.73 2.30 2.83
T2(GA; 150 ppm) 1.75 1.98 2.14 2.47 2.52 2.17 2.75
T3 (OA 20 mM) 2.81
1.71 2.09 222 2.55 2.63 2.34
T4+ (SA 2 mM) 2.40
1.73 1.92 2.06 2.16 2.29 2.03
Ts (Control) -
1.77 2.28 2.49 2.81 3.01%* 2.47
Days (D) mean 1.74 2.07 2.25 2.52 2.63
SE+ (m) 0.024
SE +(m) CD (0.05) CD (0.05) 0.076
Treatment (T) 0.014 0.039 0.05) 0.
Days (D) 0.014 0.039
Treatment (T) X Days (D) 0.030 0.087

*Banana fruits were discarded due to spoilage




Table 15. Effect of postharvest treatments on colour of banana cv. Nendran during storage

Days after storage (D)
Postharvest
treatments
0 3 6 9 12 15
T, (CaCl, 4%) I II v VI VII VII
T, (GA3 150 ppm) I II v \Y% VI VII
T3 (OA 20 mM) I II v A% VI VII
T4 (SA 2 mM) I I II v VI VII
Ts (Control) I I Vv VI VII -

*Banana fruits were discarded due to spoilage




Table 16. Effect of postharvest treatments on texture (fruit firmness) (N) of banana cv. Nendran during storage

Days after storage (D)

Postharvest Treatment 15
treatments 0 3 6 9 12 mean(T)
T, (CaCl, 4%) 25.28 23.37 20.48 17.41 13.05 19.92 11.88
T, (GA3 150 ppm) 25.01 21.69 18.43 14.94 11.14 18.24 8.73
T; (OA 20 mM) 25.42 22.28 17.28 14.41 11.35 18.15 8.11
T4 (SA 2 mM) 25.16 23.45 21.65 16.58 12.26 19.82 10.13
Ts (Control) 25.52 19.31 14.61 10.25 6.78%* 15.29 -
Days (D) mean 25.27 22.02 18.49 14.71 10.91
SE +(m) 0.167

CD (0.05) 0.522

*Banana fruits were discarded due to spoilage




After 3 days of storage the fruits treated with T4 (SA 2mM) showed dark green
colour (Stage I) as against light green colour (Stage II) in T, (GA3 150 ppm), T3 (OA 20
mM) and T, (CaCl, 4%) and more green than yellow (Stage III) in T
(control). Banana fruits dipped in Salicylic Acid 2 mM (T4) recorded light green colour
(Stage II) whereas T, (GA3 150 ppm), T3z (OA 20 mM) and T, (CaCl, 4%) recorded
more yellow than green (Stage IV) and Ts (control) recorded yellow with green tip
(Stage V) at the end of 6™ day of storage.

After 9 days of storage, peel colour of fruits in control (Ts) and T, (CaCl, 4%)
recorded full yellow (Stage VI) and T4 (SA 2mM) recorded a peel colour of yellow with
green tip (Stage V). At the end of 12 days of storage, fruits in control (Ts) and T, (CaCl,
4%) recorded yellow with brown spots (Stage VII) and full yellow (Stage VI) was
recorded in T, (GA; 150 ppm), T3z (OA 20 mM), and T4 (SA 2 mM). The fruits without
any treatment T’ (control) were removed due to spoilage.

After 15 days of storage fruits subjected to treatment with T, (GA3 150 ppm), T;
(OA 20 mM), T; (CaCl; 4%) and T4 (SA 2mM) were reached Stage VII, fruits are
yellow with brown spot.

4.3.5. Texture (Fruit firmness) (N)

Effect of postharvest treatments on texture (fruit firmness) of Nendran banana is
described in Table 16. The treatment T; (CaCl, 4%) recorded the maximum fruit
firmness of 19.92 N which was statistically on par withT4 (SA 2 mM) (19.82 N) and the
minimum fruit firmness of 15.29 N was recorded by fruits without any treatment Ts
(control). The texture of postharvest treated fruits decreased significantly during storage
and it ranged from 25.27 N to 10.91 N during 12 days of storage.

When the effects between the postharvest treatments and days of storage were
considered, after 3™ of storage, the maximum firmness of 23.45 N was recorded by T4
(SA 2 mM) which showed no significant difference with CaCl, 4% (T;)and the
minimum firmness (19.31 N) was observed for the treatment Ts (control). After 12™ day
of storage, Nendran fruits without any postharvest treatment Ts (control) recorded the

lowest firmness of 6.78 N and the maximum firmness of 13.05 N was recorded by fruits



treated with T; (CaCl, 4%) followed by T4 (SA 2 mM). The fruits without any
postharvest treatments (control) were removed due to spoilage after 12 days of storage.

After 15™ day of storage, the minimum fruit firmness of (8.11 N) was recorded
by T3 (OA 20 Mm) followed by T, (GA3 150 ppm) and the maximum firmness (11.88
N) was observed for T; (CaCl, 4%) followed by T4 (SA 2 mM) with 10.13 N fruit
firmness.
4.4. SENSORY ANALYSIS

Effect of postharvest treatments on sensory (organoleptic) parameters after
ripening of Nendran banana fruits was statistically evaluated using Kruskall- Wallis chi
square test. The appearance, colour, flavor, taste, texture and overall acceptability of
fruits subjected to different postharvest treatments showed significant difference among
the treatments after 9 days of storage (Table 17). The fruits untreated fruits (Ts- control)
recorded the highest mean score for appearance (8.26), flesh colour (8.56), flavor
(8.53), taste (8.60), texture (8.60) and overall acceptability (8.7). The lowest mean score
for appearance (8.18), flesh colour (8.05), flavor (7.95), taste (7.90), overall
acceptability. The lowest mean score for appearance (8.18), flesh colour (8.05), flavor
(7.95), taste (7.90), overall acceptability (8.00) was recorded in T4 (SA 2 mM) and
lowest mean score for appearance (8.16) was observed in T; (CaCl, 4%).

After 12" day of ripening, the highest mean score for appearance (8.9), flesh
colour (8.86), flavor (8.83), taste (8.83), texture (8.6) and overall acceptability (8.8) was
observed inT4 (SA 2 mM) (Table 18). The fruits treatmentTs (control) recorded the
lowest mean score for appearance (7.86), flesh colour (7.56), flavor (7.53), taste (7.6),
texture (7.6) and overall acceptability (7.4).

After 15 days of storage, lowest mean score for appearance (7.73), flesh colour
(8.33), flavor (7.56), taste (7.63), texture (7.83) and overall acceptability (7.56) was
recorded in T; (CaCl, 4%). The Nendran fruits treated with SA 2 mM recorded the
highest mean score for appearance (8.86), flesh colour (8.86), flavor (8.83), taste (8.83),
texture (8.6) and overall acceptability (8.8) after 15 days of storage (Table 19).



Table 17. Effect of postharvest treatments on sensory parameters of banana cv. Nendran after gh day of storage

Appearance Flesh colour Flavor Taste Texture Overall
Postharvest acceptability
treatments
Mean score Mean score Mean score Mean score Mean score Mean score
T, (CaCl, 4%) 8.16 8.18 8.06 8.13 8.2 8.14
T, (GA; 150 ppm) 8.18 8.16 8.13 8.06 8.25 8.16
T3 (OA 20 mM) 8.23 8.14 8.13 8.05 8.21 8.10
T4 (SA 2 mM) 8.18 8.05 7.95 7.90 8.00 7.90
Ts (Control) 8.26 8.56 8.53 8.60 8.60 8.70
K W value 52.50** 60.90** 64.09** 68** 73.20%* 71.40**
v (0.05) 9.48
Scores

Like extremely -9
Dislike slightly -4

** Significant

Like very much -8 Like moderately -7 Like slightly -6 ~ Neither like nor dislike — 5

Dislike moderately —3 Dislike very much —2  Dislike extremely -1




Table 18. Effect of postharvest treatments on sensory parameters of banana cv. Nendran after 12" day of storage

Appearance Flesh colour Flavor Taste Texture Overall
Postharvest acceptability
treatments
Mean score Mean score Mean score Mean score Mean score Mean score
T, (CaCl, 4%) 8.9 8.73 8.6 8.63 8.83 8.89
T, (GA3 150 ppm) 8.8 8.76 8.76 8.76 8.73 &.60
T3 (OA 20 mM) 8.73 8.76 8.73 8.63 8.56 8.60
T4 (SA 2 mM) 8.9 8.86 8.83 8.83 8.6 8.80
Ts (Control) 7.86 7.56 7.53 7.6 7.4 7.40
K W value 53.51** 76.44** 71.61** 65.63** 73.42%* 73.26**
¥ (0.05) 9.48
Scores

Like extremely -9
Dislike slightly -4

** Significant

Like very much -8 Like moderately -7 Like slightly -6  Neither like nor dislike — 5
Dislike moderately — 3 Dislike very much — 2  Dislike extremely -1




4.5. SHELF LIFE (Days)

Effect of postharvest treatments on shelf life of Nendran banana during storage
is depicted in Table 20. The longest shelf life of 15.67 days was recorded for banana
fruits cv. Nendran treated with Salicylic Acid 2mM (T,4) followed by 14.30 days for
fruits treated with GA3; 150 ppm(T;). The banana fruits treated with T3 (OA 20 mM)
resulted in a shelf life of 13.65 days and the fruits treated with CaCl; 4% (T;) recorded a

shelf life of 12.3 days as against 11.13 days in fruits without any postharvest treatment
Ts (control).



Table 19. Effect of postharvest treatments on sensory parameters of banana cv. Nendran after 15" day of storage

Appearance Flesh colour Flavor Taste Texture Overall
Postharvest acceptability
treatments
Mean score Mean score Mean score Mean score Mean score Mean score
T, (CaCl, 4%) 7.73 8.33 7.56 7.63 7.83 7.56
T, (GA3 150 ppm) 8.8 8.73 8.73 8.76 8.73 8.70
T3 (OA 20 mM) 8.76 8.66 8.73 8.63 8.56 8.66
T4 (SA 2 mM) 8.86 8.86 8.83 8.83 8.6 &.80
Ts (Control) - - - - - -
K W value 54.04** 69.53** 67.64** 66.99** 73.42%* 70.77**
¥ (0.05) 9.48
Scores

Like extremely -9
Dislike slightly -4

** Significant

Like very much -8 Like moderately -7 Like slightly -6  Neither like nor dislike — 5
Dislike moderately — 3 Dislike very much — 2  Dislike extremely -1




Table 20. Effect of postharvest treatments on shelf life (days) of banana cv. Nendran
during storage.

Postharvest Treatments (T) Shelf life (Days)
T, (CaCl, 4%) 12.30
T, (GA3 150 ppm) 14.30
T3 (OA 20 mM) 13.65
T4 (SA 2 mM) 15.67
Ts (Control) 11.13

SE+(m) 0.198
CD(0.05)  0.594




Discussion
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S. DISCUSSION
The results obtained from the experiment on “Postharvest quality management in

banana cv. Nendran (Musa spp.)” are discussed in this chapter.

Nendran banana fruits after sanitization (ozonation 2 ppm) were subjected to
postharvest treatments with Calcium Chloride (CaCl,), Gibberellic Acid (GA), Oxalic
Acid (OA) and Salicylic Acid (SA) as against fruits without postharvest treatment as
control. The fruits after the postharvest treatments were stored in Corrugated Fibre
Board boxes at room temperature (30+2 °C, RH 85-90 %). Effectiveness of the
treatments was analyzed on the basis of physical, physiological, biochemical and
sensory parameters at an interval of 3 days till the end of shelf life.

5.1. PHYSIOLOGICAL PARAMETERS
5.1.1. Physiological Loss in Weight

Physiological loss in weight (PLW) is of utmost importance in post harvest life of
fruits and affects sensory quality of fruits and thereby makes a negative impact on its
marketability (Scriven et al., 1989).The PLW of fruits during storage is the result of
loss of moisture and reserve food materials by evapo-transpiration and respiration
(Siddiqui et al., 1991) leading to shrinkage and wilting, eventually making the fruits
unusable. The loss in weight also led to deterioration of the fruit by reducing its tissue
turgor (Sothornvit and Rodsamran, 2008).

The PLW of Nendran banana fruits increased during storage for both treated and
untreated fruits but the postharvest treatments helped in reducing the loss in weight
considerably. Among the different postharvest treatments, Salicylic Acid (2 mM)
treatment recorded the lowest weight loss (13.43%) during the entire storage period of
15 days. Siddiqui et al. (1991) noticed that PLW of fruits increases with storage period
and the postharvest treatments of banana fruits resulted in a reduced rate of increment
inPLW as compared to absolute control. The postharvest treatment with SA 2 mM
recorded the lowest PLW of 9.57 % which showed no significant difference to GA3; 150
ppm with 9.58 % as against the highest PLW (15.21 %) for fruits without any

postharvest treatment at the end of 12 days of storage (Fig. 1). The results are in
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agreement with the findings of research on the effect of postharvest treatments on
mango (Singh and Singh, 1992) and similar conclusions were also made by Patel et al.
(2010); Hakim et al. (2013); Tapas(2016) and Khademi et al. (2019) in banana cv.
Grand Naine.

The type of postharvest treatments influenced the rate of PLW in Nendran banana
and SA 2 mM recorded the lowest PLW (13.43 %) followed by the fruits treated with
GA; 150 ppm (14.3%) after 15 days of storage. Among the postharvest treatments, SA 2
mM was found to be most effective in decreasing the PLW which might be due to the
reduction in rate of transpirationand respiration (Manthe et al., 1992) as well as delay in
the appearance of climacteric peak (Srivastava and Dwivedi, 2000) by salicylic acid. SA
is found to interfere in the formation and action of the plant hormone ethylene, thereby
retard the ripening process. Shafiee et al. (2010) revealed that SA helps in reducing
PLW by producing free radicals, which in turn inhibits the normal respiration.

Salicylic acid treatment reduced the PLW in mandarin oranges (Zheng and Zhang,
2004) and strawberry (Shafiee et al., 2010). Kazemi et al. (2011) reported that apple
fruits treated with salicylic acid as postharvest treatment recorded the lowest weight loss
as against the highest in control fruits. Sahithya et al. (2015) evaluated the effect of
salicylic acid (100uM) on banana fruits cv. Grand Naine and found that there was a
significant reduction in weight loss of 8.27% during storage. Mandal et al. (2016)
reported that banana cv. Grand Naine treated with SA (2 mM) showed reduced weight
loss (12.25%) as compared to the untreated fruits. Similar result was also observed by
Alali et al. (2018) in banana cv. Grand Naine and Nair (2018) in banana cv. Nendran.

Postharvest treatment with GA; (150 ppm) also reduced the weight loss
significantly. This is in tune with the conclusions of Randhawa et al. (2002) in plum
fruits. This reduction in PLW may be due the anti-senescence action of GAs (Sudha et
al., 2007). Similar results were also observed in several cultivars of banana by Patel et
al. (2010) in cv. Grand Naine, Macwan ef al. (2012) in cv. Robusta and Mulagund et al.
(2015) in cv. Grand Naine. This could possibly be due to the ability of gibberellic acid
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in inhibiting respiration and transpiration, restricting ethylene accumulation and
production in fruits during ripening (Bhusan et al., 2018).
5.1.2. Respiration rate (mL CO,kg" h™)

Respiration plays an important role in postharvest ripening. The respiration rate
has been found to increase with the process of ripening in all climacteric fruits
(Srivastava and Dwivedi, 2000) and the rate of respiration is proportional to the rate of
deterioration in harvested commodities (Irtwange, 2006). Being a climacteric fruit,
banana has high respiration rate which leads to a shorter storage life (Gonge et al.,
2013).

Respiration is a catabolic process in which organic materials like proteins, fats
and carbohydrates are broken down into simple products with a release of energy (Hailu
et al., 2013). The respiration rate of Nendran banana fruits increased in storage
irrespective of the treatments. However, application of postharvest treatments resulted
in reducing the respiration rate. Salicylic acid (2 mM) was found as the most effective
treatment in reducing the respiration rate. The lowest respiration rate (91.27 mL CO, kg
'h™") was observed in fruits treated with SA 2 mM, followed by GA3 150 ppm (105.95
mL CO, kg h™") and the highest respiration rate (129.58 mL CO, kg™ h™) was observed
in untreated fruits after 12 days of storage (Fig. 2). After 15 days of storage, SA 2 mM
recorded the lowest respiration rate (102.70 mL CO, kg™ h™") followed by GA3 150 ppm
with a respiration rate of 112.38 mL CO, kg h™'. This could be due to the effect of
salicylic acid in reducing the respiration rate by inhibiting the ethylene biosynthesis or
ethylene action (Srivastava and Dwivedi, 2000). Salicylic acid also acts as an electron
donor and releases free radical which in turn retards the normal process of respiration
(Wolucka et al., 2005).

The result is in confirmation with the findings of Mo et al. (2008) on the
research of application of SA as postharvest treatment in sugar apple and (Nair, 2018)

in banana cv. Nendran.
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5.2. BIOCHEMICAL PARAMETERS

Changes in biochemical parameters such as moisture content, TSS, acidity starch,
total sugar, reducing sugar, ascorbic acid, carotenoid and antioxidant activity of banana
plays an important role in its nutritional quality. The present postharvest treatments
slowed down the biochemical changes associated with ripening.

5.2.1. Moisture content (%)

Moisture content of the Nendran banana fruit pulp increased during storage period
irrespective of the treatments. Significant variation was found in moisture content
among the treatments. The Nendran banana fruits treated with SA 2 Mm recorded a
gradual increase in moisture content from 54.6 % to 61.27 % during the period of 15
days of storage followed by GAs 150 ppm. The fruits without postharvest treatment
recorded the highest moisture content (63.40 %) after 12 days of storage and were
discarded due to spoilage. The increase in moisture content might be attributed to the
withdrawal of water through osmosis from banana peel to pulp and complete
breakdown of starch to water and carbon dioxide (Hakim et al., 2013). Similar
conclusions were also reported by Jomo et al. (2014) in banana cv. Sabri.

The moisture content of control fruit increased rapidly, while the banana fruits
subjected to different post harvest treatments experienced a slower increase during 15
days of storage period. This could be due to the suppression of ACC oxidase ativity and
reduction of ethylene production by salicylic acid, which in turn decreased the moisture
content in fruits (Bal and Celik, 2010).

5.2.2. Starch (%)

Starch forms about 20 to 25% of the fresh weight of the pulp of unripe bananas
(Hailu et al., 2013). During ripening, banana fruits cv. Nendran experienced a decrease
in starch content irrespective of the postharvest treatments but the rate of decrease in
starch content was lower in the treated fruits as compared to untreated fruits. Banana
fruits treated with SA 2 mM recorded the highest starch content (10.44 %) followed by
fruits treated with GA3 150 ppm (9.74 %) and the lowest starch content (9.05 %) was
recorded by untreated fruits at the end of 12 days of storage (Fig. 3).
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Afshar- Mohammadian and Rahimi- Koldeh (2010) reported that during
ripening, starch is degraded into simple soluble sugars which results in the
accumulation of sucrose, glucose and fructose. Degradation of starch during ripening
also provides flavor forming volatile compounds and carbon for the synthesis of sucrose
(Saraiva et al., 2013). The highest retention of starch content (10.19 %) was recorded in
fruits treated with SA 2 mM followed by GA; 150 ppm (9.38 %) at the end of 15 days
of storage. This is in agreement with the findings of Srivastava and Dwivedi (2000) that
SA 2 mM restricted the activity of invertase in banana fruits, which in turn delayed the
starch conversion into sugars and also fruit softening. This indicates the delay in
ripening, as salicylic acid reduces the breakdown of starch into sugar by hindering the
activity of amylase enzyme (Hu et al., 2009).

The fruits treated with GAj3 also experienced more retention of starch content
during storage. Desai and Deshpande (1978) reported that a significant increase in
firmness, starch, cellulose and hemicellulose contents were observed in banana fruits
treated with gibberellic acid which may be due to the retardation of banana ripening.
This is in agreement with the research on postharvest dipping of banana fruits in GA3
(Rao and Chundawat, 1988) which delayed the hydrolysis of starch to sugars and
reduced the ethylene production.

5.2.3. Total sugar (%)

During the process of ripening, accumulation of sugar is one of the main
changes occurring in fruit composition (Li et al., 2011). The total sugar content of
Nendran banana fruits exhibited an increment irrespective of the postharvest treatments.
However, the rate of change varied among the treatments. This is in accordance with the
findings of Tapre and Jain (2012) who concluded that a progressive rise in total sugar
was noticed in banana during ripening. The total sugar content increased from 10.37 %
at the time of storage to 21.27 % during the process of Nendran ripening at the end of
12 days of storage.

The increase in total sugar content could be due to the hydrolysis of starch into

sugar during ripening (Marriott and Palmer 1980 and Terra et al.,1983) and also the
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increased activity of enzymes related to the process of ripening like starch
phosphorylase, o- amylase and B-amylase resulting in enhanced TSS and sugars
(Mulagund et al., 2015).

Nendran banana fruits treated with SA 2 Mm recorded the lowest total sugar
(20.21 %) content followed by fruits treated with GA3 150 ppm (21.05 %) at the end of
15 days of storage. This is in conformity with the results of Prompyou and Supavanich
(2014) in papaya.

GA; application reduced the total sugar content during the ripening process of
banana cv. Nendran. This could be due to the ability of gibberellic acid in delaying the
hydrolysis of starch to sugars by inhibiting the activity of enzymes related to ripening
and retaining the level of organic acid that results in reduced sugar content in fruits at
ripening (Mulagund et al., 2015).

5.2.4. Reducing sugar (%)

The reducing sugar of Nendran banana fruits increased during the storage and
ripening irrespective of treatments. But the application of postharvest treatments
efficiently reduced the rate of change during the storage. The lowest concentration of
reducing sugar (16.72 %) was noticed in Nendran banana fruits treated with salicylic
acid 2 mM followed by GA3150 ppm (17.11 %) and the highest reducing sugar content
was recorded in control fruits (20.37 %) after 12 days of storage which is in agreement
with the findings of Li ef al. (2011) in banana.

An increase in reducing sugar could be attributed to the increased breakdown of
starch to soluble sugars (Beaudry et al., 1987) such as sucrose, fructose and
glucose(Seymour and Tucker, 1993) and also due to the inversion of non reducing sugar
to reducing sugar (Gol and Rao, 2011). Amongst the sugars, sucrose is the predominant
sugar and its synthesis starts before the formation of glucose and fructose.

Each postharvest treatment had a different effect on the reducing sugar content
of the treated fruits treated with salicylic acid 2 mM recorded the lowest sugar content

(17.34 %) followed by GA3 150 ppm with 17.80 % after 15 days of storage. This clearly
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shows that postharvest treatments has a significant role in reducing the rate of
biochemical changes related to starch sugar conversion during ripening.

Salicylic Acid inhibited the rise in reducing sugar content in fruits as it has a
depressing effect on the activity of invertase which in turn delays the conversion of
starch into soluble sugar in banana (Srivastava and Dwivedi, 2000). Khademi and
Ershadi (2013) reported that salicylic acid reduces ethylene production in fruits which
may result in lowered enzyme activity, leading to a decrease in the formation of sucrose
synthesis. This was supported by the findings of Mohamed et al. (2012) in navel
oranges.

Nendran banana fruits treated with GAj; also recorded a decrease in reducing
sugar content and similar result was reported by Hoa and Ducamp (2008) in mango and
Gol and Rao (2011) in banana.

5.2.5. Total Soluble Solids (TSS) (° Brix)

Total Soluble Solids (TSS) content of Nendran fruits is considered as an index
of ripening in fruits. An increase in TSS of fruits was observed during the process of
ripening. But the rate of increase was in a controlled manner in postharvest treated
fruits. The Total Soluble Solid content increased from 2.75 “Brixto 23.84° Brixduring 12
days of storage. Similar result was also noticed by Tripathi et al. (1981), Abdullah et
al. (1985) and Munasque and Mendoza (1990) in banana fruits.

An increase in TSS is due to the conversion of starch (Fisk 2006) and other form
of polysaccharides into soluble sugar (Zomo et al., 2014) .The lowest concentration of
TSS (24.60 ° Brix) was noticed in Nendran banana fruits treated with salicylic acid 2
mM followed by GA3150 ppm (25.03 °Brix) at the end of 15 days of storage. This could
be due to the action of salicylic acid in decreasing the rate of breakdown of starch to
sugar in banana which lowered the accumulation of soluble sugar (Hu et al., 2009).
Salicylic acid treatment suppresses ethylene formationby inhibiting ACC synthase and
ACC oxidase activities (Asghari and Aghdam, 2010). Similar result of gradual increase
in TSS of fruits during storage and ripening was reported by Asghari (2006)in
strawberry, Asghari and Aghdam (2010) and Bal and Celik (2010) in kiwi fruits, Fattahi
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et al. (2010), Kazemi et al. (2011) in apple, Davarynejad et al. (2015) in plum and Nair
(2018) in Nendran banana.The TSS of banana fruits treated with GA3 also experienced
a slower increase during the storage which is supported by various research workers and
similar result was reported by Alali ez al. (2018) in banana fruits cv. Grand Naine.

5.2.6. Acidity (%)

Banana generally shows an increase in acidity during ripening and the main
organic acid present in banana are malic, citric and oxalic acid (Palmer, 1971).Mean
values of titratable acidity in banana showed a gradual increase during storage due to
production of organic acids such malic acid and citric acid as during ripening(Yap et al.,
2017).

During ripening, Nendran banana fruits treated with SA 2 mM and GAj; 150
ppm recorded the lowest titratable acidity (0.45 %) after 15 days of storage. This could
be because salicylic acid has an antagonistic effect on the activity of malic synthase that
corresponds to decarboxylation of malic acid in banana (Mandal et al., 2016).

Similar resultwas obtained in orange (Aminifard et al., 2013) strawberry (Salari
et al., 2013) and mango by Barman (2013). Gibberellic Acid was also found to delay
the acid development during ripening of banana and is supported by Pinaki et al.(1997)
in banana. This could be due to the general preservative effect of GAj that can possibly
reduce respiration and oxidation processes by modifying the internal atmosphere of
fruits (Magbool et al., 2011).

5.2.7. Carotenoids (mg 100g™)

During ripening, the carotenoid content gradually increased in all the treatments
but the rate of change decreased by the postharvest treatments. The highest carotenoids
content (0.35 mg 100g™") was observed in Nendran banana fruits kept in control without
postharvest treatment while carotenoids content was the lowest (0.25 mg 100g™) in
fruits treated with SA 2 mM followed by fruits treated with GA3 150 ppm (0.30mg
100g™") at the end of 12 days of storage. This clearly shows that the postharvest
treatments with SA and GAswere efficient enough to delay ripening so that biochemical

changes associated with carotenoid development is also influenced. This was in tune
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with the findings of Gross and Flugel (1982) in banana and Pila et al. (2010) and
Supapvanich and Promyou (2017) in papaya during ripening.

The postharvest treatment with GAj; reduces the Mg-dechelatase and
chlorophyllase activity which results in the degradation of chlorophyll (Ramma et al.,
1999). The inhibition of chlorophyll degradation could have caused delaying
carotenoids formation in banana and is supported by the studies of Rajkumar et al.
(2005) in papaya, Deepak and Kathiyar (2008) and Patel and Padhiar (2010) in banana.
5.2.8. Ascorbic acid (mg 100g'1)

The ascorbic acid content of Nendran banana fruits subjected to postharvest
treatments decreased with ripening. However, the postharvest treatments had an upper
hand in the retention of ascorbic acid content. At the end of 12 days of storage, banana
fruits treated with salicylic acid 2 mM recorded the highest retention of ascorbic acid
content (10.81 mg 100g™) followed by GA3 150 ppm (10.20 mg 100g™") whereas the
untreated fruits recorded the least retention of ascorbic acid (6.55 mg IOOg'l) (Fig. 4).
The drop in the content of ascorbic acid can be attributed to the oxidation of ascorbic
acid by oxidizing enzymes like ascorbic acid oxidase, catalase, polyphenol oxidase and
peroxidase (Singh and Rao, 2005).

The fruits treated with SA 2 mM recorded the highest ascorbic acid content
(9.30 mg 100g™) followed by GA3 150 ppm (8.59 mg 100g™) after 15 days of storage
also. The higher retention of ascorbic acid by Salicylic could be attributed to the
activation of ascorbate peroxidase by salicylic acid, which in turn increased the
antioxidant ability and ascorbic acid content in fruits (Wang et al., 2006).

Rise in antioxidant activity and anti-stress power of fruits induced by SA, helps
‘in preventing the degradation of ascorbic acid (Wisniewska and Chelcowski, 1999). It
is in tune with the findings of Sayyari et al. (2009) who reported that SA 2 mM was
most effective for maintaining ascorbic acid content of pomegranate.

Similar findings were reported by Wang ef al. (2006) in peach fruits; Kazemi et
al. (2011) in apple; Akhtar et al. (2011) in loquat and Gunasekara et al. (2015) in

banana fruits cv. Embul.
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GA; treated fruits also recorded better ascorbic acid retention which could be
attributed to the reduced oxidization of ascorbic acid into dehydro ascorbicacid and also
alteration in the synthesis of carbohydrate and glucose which is considered to be the
precursor of ascorbic acid. This is supported by the findings of Bhalerao et al. (2011) in
banana.

5.2.9. Antioxidant activity (%)

Antioxidant activity of Nendran banana fruits decreased significantly with storage
irrespective of treatments. However, a reduced rate of loss was observed in fruits stored
after postharvest treatments. Nendran banana fruits treated with salicylic acid 2 mM
recorded better retention of antioxidant activity (78.39 %) followed by GA3 150 ppm
(75.23 %) while the lowest (70.41 %) was recorded for untreated fruits at the end of 12
days of storage (Fig. 5).

The reduction in antioxidant activity may be due to the degradation of phenol and
ascorbic acid during ripening process. Postharvest application of SA significantly
helped in retention of antioxidant activity which may be attributed to the increase in
total phenolics and DPPH radical scavenging activity and total phenolics are positively
correlated with the antioxidant activity (Khademi and Ershadi, 2013).

Salicylic acid is also considered to stimulate the synthesis of antioxidant
enzymes (Qin et al., 2003; Yao and Tian, 2005) and the application of 2 mM SA
effectively maintained antioxidant activity in strawberry (Asghari, 2006), sugar apples
(Mo et al., 2008), and cherry cv. Cornelian (Dokhanieh et al., 2013) and Kinnow
mandarin (Haider et al., 2020).

Application of GAj; as dipping also helped in retention of antioxidant activity in
Nendran banana fruits. It is in tune with the findings of Addai et a/.(2013) in papaya;
Khaliga ef al. (2015) in mango and Nair (2018) in Nendran banana.

5.3 PHYSICAL PARAMETERS
The pulp and peel percentage, pulp to peel ratio, peel colour, and fruit firmness

are considered to be the main physical indices in ripening of banana. All these factors
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are correlated to ripening and senescence which in turn determine the quality and shelf
life of banana.

There was significant increase in pulp percentage in all the treatments with
storage which is negatively correlated with the peel percentage, which is the
characteristic feature of banana ripening. However, postharvest treatments on banana
fruits influenced the rate of change of pulp and peel percentage. Nendran banana fruits
treated with SA 2 mM showed the minimum pulp percentage (70.61 %) followed by
GA3 150 ppm (73.32 %) at the end of 15 days of storage, while untreated fruits had the
maximum pulp percentage (75.03 %) at the end of 12 days of storage which indicate the
early ripening of fruits stored without postharvest treatments. The peel percentage
decreased with the increase in pulp percentage, which could be attributed to increase in
moisture content of the pulp, obtained from carbohydrates used in osmotic transfer from
the peel to the pulp and respiration (Adao and Gloria, 2005).

After 15 days of storage, peel percentage of Nendran banana fruits treated with
SA 2 mM was 29.39 % and the fruits without treatment recorded a minimum peel
percentage of 24.97 % after12 days of storage. It is supported by the result obtained by
Nair (2018) in banana. The reduction in peel percentage could be accounted to the
osmotic transfer of water from the peel to the pulp with the rise in sugar content in pulp
(Tapre and Jain, 2012).

Lizada and Esguerra (1990) reported that water is withdrawn from the peel to
the pulp, gradually leading to reduction in peel thickness in banana during ripening.
Patil and Shanmugasundaram (2015) concluded that cell wall undergoes modification
with loss of firmness and ultimately resulted in void space causing reduction in peel
percentage.

Pulp to peel ratio can be considered as a coefficient of ripeness in banana
(Loesecke, 1950) and it generally decreases with ripening. Nendran banana fruits
treated with SA 2 mM showed the minimum pulp to peel ratio (2.40) followed by GA;
150 ppm (2.75) at the end of 15 days of storage indicating the delayed ripening, while
untreated fruits had the maximum pulp to peel ratio (3.01) at the end of 12 days of
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storage. This could probably be due to the difference in sugar concentration in the
tissues of pulp and peel. The sugars in the pulp rapidly increases during ripening as
compared to that in the peel resulted in a difference in osmotic pressure and
consequently water is withdrawn from the peel to pulp (Asghari and Aghdam, 2010).

The result is in conformity with the findings of Adao and Gloria (2005),Jomoet
al. (2014),Valérie Passo Tsamo et al. (2014), Mandal et al. (2016) and Muthal et al.
(2019) in banana. This could be because SA affects the activities of different senescence
related enzymes and lowers the rate of respiration and transpiration which in turn may
be involved in controlling the weight loss from fruit peel and pulp (Haider et al., 2020).

Peel colour is considered as the index for ripening and senescence of banana. It
is the main access to better market value as the right peel colour is usually all that is
necessary for a choice to purchase the commodity by the consumer (Salvador et al.,
2007).

The peel colour normally changes with storage and ripening of banana fruits.
However, the rate of colour change was more pronounced in the untreated fruits
(control) as against the fruits stored after postharvest treatments.

Optimum ripening colour (Stage VI-full yellow colour) was obtained after 9
days of storage in untreated Nendran banana fruits whereas it was developed only after
12 days of storage in fruits treated with SA 2 mM and GA3 150 ppm. The increase in
yellowness and degradation of greenness may occur due to the increased activity of
chlorophyllase, peroxidase and chlorophyll oxidase (Jin and Park, 2001) which may
result in the degradation of chlorophyll in the peel tissue (Tapre and Jain, 2012).

The slower rate of change in the salicylic acid treated fruits may be due to the
suppression of ethylene production and consequently decreased degeneration of
chlorophyll and biosynthesis of carotenoids, in the peel (Reddy et al., 2016). It is in
agreement with the findings of Cheng et al. (2009) in mango cv. Kensingten Pride and
Zaharah and Singh (2011) in banana.

Nendran banana fruits treated with GA; 150 ppm also retained the optimum peel

colour till12 days of storage. This could probably be due to the ability of GA3in
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regulating proteins and nucleic acid synthesis and thus retaining the chlorophyll moiety
(Fletchner and Osborne, 1965). It is supported by the findings of Vendrell (1970) in
banana and reported delayed chlorophyll degradation in banana and Khader (1992) in
mango.

Fruit firmness is an excellent criterion for determining the shelf life (Hailu et al.,
2013), ripeness and edible quality of bananas (Xiaoet al., 2018). The fruit firmness was
found to decrease during storage of Nendran banana fruits irrespective of the
treatments. But the fruits subjected to postharvest treatments recorded better retention of
fruit firmness as compared to untreated fruits. Among them banana fruits treated with
CaCl, 4% recorded the maximum retention of fruit firmness (11.88 N) followed by SA
2 mM (10.13 N) at the end of 15 days of storage. The minimum retention of fruit
firmness (6.78 N) was observed in untreated fruits at the end of 12 days of storage
(Fig.6).

The coordinated degradation of hemicellulosic, pectic polysaccharides in the cell
wall and starch are considered to be the main reason for banana fruit softening
(Mbeguie-A-Mbeguie et al., 2009; Shiga et al., 2011).

The better retention of fruit firmness by CaCl, might be attributed to
accumulation of calcium in the cell wall resulting in cross linking of pectic polymers
which in turn increases the wall strength and wall cohesion (White and Broadley, 2003).
This is in concordance with the findings of Ishaq et al. (2009) in apricot, Zhi et al.
(2017) in peach.

Salicylic acid application decreased ethylene production and inactivates cell
wall and membrane destroying enzymes such as lipoxygenase, polygalacturonase,
pectinemethylesterase and cellulase leading to decreased rate of fruit softening
(Srivastavaand Dwivedi, 2000). Salicylic Acid also affects cell swelling which results in
higher firmness of fruits (Zhang et al., 2003). It is supported by the report of Wang et
al. (2006) in banana, Shafiee et al. (2010) in strawberry, Soltani ef al. (2011) in banana,
Reddy et al. (2016) in mango cv. Amrapali and Nair (2018) in banana.
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5.4. SENSORY PARAMETERS

The sensory attributes (organoleptic) such as appearance, colour, flavor, taste,
texture and overall acceptability of banana fruits has a positive impact on the
marketability and consumer acceptability. The scores assigned for these attributes
increased up to optimum ripening stage (Macrae et al., 1989) and thereafter it declined
(Brito and Narain, 2002).The Nendran banana fruits dipped in Salicylic Acid 2 mM
followed by GA; 150 ppm exhibited the maximum mean scores for all attributes
after12™ and 15" day of storage. The untreated fruits showed the maximum mean score
till 9™ day of storage and thereafter dropped drastically indicating the senescence.
Salicylic Acid retards ethylene production in climacteric fruit by inhibiting ACC
oxidase production and thereby delays ripening (Supapvanich and Promyou, 2013).

Salicylic Acid treatment retained overall quality in strawberry cv. Selva
(Babalar et al., 2007), and in Kiwi fruits (Fattahi et al., 2010).The exogenous
application of SA 2 mM as dipping improved the visual appearance, TSS, fruit firmness
and colour of papaya cv. Holland (Supavanich and Promyou, 2017) and banana (Nair,
2018).

5.5. SHELF LIFE (DAYS)

The shelf life of banana fruits cv. Nendran was extended by the postharvest
treatments by regulating the changes associated with physiological, biochemical,
physical and sensory parameters.

The fruits treated with SA 2 mM recorded the longest shelf life (15.67 days) followed
by GAj3 150 ppm (14.30 days) and the shortest shelf life was recorded by untreated
fruits (11.13 days). Delay in fruit ripening and extended shelf life after SA treatment
was also reported by Leslie and Romani (1986) and Zainuri et al. (2001) in pear,
Srivastava and Dwivedi (2000) and Mandal et al. (2016) in banana.

Postharvest application of GAj3 was also efficient in increasing the shelf life as it
hinders ethylene biosynthesis by its anti-senescent action (Mulagund et al., 2015). GA;
application helps in reduction of permeability of tissue, thereby decreasing water loss

rate leading to delayed fruit ripening (Nirupama et al., 2010). The findings are in
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conformity with the reports of Khader (1992) in mango, Greany et al. (1994) in citrus
and Osman and Abu- Goukh (2020) in Dwarf Cavendish banana.
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SUMMARY

The experiment entitled “Postharvest quality management in banana cv.
Nendran (Musa spp.)” was conducted at Department of Post Harvest Technology,
College of Agriculture, Vellayani, during the year 2018-2020, with the objective to
standardize the postharvest management for delayed ripening and extended shelf life of
banana cv. Nendran with minimum nutritional loss through postharvest handling
practices. The major findings of the experiment are summarized below.

Good quality banana fruits (cv. Nendran) of uniform size and maturity were
procured from the progressive farmers of Farmer Producer Organisation, Kalliyoor,
Thiruvananthapuram. The de-handed fruits were washed and sanitized by ozonation (2
ppm) for 10 minutes. The sanitized Nendran banana hands were subjected to
postharvest treatmentsviz. Calcium chloride (CaCl, 4 %), Gibberellic Acid (GA; 150
ppm), Oxalic Acid (OA 20 mM) and Salicylic Acid (SA 2 mM) by dipping for 10
minutes along with Nendran fruits without any postharvest treatments as control. The
treated fruits after the removal of excess moisture were stored in Corrugated Fibre
Board boxes at room temperature (30+2 °C, RH 85-90 %). Effectiveness of the
treatments was analysed based on the changes in physiological, biochemical, physical
and sensory parameters during storage which were analysed at an interval of 3 days till
the end of shelf life.

Physiological changes during storage of Nendran banana were influenced by the
postharvest treatments. The least Physiological Loss in Weight (13.43%) was recorded
for Nendran banana fruits dipped in SA 2 mM (T,) followed by T> (GA3 150 ppm) with
14.3 % after 15 days of storage at room temperature. The fruits without postharvest
treatment (control), recorded the highest PLW of 15.21 % at the end of shelf life of 12
days.

The respiration rate of Nendran banana fruits increased during storage and the
postharvest treatments helped in reducing the respiration rate. Fruits treated with
salicylic acid 2 mM (Ty4) treatment recorded the lowest respiration rate of 102.70 mL

CO, kg™ h! followed byT, (GA3 150 ppm) with 112.38 mL CO, kg™ h™' after 15 days of
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storage at room temperature. But during storage, Nendran banana without postharvest
treatments exhibited the highest respiration rate of 129.58 mL CO, kg hafter a
storage period of 12 days. The postharvest treatments of Nendran banana helped in
reducing the physiological activity of fruits during storage and thus delayed the ripening
process.

The moisture content and biochemical parameters viz., starch, total sugar,
reducing sugar, TSS, acidity, carotenoids, ascorbic acid, antioxidant activity were
assessed during the storage of fruits. The moisture content increased with the storage
period and a lower rate of change was observed in fruits with postharvest treatments.
Nendran banana fruits treated with SA 2 mM recorded the lowest moisture content
(61.27 %) followed by GAs 150 ppm with 61.81 % after 15 days of storage and the
highest moisture content of 63.40 % was observed in untreated fruits after 12 days of
storage. Starch content exhibited a decreasing trend on ripening and the fruits with SA
2 mM treatment recorded the maximum starch content of 10.19 % followed by GA; 150
ppm with 9.38 % and the fruits without postharvest treatment (control) showed
minimum starch content of 9.05 % after 12 days of storage.

The total sugar content increased during storage period reaching a maximum of
22.66 % in fruits without any treatment (control), at the end of 12 days of storage. The
lowest total sugar content of 20.21% was recorded the treatment SA 2 mM followed by
GA3 150 ppm (21.05 %), at the end of 15 days of storage. Similarly, reducing sugar
content of 17.34 % and 17.80 %was recorded for SA 2 mM and GAj; 150 ppm treated
fruits respectively after 15 days of storage and 20.37 % reducing sugar content was
recorded in fruits without any postharvest treatment at the end of 12 days of storage.

The TSS content of Nendran banana fruits increased with ripening and the
highest TSS of 27.56 ° Brix was recorded in fruitswithout any postharvest treatment
(control) after]2 days of storage and it was 24.60 ° Brixfor SA 2 mM treatment
followed by GAz 150 ppm with 25.03 ° Brix after 15 days of storage. The increase in
titratable acidity with advancement in ripening is a characteristic feature of banana

ripening. The acidity of Nendran banana fruits increased and reached the highest
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content of 0.51 % in control fruits after 12 day of storage.However, the application
postharvest treatments lowered the rate of change and the fruits treated with SA 2 mM
and GAj; 150 ppm recorded the lowest titratable acidity.

The carotenoids content increased during the ripening of Nendran banana and
the postharvest treatment with SA 2 recorded the lowest rate of change and recorded
0.29 mg 100g" content of carotenoid after 15 days of storage and the fruits without
postharvest treatment recorded 0.35 mg 100g™ after 12 days of storage. The ascorbic
acid content decreased during ripening and the maximum retention of ascorbic acid
(9.30 mg 100g™") was observed in fruits treated with SA 2 mM followed by GA3 150
ppm (8.59 mg 100g™) after 15 days of storage. The fruits without any treatment
(control) recorded the lowest ascorbic content of 6.55mg 100g™ after 12 days of
storage.The antioxidant activity of banana fruits treated with SA 2 mM recorded the
highest antioxidant activity of 75.52 % followed by GA3 150 ppm with 74.31 %, at the
end of 15 days of storage and 78.39 % of antioxidant activity of was observed in fruits
without any treatment (control) after 12 days of storage.

The physical attributes of Nendran banana such as pulp percentage, peel
percentage, pulp to peel ratio, colour and texture (fruit firmness) were assessed during
storage. The pulp percentage increased with the advancement of ripening and 75.03% of
pulp was recorded by the fruits without any treatment (control) after 12 days of storage
and it was 70.60% for fruits treated with SA 2 mM. The process of ripening was shown
to be negatively correlated with peel percentage and SA 2 mM recorded 29.39 % after
15 days of storage. But the untreated fruits exhibited the minimum peel percentage of
24.97 % after 12" day of storage at room temperature.

The postharvest treatments with SA 2 mM recorded a pulp to peel ratio of 2.40
followed by GA3 150 ppm with 2.75 after 15 days of storage and it was 3.01 after 12
days of storage. Peel colour of full yellow (Stage VI) was recorded for fruits treated
with GA3; 150 ppm, OA 20 mM, and SA 2 mM after 12 days of storage and the fruits
without any treatment (control) recorded yellow with brown spot (Stage VII) after 12

days of storage and were discarded due to spoilage. The highest retention of fruit
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firmness (11.88 N) was recorded in fruits treated CaCl, 4% followed by SA 2 mM with
10.13 N after 15 days of storage.

The sensory qualities viz. appearance, flesh colour, flavor, taste, texture and
overall acceptability were best maintained by dipping the Nendran banana fruits in SA 2
mM which exhibited the least sensory score on 9h day and later highest score for all
sensory attributes on 12" and 15" day of storage. But the untreated fruits (control)
recorded the highest mean score of on 9™ day and it reduced with the advancement of
storage. On analyzing the shelf life, banana fruits treated with SA 2mM recorded the
longest shelf life of 15.67 days followed by 14.30 days for fruits treated with GA3 150
ppm and the shortest shelf life of 11.13 days was recorded by fruits without any
postharvest treatment.

On the basis of physiological, biochemical, physical and sensory analysis,
postharvest treatment of banana fruits cv. Nendran treated with SA 2 mM as dipping for
10 minutes was standardized as the best treatment for delayed ripening and extended
shelf life of 15.67 days with minimum nutritional loss for storage under room
temperature.

FUTURE LINE OF WORK

The present study confirmed that the application of postharvest treatments could
be used for delaying the ripening and extending the shelf life of Nendran banana. The
technology developed can be commercialized after authenticating in the present
marketing system as future line of work which will help farmers to get better returns

and can reduce the postharvest loss.
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APPENDIX I

COLLEGE OF AGRICULTURE, VELLAYANI
Dept. of Post Harvest Technology
Score card for banana peel colour

Title: Postharvest quality management in banana (Musa spp.) cv. Nendran

Particulars T T, Ts Ty Ts

peel colour

Score:

I- Dark green (Stage I)

II- Light green (Stage 2)

IIT -More green than yellow (Stage 3)
IV- More yellow than green (Stage 4)
V- Yellow with green tip (Stage 5)

VI- Full yellow (Stage 6)

VII- Yellow with brown spots (Stage 7)

Date: Name:

Signature:
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APPENDIX II
COLLEGE OF AGRICULTURE, VELLAYANI
Dept. of Post Harvest Technology
Score card for sensory evaluation of ripe Nendran banana fruits
Sample: Banana cv. Nendran

Instructions: You are given 5 samples of ripe banana fruits. Evaluate them and give scores for
each criterion

Samples

1 2 3 4 5

Criteria

Appearance

Flesh colour

Flavour

Taste

Texture

Overall
acceptability

Any other
remarks

Score:

Like extremely -9
Like very much -8
Like moderately -7
Like slightly -6
Neither like nor dislike -5
Dislike slightly
Dislike moderately -3

1
N

Dislike very much -2
Dislike extremely -1
Name:

Date: Signature:
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ABSTRACT

The study entitled “Postharvest quality management in banana cv. Nendran
(Musa spp.)” was conducted in the Department of Post Harvest Technology, College of
Agriculture, Vellayani, Thiruvananthapuram during the year 2018-2020. The objective
of the experiment was to standardize the postharvest management for delayed ripening
and extended shelf life of banana cv. Nendran with minimum nutritional loss through

postharvest handling practices.

Good quality banana fruits (cv. Nendran) of uniform size and maturity, procured
from progressive farmers of Farmer Producer Organization, Kalliyoor,
Thiruvananthapuram were used for the study. The fruits were de-handed and sanitized
with ozonation at 2ppm. The sanitized fruits were subjected to different postharvest
treatments viz., Calcium chloride (CaCl; 4%), Gibberellic Acid (GA3 150 ppm), Oxalic
Acid (OA 20 mM), Salicylic acid (SA 2 mM) as against fruits without any treatment as
control. The treated fruits after the removal of excess moisture were stored in
Corrugated Fibre Board boxes under room temperature conditions (30 + 2 °C, RH 85-
90 %). Effectiveness of the treatments was analysed based on physiological,
biochemical, physical and sensory parameters at an interval of 3 days till the end of
shelf life.

After 15 days of storage, Nendran banana fruits treated with Salicylic Acid (SA
2 mM) recorded the least Physiological Loss in Weight (PLW) of 13.43 % and
respiration rate of 102.70 mL CO, kg™'h™ with a pulp percentage of 70.61 %, 29.39 %
peel percentage and pulp to peel ratio of 2.40 with a fruit firmness of 10.13 N. The
stored fruits also recorded an increase in the moisture content (61.27 %), Total Soluble
Solids (24.60 ° Brix), reducing sugar (17.34 %), total sugar (20.21 %), and acidity (0.45
%) with 10.19 % of starch content, 75.52%antioxidant activity and 9.30 mg 100g™
ascorbic acid content after 15 days of storage. The fruits had acceptable sensory
attributes viz., appearance, colour, flavor, taste, texture and overall acceptability and

resulted in a shelf life of 15.67 days.
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Nendran banana fruits treated with Gibberellic Acid (GA3 150 ppm) recorded a
shelf life of 14.3 days next to SA (2 mM) with a respiration rate of 112.38 mL CO; kg’
'h!, Physiological Loss in Weight of 14.3 %, pulp percentage of 73.32 %, 26.68 % peel,
pulp to peel ratio as 2.75, 17.80 % reducing sugar, 21.05 % total sugar, 74.31%
antioxidant activity, and 8.59 mg 100g 'ascorbic acid content after 15 days of storage.
The untreated Nendran banana fruits recorded a shelf life of 11.13 days with the highest
rate of physiological, biochemical, and physical changes and the lowest mean scores for

organoleptic qualities.

Application of postharvest treatments significantly reduced the rate of
physiological activities which contributed to the delay in ripening and extension of shelf
life of Nendran banana. Nendran banana fruits harvested at uniform maturity, sanitized
with ozonation (2 ppm) and subjected to postharvest treatment with salicylic acid (2
mM) for 10 minutes as dipping was standardized as the best postharvest treatment based
on physiological, biochemical, physical and sensory analysis which recorded a shelf life
of 15.67 days under room temperature storage as against 11.13 days in fruits without

any postharvest treatments.
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Mo (NaNo

ONISBIWEM | HIGaH1H  GHIE8Z 0L  A8HNISIJOMIMD  (MVIGE:D) 1d:
0e300NBIN@M @3 2018-2020 EHILIWSNNME 'EMMNE UL POIO) lsa(Musa spp.) UEMEDD

MmeIndomm@Imoss Al8nNIS)aomame al@lal@em  MO0BUE  alom
ONeWRIHE]. ENOMUPo alPYHNM@D T HILIMIAMo UBIDMMD 1L B3O
BGaldaHHMAYBOMINS  MSHHIQBH0RIo  HSIMD IMDIIBE  (86NIS)oMOM®

al@1.2106M D003 (A 101D ENH af)MMIQIIMM) NBNUAHEMDID) i LldH Jo.

Hel)@  aN0BD@  OIOWRIVE@  BIBNOOMBNHUMIENBE  al}GINAM
HBaHUBHO1@MIM)o 360 MaflOIOMI® MMM (UIPHNLIGUE DTSN
AlSLIGHBIBE | 630BTVIGEMaUMILNAS (2 ppm) QUIDD IWILE QW GUdaHo NNNTW al@al@em
L10QM 5103 108 1MISEMEo MHE 16)N02)). HITIMVI0 BRI (CaCl, 4 %), 2enieildss
@MW (GA; 150 ppm), 63985TVIRNH @MW (0A 20 mM), MVeilmileNss @Ml (SA 2
mM) o) al@lal@em  eI0MH86Malom  ANCWRAILHQ®. OO IEGMINSIe|o
@IODMIM) l@1alEeMLINM D)o HSIHMWIBBEM(MEHIREI0  (BHNURIM I OTmEMO)
alOM@D 1MYU3eSIOT . OOMOOMITE  al@lal@lal  EMOMBORUE  TVOWIEM
@M HH  ®IalMeIQI@ (302 °C, @OBIB® 85-90 %) GHINENQAUIOENMNIA
GENIOBIEENING 1 MBS @3 MV)BH 12)). al@1al@em MNBHEBYNS aDPl(aldag]
NNeI @M a0 lMCWISE 1863, MICWINBALOT@S, a0 lMVIDHO@3, HIVIBIVO]
memeBwd 3 Mo MSEUSWIT3  MBHaid0rlo  @ROUMIMIDHNIMDNUD
OoBHRIMOo 6)219).

muoeilmes@mll) (SA) 2 mM  al@lal@eMo MSOMIQ  CMOMHIRUE 15
FlOIMOO® MVoEOEMOM IMIGUAHO aBQN0 ENNIRIO MaYNO(13.43 %),00IMVM MI©
#630 (102.70 mL CO, Kg''h™") d3S96)® 70.61 % alUda] LO@AIMNON0, 29.39 % ll@3 LD@@AIMNIo,
alUBa] al’l@3 @RMYAIIMNY0 (2.40), 10.13 N a0Ll BLAUIM®0 CREUAUSIO . DDBalo (61.27 %),
TSS (24.60 *Brix), 60N o aHMYN@ (17.34 %),
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BSOS oM@ (20.21 %), @AM (0.45 %) af)(MICUTVOEBDEM EHIRIBM) dHIS)EQIo @RNR0
(10.19 %), MBI HEMN BUOaH] (75.52%), @RIVGH-0BNI1E: @MW (9.30 mg 100 g')

a1 SSYO@ M eIN@OmMMIIo  MoREEMDM i @ROUNVIM BRI

M@1eH ). @OONCIOORI O HTVAZNVOT 1PEMEBBBIW  HILW1eRo, MmN elo,
Gagun1eno, @alleno, SH 201210, HRAITMOD @3 VI 1E:00D0WY015.67 G1OUNMVEBRUZ

U e B-0R1NNAIWT SA 2 mM al@12l@6Mo A 1dh2y@IQ] GO Sy .

2eniefld @MU (GA; 150 ppm) al@ld:H1a] GNIOMMBHIRUE 14.3 GlOUMIEBRUE AU
M)&HaNBH0RINN0  @OEMINSIejo 11238 mL CO, Kg'h! (oJavm MoHeo, 143 %,
a0 1MNEWISZ1WHH@ BIOMaHo, 73.32 % altBa] LVMAIMo, 26.68 % all@3 LVOAIMO, 2.75
altda] all@8 @RMYAIdI®o, 17.80 % OOMWRMIoU) aHING, 21.05 % GSISMD aHING, 7431 %
MBI IHOEM GUOH], 8.59 mg 100 g' @MIGHIBNNL @MV 15 FlUMVET
(rLOBEEMETY 1M GUOAHO BEEUESIOM 1. WIOMID) l@12lEEMMINH:EI0 HSINMWIBS
BMMMERIRUB (BHNILI MMEMo) 11.13 GlOINVEBRUE (MBH ladHIRINIo @OEMINSIa|o
HSIOT  MEHH1ENE8  a0lMCWIBSZ LT, NICWING:A LT, 01N 1DHOTI
MEMEBBE0 B0 BHINAIOIVMBMVAT 1IEMEBRRI0 (11BABU e o). BEEMa{lecIem I
BMMBIRUE alSPIEHSBIHE | 2 ppm 630BGMVIGMaHMILNES 102l l@INITEHE® | 2JBUaHO
rvoeomeid @I 2 mM @3 10 A 1MISMHEN ] HO2al@2l@1H0MOAUY] HORUZ
alPYBNMD MBS HILINEBE6U 0 HSIMD 1Mo meMearu3mMIeImI@m]
OB MBH g dH0rI0  TVOWIVEM  MIIMIAIQI@3 1567  GlOUMVEBRUE U
AV o lenoenmss a8 nIS)aomam al@1al@emo NVlOMOD 1LNES
(BHD1HO1HMNNI0ME MVOWlaf). af)0MOO3 QIOMI)  al@]al@em MNEHB)0
@oNULIoMNIHNITD  (BHAULINIQMEMo)  BMIOMHIRPUZ  (MVOWIREM @RI HHU
a1 @8 11.13 GlOIMVEBRUE Mo MEH1a}E0L100IW] O88MIWT alOM@DY @3
QY BODOW .
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