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ABSTRACT 

  The present investigation entitled, “Effect of postharvest treatments and packagings 

on storage life and quality of Kinnow fruit” was conducted in Department of Fruit Science 

and Punjab Horticultural Postharvest Technology Centre, PAU campus, Ludhiana during the 

years of 2016-17 and 2017-18. Fruits of Kinnow were harvested at physiological maturity and 

divided into requisite lots for further handling. First lot of fruits were coated with different 

edible coatings viz Carboxy Methylcellulose (1, 1.5 and 2%), chitosan (0.5, 1 and 1.5%) and 

bees wax (5, 10 and 15%). Second lot of fruits were treated with different anti-senescence 

compounds viz. 1-methylcyclopropane (500, 1000 and 1500 ppb), methyl jasmonates (1, 2 

and 3mM) and salicylic acid (1, 2 and 3mM). Third lot of fruits were individually seal packed 

in commercial available packaging films viz. perforated and non-perforated PP 100, PP 150, 

LDPE 100 and LDPE 150 gauge films. The control fruits were kept uncoated, untreated and 

unpacked. The fruits were stored under cold storage conditions (5-7
0
C and 90-95% RH). The 

observations on various physico-chemical attributes were recorded at different storage 

intervals i.e. 30, 45, 60 and 75 days. The data revealed that among different edible coatings, 

anti-senescence compounds and packaging materials, Kinnow fruits coated with CMC (2%), 

treated with MeJA (1mM) and packed in perforated PP 100 gauge film, respectively can be 

stored up to 60 days in contrast to control i.e. 45 days with minimum loss in PLW, spoilage, 

acceptable sensory attributes, higher firmness and juice content also maintained the quality 

attributes such as TSS, sugars, vitamin C, pectin, carotene and phenolic content and delayed 

the fruit softening by lowering the activity of cell wall degrading enzymes viz. PME and 

cellulase. These treatments seems to hold promise in extending the shelf-life and 

marketability of Kinnow fruits during prolonged storage. 
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Bwrq[ 

 

swr AMS 

mOjUdw AiDAYn “quVweI mgroN kIqy aupcwrW Aqy pYkyijMg dw iknUM &l dI imAwd Aqy 
guxvqw aupr pRBwv” isrlyK ADIn, pMjwb AYgrIklcrl XUnIvristI, luiDAwxw ivKy siQq 
pMjwb hortIklcrl post hwrvyst tYknolojI sYNtr (PHPTC) Aqy &l ivigAwn ivBwg ivKy sMn 
2016-17 Aqy 2017-18 dOrwn kIqw igAw[ iknUM dy p`ky hoey &lW nUM qoiVAw igAw Aqy iehnW nUM 
v`Ko-v`Kry lwtW ivc̀ vMifAw igAw[ pihly lwt dy &lW dI v`Ko-v`KrI KwxXog koitMgs Bwv 
kwrboksI imQwiel sYlUloz (1, 1.5 Aqy 2%), ictoisn (0.5, 1 Aqy 1.5%) Aqy bI vYks (5, 
10, 15%) nwl koitMg kIqI geI[ dUjy lwt dy &lW nUM aumrdrwz krn vwly sMGtkW Bwv 1-
imQwielsweIklopRopyn (500, 1000 Aqy 1500 ppb), imQwiel jYsmonyts (1, 2 Aqy 3 mM) Aqy 
sYlIswiekilk AYisf (1, 2 Aqy 3 mM) nwl soiDAw igAw[ qIjy lwt dy &lW nUM vwpwrk qOr qy 
auplbD pYkyijMg sm`grI Bwv surKW vwly Aqy ibnW surKW vwlIAW PP 100, PP 150, LDPE 100 

Aqy LDPE 150 goz iPlmW iv`c BMfwr kIqw igAw[ ibnW koitMg dy, ibnW aupcwrq Aqy ibnW pYk 
kIqy &lW nUM kMtrol &lW vjoN vriqAw igAw[ &lW nUM TMfy hlwqW (5-7

0
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ADIn BMfwr krky r`iKAw igAw[ BMfwrn dy v`Ko-v`Kry AMqrwlW Bwv 30, 45, 60 Aqy 75 idnW 
aupr &lW dy BOiqk-rswiexk guxW dw nrIKx kIqw igAw[ AiDAYn dy nqIijAW qoN ieh q̀Q 
swhmxy Awey ik vKo-v`KrIAW KwxXog koitMgs, aumrdrwz krn vwly sMGtkW Aqy pYkyijMg 
sm`grI iv`coN, CMC (2%) koitMg, MeJA (1mM) nwl aupcwrq Aqy surwKW vwlIAW 100 gyz PP 
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CHAPTER I 

INTRODUCTION 

Kinnow mandarin is a hybrid between King (Citrus nobilis L.) and Willow Leaf 

(Citrus deliciosa L.) mandarins developed by Dr H.B. Frost in 1935 at University of 

California, USA. Inspite of being an introduction Kinnow has revolutionized citrus industry 

in India, Pakistan and Bangladesh. It was introduced in India at Abohar, Punjab during 1959 

(Rajput and Haribabu 1995), is enjoying major share in area and production among citrus 

fruits grown in Punjab, Haryana, south western part of Rajasthan, foot hills of Himachal 

Pradesh and western Uttar Pradesh. Among citrus fruits grown in Punjab Kinnow mandarin 

share in area (51637 ha) and production (12.08 lakh MT) (Anonymous 2017-18). Kinnow 

mandarin is cherished around the globe due to their nutritional value, pleasant flavor and 

refreshing taste. The natural polyphenols in Kinnow mandarin comprise some bioactive 

compounds like hesperidins, vitamin C, carotenoid, naringin, ferulic acid, hydrocinnamic acid 

and cyaniding glucoside. These plant metabolites are effective in boosting the immune system 

against coronary heart diseases, cancer and various infections and also aid the absorption of 

iron and zinc. Due to these quality traits, Kinnow is in high demand not only in Indian 

markets but also in abroad.  

Kinnow has a very short harvesting period from December to February and these 

months often witness arrival of large number truck loads of Kinnow fruits at major wholesale 

markets of India, which lead to glut and huge post-harvest losses; Even at retail shelf life the 

losses of this fruit are quite high due to poor post-harvest handling practices followed by 

farmers and traders, thus increasing the risk of high postharvest losses of about 35-40 per cent 

(Rajput and Haribabu 1995). In India, infrastructure for cold chain and refrigerated transport 

are insufficient. Morever, there is an increased inclination of farmers to sell the fruits in open 

market which further enhance the post-harvest losses. Thus the only viable option to reduce 

the post-harvest losses under Indian scenario is by extending the marketable period through 

noble approaches of shelf-life enhancement. Recent research studies suggest that the shelf-life 

of fruits can be enhanced by post-harvest intervention that can effectively reduce the 

respiration rate, ripening and senescence changes. 

Application of edible coatings and packaging films are effective techniques, which 

can help in reducing the post-harvest losses and enhancing the shelf life of fruit by reducing 

the rate of respiration, transpiration and other metabolic processes in the fruit. Similarly, now-

a-days noval molecules viz 1-MCP, polyamines and brassinosteroids are being used as anti-

senescence compound to delay the shelf life of different fruits during marketing will help 

extending its marketability and shelf life by storing it for that time of the year which help 

farmers to earn by selling it after the glut.  
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Kinnow along with a variety of other fruits such as apple and few vegetables are 

commonly stored after coating. Coating wax can be cheap and easy method for prolonging the 

shelf life of fruits. Application of wax coating slows down the permeability of water vapour 

and other gases, which retards the ripening and also checks the storage loss. Role of peel 

coating for extending the shelf life has been reported by Giri et al (2003) in various fruits. 

These coatings can also enhance the overall appearance and quality of the fruit to by reducing 

water loss and preventing shrinkage (Moreira et al 2011). The use of food grade wax coating 

on the fruit is safe and approved by Ministry of Health and Family Welfare (FSSAI 2006). 

Storage life of fruits can be prolonged by using ethylene inhibitors. AVG 

(aminoethoxyvinylglycine) and 1-MCP (1-methylcyclopropene) are commonly used for 

postharvest pre-storage treatments for many fruits (Asrey et al 2012). AVG is a human and 

environmental friendly organic product registered for use for apple, pear, peache, plum, 

mandarin and nectarine in several countries (Greene and Schupp 2004 and Rath and Prentice 

2004).1-Methylcyclopropene (1-MCP), an ethylene action inhibitor, prevents the ripening 

effects of ethylene in many climacteric and some non-climacteric fruits (Blankenship and 

Dole 2003). 1-MCP significantly reduces ethylene production and maintains firmness for 

many days (Fan et al 1999, Cin et al 2006), mandarins ethylene production and softening are 

affected and reduced by 1-MCP treatment (Laamim et al 2005). In Shamouti oranges, 1-MCP 

is effective in inhibiting negative effects of ethylene and delays degreening. 

Methyl jasmonates (MeJA) is a methyl ester of jasmonic acid (JA) which exists 

naturally in a wide range of higher plants function as elicitors or signaling agents in many 

physiological and biochemical processes (Turner et al 2002). Exogenous application of MeJA 

has been demonstrated to enhance the secondary metabolites content to a greater extent (Kim 

et al 2006, Wang et al 2009). Fruit treated with MeJA have been reported with improved fruit 

quality and stimulated host antioxidant systems during postharvest storage in plum, tomato 

and red raspberry (Zapata et al 2014 and Zhu and Tian 2012). Postharvest exposure of MJ on 

strawberry and raspberry fruits did not affect the flavonols content during storage (De la Pena 

Moreno et al 2010).  

Salicylic acid is an endogenous growth regulator from phenolic group which 

participates in the regulation of several physiological processes such as anti-ripening and anti-

senescence (Asghari and Aghdam, 2010). Application of salicylic acid enhanced the fruit 

weight and fruit quality in different fruit crops viz; olive and peach (El-Razek et al 2013 and 

El-Shazly et al 2013). Several studies have reported the role of postharvest salicylic acid 

applications on improving fruit quality parametersviz; delay in the reduction of ascorbic acid 

content of pineapple fruit ( Lu et al 2011) decreased ethylene production and delayed the 

ripening process in kiwifruit (Mohammadi and Aminifard 2013).  
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Packaging of the fresh fruits is essential in the whole distribution cycle, starting from 

producer to final user. Packaging is an important component of post-harvest handling of 

produce which not only enhances the shelf life but also maintain quality and add value to the 

produce during marketing. The basic principle technology is that once produce is placed in a 

package and hermatically sealed, an environment different from ambient conditions will be 

established inside the package such as high CO2 and low oxygen which helps in maintaining 

the quality and extend the shelf life (Hardenberg 1971). Modified atmospheric packaging has 

been a proven technology to meet the consumer‟s demand for more natural and fresh foods, 

which is increasing day by day. 

 The information on the effect of edible coatings, anti-senescence compounds and 

modified atmosphere packaging on storage life and quality of Kinnow fruit is limited and 

their effects on physical and physico-chemical compounds needs to be investigated. 

Therefore, in the present study an attempt was made to assess various post-harvest 

interventions to enhance the shelf-life of Kinnow fruit. The objectives of the present study 

were as under: 

1. To evaluate performance of different edible coatings on enhancing storage life and 

maintaining fruit quality of Kinnow mandarin. 

2. To study effect of different anti-senescence compounds on extension of storage life 

and quality of Kinnow mandarin fruit. 

3. To examine the effect of modified atmospheric packaging with various packing 

materials of different thicknesses on extension of storage life of Kinnow mandarin. 



CHAPTER II  

REVIEW OF LITERATURE 

The review of relevant research work on various approaches viz; “Effect of edible 

coatings, anti-senescence compounds and packaging materials of different thickness on 

storage-life and quality of Kinnow” has been discussed under in the light available literature. 

Edible coatings (Carboxy methylcellulose, Chitosan and Bees wax), anti-senescence 

compounds (1-methylcyclopropene, methyl jasmonates and salicylic acid) and different 

packaging materials of variable thickness (low density polyethylene and polypropylene) are 

promising postharvest interventions that affect the quality of cold stored Kinnow fruit. 

Therefore, a brief review of literature relevant to the present study for interpretation of results 

has been described in this chapter under the following sub-headings:  

2.1. Effects of edible coatings on storage life and quality of fruits 

Use of an edible coating is one of the popular practices in recent years due to its feasibility 

and ease of application compared to other postharvest treatment methods. It controls the 

modified internal gas composition and act as protective barrier that retards dehydration, 

improves textural quality and reduces microbial growth by forming a thin film layer of edible, 

natural, and biodegradable substances on fruit surface (Amal et al 2010). Edible coatings 

preserve moisture, lowers solute migration, respiration, transpiration rate thereby maintain the 

fruit firmness and retards senescence (Tezotto et al 2014). Chitosan plays an important role in 

biochemical and molecular activity such as oxidative burst (Paulert et al 2010) pathogenesis 

related genes (Loschke et al 1983) hypersensitivity response (Hadwiger and Beckman 1980) 

by affecting mitochondrial respiration and starch degradation rate (Silva et al 2017) and 

prevents the fruit from microbial attack (Bolwell and Daudi 2009). Chitosan delayed the 

climacteric peak, water loss, firmness and lowered the rate of respiration in litchi and papaya 

(Ali et al 2011 and Lin et al 2011 and) retarded colour development in banana and mango 

(Kittor et al 2001), inhibited the cell wall degrading enzymatic activity in carambola and 

strawberry (Gol et al 2015 and 2013), enhanced the fruit gloss in citrus fruits (Saberi et al 

2018 and Arnon et al 2015), increased superoxide dismutase (SOD) activity and membrane 

integrity in peaches (Li and Yu 2000), decreased phenylalanine ammonia-lyase and 

peroxidase activity in apricot (Ghasemnezhad et al 2010) in avocado (Bill et al 2014) in 

banana (Suseno et al 2014) in guava (Nair et al 2018 and Silva et al 2018 and Hong et al 

2012) in red kiwi fruit (Kaya et al 2016) in strawberry (Wang and Gao 2013) and 

malondialdehyde amount and polyphenol oxidase activity in longan (Shi et al 2013)  and 

disease incidence in rose apples and strawberry (Valenzuela et al 2015; Plainsirichai et al 

2012 and Perdones et al 2012). Carboxy Methylcellulose (CMC) enhanced the activities of 

scavenger antioxidant and defense enzymes viz peroxidase (POD), superoxide dismutase 
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(SOD), chitinase (CHI) and beta-1,3- glucanase (GLU) (Zeng et al 2013) and maintained 

higher concentration of total phenolics and total anthocyanin content and inhibited cell wall 

degrading enzymes and in strawberry (Gol et al 2013; Sogvar et al 2016 and Velickova et al 

2013) and in peach and plum fruit (Guillen et al 2013). Hydroxy propyl methylcellulose 

(HPMC) film incorporated with essential oil ingredients reduced the texture loss and internal 

breakdown in plum fruit (Gunaydin et al 2017; Choi et al 2016; Fagundes et al 2013; 

Navarro-Tarazaga et al 2011 and Perez-Gago et al 2003) and polyphenol oxidase (PPO) and 

peroxidase (PO) activity in guava (Vishwasrao and Ananthanarayan 2016). Edible coatings 

enhanced ascorbic acid, total phenolics and antioxidant activity in the Kinnow (Din et al 

2015; Ali et al 2015; Shah et al 2015 and Mahajan et al 2013) in mandarins (Rokaya et al 

2016) in mango (Abbasi et al 2009) in strawberries (Dong and Wang 2017) and in avocado 

(Tesfay and Magwazaa 2017). Combined application of candelilla wax and tarbrush extract 

maintained appearance, physiological weight, water activity and firmness in apple (De leon-

Zapata 2015) prolonged the shelf life of strawberry and avocado (Oregel-Zamudio et al 2017; 

Aguirre-Joya et al 2017 and Saucedo-Pompa et al 2009). Sodium alginate coating preserved 

sensory and nutritional attributes and prevented microbial spoilage in berry fruit (Guerreiro et 

al 2015) and enhanced the shelf-life of peach (Maftoonazad et al 2008). SamperFresh
TM

 and 

calcium caseinate treatment reduced the weight loss and delayed the fruit ripening in 

blueberries cv Duke and Elliot (Duan et al 2011). Gum arabic coating protected the ultra 

structure of mitochondria in mango and enhanced the shelf-life of guava (Khaliq et al 2015 

and Murmu and Mishra 2017) Combination of beeswax as hydrophobic phase, 

triethanolamine and oleic acid as emulsifying agent and CMC as hydrophobic polymer 

extended the shelf-life of peach and pear (Togrul and Arslan 2004) reduced weight loss and 

maintained rind firmness of mandrins (Valencia-Chamorro et al 2010). Coating with pullulan 

minimized respiration rate, delayed deterioration and controlled microbial growth in the fruits 

of high bush blueberry (Vacciniumcorymbosum L) (Krasniewska et al 2017). 

2.2 Effects of anti-senescence compounds on storage life and quality of fruits 

1-Methylcylcopropane (1-MCP) interacts with ethylene binding receptors and 

thereby prevent ethylene-dependent responses (Sisler and Blankenship 1996). There can be 

major differences in response to 1-MCP among cultivars (Dauny and Joyce 2002; Fan et al 

1999; Rupasinghe et al 2000 and Watkins et al 2000). The postharvest application of 1-

MCP treatment delayed softening, reduced electrolyte leakage without affecting the quality 

parameters viz total soluble solids, phenolic compounds and total antioxidant activity in 

apple (Gago et al 2015;Choi and Jung 2014; Sardabi et al 2013; Lu et al 2012; Jeziorek et 

al 2010 and Delong et al 2004), kiwifruit (Park et al 2015) and Kinnow (Tavallali and 

Moghadam 2015 and Asrey et al 2012) and delayed ethylene production in pear (Calvo and 

Sozi 2009; Arias et al 2009; Gamrasni et al 2010 and Villalobos-acuna et al 2011), 
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prevented lipid peroxidation and chilling injury in plum (Manganaris et al 2008 and Singh 

and Singh 2012), inhibited the activity of cell wall degrading enzyme viz pectate lyase (PL), 

pectin methyl esterase (PME), cellulase (CX) and polygalacturonase (PG) and delayed the 

peak activity of 1-aminoacyclopropane 1-carboxylate synthase ACC synthase (ACS) and1-

aminoacyclopropane 1-carboxylate oxidase (ACO) in banana and peach (Ullah et al 2016 

and Zhu et al 2015).   

Methyl jasmonate (MeJA) and salicylic acid (SA) are endogenous signaling 

molecules that play an essential role in regulating stress responses and plant development 

(Raskin 1992 and Turner et al 2002). MeJA is a naturally occurring plant growth regulator 

that modulates many physiological processes including responses to environmental stresses 

(Creelman and Mullet 1995). It is believed that systemic acquired resistance (SAR) is 

dependent on MeJA-mediated signaling and is associated with some signal transduction 

systems, which induce particular enzymes catalyzing biosynthetic reactions to form defense 

compounds such as polyphenols, alkaloids, reactive oxygen species (ROS) or pathogenesis-

related (PR) proteins (Harms et al 1995). MeJA was reported to maintain postharvest fruit 

quality in several tropical fruits such as guava (Sayyari et al 2011); mango (Gonzalez-

Aguilar et al 2000); papaya (Gonzalez-Aguilar et al 2003) and pomegranates (Jin et al 

2014) and in temperate fruits such as apple, cherry and peach (Fan et al 1998; Yao & Tian 

2005; Meng et al 2009 and Jin et al 2009). 

Salicylic acid (SA) has been shown to induce expression of alternative oxidase genes 

(AOX) and increase the antioxidant capacity of the cells. Yao and Tian (2005) reported that 

pre-harvest treatment of sweet cherries with salicylic acid induced β -1,3- glucanase, 

phenylalanine ammonia-lyase (PAL) and peroxidase (POD) activities during the short time 

storage period and the activity of these enzymes in salicylic acid treated cherries stored at 

25°C was higher than in fruits stored at 0°C. Salicylic acid, in a concentration dependent 

manner from 0 to 2 mmol L
-1

 enhanced the total antioxidant capacity of strawberry fruit. 

Consecutive application of salicylic acid at three stages viz vegetative growth, fruit 

development and post-harvest stage was the most effective strategy in improving total 

antioxidant capacity (Asgharia & Babalar 2009). Post -harvest treatment of sweet cherry fruits 

with salicylic acid significantly inhibited catalase (CAT) activity but stimulated the activity of 

superoxide dismutase (SOD) and peroxidase (POD). After inoculation with P. expansum, 

CAT activity decreased and SOD activity increased in salicylic acid treated fruits. Salicylic 

acid treatment also changed the expression of POD isozymes indicating that salicylic acid 

directly or indirectly activates antioxidant enzymes (Tian et al 2007). Pre and post-harvest 

treatment of salicylic acid maintained fruit firmness and delayed ripening during storage 

studies in cherry (Gholami et al 2010). Similar results were reported in kiwi fruit (Aghdam et 

al 2009) in kiwifruit and banana (Srivastava and Dwivedi 2000). Lu et al (2011) reported that 
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pre and post-harvest salicylic acid treatments significantly reduced internal browning 

incidence and intensity in pineapple. Salicylic acid decreases ethylene production and inhibits 

cell wall and membrane degrading enzymes such as polygalacturonase (PG), lipoxygenase 

(LOX), cellulase and pectinemethylesterase (PME) leading to decreasing the fruit softening 

rate (Srivastava & Dwivedi, 2000, Zhang et al 2003). Salicylic acid was observed to inhibit 

ethylene production in cultured pear cells, mungbean hypocotyls, apple and pear fruit tissue 

discs, carrot cell suspension cultures and some fruits (Babalar et al 2007). In horticultural 

crops, salicylic acid affects AOX activity leading to decrease in the harmful effects of 

different post-harvest oxidative stresses such as chilling injury, prevents fermentation, 

maintains low respiration rates and decreases fruit ripening and senescence rates (Asghari and 

Aghdam 2010). 

2.3 Effects of packaging materials on storage life and quality of fruits 

Modified atmosphere packaging (MAP) has a great advantage in developing countries 

because it is economically feasible, saving the high cost of equipment (Mangaraj and Goswami 

2011). In some commodities, the use of modified atmosphere packaging (MAP) has shown 

positive effects on maintaining produce quality, such as in table grape (Martinez-Romero et al 

2003), broccoli (Serrano et al 2006) and sweet cherry (Serrano et al 2005). MAP consists of 

sealing a certain amount of fruit or vegetable by using plastic films with selective permeability 

to CO2, O2 and water vapour diffusion. The commodity respiration increases CO2 and decreases 

O2 concentrations inside the packages and transpiration rate increases water pressure. These 

modifications lead to reduction of weight loss, respiration rate and ethylene production, as well 

as retard changes in properties related to the ripening process, and in turn, postharvest quality 

can be maintained for longer periods (Artes et al 2006).   

2.4 Effect of edible coatings, anti-senescence compounds and packaging materials on 

physical, biochemical and enzymatic parameters 

2.4.1 Physiological weight loss (%) 

2.4.2 Spoilage (%) 

2.4.3 Organoleptic sensory quality (Hedonic scale 1-9) 

2.4.4 Firmness (Kg Force) 

2.4.5 Juice (%) 

2.4.6 Sugars (TSS, Reducing sugars and total sugars (%) 

2.4.7 Vitamin C (mg/100g) 

2.4.8 Total carotenoids (mg/100g) 

2.4.9 Pectin (Calcium pectate %) 

2.4.10 Total phenols (mg/100g) 

2.4.11 Pectin methyl esterase (PME) 

2.4.12 Cellulase 
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2.4.1 Physiological loss in weight 

The influence of polysaccharide based coatings on the weight loss is probably 

associated with the existence of hydroxyl groups creating hydrogen bonds both inside the 

coating matrix and with the cuticle on the peel, which mostly consists of cutin, polyester 

polymerized from hydroxylated fatty acids (Arnon et al 2015 and Koch and Ensikat 2008). 

The post-harvest application of edible coatings viz sodium alginate, pectin and combination of 

sodium alginate and pectin minimized the loss in weight of blueberry in contrast to uncoated 

fruit (Mannozzi et al 2017). CMC singly and in a combination with garlic essential oil (GEO) 

registered lower weight loss (16.23%) in strawberry as compared to control fruits (24.73%) 

after six days of cold storage (Dong and Wang 2017). Khorram et al (2017) observed that 

application of commercial wax registered the lower physiological loss in weight (3.2%) in 

Valencia orange in contrast to control (5.7%). CMC containing moringa leaf extract 

minimized PLW and maintained the cell turgidity of avocado fruit (Tesfay and Magwazaa 

2015). Silva et al (2017) reported that mango fruit coated with chitosan registered minimum 

loss in physiological weight (11.11%) than that of control (19%). Arnon et al (2015) reported 

that both commercial and CMC/chitosan bilayer coatings significantly reduced the weight 

loss rates from 5.5 per cent in untreated citrus fruit to 4.6 to 4.7 per cent. The post-harvest 

application of sodium alginate and pectin registered minimum loss in PLW of strawberry 

fruits after 7 days of storage (Guerrerio et al 2015). Pea starch and guar gum based edible 

coating minimized the loss in fruit weight, due to higher moisture barrier capacity of 

„Valencia‟ oranges (Saberi et al 2018). Candelilla wax with and without fermented extract of 

tarbrush recorded minimum physiological loss in weight in apples in contrast to control (De 

Leon Zapata et al 2015). Navarro-Tarazaga (2011) reported that HPMC containing bees wax 

registered minimum physiological loss in weight in plum fruit in contrast to HPMC without 

bee wax. Oregel-Zamudio et al (2017) found that candelilla wax registered minimum 

physiological loss in weight contrast to control fruit in strawberry after 6 days of storage. 

Duan et al (2011) reported that samperfresh coated blueberry cv. Duke registered minimum 

physiological loss in weight in contrast to control after 6 days of storage at ambient 

temperature.The postharvest application of CMC treatment recorded the lowest physiological 

loss in weight (2.91%) in contrast to control (6.33%) fruits of sweet orange cv. Newhall navel 

after 100 days of storage (Zeng et al 2013). Velickova et al (2013) reported that chitosan 

checked the weight loss (11%) in strawberry fruit as compared to control (48%). Gol et al 

(2013) found that combined application of CMC, HPMC and chitosan registered minimum 

physiological loss in weight in contrast to CMC and HPMC alone. Ali et al (2015) reported 

that Kinnow fruit coated with NFC and Fomesa registered lower physiological loss in weight 

(6.15 and 6.12%, respectively) in contrast to control (9.71%). The post-harvest application of 

citrashine coating registered minimum physiological loss in weight (5.40%) than that of 
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control (12.20%) in Kinnow (Mahajan and Singh 2014). Mahajan et al (2013) reported that 

Niprofresh SS 40 T treatment registered lower physiological loss in weight (7.60%) in 

Kinnow fruit in contrast to uncoated fruit (9.71%) after 60 days of cold storage. Shah et al 

(2015) reported that CMC and guar gum based silver nano particles minimized the 

physiological loss in weight after 120 days storage of Kinnow fruits. Bisen et al (2012) 

reported that post-harvest application of edible coatings registered lower physiological loss in 

weight in lime fruit. The post-harvest application of CMC, cellulose and bees wax checked 

the moisture loss and reduced the physiological loss in weight in Murcott tangor fruits stored 

at 5
o
C for 60 days (Samra et al 2014). Edible coating prepared from different ingredients 

reduced the weight loss in Kinnow fruits (Din et al 2015). 

Massolo et al (2011) reported that 1-MCP treatment reduced the rate of dehydration 

and registered minimum weight loss (6.2%) in eggplant fruit as compared to control (8.6%) 

after 21 days of cold storage. Manganaris et al (2008) demonstrated that the postharvest 

application of 1-MCP on plum cv. „Joanna Red‟ and found that fruits treated with 1-MCP 

registered lower (2 to 4%) PLW in contrast to control (6%). The postharvest application of 1-

MCP registered the minimum PLW (23.5%) in contrast to control (28.9%) in chinese chive 

after 12 days of storage (Wu et al 2009). 1-MCP subjected to „Medlar‟ fruits registered 

minimum loss in PLW (0.71%) than those of control (1.12%) after 60 days of storage (Selcuk 

and Erkan 2015). Zulferiyenni et al (2015) reported that fruits of guava subjected to combined 

application of 1-MCP and chitosan registered minimum PLW as compared to control during 

storage. Tavallali and Moghadam (2015) reported that Kinnow fruits subjected to AVG and 1-

MCP treatment registered lower PLW (9.83%) in contrast to control (38.46%) fruits during 

storage. Gonzalez-Aguilar et al (2000) reported that MeJA registered minimum PLW in 

mango cv. „Kent‟ as compared to control; this could be attributed with stomatal closure 

induced by MeJA which reduced the transpiration rate. Fan et al (2016) reported that the 

postharvest treatment of MeJA registered the lower PLW in eggplant fruit as compared to 

control at the end of the storage. The anti-senescent action and maintenance of cellular 

integrity by both MeJA and SA registered minimum PLW (2%) in contrast to control where it 

was 6 per cent (Ezzat et al 2017). Fruits of peach treated with SA registered minimum PLW 

(14.08%) in contrast to control (17.15%) after 42 days of storage (Khademi and Ersadi 2013). 

Davarynejad et al (2015) demonstrated the combined application of SA and putrescine on 

storage quality and shelf-life of plum cv. „Santa Rosa‟ and found that fruits subjected to SA 

and putrescine resulted minimum PLW as compared to control at the end of the storage.  

Ramayya et al (2012) evaluated the effect of oriented polypropylene (perforated and 

non perforated) films with three different level of gas concentration and found that mangoes 

packed in OPP bags with 50 per cent CO2 followed by OPP with 25 per cent CO2 and 75 per 

cent CO2 registered the lower average weight loss 11.4, 14.9 and 18.7 per cent, respectively.. 
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Kudachikar et al (2011) evaluated the effect of MAP on shelf-life and quality of banana cv. 

Robusta and observed that MAP and MAP+GK films registered minimum PLW in contrast to 

unwrapped banana fruits. The maximum weight loss (31.3%) was registered in unwrapped 

followed by high density polyethylene (HDPE) perforated (22.4%) and linear low density 

polyethylene (LLDPE) perforated (21.49%) pear fruits after 12 days of storage; this might be 

due to continuous loss of moisture due to transpiration from the fruit and respiration (Nath et 

al 2012). Kaur et al (2013) reported that the maximum PLW (4.8%) was registered in fruits 

packed in crates, whereas minimum PLW (1.6%) was in fruits packed in CFB boxes with 

HDPE liners. Sharma et al (2013) evaluated the effect of various heat shrinkable films on the 

shelf-life and quality of apple cv. Royal delicious‟ and found that cryovac (9 μ) film was the 

most effective in reducing the PLW (2.3%) in contrast to control (10.7%). Azene et al (2014) 

demonstrated the effect of various packaging material and environmental condition on the 

shelf-life and quality of papaya fruit and observed that HDPE packed fruits registered lowest 

loss in PLW (9.14%) than those of unwrapped fruits (14.61%) after 18 days of storage. Fruits 

of „peach‟ wrapped in shrink film registered the lowest average PLW (0.63 %) as compared to 

control (5.80%) under super market condition during storage (Mahajan et al 2015). Rao and 

Shivshankara (2015) reported that individual shrink wrapping registered 4-5 time lesser PLW 

than those of unwrapped fruit of mango cv. „Alphonso‟ and „Banganapalli‟ at the end of the 

storage. Mahajan and Singh (2014) demonstrated the effect of packaging films on quality and 

shelf-life of Kinnow fruits and found that shrink film wrapped fruits registered the lower 

PLW (1.06%) than those of control (12.20%). 

2.4.2 Spoilage (%) 

 The films and coatings can suspend decay by reducing senescence, which causes more 

susceptibility to pathogenic infection in produce due to damage of cellular or tissue integrity 

(Tanada-Palmu and Grosso 2005). The post harvest application of chitosan reduced the spoilage 

and microbial growth in strawberry after 12 days during storage (Wang and Gao 2013). Fruit of 

blueberry coated sodium alginate and pectin registered lower fruit decay percentage than that of 

control (Mannozzi et al 2017). Dong and Wang (2017) reported that decay percentage was 

lower in CMC/GEO coated strawberry as compared to control. Mango fruits coated with 

chitosan (3%) registered lower spoilage percentage than that of control (Silva et al 2017). 

Guerreiro et al (2015) reported that strawberry fruit coated with eugenol and citral were 

effective in reducing decay percentage. Fruits of „Valencia‟ coated with different edible coating 

ingredients did not show any decay incidence during four weeks at 5
o
C and three weeks at 20

0
C 

(Saberi et al 2018). Chitosan reduced the percentage of infected strawberries as compared to 

control after three week of storage (Perdones et al 2012). Chitosan registered lower decay rate 

in strawberry incontrast to control (Duan et al 2011). Uncoated fruits of sweet orange cv. 

„Newhall navel‟ infected earlier due to pathogens (50 days after storage) than those with 
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amended coating treatment (70 days after storage) (Zeng et al 2013). The signs of decay in 

control strawberries appeared only after one day of storage while the coated fruits on the other 

hand exhibited a delay in decay incidence (Velickova et al 2013). Gol et al (2013) found that 

after 12 days of storage 95.59 per cent of control strawberries were infected in contrast to coated 

fruits i.e. 14.45-28.57 per cent. Pectin and alginate based edible coatings delayed the fruit 

spoilage incidence in raspberries than those of control fruits (Guerreiro et al 2015). Krasniewska 

et al (2017) found that pullulan coated blueberry registered lower decay (32.22%) than those of 

control (52.22%) after 28 days of storage. Vu et al (2011) reported that fruits of strawberries 

resulted lower decay percentage when coated with combined application of MC and limonene 

based coatings in contrast to MC alone and control. Shah et al (2015) reported that CMC and 

guar gum based silver nano particle coated Kinnow fruits revealed lower decay percentage in 

contrast to control. Bees wax and carnauba coated avocado and mango fruits registered reduced 

chilling injury symptoms and decay incidence during storage (Faygenberg et al 2005). Chitosan 

in a combination with irradiation (200kGy) delayed rotting of mango fruit in contrast to control 

(Abbasi et al 2009). 

 The postharvest application of 1-MCP registered the lowest index for decay in 

chinesechive than those of untreated ones after 12 days of storage (Wu et al 2009). The 

postharvest application of 1-MCP registered the lower decay percentage (2.5%) in pear fruits 

as compared to control (0%) after two weeks of storage (Gamrasni et al 2010). Kinnow fruits 

subjected to AVG and 1-MCP treatments registered minimum chilling injury and decay 

incidence than those of control fruits at the end of the storage (Tavallali and Moghadam 

2015). Fruits of kiwi cv.‟Hayward‟ subjected to 1-MCP treatment registered minimum degree 

of fruit decay in contrast to control (Park et al 2015). Cao et al (2008) reported that post 

harvest application MeJA registered the lower disease incidence and lesion diameter (12.2 

and 30.6%, respectively) in loquat fruits than those of control (55.1 and 64%, respectively). 

Fruits of mango cv. „Kent‟ subjected to MeJA registered the minimum chilling injury (CI) 

symptoms at 5
0
C in contrast to control fruits during storage (Gonzalez-Aguilar et al 2000). 

The postharvest subjection of MeJA to strawberry fruits registered the minimum incidence of 

fruit decay than those of control after 12 days of storage (Geransayeh et al 2015). Khademi 

and Ersadi (2013) reported that fruits of peach subjected to SA registered minimum decay 

percentage (2.44%) as compared to control (4.00%) after 42 days of storage. 

Nath et al (2012) evaluated the effect of different packaging materials on the shelf-

life and quality of pear fruit and found that minimum cumulative decay loss was registered in 

fruits packed in PP perforated (12.5%) followed by PP non-perforated (16.5%) and LDPE 

perforated (29%) after 15 days of storage, while, the maximum decay loss was recorded in 

control (100%). The reduced decay loss might be attributed to limited permeability of gases 

(CO2 and O2) and water vapour, which can interplay with physiological processes of fruit 
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(Tijskens and Vollebregt 2003 and Soliva and Martin 2003). The spoilage in fruit packed in 

different packaging materials was maximum in wooden boxes (6.91%) followed by crates   

(6.3%) and CFB boxes (5.8%), while minimum spoilage (3.1%) was recorded in fruits packed 

in CFB boxes with HDPE liners (Kaur et al 2013). Sharma et al (2013) found that apple cv. 

„Royal delicious‟ wrapped in cryovac (9 μ) film registered minimum incidence of decay 

(2.8%) compared to unwrapped (8.7%). The LDPE film registered even higher spoilage 

percentage over unwrapped fruit of peach (Mahajan et al 2015). The occurrence of higher 

decay incidence in LDPE film might be due to accumulation of excessive water vapour inside 

the package, because of restricted movement of water through the film. 

2.4.3 Organoleptic sensory quality (Hedonic scale 1-9) 

 Choi et al (2016) reported that essential oil containing HPMC coated plum registered 

higher average flavour and overall impression scores over control fruit. CMC in a 

combination with GEO (2%) retained the highest scores for acceptability ofcolor, taste, 

texture and flavor of strawberry (Dong and Wang 2017). Aroma and flavour of strawberry 

samples treated with CH coatings containing essential oils registered higher sensory scores as 

compared to control (Perdones et al 2016). Arnon et al (2015) reported that CMC/chitosan 

bilayer edible coating greatly enhanced fruit glossiness and appearance during storage. Fruit 

of „Valencia‟ orange coated with PSGG coatings maintained overall flavor (Saberi et al 

2018). Ali et al (2015) reported that Kinnow fruits coated with NFC and Fomesa retained the 

maximum score (7.15) for overall acceptability after 63 days of storage. Mahajan and Singh 

(2014) reported that there was a gradual increase in palatability rating in citrashine coated 

Kinnow fruit up to 15 days of cold storage. Mahajan et al (2005) found that citrashine coating 

was most effective in improving the overall quality and sensory score of pear fruit without 

development of off-flavour. The highest mean overall organoleptic rating of 7.4 and 7.2 was 

registered in Niprofresh SS 40 T and SS 50 T coated Kinnow fruit, respectively (Mahajan et 

al 2013). Wax coatings have been reported to maintain the gloss, flavour and aroma of fruit 

(Olivas and Barbosa-Canovas, 2005). Mahajan et al (2005) and Bishnoi et al (2008) noticed 

that wax coatings helped in retaining highly acceptable organoleptic quality of pear and apple 

fruit without development of off-flavour.  

 Gamrasni et al (2010) reported that 1-MCP registered the highest score for sensory 

attributes (9.3) in pear fruit in contrast to control (5.0) after two weeks of storage. Fan et al 

(2016) reported that fruits of eggplant subjected to MeJA registered the maximum score (6.27) 

for sensory attributes than that of control (4.63) at the end of the storage. Ezzat et al (2017) 

reported that apricot fruits subjected to MeJA and SA treatments registered the highest sensory 

score i.e. 4.20 and 3.90, respectively than those of control i.e. 1.80 after 21 days of storage. 

Ramaya et al (2012) evaluated the effect of OPP (perforated and non perforated) and 

observed that mango fruits packed in unperforated OPP film registered better quality (6.8) as 
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compared to those were packed in perforated OPP film (4.3). Fruits of banana cv. „Robusta‟ 

wrapped in MAP and MAP +GK registered the maximum scores of 7.5 and 7.4, 

respectivelyfor overall fruit quality in contrast to unwrapped fruits (7.2) at the end of storage 

(Kudachikar et al 2011). The pear fruit packed in CFB boxes with HDPE liners maintained 

higher mean sensory score of 7.8, followed by fruits packed in CFB boxes with LDPE liners 

of 7.6, while minimum score of 6.0 was registered in fruits packed in crates (Kaur et al 2013). 

Fruit of apple cv. „Royal delicious‟ wrapped in cryovac film registered the highest sensory 

score (8.3) (Sharma et al 2013).The maximum average sensory score of 7.07 was registered in 

peach fruits wrapped in shrink film(7.07) as compared to control(5.90) under super market 

conditions at the end of the storage (Mahajan et al 2015). Mahajan and Singh (2014) reported 

that Kinnow fruit wrapped in shrink films registered the maximum score of 7.76 for sensory 

attributes (7.76) in contrast to control where it was recorded the minimum 6.27).  

2.4.4 Firmness 

 Firmness is one of the critical components in determining the acceptability of fruit 

crops (Khaliq et al 2015). Khorram et al (2017) reported that with an advancement in storage 

period uncoated orange fruit registered maximum loss in firmness in contrast to coated ones 

may be due to pectin depolymerization, associated with pectin esterase, pectin lyase and 

polygalactronase activities. Coatings reduce the activities of pectin esterase, pectin lyase and 

polygalactronase enzymes in the fruit and allows retention of the firmness during storage 

(Maftoonazad and Ramaswamy 2005). The application of coatings and essential oils alone or 

in combination can improve the firmness of strawberry fruit (Eshghi et al 2014). The post-

harvest application of edible coating may affect fruit firmness retention as a result of the high 

weight loss reduction (Valencia-Chamorro et al 2010). Navarro-Tarazaga et al (2008) 

reported a correlation between citrus fruit weight loss and firmness. Firmness of tomato fruit 

declined with an advancement of storage period in both coated (gum arabic) and uncoated 

fruit (Ali et al 2010). The post-harvest application of CMC combined with moringa leaf 

extract maintained higher fruit firmness during the storage as the higher firmness retention on 

coated avocado fruit could be attributed to improved barrier for gaseous and moisture 

diffusion (Tesfay and Magwazaa 2017). The softening in control fruit is typical of avocado 

fruit resulting from weakened cell wall structure, loss of membrane integrity, hydrolysis of 

cellulose and hemicellulose as well as depolymerisation of pectin and starch (Seymour et al 

1993). Silva et al (2017) observed that the firmness loss rate reduced in mango following the 

increase in chitosan concentration during the storage. Firmness of Kinnow diminished 

gradually as the storage period progressed however, fruit coated with NFC treatment retained 

maximum fruit firmness (9.91N) over control fruits where it was recorded as 4.80 N. (Ali et 

al 2015). Mahajan and Singh (2014) observed the highest mean firmness (1085.50 g force) in 

citrashine coated Kinnow fruits, while the lowest mean firmness (834.85 g force) was 
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recorded in case of control. The post-harvest application of Niprofresh SS 40 T maintained 

the maximum firmness of 1118 g force) in Kinnow fruits in contrast to 993 g force fruit 

firmness in uncoated fruits (Mahajan et al 2013). 

 Massolo et al (2011) reported that the post-harvest application 1-MCP retained the 

higher firmness (16.2 N) in eggplant fruit over control (10.2 N) after 21 days of storage. Fruits 

of plum cv. „Joanna Red‟ treated with 1-MCP retained the higher firmness than those of control 

during storage (Manganaris et al 2008). Calvo and Sozzi (2009) reported that the postharvest 

application of 1-MCP registered a progressive effect on maintaining fruit firmness as 1-MCP 

maintained higher fruit firmness in pear cv. „Bartlett‟ over control at the end of the storage. 

Arias et al (2009) reported that 1-MCP treated fresh cut pear fruits registered higher fruit 

firmness (7.9 N) as compared to control (1.9 N) at the end of the storage. Piriyavinit et al (2011) 

reported that the postharvest application of 1-MCP delayed the loss of firmness in mangosteen 

fruit in contrast to control after 7 days of storage. Medlar fruits subjected to 1-MCP treatment 

retained higher fruit firmness (8.93 N) than those of control fruits (7.06 N) after 60 days of 

storage (Selcuk and Erkan 2015). Zulferiyenni et al (2015) observed a decrease in firmness 

throughout the storage period irrespective of treatments in guava fruit. However, fruit of guava 

subjected to combination of 1-MCP and chitosan registered minimum loss in firmness over 

control. The post-harvest application of 1-MCP maintained higher firmness (11.57 N) in kiwi 

fruit as compared to control (7.45 N) fruits after 180 days of storage (Cantin et al 2011). 

Tavallali and Moghadam (2015) reported that Kinnow fruits subjected to AVG and 1-MCP 

treatments maintained higher fruit firmness and prevented fruit softening in contrast to control 

during storage. Park et al (2015) reported that kiwi fruits treated with 1-MCP delayed the loss in 

firmness and checked the fruit softening in contrast to control. Han et al (2015) reported that 1-

MCP treated bitter melon maintained higher firmness over control fruit during cold storage. 

Zapata et al (2014) examined the effect of pre-harvest application of MeJA on plum cultivars 

and found that fruit subjected to MeJA maintained the maximum firmness (5.15 N) in contrast 

to control (2.83 N) after nine days of storage. In general, firmness decreased with prolongation 

of storage period irrespective of the treatment. However, fruit of eggplant subjected to MeJA 

maintained the higher firmness in contrast to control during cold storage (Fan et al 2016). Fruit 

of apricot subjected to MeJA and SA maintained the higher firmness than that of control after 

21 days of cold storage (Ezzat et al 2017). Khademi and Ersadi (2013) demonstrated the post-

harvest effect of SA and found that fruits of peach subjected to SA maintained higher firmness 

(4.45 N) over control (3.84 N) after 42 days of storage.  

OPP films did not influence fruit firmness as mangoes wrapped in non perforated 

OPP film registered marginally higher firmness (4.9 N) over perforated film (4.4 N) 

(Ramayya et al 2012). Fruit of banana cv. Robusta wrapped in MAP and MAP+GK registered 

higher fruit firmness over unwrapped during storage (Kudachikar et al 2011). In the pear fruit, 
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the maximum firmness was recorded in PP non perforated (5.18 kg f) followed by LDPE non-

perforated (4.76 kg f) and LDPE perforated (4.23 kg f), respectively. However, the lowest 

firmness was recorded in HDPE perforated (1.8 kg f) after 12 days of storage (Nath et al 

2012). Sharma et al (2013) reported that apples cv. „Royal Delicious‟ wrapped in cryovac 

films recorded higher firmness force (18.6 N) over other films. Fruits of „papaya‟ wrapped in 

HDPE retained the higher firmness (3.5 kg/cm
2
) than those of unwrapped ones (1.7 kg/cm

2
) 

after six days of storage (Azene et al 2014). Fruits of „peach‟ wrapped in shrink packaging 

film maintained the highest average firmness (9.77 lb force) in contrast to control fruits (6.90 

lb force) under super market conditions after nine days of cold storage (Mahajan et al 2015). 

Rao and Shivashankara (2015) demonstrated the effect of various packaging material on the 

shelf-life and quality of mango cv. „Alphonso and „Banganapalli‟ and found that among 

different films, fruits of both cultivars wrapped with D-955 film maintained higher firmness 

over wrapped in LDPE film during storage. Mahajan and Singh (2014) reported that Kinnow 

fruit wrapped in shrink film registered the maximum firmness (1542.54 g force) than those of 

control (999.36 g force) at the end of the storage. 

2.4.5 Juice (%) 

Sharma and Ghooman (2009) reported that the juice content of Kinnow fruits during 

storage studies followed a declining trend might be due to loss of moisture from the surface of 

the fruits. Combined application of wax and bavistin maintained maximum (43.45%) juice 

percentage in mandarin fruit in contrast to control (34.65%) after four weeks of storage 

(Rokaya et al 2016). Mahajan et al (2014) reported that Kinnow fruit coated with Niprofresh 

SS 40 T and SS 50 T registered gradual decrease in juice yield as compared to control. Fruit 

of „Kagzi lime‟ retained the maximum (42.3%) juice content in the fruits coated with pure 

coconut oil followed by (40.9%) with castor oil and (40.4%) with liquid paraffin wax coating 

after 18 days of storage (Bisen et al (2012). Samra et al (2014) reported that CMC (3%) 

coated Murcott tangor fruits registered maximum juice ratio (40.60%) over control (36.16%) 

after 60 days of storage. 

Sharma et al (2013) demonstrated the effect of heat shrink films on shelf-life and 

quality of apples cv. „Royal Delicious‟  and found that fruits wrapped in cryovac films 

maintained highest juice recovery (65.2%) followed by apples wrapped in polyolefin (63.2%) 

and LDPE films (63.1%). Heat shrinkable films are known to influence juice recovery in 

Mosambi and Kinnow, primarily due to curve on PLW over unwrapped fruits (Ladaniya 

2003; Ladaniya and Singh 2001). Pandey et al (2006) observed a decline in juice recovery 

following increase in storage period in apples.  

2.4.6 Sugars (TSS, Reducing sugars and Total sugars) 

The total soluble solids (TSS) and sugars increase during storage; due to during 

degree of maturity of the fruit; fruit maturity accelerates metabolic reactions that increase the 
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sugar content and sweetness of the fruit (Trevino-Garza et al 2015). While studying the shelf-

life of blueberry fruit, Krasniewska et al (2017) reported that uncoated fruit registered a 

gradual increase in TSS and decline in reducing sugars viz fructose and glucose over fruit 

coated with pullulan coating; might be due to berrier properties of coating reduces the rate of 

respiration of fruits and simultaneously the respiration process accelerate the hydrolysis of 

starch into sugars (Biliaderis et al 1985 and Wills et al 1980). Total soluble solids (TSS), 

which is attributed mainly to sugar and organic acids usually increases during ripening 

(Herrmann 1995). In peaches and plum, the TSS increased gradually during six days of 

storage period i.e. 6 and 13 g/100g FW from harvest to 9 and 15 g/100g FW, respectively 

during cold storage (Guillen et al 2013). Sogvar et al (2016) evaluated the effect of Aloe vera 

and ascorbic acid coatings on storage life in strawberry and found that TSS increased 

gradually in uncoated fruits, whereas it remained stable in coated fruit up to 12 days of 

storage. In red kiwifruit, chitosan coated and uncoated fruit did not register any change in 

TSS content during initial four days but observed a gradual increase thereafter (Kaya et al 

2016). Ghasmnezhad et al (2010) reported that the post-harvest application of chitosan 

registered a gradual decline in TSS content in apricot during storage; might be due to 

respiration and conversion of sugar into CO2 and H2O (Saira et al 2009). Kumar et al (2017) 

reported that chitosan delayed the increase in TSS content in plum fruit; might be due to 

catabolic process and respiration rate (Rohni et al 1997). Ali et al (2011) observed that the 

reduction in TSS was directly proportional to chitosan concentration as lower TSS was 

registered in chitosan (1.5 and 2%) coated papaya fruits during storage. Mahajan and Singh 

(2014) investigated the effect of cellulose, terpenoidal, citrashine and stafresh coatings and 

found that highest mean TSS was registered in citrashine coated Kinnow fruit during 15 days 

of storage. Ahmed et al (2013) reported that under ambient storage condition Sta-Fresh 960 

treatment was most effective in delaying the decrease in total sugars up to 60 days of storage 

in Kinnow. Abbasi et al (2009) reported a gradual increase in reducing sugars in coated 

mango due to slow ripening process. Irrespective of coating application a gradual increase in 

reducing sugar content in Kinnow fruit was observed during cold storage (Shah et al 2015). 

Shahid and Abbasi (2011) found that uncoated fruits of sweet orange cv. Blood red registered 

the maximum reducing sugar and non reducing content in contrast to coated fruits. 

Massolo et al (2011) reported that the post-harvest application of 1-MCP 

registered the lower sugar percentage (28 g/kg) in pear fruit over control (30 g/kg) after 

21 days of cold storage. Fruits of pear cv. „Bartlett‟ treated with 1-MCP registered the 

higher soluble sugars content as compared to control at the end of the cold storage (Calvo 

and Sozzi 2009). Lu et al (2013) demonstrated the effect of 1-MCP on apple cv. 

„Cortland‟ and „Delicious‟ and found that 1-MCP treatment did not influence the soluble 

solids concentration during cold storage. „Medlar‟ fruit subjected to 1-MCP treatment 
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registered the minimum soluble soildsconcentration (16.13%) in contrast to control 

(16.23%) after 60 days of cold storage (Selcuk and Erkan 2015). Kiwi fruit subjected to 

1-MCP did not influence the soluble sugar concentration during storage (Park et al 2015). 

The pre-harvest application of MeJA registered lower soluble sugars concentration in 

plum over control fruits after 50 days of cold storage (Zapata et al 2014). Gonzalez-

Aguilar et al (2000) registered the maximum sugars content in mango cv. „Kent‟ 

subjected to MeJA as compared to control during storage. Amanullah et al (2017) 

demonstrated the effect of SA on shelf-life and quality of guava fruits and found that 

fruits treated with SA maintained maximum total sugars, reducing sugars and non 

reducing sugars percentage (20.08, 6.06 and 11.37%, respectively) in contrast to control 

(14.58, 5.72 and 8.83%, respectively) after 10 days of storage. 

„Robusta‟ banana fruit wrapped in MAP and MAP +GK registered the maximum TSS 

content (24 and 23.8
0 

brix, respectively) and total sugars (12.1 and 11.8%, respectively) as 

compared to control fruits during storage (Kudachikar et al 2011). In pear fruit, the maximum 

and minimum TSS (12.8 and 10.4° brix, respectively) content was recorded in control and PP 

non perforated films at the end of storage (Nath et al 2012). Kaur et al (2013) studied the 

effect of various packaging materials on shelf-life and quality of pear fruit and found that 

wooden boxes registered higher total soluble solids content, reducing sugara and total sugara 

percentage (14.1
o
 brix, 7.2 and 11.0%, respectively). Cryovac wrapped apple cv. „Royal 

Delicious‟ registered higher TSS i.e. 16.4 per cent over unwrapped fruits i.e. 14.3 per cent 

(Sharma et al 2013). Azene et al (2014) evaluated the effects of various packaging materials 

on shelf-life and quality of papaya fruit and found that fruits wrapped in LDPE registered the 

maximum TSS, reducing sugar and total sugar percentage (10.70 brix, 7.6 and 14.3%, 

respectively) content than unwrapped fruits after 18 days of storage. Mahajan et al (2015) 

evaluated the effect of various packaging materials on shelf-life and quality of peach fruit and 

found that shrink film resulted the maximum TSS content and sugar percentage (10.0 and 

5.10%) during storage. Rao and Shivashankara (2015) observed that unwrapped mango fruit 

registered the higher soluble solids and sugars percentage in contrast to fruits wrapped in 

LDPE film. Mahajan and Singh (2014) reported that shrink film wrapped Kinnow fruit 

recorded higher TSS (9.45
o 

brix) after 5 days of storage which reached to its peak value 

(12.30
o
 brix) after 20 days of storage. 

2.4.7 Vitamin C 

In blueberry fruit, vitamin C content showed a steady decline and the extent of 

decline was 33.5 per cent in pullulan coated fruit as compared to control (40%) after 28 days 

of cold storage (Krasniewska et al 2017). Possible reasons for vitamin C losses during storage 

are auto oxidation which occurs spontaneously when the ascorbic acid combine with oxygen 

in the air (Owusu-Yaw et al 1988). Li and Yu (2000) evaluated the post-harvest application of 
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chitosan and retained the maximum ascorbic acid content in chitosan treated peaches. Sogvar 

et al (2016) reported that coating serve as a protective layer and control the permeability of O2 

and CO2, thus decreasing the auto oxidation of ascorbic acid. Aloe Vera (AV) combined with 

ascorbic acid (AA) treatment was more effective in reducing vitamin C than AV alone in 

strawberry fruit. The post-harvest application of chitosan enhanced the vitamin C content 

initially at the beginning of storage and thereafter followed a decline after 25 days of storage 

in apricot fruit (Ghasemnezhad et al 2010). In contrast to uncoated plum, coating with 

chitosan maintained the maximum vitamin C content throughout the storage period (Kumar et 

al 2017). Ali et al (2011) reported that ascorbic acid retention was maximum in chitosan 

coated papaya fruit in contrast to control. Ali et al (2015) recorded a gradual decline in 

ascorbic acid content during storage. However, natural and synthetic coating registered lesser 

decline in Kinnow fruit in contrast to control. Mahajan and Singh (2014) found that citrashine 

coated Kinnow fruits retained maximum (17.38mg/100g) ascorbic acid content in all the 

treatments during storage. Mahajan et al (2013) observed a declining trend in vitamin C 

content during storage and found that Kinnow fruit coated with Niprofresh SS 50 T retained 

the maximum (18.81 mg/100g) vitamin C content among all the treatments during storage. 

Shah et al (2015) reported that the post-harvest application of CMC and guar gum based 

silver nano particles initially enhanced the ascorbic acid content with advancement of storage. 

However, with prolongation of storage registered a consistent decline in ascorbic acid content 

in Kinnow fruit. Fruit of lime coated with pure coconut oil maintained maximum (49.9 

mg/100 g) ascorbic acid content after 18 days of cold storage (Bisen et al 2012). 

The post-harvest application of 1-MCP delayed the loss in ascorbic acid content in 

chinese chive as the fruit treated with 1-MCP registered minimum (24.2 per cent) loss in 

vitamin C content than those of untreated ones i.e. 62 per cent after 12 days of storage (Wu et 

al 2009). Cao et al (2012) reported that the postharvest application of 1-MCP maintained the 

higher vitamin C content in bell papper in contrast to control after 10 days of storage. Fruit of 

„Medlar‟ subjected to 1-MCP application maintained higher content of ascorbic acid (5.70 

mg/100g FW) than those of untreated fruit (4.94 mg/100g FW) (Selcuk and Erkan 2015). 

Fruit of Kinnow subjected to AVG and 1-MCP maintained the higher ascorbic acid content 

(6.8 and 4.1 mg/100g, respectively) as compared to control (4.1 and 1.9 mg/100g, 

respectively) during cold storage (Tavallali and Moghadam 2015). Fruit of strawberry 

subjected to MeJA maintained the higher ascorbic acid content over control fruits after 12 

days of storage (Geransayeh et al 2015). Amanullah et al (2017) reported that the postharvest 

application of SA registered the higher ascorbic acid content (7.95%) in guava as compared to 

control (5.0%) after 10 days of storage. Combined postharvest application of putrescine and 

SA maintained maximum content of ascorbic acid in plum cv. Santa Rosa‟ over control 

during storage (Davarynejad et al 2015).   
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Ramaya et al (2012) evaluated the effect of OPP (perforated and non perforated) and 

observed that fruit of mango packed inOPP with 50% CO2perforation registered the average 

lowest decline in ascorbic acid (2.15 mg/100g FW) content followed by OPP with 25% CO2 

perforation (3.6 mg/100g FW). In pear fruit, the maximum retention of ascorbic acid 

(49.97%) was recorded in PP non-perforated films, while, the lowest ascorbic acid (17.16%) 

content was retained in control and non-perforated HDPE wrapped fruits at the end of the 

storage (Nath et al 2012). Fruit of apples cv. „Royal Delicious‟ wrapped in cryovac films 

maintained higher content of ascorbic acid (1.28 mg/100 g pulp) over unwrapped (1.19 

mg/100 g pulp) fruit at the end of the cold storage (Sharma et al 2013). Fruit of „papaya‟ 

wrapped in LDPE retained the maximum ascorbic acid content (45.6 mg/100g) as compared 

to control (40.60 mg/100 g) after 18 days of cold storage (Azene et al 2014). Fruits of „peach‟ 

wrapped in shrink films maintained the maximum vitamin C content as compared to control 

during storage (Mahajan et al 2015). Rao and shivashankara (2015) evaluated the effect 

different packaging films on the shelf-life and quality of mango cv. „Alphonso and 

„Banganapalli‟ and found that shrink wrapping alleviated the CI and was effective in 

preventing the losses in ascorbic acid content during storage. Mahajan and Singh (2014) 

reported that fruit of Kinnow wrapped in shrink film retained the maximum ascorbic acid 

(19.18 mg/100g FW) content over control fruit (17.22 mg/100g FW) at the end of the storage. 

2.4.8 Total phenols (mg/100g) 

 Fruits of „strawberry‟ coated with Aloe vera (5%) and ascorbic acid (3%) initially 

registered an increase in total phenolics content after 18 days of cold storage (Sogvar et al 

2016). „Red kiwifruit‟ coated with chitosan registered higher phenolics content (102.9 ± 9.04 

mg/100) over control fruit (60.6 ± 4.62 mg/100 g) at the end of the cold storage (Kaya et al 

2016). Ghasemnezhad et al (2010) evaluated the effect of post harvest application of chitosan 

and found that chitosan (0.5%) registered the highest total phenol content in apricot during 

storage. Kumar et al (2017) observed a pronounced decline in total phenolics content in 

control fruit of plum as compared to the fruit coated with chitosan after 35 days of cold 

storage; this might be attributed to the delay in fruit senescence in coated fruits than those of 

non-coated (Sanchez-Gonzalez et al 2011). Wang and Gao (2013) studied the effect of 

postharvest application of chitosan and found that chitosan registered an initial increase in 

total phenol content in strawberry fruit during the storage. The pre-harvest application 

chitosan (0.5% and 1.0%) registered 1.4 times and 1.6 times higher phenolics compounds in 

sponge guard as compared to control fruit during cold storage (Han et al 2014). Fruit of 

carambola treated with chitosan (0.3%), gum arabic (1%) and alginate (2%) retained the 

maximum amount of total phenolics over control fruits during storage (Gol et al 2015). 

Alginate treatment registered the higher retention of total phenolics content in sweet cherry 

(Diaz-Mula et al 2011). Gol et al (2013) reported that combined application of HPMC (1%) + 
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chitosan (1%) and CMC (1%) + chitosan exhibited higher level of total phenol in strawberry 

fruit (0.72 mg/g and 0.69 mg/g, respectively); this might be due to coating with chitosan form 

a protective barrieron the fruit surface and reduce the oxygen supply for enzymatic oxidation 

of phenolics compound (Zhang and Quantick 1997). Kumari et al (2015) reported that 

combined application of salicylic acid (1mM) and chitosan (2%) retained higher amount of 

total phenol (440.05 μg GAE g
−1

FW) in litchi fruit in contrast to control (298.45 μg GAE 

g
−1

FW) at the end of the cold storage. Krasniewska et al (2017) reported that pullulan coating 

registered an increase in total phenol content in blueberry fruit as compared to control fruit. 

Dong and Wang (2017) reported that combined post-harvest application of CMC + GEO (2%) 

exhibited the highest level of total phenol content in strawberry fruit in contrast to control 

after six days of storage. Khorram et al (2017) observed that shellac, Persian gum and gelatin 

enhanced the total phenolics content in orange fruit with an advancement in storage period. 

Nair et al (2018) reported that the post-harvest application of chitosan along with 

pomegranate peel extract retained the higher content of total phenolics (92%) in guava fruit 

during cold storage. Duan et al (2011) demonstrated the effect of post-harvest application of 

samperfresh, acid soluble chitosan, water soluble chitosan, calcium caseinate and sodium 

alginate coatings and experienced the lowest loss in total phenolics (7%) content in blueberry 

fruit as compared to control.  

 Fruit of eggplant treated with 1-MCP registered no change in phenolics content, while 

the control fruit registered a gradual increase in phenolics compounds with prolongation in 

cold storage period (Massolo et al 2011). Gago et al (2015) demonstrated the effect of harvest 

date and 1-MCP on apple cv. „Golden Delicious‟ and observed that 1-MCP did not affect the 

total phenol content during initial phase of cold storage, however, treated fruits registered a 

decline in total phenol content with further prolongation in cold storage period. The 

postharvest application of 1-MCP registered a gradual increase in total phenol content in pear 

fruit as compared to control at the end of cold storage (Arias et al 2009). Singh and Singh 

(2012) reported that postharvest application of 1-MCP initially did not influence the total 

phenol concentration in plum fruit but registered a decline with further prolongation in cold 

storage period. Medlar fruits subjected to 1-MCP treatment registered the maximum content 

of total phenol (662.82 mg GAE 100g
-1

 FW) content in contrast to control (561.01 mg GAE 

100g
-1

 FW).  

 Fruits of plum subjected to pre-harvest application of MeJA registered higher total 

phenolics content than those of control fruit during storage (Zapata et al 2014). Amanullah et 

al (2017) evaluated the post-harvest effect of SA on storage life and quality of guava and 

found that fruits subjected to SA registered the maximum total phenol content (304.82 μgmL
-1

 

FW) as compared to control (262.4182 μgmL
-1

 FW) fruit during cold storage. Khademi and 

Ersadi (2013) reported that postharvest application of SA registered higher phenolics content 
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(120.67 mg GAE 100g
-1

) in peach as compared to control (82.83 mg GAE 100g
-1

) after 42 

days of storage. Davarynejad et al (2015) reported that combined application of putrescine 

and SA maintained the higher total phenolics content as compared to control fruit during 

storage. Park et al (2015) reported that kiwifruit cv. „Hayward‟ subjected to 1-MCP treatment 

registered the maximum total phenol concentration (24.3±0.3 mg GAE/100 g FW) over 

control fruits during cold storage. The level of total phenolics decreased in all the fruit 

regardless of the treatment. However, fruit of eggplant subjected to MeJA maintained higher 

content of total phenols than those of control at the end of the cold storage (Fan et al 2016). 

Fruits of mango cv. „Alphonso‟ and „Banganapalli‟ registered higher content of total 

phenols under unwrapped conditions (Rao and Shivshankara 2015). Rana et al (2015) studied 

the effect of cling and shrink films packaging on guava fruit and found a gradual decline in 

total phenol content with prolongation in storage. However, control fruit registered the highest 

reduction in total phenolics (12.8 mg/100 g) content in contrast to wrapped fruit (24-28 

mg/100 g) at the end of storage. Mangaraj et al (2012) evaluated the effect of modified 

atmospheric packaging on litchi fruit and registered a declining trend in total phenolics 

content during storage. However, the rate of decline was found to behighest in CS-UT, in 

comparison to the treatment with MAP alone. The increase in total phenolics was delayed 

with the use of MAP, especially for fruits of cherry cv. Cornelian wrapped in LDPE and PP 

polymeric films (LDPE and PP), while air LDPE showed the lowest total phenolics 

accumulation (Mohebbi et al 2015). 

2.4.9 Total Carotenoids  

 Saberi et al (2018) reported that commercial wax coating preserved total carotenoids 

content in sweet orange cv. „Valencia‟ during storage. The reason of instability and 

subsequent reduction of carotenoids is because of the vulnerability to oxidation and geometric 

isomerization of its polyene chain during storage (Sanchez-Moreno et al 2003). Ethylene 

causes the loss of chlorophylls, produces some minor changes in carotenoids, induces 

carotenoid synthesis and thus has the potential to re-establish the orange colors (El-Zeftawi 

and Garrett, 1978). Ali et al (2013) reported that gum arabic (10%) coating maintained the 

higher amount of total carotenoids by delaying ripening and respiration process in tomato 

fruit. Gol et al (2015) reported that alginate (1.5%) exhibited maximum (16.48 μg/g) amount 

of carotenoids while slower carotenoids accumulation was noticed in gum arabic (1 %) and 

chitosan (0.3%) coated carambola fruit. Li and Barth (1998) reported that edible coating 

retained the maximum (50%) carotene content over control (33%) in carrot at the end of the 

storage. Samra et al (2014) evaluated the postharvest application of CMC, chitosan and 

beeswax and registered the maximum carotenoids content in tangor fruit cv. „Murcott‟ at the 

end of storage. Mohamed et al (2013) who reported that edible coatings increased the total 

carotenoids in "Prickly pear" during nine days of storage period and that may be due to that 
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edible coatings serve as carriers of antioxidants and texture enhancers and nutraceuticals 

which help in decreasing the water vapor and oxygen gas transfer, resulting in the diminished 

respiration rate and ethylene production (Rojas-Grau et al 2008). Ambarsari et al (2017) 

studied the post-harvest effect of cassava starch coating and registered no significant change 

in carotene content in tomatoes during storage. The post-harvest application of citrashine 

coating registered the maximum mean carotene content (0.56%) followed by terpenoidal 

oligomer (0.54 mg %) in Kinnow fruit, whereas the lowest mean carotene content (0.48 mg 

%) was recorded in control fruit (Mahajan and Singh 2014). Gol and Rao (2013) observed 

that zein (5%), gelatin (5%) and gelatin (10%) registered delayed carotenoid accumulation in 

mango fruit whereas uncoated fruit followed a gradual increase in carotenoid content 

throughout the storage.  

Boonyaritthongchai et al (2017) reported that fruits of mango cv. Nom Dok Mai 

subjected to MeJA retained the maximum carotene content over control fruits after 15 days of 

storage. Sun et al (2012) reported that the post harvest application of 1-MCP retained the 

higher content of total catotenoids in Chinese Kale during storage. Similar findings were also 

reported in broccoli (Fernandez-Leon et al 2013). Pre-harvest application of SA maintained 

the highest carotene content in the navel orange cv. „Cara Cara‟ after 105 days of storage 

(Huang et al 2008). 

Total carotenoid content in mango cv. „Alphonso‟ and „Banganapalli‟ at harvest were 

300 and 230 μg/100 g, respectively and increased to 1,671 and 1,049 μg/100 g, respectively 

when wrapped in shrink film (D-955 film) whereas in non-wrapped fruit, the carotenoids 

increased to only 1,363 and 614 μg/100 g in these cultivars, respectively.indicated the 

suppression of the normal ripening process due to CI (Rao and Shivshankara 2015). Ruth et al 

(2014) reported that unpacked fruits registered higher content of carotene than those of 

ordinary and active bag modified atmospheric packed mango fruit at the end of storage. 

Kudachikar et al (2011) studied the effect of modified atmospheric packaging on quality and 

shelf-life of banana cv. Robusta and found that control fruit accumulated the higher 

carotenoid content than those of packed in various packaging material. Mahajan and Singh 

(2014) reported that shrink wrapped Kinnow fruit showed gradual and steady increase in 

carotene content (0.63%) up to 15 days of storage whereas, in control fruits carotene content 

increased (0.54%) only up to 10 days of storage and thereafter declined at faster pace with 

further prolongation in storage period. 

2.4.10 Pectin (Calcium pectate %) 

The degree of fruit ripeness particularly affected the pectin contents, which supports 

the hypothesis that softening is closely related to pectin solubilisation and depolymerization 

(Kurz et al 2008 and Rosli et al 2004). Jongsri et al (2017) reported that combined application 

of chitosan (1%) and spermidine (0.1 mgL
-1

) registered lower soluble pectin content in mango 
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cv. „Nam Dok Mai‟ than that of control. Chen et al (2011) evaluated the effect of CaCl2 and 

observed that water soluble (WSP), chelate soluble (CSP) pectin did not change as distintly as 

did sodium carbonate soluble pectin (SSP) in strawberry during cold storage. Samra et al 

(2014) reported that the highest pectic substances in peel and edible portion of Murcott tangor 

was registered in uncoated fruit over fruit those were coated with CMC, chitosan and bees 

wax; this might be due to the role of edible coatings in reducing moisture loss and respiratory 

activity and thus maintained the turgidity of the cells (Ribeiro et al 2007 and Adetunji et al 

2012).  

Neem oil (1.5–2.0%) treatment retained maximum pectin (1.3%) content in apple 

during storage (Wijewardane and Guleria 2013). Fruit of strawberry subjected to MeJA 

registered the higher calcium pectate content than control fruit after 12 days of cold storage 

(Geransayeh et al 2015).  

Starch coating and OPP-Coex-film packaging (Antifog film) led to a higher content 

of soluble pectins in comparison to the control in radish (Schreiner et al (2003). Mohammed 

et al (1996) reported that fruit of „sapota‟ wrapped in LDPE films registered higher insoluble 

pectin content over those wrapped in shrink film and control. Similar findings were reported 

in apple (Tavakoli and Wiley 1968). 

2.4.11 Pectin methylesterase (PME) 

Gol et al (2013) evaluated the post-harvest application of CMC, HPMC and their 

combinations with chitosan coatings and found that HPMC (1%) + CH (1%) coating 

registered the maximum influence in terms of restriction of PME activity in strawberry fruit at 

the end of storage. Pectins are the main constituents of the middle lamella and primary cell 

wall of the fruit, and are hydrolyzed by PME to generate demethylated pectins that can be 

more easily hydrolyzed by PG and thus causing the depolymerization of pectins (Zhou et al 

2011); might be due to the relatively lower activities of PME in the coated strawberry fruit 

contributed to the enhanced retention of brittleness and firmness during storage. Kumar et al 

(2017) demonstrated the post-harvest effect of chitosan on shelf-life and quality of plums and 

found that the activity of PME in the chitosan coated and non coated plum increased 

continuously during the storage. However, PME activity for chitosan coated fruit was 

significantly lower than those of uncoated ones; this might be due to chitosan coating formed 

a physical barrier around the fruit leading to depletion of oxygen and subsequently decrease in 

the enzyme activity. Inhibition of carbon dioxide production in chitosan-coated fruit due to 

suppressed respiration rate during storage can be one of the factors for reduced PME activity 

in coated fruit (Liu et al 2014). Gol et al (2015) studied the effect of chitosan, gum arabic and 

alginate coatings on shelf-life and quality of carambola fruit and found that chitosan (0.35) 

coating exhibited the lowest PME activity among all other coating treatments. Gonzalez-
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Aguilar et al (2009) who recorded that the fresh- cut papaya fruit coated with chitosan 

registered reduced PME activity as compared to the control.  

Zhu et al (2015) demonstrated the combined effect of 1-MCP and ethylene on banana 

fruit and found that fruit subjected to 1-MCP treatment registered lower activity of PME with 

prolongation in storage period. Venkatachalam and Meenune (2015) reported that longkong 

fruit subjected to MeJA registered the minimum PME activity during storage. Majeed and 

Jawandha (2016) reported that fruit of „plum‟ subjected to salicylic acid treatment registered 

the lowest PME activity as compared to control fruits after 40 days of storage. 

Mahajan et al (2015) demonstrated the effect of various packaging films and found 

that the packaging films influenced the PME activity in peach fruit; this might be attributed to 

the difference in gaseous conditions generated inside the packages. Kaur et al (2014) reported 

that unwrapped pear fruit registered the maximum PME activity than those of wrapped fruit in 

different packaging films with an advancement in storage period. 

2.4.12 Cellulase 

 Wang and Gao (2013) evaluated the effect of chitosan based edible coatings on 

antioxidant enzyme system and found that chitosan treatment registered the higher activity of 

cellulase in strawberries which reinforced the microbial defense mechanism of the fruit and 

accentuated the resistance against fungal invasion. Gol et al (2013) demonstrated the effect of 

CMC, HPMC and chitosan and found that combined application of HPMC (1%) + chitosan 

(1%) and CMC (1%) + chitosan (1%) registered the lowest cellulase activity in strawberry 

fruit after 12 days of storage. Fruit of pear coated with edible coatings registered inhibition of 

cellulase activity (Zhou et al 2011). Chitosan has the ability to inactivate or inhibit activity of 

several enzymes which cause deterioration of fruit and vegetables (Bhaskar-Reddy et al 

2000). 

Zhu et al (2015) reported that 1-MCP treatment in banana fruit followed slow but 

steady increase in cellulase activity, while control fruits initially registered a sudden increase 

thereafter followed a sharp decline in cellulase activity during storage. The similar findings 

were also reported in avocado fruit (Jeong et al 2002). 

 Fruit of plum cv „Tegan blue‟ stored in MAP alone also showed reduction in the 

activities of exo-PG, endo-PG, PE, and EGase enzymes as compared with control fruit (Khan 

and Singh 2008). Similar findings were reported in nacterine (Ozkayaa et al 2016) pears 

(Ortiz et al 2011 and Pedreschi et al 2008) and papaya (Lazan et al 1993).  

From the review it can be concluded that literature pertaining to effect of different 

edible coatings, anti-senescence compounds and packaging materials is limited on non-

climacteric fruits. Furthermore, investigations are require to study the effect of different 

edible coatings, anti-senescence compounds and packaging materials in these crops.   

 



CHAPTER III 

MATERIALS AND METHODS 

The present investigation entitled, “Effect of postharvest treatments and packagings 

on storage life and quality of Kinnow fruit” was conducted in the Department of Fruit 

Science, Punjab Agricultural University, Ludhiana during the years of 2016-17 and 2017-18. 

The details of analytical techniques adopted and materials used in the present investigation 

are described in this chapter are as under: 

3.1 Selection of Plant Material  

The storage studies were conducted using Kinnow fruits harvested at optimum 

maturity in the month of January. The experimental fruits were obtained from uniform and 

healthy plants selected and maintained under recommended cultural practices at Regional 

Fruit Research Station, Abohar (30
o
55‟N, 54

o
30‟E) (Anonymous 2017-18). 

Uniform sized, disease and bruise free Kinnow fruit were harvested from all four 

directions of the plants with the help of clipper by retaining a small button of the stalk. The 

fruits were packed in cushioned crated and transported to the Postharvest laboratory of 

Department of Fruit Science, PAU, Ludhiana. The fruits were sorted, graded and washed with 

chlorine solution (100 mgL
-1

). Thereafter fruit were divided into requisite lots (50 kg per 

treatment) for further handling. 

3.2 Experiment1:  

3.2.1 Title :Effect of edible coating on storage life and quality of Kinnow fruit 

3.2.2 Treatment Details  

S. No  Treatment  Concentration 

T1  Carboxy Methyl Cellulose (CMC)  1% 

T2  Carboxy Methyl Cellulose (CMC)  1.5% 

T3  Carboxy Methyl Cellulose (CMC)  2% 

T4  Chitosan  0.5% 

T5  Chitosan  1% 

T6  Chitosan  1.5% 

T7  Bees Wax  5% 

T8  Bees Wax  10% 

T9  Bees Wax  15% 

T10  Control  Water  
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3.2.3 Methodology 

The kinnow fruits were coated with either chitosan (Sigma-Aldrich Corp (St. Louis, 

MO, USA), CMC (BDH Limited Poole, England) or Bees wax (Grade 1, Fomesa Fruitech 

S.L., Valencia, Spain). For coating a piece of foam pad was drenched with respective coating 

material and applied gently on the surface of fruits. Thereafter fruits were air dried, packed in 

corrugated fiber boxes (CFB) of two kg capacity and kept inside cold rooms maintained at 5-

7
0
C and 90-95% RH for 75 days.  

3.3 Experiment2 

3.3.1 Title :Effect of anti-senescence compounds on storage life and quality of Kinnow fruit 

3.3.2 Treatment Details  

S. No  Treatment Concentration 

T1  1-Methylcyclopropene (1-MCP)  500 ppb 

T2  1-Methylcyclopropene (1-MCP)  1000 ppb 

T3  1-Methylcyclopropene (1-MCP)  1500 ppb 

T4  Methyl jasmonates  1mM 

T5  Methyl jasmonates  2mM 

T6  Methyl jasmonates  3mM 

T7  Salicylic acid  1mM 

T8  Salicylic acid  2mM 

T9  Salicylic acid  3mM 

T10  Control  Water  

 

3.3.3Methodology 

Selected fruits were treated with different anti-senescence compounds. For 1-MCP 

(Smartfresh
TM

 Agrofresh Inc., Rohm and Haas, SpringHouse, PA, USA) treatment, fruits 

were exposed to gaseous vapours of 1-MCP in an air tight chamber maintained at 20
0
C for 24 

hours. For treatment with MeJA, Kinnow fruits were allowed to dip inside an emulsion of 

MeJA (Sigma Aldrich, Germany) and tween-20 (0.05%) for 5 minutes at room temperature. 

For treatment with SA (Sigma Aldrich, Germany), Kinnow fruit were dipped in solution for 5 

minutes followed by complete drying at room temperature thereafter were packed in 

corrugated fibre boxes (CFB) of two Kg capacity and kept inside cold rooms maintained at 5-

7
0
C and 90-95% RH for 75 days. 
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3.4 Experiment 3 

3.4.1 Title: Effect of different packaging materials on storage life and quality of Kinnow fruit 

3.4.2 Treatment details 

S. No  Treatment  Thickness 

T1  Polypropylene (PP)  100 gauge 

T2  Polypropylene (PP)  150 gauge 

T3  Polypropylene (PP)  100 gauge (5% perforation) 

T4  Polypropylene (PP)  150 gauge (5% perforation) 

T5  Low Density Polyethylene (LDPE)  100 gauge  

T6  Low Density Polyethylene (LDPE)  150 gauge 

T7  Low Density Polyethylene (LDPE)  100 gauge (5% perforation) 

T8  Low Density Polyethylene (LDPE)  150 gauge (5% perforation) 

T9  Control  Unpacked  

 

3.4.3Methodology 

The experimental fruit were packed inside each individual packging material i.e  low 

density polyethylene (Model LD, Sol Pack system) and polypropylene (Model PP, Sol Pack 

Syestem). Each packaging material was labelled before sealing it with sealing machine and 

kept inside cold rooms maintained at 5-7
o
C and 90-95% RH for 75 days.  

3.5 Observations recorded 

The freshly harvested fruits were analyzed for zero day data. Periodically stored fruits 

samples were taken out from the cold storage at 30, 45, 60 and 75 days after cold storage and 

analyzed for various physico-chemical attributes. For all three experiments, three replications 

and 15 fruits/replication were taken to assess various physical, biochemical and enzymatic 

assays under cold storage studies. 

3.5.1 Physiological loss in weight (%) 

  On the basis of initial fruit weight, loss in physiological weight (PLW) of fruit was 

calculated. At the end of each storage interval the weight of the fruit was estimated and per 

cent loss in physiological weight was calculated by estimating both final weight and initial 

weight of fruit as per formula given below: 

                                                                    Initial fruit wt. – final fruit wt. 

            Physiological loss in weight (PLW %) =     x 100 

                                                                                         Initial fruit weight 

3.5.2 Spoilage (%) 

 Per cent fruit rot was calculated by counting the total number fruits that had rotten at 

each storage interval. The spoilage (%) was calculated as follows:  
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                                                  Number of spoiled fruits 

                 Spoilage (%) =     x 100 

                                                  Total number of fruits 

3.5.3 Organoleptic Sensory attributes (Hedonic scale 1-9) 

The fruit were rated for this character by a panel of ten judges on the basis of external 

appearance of fruit, texture, taste and flavor. A nine point „ Hedonic Scale‟ described by 

Amerine et al (1965) was used for its inference, as given below: 

  Score                                                                                                        Acceptability 

 

9                                                                                                              Extremely desirable 

8                                                                                                              Very much desirable 

7                                                                                                              Moderately desirable 

6                                                                                                                  Slightly desirable 

5                                                                                           Neither desirable nor undesirable 

4                                                                                                                Slightly undesirable 

3                                                                                                          Moderately undesirable                                                                                                

2                                                                                                         Very much undesirable 

1                                                                                                            Extreamly undesirable 

 

3.5.4 Firmness (Kg Force) 

 Firmness of randomly selected fruit (15 from each replication) was measured with the 

help of a „Penetrometer‟ (Tr di turonil Co. Snc. Italy). Fruit were firmly held in the left hand; 

by holding the fruit tester between thumb and forefinger of right hand, place the plunger (with 

diameter 7.9 mm) against the fruit press with increasing strength until the plunger tip is 

penetrated into the Kinnow fruit up to the notch to obtain uniform application of force was 

recorded in terms Kg force (Kg f). 

3.5.5 Juice (%) 

 The fruit juice was extracted with the help of screw type extractor and was strained 

through mesh (32 mm) and weighed. The percentage of juice was calculated on fresh weight 

basis. 

 

                                              Juice weight 

           Juice percentage = × 100 

                                 Weight of fruit 
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3.6 Biochemical parameters 

3.6.1 Total soluble solids (%) 

 Total soluble solids (TSS) were determined with the help of Erna Hand 

Refractometer, Japan and expressed in per cent with the help of temperature correction chart 

at 20
0
C (AOAC 2005). 

3.6.2 Reducing sugars (%) 

To determine the reducing sugars, the aliquot was titrated against boiling solution 

mixture containing 5 ml of each Fehling solution A and B using methylene blue as indicator. 

Titration was continued until appearance of brick red color. The results were expressed in 

percentage (AOAC 2005).  

3.6.3 Total sugars (%) 

Total sugars were estimated by taking 25 ml of above filtrate in 100 ml volumetric 

flask. To this solution 5 ml of 60% HCL and 25 ml distilled water was added and allowed to 

stand overnight for hydrolysis. The excess HCL was neutralized with saturated NaOH 

solution and volume was made up to 100 ml with distilled water. Total sugars were then 

estimated by titrating the boiling mixture containing 5 ml of each of Fehling A and B against 

hydrolyzed aliquot, using methylene blue as an indicator. The unloading of titration was 

stopped on the appearance of brick red colour. The obtained results were expressed in 

percentage (AOAC 2005). 

3.6.4 Vitamin C (mg/100g) 

 Ascorbic acid content of the fruit flesh was estimated using 2, 6-dichlorophenol 

indophenols dye (DCPIP) visual titration method (Ranganna 1994). 

Standardization of Dye: 25 mg of the standard ascorbic acid was dissolved in 100 ml oxalic 

acid (0.4%). This was titrated with 0.04% DCPIP dye solution to the pink colour, which 

persistedfor 15 sec. Dye factor is determined by the formula: 

                                          Conc. of ascorbic acid per ml 

                 Dye factor =    

                                                    Volume dye used 

Estimation: To 10 ml of each sample, 90ml of 0.4% oxalic acid was added. Out of 

this prepared sample, 10 ml was taken and titrated against 0.04% DCPIP  dye solution till the 

pink end point obtained which persisted for at least 15sec. The results were expressed in 

mg/100g of sample (AOAC 2005).  

                            titre x volume made x dye factor x 100 

                 Vitamin C =    

                                              wt. of sample x aliquot made 
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3.6.5 Total carotenoids (mg/100g) 

Total carotenoids was determined as described by Gao and Wu (2005). Fruit juice 

was pulverized in glass mortar, 2 ml of fruit juice was taken in a 25 ml test tube then 7ml 

solution (petroleum ether : acetone, 1:1) was added , with shaking (100rpm) test tube was 

soaked in dark for 6 hours. Then absorbance was measured at 445 nm by discarding the lower 

layer of extract. Carotenoid content was estimated by using following formula.  

 

                    A.y(ml) X 10
6  

 

                 Total carotenoids (mg/100g) =    

                                                                        A
%

1cm x 1000 x g 

A- The highest absorbency value of 445nm  

       y - Quantity of extracting solution 

      A
%

1 cm- Average absorption coefficient 2500 of carotenoid molecule  

      g- Weight of sample 

3.6.6 Pectin (Ca pectate %) 

 For estimation of pectin content 50 g of sample was taken in 1 litre beaker and 400 ml 

distilled water was added to it. Boiled the content for 1 hour at slow heat while maintaining 

the level of water by addition of extra distilled water. Then cooled the content and made 

volume to 500 ml with distilled water in volumetric flask. Filtered through Whatman‟s filter 

paper no. 4 and 100 ml filtrate was taken from filtrated in 1 litre beaker, 300 ml distilled water 

was added to it. After this added 10 ml N NaOH, mixed and allowed it to stand overnight 

Next day added 50 ml 1 N acetic acid, mixed well and allowed it to stand for 5 minutes. 

Added 25 ml 1 N CaCl2 solution, stirred and allowed it to stand for 1 hour. Boiled the content 

for 1 minute, precipitated of calcium pectate was formed. Filterated the precipitate through 

Whatman‟s filter no. 41 which was previously washed with hot water and dried in oven at 

100◦ C for 2 hour to constant weight and weighed in a covered dish. After this, washed the 

precipitate repeatedly with hot water to make it chloride free. Dried the precipitate on filter 

paper in oven at 100
◦C

 to constant weight and placed it overnight. Then, placed the filter paper 

containing precipitate in covered moisture dish and cooled it in dessicator and then weight of 

precipitate (wt. of filter paper + dish + wt. of precipitate – wt. of filter paper + dish). The 

reading was expressed as per cent of calcium pectate per 100 g of sample (Ruck 1961). 

3.6.7 Total phenols (mg/100g) 

 Total phenols were determined by Folin-Ciocalteu (FC) reagent as described by Bray 

and Thorpe (1954). FC reagent was diluted to 1N with 2 volumes of distilled water before use. 2 

ml of fresh fruit juice was macerated with 10 ml of ethanol (80%) and filtered through muslin 

cloth. The residue was washed with 5 ml of ethanol (80%). 0.2 ml of the filtrate was taken in 25 

ml test tube and 1ml of FC reagent (1N) was added followed by 2 ml of sodium carbonate 
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(20%). The contents were thoroughly shaken and heated for 1 minute in boiling water to 

evaporate the ethanol bath for 1 minute and then test tubes were cooled under running tap water. 

After incubating test tubes at room temperature for 30 minutes the absorbance was recorded at 

650 nm by adjusting blank to zero. Total phenols were calculated against a standard curve of 

gallic acid. The results were expressed as mg total phenols per 100 g pulp. 

3.7 Enzymatic parameters 

3.7.1 Pectin Methyl Esterase (PME) 

 Enzyme extraction: For enzyme extraction, 10 ml fruit juice of Kinnow was blended 

in 60–100 ml 0.15M NaCl solution, filtered through two layers of cheese-cloth, centrifuged at 

2,000 g for 30 min at 4°C. The pH of the medium was constantly maintained at 7.0 for 0.15 M 

of NaCl solution to get maximum PME activity as previously detailed by Castaldo et al 

(1989) and Denes et al (2000) as there is a direct correlation between pH and salt 

concentration used. The supernatant was used as an enzyme source. 

Enzyme assay:  

For PME essay 10 ml of the per cent solution was taken in 50 ml beaker, pH was 

adjusted to 7.0 by adding 0.02N NaOH. This was the zero time. Then, the beaker was placed 

in a water bath at 30 °C for 15 min and pH was checked and adjusted up to 7.0 after every 15 

min by using 0.02 N NaOH, while stirring the contents and noted the volume of NaOH used 

at each interval (Mahadevan and Sridhar 1982). 

 Pectin methyl esterase activity was expressed as units/ml juice. One unit is defined as 

the amount of PME required to hydrolyze 1 milli equivalent of ester per min per ml of juice.  

3.7.2 Cellulase (mg glucose
-1

 mg protein
-1

) 

 Enzyme extraction: Fruit juice (2 ml) was obtained and homogenized in 20 mL of 

sodium citrate buffer (0.05 mM, pH 4.8). The homogenate was filtered and centrifuged at 

15,000×g for 30 min at 4
0
C in a refrigerated centrifuge (Model: EPPENDORF, 5430R). The 

clear supernatant was used as enzyme extracts for assaying cellulase enzyme activity 

(Denison and Koehn 1977). 

 Enzyme assay: Cellulase activity was measured by following the method of 

(Denison and Koehn 1977). 0.5 ml of enzyme extract was added in test tube containing 0.5 ml 

of substrate (CMC 2%). The mixture was incubated at 55
o
C for 20 minutes. 3ml of DNS 

reagent was added and heated in a boiling water bath for 5 min. 0.1 ml of 40% potassium 

sodium tarterate was added and make the volume 5 ml with distilled water. The absorbance 

was recorded at 540 nm. The enzyme activity expressed in international units (IU) or mg 

glucose released per min
-1

 mg of protein
-1

.  

3.8 Statistical Analysis 

The results obtained during both the years of study (2016-17 and 2017-18) and 

pooled data of both the years were subjected to analysis of variance. The treatment means 
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were compared using the least significant difference (LSD) values at a significance level of P 

< 0.05. The data are analyzed statistically according to two way ANOVA using procedures of 

the Statistical Analysis System 9.3 (S.A.S. Institute Inc., Cary, NC, USA). 



CHAPTER IV 

RESULTS AND DISCUSSION 

 The present study was conducted to investigate the “Effect of post-harvest treatments 

and packaging on storage-life and quality of Kinnow fruit” at the Department of Fruit 

Science, Punjab Agricultural University, Ludhiana during the year 2016-17 and 2017-18. The 

results obtained from the laboratory studies are presented and discussed in the light of 

available literature as follows: 

4.1 Effect of edible coatings on physical, biochemical and enzymatic parameters of 

Kinnow fruit 

4.1.1 Physiological loss in weight (%) 

 The data pertaining to the effect of edible coatings on physiological loss in weight 

(PLW) of Kinnow fruits kept under cold storage, during 2016-17 and 2017-18 revealed that 

there was significant difference among the treatments with regard to PLW during both the 

years of study (Table 1). The per cent PLW, in general increased with the advancement of 

storage period rather slowly in the beginning but at a faster pace as the storage period 

advanced. In 2016-17, CMC 2 per cent coated fruits registered the lowest average PLW 

(2.98%) followed by CMC 1.5 per cent concentration (3.29%). However, the control fruits 

showed the highest mean PLW (7.57%). The PLW in CMC (2 and 1.5 %) coated fruits ranged 

from 1.68 to 6.35 and 1.43 to 7.88 per cent, respectively from 30 days to 75 days of storage. 

On the other hand, control fruits registered the highest PLW ranged between 4.66 to 15.55 per 

cent from 30 days to 75 days of storage. Similar trend was also noticed in 2017-18 where, 

CMC 1.5 per cent was found statistically at par with CMC 2 per cent and emerged as second 

best in terms of reducing the PLW. The average minimum PLW (2.68%) was noticed in fruits 

coated with CMC 2 per cent followed by its 1.5 per cent concentration (2.91 %) whereas, the 

control fruits registered the highest average weight loss (6.43%). The PLW in CMC (2 and 

1.5%) coated fruits ranged from 1.65 to 5.41 and 1.23 to 6.65 per cent, respectively from 30 

days to 75 days of storage as compared to control fruits where, PLW was found to be the 

highest and ranged from 4.06 to 12.49 per cent from 30 days to 75 days of storage. The 

interaction between treatments and storage interval was found to be significant during both 

the years of investigation. The findings were further confirmed thorugh the pooled analysis of 

both years (Table 1a and Fig 1). CMC 2 per cent proved best in terms of reducing the loss in 

physiological weight (2.94%) followed by its 1.5 concentration (2.98%). However, control 

fruits registered the maximum meanPLW (7.00%). The interaction between treatments and 

storage interval was found to be significant in the pooled mean analysis of both the years.The 

increase in PLW of fruits during storage might be due to transpiration and respiration  

thereby leading to higher physiological loss in weight (Robertson et al 1990).  

The reduced PLW in wax coated fruits might be due to role of waxes in slowing down the 
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Table 1:  Effect of edible coatings and storage interval on the physiological loss in weight per centage in Kinnow fruit stored at 5-7
o
C and 90-95% 

RH  

TREATMENT 

Physiological loss in weight (%) 

2016-17  2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

CMC 

1% 0.00 1.83 4.95 5.12 7.09 3.80
e
 0.00 1.55 4.42 4.65 6.19 3.36

e
 

1.5% 0.00 1.43 2.94 4.19 7.88 3.29
f
 0.00 1.23 2.71 3.94 6.65 2.91

fg
 

2% 0.00 1.68 2.58 4.28 6.35 2.98
g
 0.00 1.65 2.35 4.00 5.41 2.68

g
 

Chitosan 

 

0.5% 0.00 2.00 4.23 5.79 9.39 4.28
d
 0.00 1.31 4.70 6.53 9.14 4.33

c
 

1% 0.00 1.58 2.96 4.54 7.73 3.36
f
 0.00 1.83 2.98 4.13 6.19 3.03

f
 

1.5% 0.00 1.99 4.23 5.77 9.58 4.23
d
 0.00 1.84 3.45 5.52 8.97 3.95

d
 

Bee wax 

 

5% 0.00 3.61 5.73 6.80 9.82 5.19
b
 0.00 3.41 5.51 6.56 9.19 4.93

b
 

10% 0.00 2.11 3.81 4.87 7.83 3.72
e
 0.00 1.86 3.52 4.35 6.00 3.14

ef
 

15% 0.00 1.71 4.91 6.88 10.41 4.78
c
 0.00 2.76 2.35 4.52 8.79 4.42

c
 

Control 0.00 4.66 7.22 10.44 15.55 7.57
a
 0.00 4.06 6.44 9.15 12.49 6.43

a
 

Mean  0.00
e
 2.26

d
 4.31

c
 5.87

b
 9.16

a
  0.00

e
 2.15

d
 4.06

c
 5.48

b
 7.90

a
  

LSD (P≤0.05) Treatment (T) = 0.24   Days (D) = 0.17    D x T = 0.53 Treatment (T) = 0.29     Days (D) = 0.20     D x T = 0.64 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 1a:  Effect of different edible coatings and storage interval on the physiological 

loss in weight per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                Physiological loss in weight (%) 

                                                      Storage interval (Days) 

TREATMENT 0 30        45 60 75 Mean 

CMC 

1% 0.00  3.21 4.69 4.88 6.64 3.58
e
 

1.5% 0.00 1.54 3.81 4.09 6.64 2.98
g
 

2% 0.00 1.45 2.64 4.11 6.50 2.94
g
 

Chitosan 

 

0.5% 0.00 1.65 4.46 6.16 9.26 4.31
d
 

1% 0.00 1.71 2.97 4.33 6.96 3.19
fg

 

1.5% 0.00 1.91 3.63 5.64 9.27 4.09
d
 

Bee Wax 

 

5% 0.00 2.83 3.51 6.68 9.50 5.06
b
 

10% 0.00 1.98 3.66 4.61 6.91 3.43
ef
 

15% 0.00 2.23 4.71 6.45 9.60 4.60
c
 

Control 0.00 4.36 6.83 9.79 14.02 7.00
a
 

Mean  0.00
e
 2.20

d
 4.19

c
 5.68

b
 8.53

a
  

LSD (P≤0.05) Treatment (T) = 0.26    Days (D) = 0.18    D x T = 0.58       

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig.1:  Effect of different edible coatings and storage interval on the physiological loss 

in weight per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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respiratory activity of fruits because we have used modified atmosphere storage conditions. 

The post-harvest application of CMC reduced weight loss in Kinnow (Shah et al 2015) 

Mandarin (Arnon et al 2014) tangor (Samra et al 2014) sweet oranges (Zeng et al 2013) acid 

lime (Bisen et al 2012) strawberry (Dong and Wang 2017) and avocado (Tesfay and 

Magwazza 2017). 

4.1.2 Spoilage (%) 

All the treatments registered significant decrease in the average cumulative spoilage per 

cent as compared to control (Table 2). In 2016-17, the lowest average spoilage (1.67 %) was 

recorded in fruits coated with CMC 2 per cent and 1.5 per cent concentration  

(1.67 %). However, highest average spoilage (18.33 %) was observed in control fruits. The 

spoilage percentage in CMC (2 and 1.5%) ranged from 0 to 8.33 per cent from 30 days to 75 

days of storage as compared to control where it was ranged from 0 to 50 per cent from 30 

days to 75 days of storage. Similar results were obtained during 2017-18, however, 

interestigaly, till the end of the storage; no spoilage was registered in the fruits coated with 

both CMC 2 per cent and 1.5 per cent, whereas, the control fruits registered the maximum 

mean decay (10.00%) and ranged 0 to 33.33 per cent from 30 days to 75 days of storage. 

Overall, during both the season of investigation, the effectiveness in lowest spoilage per cent 

among all the treatments followed as: CMC (2%) > CMC (1.5%) > chitosan (1%) > bees-wax 

(10%). The interaction between treatments and storage interval was found to be significant 

during both the seasons of investigation. The findings were further confirmed through pooled 

mean analysis of both the years (Table 2a and Fig 2). CMC 2 per cent and 1.5 per cent 

registered the lowest (0.83%) spoilage percentage in contrast to control (14.16%). The 

interaction between treatments and storage interval was found to be significant in the pooled 

mean analysis of both the years.Interestingly, In the present study, a concomitant increase in 

fruit spoilage was noticed at faster rate with lowest concentration of all coating treatments 

which might be due to the fact that coatings can suspend decay by delaying senescence, which 

causes more susceptibility to pathogenic infection in produce due to damage of cellular or 

tissue integrity (Tanada-Palmu and Grosso 2005). Coatings have been reported to reduce 

PLW thereby delayed senescence of fruits and thus minimized the decay. 

The post harvest application of CMC checked the growth of microorganisms and 

delayed the spoilage in case of Kinnow fruit (Shah et al 2015), oranges (Zeng et al 2013) 

strawberry (Dang and Wang 2017 and Gol et al 2013). Chitosan reduced the spoilage and 

microbial growth in strawberry (Wang and Gao2013 and Perdones et al 2012), blueberry 

(Duan et al 2011) and mango (Silva et al 2017 and Abbasi et al 2009). Faygenberg et al 

(2005) observed that bees wax and carnauba coated avocado and mango fruits registered 

reduced chilling injury symptoms and decay incidence during storage. 
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Table 2: Effect of different edible coatings and storage interval on the spoilage per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

                                                                                   Spoilage (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

CMC 

1% 0.00 0.00 0.00 8.33 16.66 5.00
d
 0.00 0.00 0.00 0.00 8.33 1.67

c
 

1.5% 0.00 0.00 0.00 0.00 8.33 1.67
f
 0.00 0.00 0.00 0.00 0.00 0.00

d
 

2% 0.00 0.00 0.00 0.00 8.33 1.67
f
 0.00 0.00 0.00 0.00 0.00 0.00

d
 

Chitosan 

 

0.5% 0.00 0.00 8.33 8.33 16.66 6.66
c
 0.00 0.00 8.33 8.33 8.33 5.00

b
 

1% 0.00 0.00 0.00 8.33 8.33 3.33
3
 0.00 0.00 0.00 0.00 8.33 1.67

c
 

1.5% 0.00 0.00 8.33 8.33 16.66 6.66
c
 0.00 0.00 0.00 0.00 25.00 5.00

b
 

Bee wax 

 

5% 0.00 0.00 8.33 16.66 33.33 11.66
b
 0.00 8.33 8.33 16.66 16.66 10.00

a
 

10% 0.00 0.00 0.00 8.33 8.33 3.33
e
 0.00 0.00 0.00 0.00 8.33 1.67

c
 

15% 0.00 0.00 8.33 8.33 16.66 6.66
c
 0.00 0.00 8.33 8.33 8.33 5.00

b
 

Control 0.00 0.00 16.66 25.00 50.00 18.33
a
 0.00 0.00 0.00 16.66 33.33 10.00

a
 

Mean  0.00
d
 0.00

d
 5.00

c
 9.16

b
 18.33

a
  0.00

e
 0.83

d
 2.50

c
 5.00

b
 11.66

a
  

LSD (P≤0.05) Treatment (T) = 0.76    Days (D) = 0.54    D x T = 1.70 Treatment (T) = 0.49   Days (D) = 0.35     D x T = 1.11 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 2a:  Effect of different edible coatings and storage interval on the spoilage per 

centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                             Spoilage (%) 

                                                     Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 0.00 0.00 0.00 4.16 12.49 3.33
d
 

1.5% 0.00 0.00 0.00 0.00 4.16 0.83
e
 

2% 0.00 0.00 0.00 0.00 4.16 0.83
e
 

Chitosan 

 

0.5% 0.00 0.00 8.33 8.33 12.49 5.83
c
 

1% 0.00 0.00 0.00 4.16 8.33 2.50
d
 

1.5% 0.00 0.00 4.16 4.16 20.83 5.83
c
 

Bee Wax 

 

5% 0.00 4.16 8.33 16.66 24.99 10.83
b
 

10% 0.00 0.00 0.00 4.16 8.33 2.50
d
 

15% 0.00 0.00 8.33 8.33 12.49 5.83
c
 

Control 0.00 0.00 8.33 20.83 41.66 14.16
a
 

Mean  0.00
d
 0.42

d
 3.75

c
 7.08

b
 15.00

a
  

LSD (P≤0.05) Treatment (T) = 1.54    Days (D) = 1.09    D x T = 3.45      

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 
 

 
The vertical bar represents standard error (SE) mean of three replicates 

 

Fig.2:  Effect of different edible coatings and storage interval on the spoilage per 

centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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4.1.3 Organoleptic sensory attributes (Hedonic scale 1-9) 

Organoleptic rating depicts the consumer acceptability, which a function of taste, 

colour, texture, aroma and appearance of fruits. The data pertaining to effect of edible 

coatings on organoleptic sensory quality (out of 9) of Kinnow fruit revealed an increasing-

decreasing trend during storage (Table 3). CMC 2 per cent coated fruits registered the 

highest mean sensory score of 7.53 and 8.37 followed by 7.49 and 8.37 with CMC 1.5 per 

cent, during 2016-17 and 2017-18, respectively and was adjudged the best treatment in 

retaining the palatability in the stored fruits. However, the lowest average sensory score of 

6.76 and 7.15 was recorded in uncoated fruits during both the years of investigation. 

Interestingly, fruits coated with different wax formulations registered a  gradual increase in 

sensory attributes after 30 days of storage; thereby registered the highest sensory score 

(7.90 and 8.69); then thereafter followed a steady and sharp decline in sensory score till the 

end of the storage (6.87 and 7.41) in 2016-17 and 2017-18, respectively. However, control 

fruits revealed a decline at faster pace in palatability with further prolongation in storage 

period. The control fruits registered the maximum sensory score after 30 days of storage 

(7.50 and 7.90), whereas, the minimum sensory attributes were recorded after 75 days of 

storage (5.90 and 6.20) in 2016-17 and 2017-18, respectively. The interaction between 

treatments and storage intervals was found to be significant during both the seasons of 

study. The findings were confirmed through pooled mean analysis of both the years (Table 

3a and Fig 3). The maximum mean sensory score (7.95) was recorded when fruits were 

coated with CMC 2 percent followed by its 1.5% concentration (7.93) while, control fruits 

registered the lowest mean sensory score (6.96). The interaction between treatments and 

storage interval was found to be significant in the pooled mean analysis of both the years. In 

the present investigation it was noticed that Kinnow fruits coated with CMC (2 and 1.5 per 

cent) coatings developed better sensory quality, which may be due to the role of coatings in 

partial modifications of internal atmosphere of fruits resulting in the development of 

acceptable flavor. 

The post-harvest application of CMC retained the highest scores for acceptability. 

color, taste, texture and flavor of oranges (Arnon et al 2014) and strawberry (Dong and Wang 

2017). Ali et al (2015) observed that NFC and Fomesa retained the maximum score (7.15) for 

overall acceptability after 63 days of storage in Kinnow. The post harvest application of 

citrashine improved the overall quality of Kinnow (Mahajan and Singh 2014) and pear 

(Mahajan et al (2005). 
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Table 3:  Effect of different edible coatings and storage interval on the organoleptic sensory attributes in Kinnow fruit stored at 5-7
o
C and 90-95% 

RH  

TREATMENT 

Organoleptic sensory attributes (Hedonic scale 1-9) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

CMC 

1% 7.00 7.91 7.60 7.38 7.28 7.43
a
 8.00 8.79 8.55 8.10 8.08 8.30

a
 

1.5% 7.00 8.09 8.08 7.23 7.06 7.49
a
 8.00 8.95 8.80 8.50 7.58 8.37

a
 

2% 7.00 8.27 7.90 7.50 7.00 7.53
a
 8.00 8.81 8.60 8.29 8.17 8.37

a
 

Chitosan 

 

0.5% 7.00 7.75 7.45 7.45 7.00 7.33
a
 8.00 8.75 8.11 8.10 7.25 8.04

bc
 

1% 7.00 8.00 7.55 7.41 7.33 7.46
a
 8.00 9.00 8.50 8.21 8.08 8.36

a
 

1.5% 7.00 8.10 7.70 7.45 6.78 7.41
a
 8.00 8.80 8.30 8.30 7.42 8.16

ab
 

Bee wax 

 

5% 7.00 7.68 7.59 6.73 6.30 7.06
b
 8.00 8.80 7.75 7.20 6.33 7.62

d
 

10% 7.00 7.77 7.70 7.55 7.25 7.45
a
 8.00 8.72 8.57 8.50 7.94 8.35

a
 

15% 7.00 7.90 7.55 7.28 6.83 7.31
ab

 8.00 8.43 8.00 7.90 7.10 7.89
c
 

Control 7.00 7.50 7.09 6.30 5.90 6.76
c
 8.00 7.90 7.17 6.50 6.20 7.15

e
 

Mean  7.00
d
 7.90

a
 7.62

b
 7.23

c
 6.87

d
  8.00

c
 8.69

a
 8.23

b
 7.96

c
 7.41

d
  

LSD (P≤0.05) Treatment (T) = 0.26    Days (D) = 0.18    D x T = 0.58 Treatment (T) = 0.25     Days (D) = 0.17     D x T = 0.55 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 3a:  Effect of different edible coatings and storage interval on the organoleptic 

sensory attributes in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                           Organoleptic sensory attributes (Hedonic scale 1-9) 

                                                             Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 7.50 8.35 8.07 7.74 7.68 7.87
a
 

1.5% 7.50 8.52 8.44 7.86 7.32 7.93
a
 

2% 7.50 8.54 8.25 7.89 7.58 7.95
a
 

Chitosan 

 

0.5% 7.50 8.25 7.78 7.77 7.12 7.67
bc

 

1% 7.50 8.50 8.02 7.81 7.70 7.91
a
 

1.5% 7.50 8.45 8.00 7.87 7.10 7.78
ab

 

Bee Wax 

 

5% 7.50 8.24 7.67 6.96 6.31 7.34
d
 

10% 7.50 8.24 8.13 8.02 7.59 7.90
a
 

15% 7.50 8.16 7.77 7.59 6.96 7.60
c
 

Control 7.50 7.70 7.13 6.40 6.05 6.96
e
 

Mean  7.50
c
 8.30

a
 7.93

b
 7.59

c
 7.14

d
  

LSD (P≤0.05) Treatment (T) = 0.18    Days (D) = 0.13    D x T = 0.40      

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 3:  Effect of different edible coatings and storage interval on the organoleptic sensory 

attributes in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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4.1.4 Firmness (Kg Force) 

The data pertaining to the effect of edible coating on the firmness of Kinnow fruit 

in general followed a declining trend commensurate with advancement in storage period  

(Table 4). In the year 2016-17, the average maximum firmness (4.94 kg f) maintained by 

CMC 2 per cent followed by its 1.5 per cent concentration (4.63 kg f). However, the control 

fruits registered the lowest average firmness (4.06 kg f). The firmness of fruits coated with 

CMC (2 and 1.5%) ranged from 5.08 to 4.07 and 4.73 to 3.71 kg force, respectrively from 

30 days to 75 days of storage period. On the other hand, control fruits registered an abrupt 

and sharp decline ranged between 4.40 to 2.80 kg force. Similar results were recorded in the 

year 2017-18 where, CMC 2 per cent was found superior to all the other coating treatments 

with respect to retaining and maintaining the highest average firmness (5.29 kg f) and was 

statistically at par with CMC 1.5 per cent (5.28 kg f). The firmness in fruits coated with 

CMC (2 and 1.5%) ranged from 5.86 to 3.86 and 5.98 to 3.72 kg force, respectively. On the 

other hand, the control fruits registered a continuous decline in firmness at faster pace thus 

ranged from 4.69 to 3.23 kg force from 30 days to 75 days of storage period. The 

interaction between treatments and storage interval was found to be statistically significant 

during both the years of investigation. The findings were further confirmed through the 

pooled mean analysis of both the years (Table 4a and Fig 4). CMC 2 per cent was most 

effective in retaining and maintaining highest average firmness (5.12 kg f) followed by its 

1.5 per cent concentration (4.96 kg f), whereas, control fruits retained the lowest average 

firmness (4.21 kg f). The interaction between treatments and storage interval was found to 

be significant in the pooled mean analysis of both the years.The softening in fruit during 

storage resulting due to weakened cell wall structure, loss of membrane integrity, 

hydrolysis of cellulose and hemi-cellulose as well as depolymerisation of pectin and starch 

(Seymour et al 1993; Matto et al 1975 and Solomos and Laties 1973). The coating of fruits 

with CMC resulted in higher fruit firmness which might be due to reduction in moisture 

loss and respiratory activity and thus maintained turgidity of the cells. This is evident in 

avocado (Tesfay and Magwazza 2017). Ali et al (2015) observed that coating with NFC 

maintained the maximum fruit firmness in Kinnow than that of control. Mahajan and Singh 

(2014) and Mahajan et al (2013) observed the highest mean fruit firmness in Citrashine and 

Niprofresh SS 40 T coated Kinnow fruit. 
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Table 4: Effect of different edible coatings and storage interval on the firmness (Kg force) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

TREATMENT 

Firmness (Kg Force) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

CMC 

1% 6.13 5.09 4.26 4.12 3.34 4.59
bc

 6.25 5.47 4.82 4.00 4.07 4.95
cd

 

1.5% 6.13 4.73 4.52 4.07 3.71 4.63
b
 6.25 5.98 5.54 4.92 3.72 5.28

a
 

2% 6.13 5.08 4.89 4.07 4.07 4.94
a
 6.25 5.86 5.72 4.77 3.86 5.29

a
 

Chitosan 

 

0.5% 6.13 4.48 4.32 4.15 3.58 4.53
bc

 6.25 5.01 4.63 4.44 4.25 4.91
d
 

1% 6.13 5.24 4.21 3.84 3.60 4.60
b
 6.25 5.73 5.51 5.06 3.33 5.18

b
 

1.5% 6.13 4.40 4.32 4.16 3.80 4.56
bc

 6.25 5.30 4.78 4.34 4.00 4.95
cd

 

Bee wax 

 

5% 6.13 4.25 4.12 3.56 3.44 4.30
d
 6.25 5.08 4.92 4.26 3.57 4.81

e
 

10% 6.13 4.82 4.43 4.00 3.60 4.59
b
 6.25 5.77 5.00 4.53 3.45 5.00

c
 

15% 6.13 5.03 4.36 3.75 3.05 4.46
c
 6.25 5.02 4.53 4.49 4.25 4.90

d
 

Control 6.13 4.40 3.70 3.30 2.80 4.06
e
 6.25 4.69 4.17 3.48 3.23 4.36

f
 

Mean  6.13
a
 4.75

b
 4.31

c
 3.95

d
 3.50

e
  6.25

a
 5.39

b
 4.96

c
 4.45

d
 3.77

e
  

LSD (P≤0.05) Treatment (T) =0.13   Days (D) =0.091   D x T = 0.29 Treatment (T) = 0.12  Days (D) = 0.086     D x T = 0.27 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 4a:  Effect of different edible coatings and storage interval on the firmness (Kg 

force) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                Firmness (Kg Force) 

                                                               Storage interval (Days) 

TREATMENT 0 30 45 60  75 Mean 

CMC 

1% 6.19 5.28 4.54 4.17 3.67 4.77
cd

 

1.5% 6.19 5.35 5.03 4.49 3.71 4.96
b
 

2% 6.19 5.47 5.30 4.66 3.96 5.12
a
 

Chitosan 

 

0.5% 6.19 4.74 4.47 4.29 3.88 4.72
d
 

1% 6.19 5.48 4.86 4.45 3.46 4.89
bc

 

1.5% 6.19 4.85 4.55 4.25 3.93 4.75
d
 

Bee Wax 

 

5% 6.19 4.66 4.52 3.91 3.50 4.56
e
 

10% 6.19 5.29 4.71 4.26 3.52 4.80
cd

 

15% 6.19 5.02 4.45 4.12 3.65 4.68
de

 

Control 6.19 4.54 3.93 3.39 3.01 4.21
f
 

Mean  6.19
a
 5.07

b
 4.64

c
 4.20

d
 3.63

e
  

LSD (P≤0.05) Treatment (T) = 0.13    Days (D) = 0.09    D x T = 0.30       

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 
 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 4:  Effect of different edible coatings and storage interval on the firmness (Kgf) in 

Kinnow fruit stored at 5-7
0
C and 90-95% RH 
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4.1.5 Juice (%) 

The data pertaining to effect of edible coating on juice percentage revealed a 

decreasing trend during storage; might be due to loss of moisture from the surface of the fruits 

(Table 5). In both the seasons of investigation, CMC 2 per cent, registered the highest average 

juice content (38.48 and 46.45 %) followed by its 1.5 per cent concentration (38.27 and 45.76 

%). However, control fruits registered the lowest average juice content where the mean lowest 

juice content of 33.98 and 43.14 per cent was recorded during 2016-17 and 2017-18, 

respectively. The juice percentage in the fruits coated with CMC (2 and 1.5%) ranged from 

40.93 to 30.85 and 45.09 to 28.51 per cent, respectively from 30 days to 75 days of storage in 

first season and 48.75 to 43.61 and 47.45 to 41.96 per cent, respectively from 30 days to 75 

days in second season of investigation. On the other hand, the control fruits shown a sharper 

decline at faster pace in juice content and ranged from 41.81 to 20.80 per cent in 2016-17 and 

46.98 to 34.65 per cent during 2017-18. The interaction between treatments and storage 

interval was found to be significant during both the seasons of investigation. The findings 

were also confirmed through pooled mean analysis of both the years (Table 5a and Fig 5). 

Fruits coated with CMC 2 per cent retained the highest average juice (42.47%) content 

followed by its 1.5 per cent concentration (42.02%) while, the lowest average juice content 

was recorded in the control fruits (38.56%). The interaction between treatments and storage 

interval was found to be significant in the pooled mean analysis of both the years. In the 

present study, control fruits registered the maximum loss in juice content; might be due to dry 

atmosphere around the fruits leading to faster respiration and transpiration causing drying of 

the juicy vesicles. 

These results are in corroboration with the findings of Samra et al (2014) who 

reported that CMC coated tangor fruits cv. murcott retained the maximum juice ratio than 

those of control fruits after 60 days of storage. Fruits of „Kagzi lime‟ retained the maximum 

juice content under coating with pure coconut oil after 18 days of storage (Bisen et al (2012). 

Mahajan et al (2013) reported that Kinnow fruits coated Niprofresh SS 40 T and SS 50 T 

maintained the maximum yield in juice content in contrast to to control. Rokayya et al (2016) 

reported that combined application of wax and bavistin maintained both better firmness and 

low PLW thereby resulted higher juice content in mandarin fruit in contrast to control after 

four weeks of storage period. 
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Table 5: Effect of different edible coatings and storage interval on the juice per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

                                                                                          Juice (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

CMC 

1% 48.50 36.85 34.84 31.45 26.57 35.64
b
 49.50 48.00 44.67 44.20 39.54 45.18

abc
 

1.5% 48.50 45.09 39.75 29.52 28.51 38.27
ab

 49.50 47.45 45.69 44.21 41.96 45.76
ab

 

2% 48.50 40.93 40.80 31.33 30.85 38.48
a
 49.50 48.75 45.21 45.20 43.61 46.45

a
 

Chitosan 

 

0.5% 48.50 36.94 36.70 27.23 26.45 35.16
bc

 49.50 46.51 42.79 42.33 41.42 44.51
bcde

 

1% 48.50 40.91 40.40 29.72 28.83 37.67
a
 49.50 47.60 44.30 44.13 42.06 45.52

ab
 

1.5% 48.50 34.92 33.92 29.90 28.75 35.20
bc

 49.50 44.00 43.87 43.48 43.43 44.86
bcd

 

Bee wax 

 

5% 48.50 32.94 32.71 28.64 28.07 34.17
ef
 49.50 43.31 42.49 41.45 41.27 43.60

de
 

10% 48.50 38.95 37.03 29.32 26.47 36.05
c
 49.50 45.05 44.94 43.75 43.63 45.37

ab
 

15% 48.50 40.00 35.42 26.93 23.57 34.88
bc

 49.50 45.78 43.11 42.11 38.46 43.79
cde

 

Control 48.50 41.81 33.55 25.22 20.80 33.98
c
 49.50 46.98 45.67 38.88 34.65 43.14

e
 

Mean  48.50
a
 38.93

b
 36.51

c
 28.93

d
 26.89

e
  49.50

a
 46.34

b
 44.27

c
 42.97

d
 41.00

e
  

LSD (P≤0.05) Treatment (T) = 1.30   Days (D) = 0.92    D x T = 2.91 Treatment (T) = 1.51   Days (D) = 1.07     D x T = 3.38 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 5a: Effect of different edible coatings and storage interval on the juice per cent 

(%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                        Juice (%) 

                                                             Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 49.00 42.42 39.75 37.82 33.05 40.41
bcde

 

1.5% 49.00 46.27 42.72 36.86 35.23 42.02
ab

 

2% 49.00 44.84 43.00 38.26 37.23 42.47
a
 

Chitosan 

 

0.5% 49.00 41.72 39.74 34.78 33.93 39.84
def

 

1% 49.00 44.25 42.35 36.93 35.45 41.59
abc

 

1.5% 49.00 39.46 38.89 36.69 36.09 40.03
cdef

 

Bee Wax 

 

5% 49.00 38.13 37.60 35.04 34.67 38.89
ef
 

10% 49.00 42.00 40.98 36.53 35.05 40.71
bcd

 

15% 49.00 42.89 39.26 34.52 31.01 39.34
def

 

Control 49.00 44.39 39.61 32.01 27.72 38.56
f
 

Mean  49.00
a
 42.64

b
 40.39

c
 35.95

d
 33.94

e
  

LSD (P≤0.05) Treatment (T) = 1.70    Days (D) = 1.20    D x T = 3.80      

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 
The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 5:  Effect of different edible coatings and storage interval on the juice per centage in 

Kinnow fruit stored at 5-7
0
C and 90-95% RH 
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4.1.6 TSS (%) 

Data pertaining to TSS content influenced by post-harvest application of edible 

coatings revealed an identical trend during the storage period (Table 6). In 2016-17, Fruits 

coated with CMC 2 per cent registered the maximum average TSS content (11.06%) 

followed by treatment of CMC 1.5 per cent (10.68%). On the other hand, the control fruits 

registered the lowest average TSS (10.03%). It was further observed that in CMC (2 and 

1.5%) coated fruits the TSS content increased slowly and steadily up to 60 days of the 

storage (13.55 and 12.65 %) and thereafter followed a decline till the end of the storage i.e., 

11.65 and 12.20 per cent, respectively. 

The similar trends were also noticed in 2017-18. The highest average TSS content 

was registered in the fruits coated with CMC 2 per cent (11.06%) followed by its 1.5 per cent 

concentration (10.95%), whereas the control fruits recorded the lowest average TSS content 

(10.27%). Fruits coated with CMC 2 and 1.5 per cent shown a gradual increase in TSS content up 

to 60 days (13.70 and 13.00 %, respectively); thereafter followed a sharp and abrupt decline till 

the end of the storage (11.50 and 11.20 %, respectively). The interaction between treatments 

and storage interval was found to be significant during both the seasons of investigation. The 

findings were further confirmed through the pooled mean analysis of both years (Table 6a and 

Fig 6). CMC 2 per cent proved best in terms of maintaining the highest mean TSS (11.06%) 

content followed by its 1.5 per cent concentration (10.81%)whereas, control fruits registered 

the lowest mean TSS (10.15%) content. The interaction between treatments and storage 

interval was found to be significant in the pooled mean analysis of both the years.  In the 

present study, a increase in TSS content; might be due to berrier properties of coating reduces 

the rate of respiration of fruits and simultaneously the respiration process delay the hydrolysis 

of starch into sugars (Biliaderis et al 1985 and Wills et al 1980). The delayed increase in TSS 

content in coated fruits under cold storage condition; might be attributed that coating retard 

ripening and senescence processes and simultaneously delayed the conversion of starch into 

sugars.  

The results on TSS content in the present study are in agreement with the findings of 

Shah et al (2015) who observed a gradual increase in soluble solids concentration irrespective 

of coating treatment with CMC in Kinnow fruit. The post-harvest application of chitosan 

delayed an increase in TSS content; might be due to catabolic process and respiration rate in 

plum fruit (Kumar et al 2017) kiwi fruit (Kaya et al 2016) papaya (Ali et al 2011) and apricot 

(Ghasmnezhad et al 2010). 
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Table 6: Effect of different edible coatings and storage interval on total soluble solids per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

TREATMENT 

                                                                                       Total soluble solids (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

CMC 

1% 8.75 9.75 10.05 12.05 10.45 10.21
cd

 8.45 10.40 10.55 13.45 10.65 10.70
bc

 

1.5% 8.75 9.55 10.25 12.65 12.20 10.68
b
 8.45 10.90 11.20 13.00 11.20 10.95

ab
 

2% 8.75 10.50 10.85 13.55 11.65 11.06
a
 8.45 10.45 11.20 13.70 11.50 11.06

a
 

Chitosan 

 

0.5% 8.75 9.20 10.00 12.00 10.80 10.15
cd

 8.45 9.75 10.85 12.80 11.15 10.60
cd

 

1% 8.75 10.35 10.45 12.65 10.70 10.58
b
 8.45 11.10 11.15 11.85 11.70 10.85

abc
 

1.5% 8.75 9.20 10.40 11.80 11.05 10.24
cd

 8.45 11.00 11.10 11.75 11.15 10.69
bc

 

Bee Wax 

 

5% 8.75 9.00 10.15 11.55 10.90 10.07
d
 8.45 10.15 10.50 11.50 10.90 10.30

de
 

10% 8.75 9.90 10.25 12.30 11.05 10.45
bc

 8.45 10.70 10.75 12.45 11.25 10.72
bc

 

15% 8.75 8.90 9.60 11.75 11.55 10.11
d
 8.45 9.90 10.70 11.75 10.85 10.33

de
 

Control 8.75 9.35 10.25 11.15 10.65 10.03
d
 8.45 9.85 10.90 11.35 10.80 10.27

e
 

Mean  8.75
e
 9.57

d
 10.22

c
 12.14

a
 11.10

b
  8.45

d
 10.42

c
 10.89

b
 12.36

a
 11.11

b
  

LSD (P≤0.05) Treatment (T) = 0.31    Days (D) = 0.22    D x T = 0.70 Treatment (T) = 0.32    Days (D) = 0.23    D x T = 0.71 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication)
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Table 6a:  Effect of different edible coatings and storage interval on the total soluble 

solids per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                   Total soluble soilds (%) 

                                                                   Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 8.60 10.07 10.30 12.75 10.55 10.45
cde

 

1.5% 8.60 10.22 10.72 12.82 11.70 10.81
ab

 

2% 8.60 10.47 11.02 13.62 11.57 11.06a 

Chitosan 

 

0.5% 8.60 9.47 10.42 12.40 10.97 10.37
def

 

1% 8.60 10.72 10.80 12.25 11.20 10.71
bc

 

1.5% 8.60 10.10 10.75 11.77 11.10 10.46
cde

 

Bee Wax 

 

5% 8.60 9.57 10.32 11.22 11.20 10.18
f
 

10% 8.60 10.30 10.50 12.37 11.15 10.58
bcd

 

15% 8.60 9.40 10.15 11.75 11.20 10.22
ef
 

Control 8.60 9.60 10.57 11.25 10.72 10.15
f
 

Mean  8.60
e
 9.99

d
 10.56

c
 12.22

a
 11.14

b
  

LSD (P≤0.05) Treatment (T) = 0.26    Days (D) = 0.18    D x T = 0.58      

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig.6: Effect of different edible coatings and storage interval on the total soluble solids 

(TSS) per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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4.1.7 Reducing sugars (%) 

The data pertaining to effect of edible coatings on reducing sugars content 

revealed an increasing- decreasing trend during storage (Table 7). In 2016-17, fruits 

coated with CMC 2 per cent registered the maximum average reducing sugars (4.21%) 

followed by its 1.5 per cent concentration (3.90%). On the other hand, control fruits 

recorded the lowest average reducing sugar (3.36%). It was further observed that in CMC 

(2 and 1.5%) coated fruits the reducing sugars increased slowly and steadily up to 60 

days, i.e. 4.86 and 4.68 % respectively. and thereafter followed a decline till the end of 

the storage i.e., 4.39 and 3.96%, respectively. The similar trend was also noticed in 2017-

18. The average maximum reducing sugar (3.41%) registered by fruits coated with CMC 

2 per cent followed by its 1.5 per cent concentration (3.18%). However, control fruits yet 

again registered the lowest mean reducing sugars (2.66%). A gradual rise in reducing 

sugars content was noticed in the fruits coated with CMC 2 and 1.5 per cent after 60 days 

of storage i.e. 5.54 and 5.43 %; respectively; thereafter followed an abrupt decline till the 

end of the storage i.e. 4.28 and 4.07, respectively. On the other hand control fruits 

recorded the lowest reducing sugars content after 60 days of storage i.e. 4.07 and 4.10 per 

cent in 2016-17 and 2017-18 respectively. The pooled mean analysis of both years (Table 

7a and Fig 7)revealed the similar findings as fruits coated with CMC 2 per cent registered 

the maximum mean reducing sugars (3.81%) followed by its 1.5 per cent concentration 

(3.54%) on the other hand, control fruits registered the lowest reducing sugar content 

(3.01%). The interaction between treatments and storage interval was found to be 

significant. In the present study, the increase in sugars (total and reducing sugars) might 

be due to breakdown of starch into sugars, as on complete hydrolysis of starch no further 

increase in sugars occurs and subsequently a decline in these parameter is predictable as 

they along with other organic acids are primary substrate for respiration (Wills et al 

1980). The delayed decrease in the sugar content in the fruits coated with different 

coatings attributed to the inherent property of coatings in delaying the metabolic activities 

of fruit during storage due to delay in ethylene production and respiration rate.  

Irrespective of coating with CMC a gradual increase in sugars was observed in 

Kinnow fruit during storage (Shah et al 2015). Kumar et al (2017) observed that chitosan 

delayed the increase in sugars content in plum, kiwi fruit (Kaya et al 2016) apricot 

(Ghasmnezhad et al 2010) and papaya (Ali et al 2011). 



52 

Table 7: Effect of different edible coatings and storage interval on the reducing sugar per cent in Kinnow fruit stored at 5-7
0
C and 90-95% RH  

TREATMENT 

Reducing sugars (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

CMC 

1% 3.11 3.18 3.73 4.78 3.59 3.68
cd

 1.67 2.07 3.47 4.44 3.95 3.12
b
 

1.5% 3.11 3.36 4.41 4.68 3.96 3.90
b
 1.67 2.00 2.74 5.43 4.07 3.18

b
 

2% 3.11 3.92 4.79 4.86 4.39 4.21
a
 1.67 1.93 3.62 5.54 4.28 3.41

a
 

Chitosan 

 

0.5% 3.11 3.08 3.90 4.44 3.23 3.55
ef
 1.67 2.45 2.48 4.52 3.11 2.85

d
 

1% 3.11 2.93 4.46 4.49 3.91 3.78
c
 1.67 2.45 2.81 5.80 3.08 3.16

b
 

1.5% 3.11 3.14 3.78 4.20 3.70 3.58
de

 1.67 1.97 2.23 5.19 3.64 2.94
c
 

Bee wax 

 

5% 3.11 2.69 3.36 4.14 3.55 3.37
gh

 1.67 1.98 2.61 3.89 3.19 2.67
e
 

10% 3.11 3.40 4.22 4.43 3.69 3.77
c
 1.67 1.73 3.29 5.22 3.89 3.16

b
 

15% 3.11 2.64 3.86 4.82 2.95 3.47
fg

 1.67 1.73 2.29 4.65 3.55 2.78
d
 

Control 3.11 3.26 3.78 4.07 2.59 3.36
h
 1.67 2.28 2.84 4.10 2.40 2.66

e
 

Mean  3.11
d
 3.16

d
 4.03

b
 4.49

a
 3.55

c
  1.67

e
 2.06

d
 2.84

c
 4.88

a
 3.51

b
  

LSD (P≤0.05) Treatment (T) = 0.11   Days (D) = 0.07    D x T = 0.24 Treatment (T) = 0.07   Days (D) = 0.05     D x T = 0.16 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 7a:  Effect of different edible coating and storage interval on the reducing sugar 

per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                             Reducing sugars (%)           

                                                            Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 2.39 2.62 3.60 4.61 3.77 3.40
bcd

 

1.5% 2.39 2.68 3.57 5.05 4.01 3.54
b
 

2% 2.39 2.92 4.20 5.20 4.33 3.81
a
 

Chitosan 

 

0.5% 2.39 2.76 3.19 4.47 3.17 3.20
def

 

1% 2.39 2.69 3.64 5.14 3.49 3.47
bc

 

1.5% 2.39 2.55 3.00 4.70 3.67 3.26
cde

 

Bee Wax 

 

5% 2.39 2.33 2.98 4.01 3.37 3.02
f
 

10% 2.39 2.56 3.75 4.82 3.79 3.46
bc

 

15% 2.39 2.18 3.07 4.73 3.25 3.13
ef
 

Control 2.39 2.77 3.45 3.94 2.49 3.01
f
 

Mean  2.39
d
 2.61

c
 3.45

b
 4.67

a
 3.53

b
  

LSD (P≤0.05) Treatment (T) = 0.24    Days (D) = 0.17    D x T = 0.54       

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig.7:  Effect of different edible coatings and storage interval on the reducing sugar per cent in 

Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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4.1.8 Total sugar (%) 

 Perusal of the effect of edible coatings on storage life of Kinnow fruit revealed an 

identical trend for total sugars content during storage (Table 8). In 2016-17, fruits coated with 

CMC 2 per cent registered the maximum average total sugars content (8.61 %) followed by its 

1.5 per cent concentration where it was recorded as 8.10 per cent. On the other hand, control 

fruits recorded the lowest average total sugar content (6.93 %). It was further observed that the 

total sugars content in the fruits coated with CMC 2 and 1.5 per cent increased slowly and 

steadily up to 60 days i.e. 9.95 and 9.64 per cent, respectively and thereafter notched up a 

decline till end of the storage i.e. 9.50 and 8.88 per cent, respectively. The similar trend was also 

noticed in 2017-18. Fruits coated with CMC 2 per cent registered the maximum mean total 

sugars (6.92%) followed by treatment of CMC 1.5 per cent (6.89%) whereas, control fruits yet 

again registered the lowest average total sugars content (5.80 %). Fruits coated with CMC 2 and 

1.5 per cent registered the maximum total sugars after 60 days of storage i.e. 8.61 and 8.74 per 

cent, respectively which declined gradually till the end of storage i.e. 8.51 and 8.62 per cent, 

respectively. The interaction between treatments and storage interval was found to be significant 

during both seasons of investigation. The data further confirmed the findings through pooled 

mean analysis of both the years (Table 8a and Fig 8). CMC 2 per cent was the best in terms of 

registering the maximum mean total sugars (7.76%) followed by its 1.5 per cent concentration 

(7.50%), whereas control fruits registered the lowest average total sugars (6.51%) content. The 

interaction between treatments and storage interval was found to be significant in the pooled 

mean analysis of both the years. 

4.1.9 Vitamin C (mg/100g) 

The data on effect of edible coatings on ascorbic acid content of Kinnow fruit registered 

a linear decline in its level throughout the storage period (Table 9). The treatments showed a 

significant difference among themselves with regard to loss in vitamin C content. In 2016-17, 

fruits coated with CMC 2 per cent retained the highest average ascorbic acid (23.95 mg/100g 

pulp) content followed by its 1.5 per cent concentration (22.95 mg/100g pulp). The control 

fruits retained the lowest average ascorbic acid (19.72 mg/100g pulp) content. It was further 

noticed that the ascorbic acid content in fruits coated with CMC 2 and 1.5 per cent ranged from 

29.71 to 13.80 and 23.82 to 15.73 mg/100g pulp, respectively from 30 days to 75 days of 

storage period. However, the control fruits followed a continuous decline at faster pace and 

thereby retained the lowest ascorbic acid content ranged from 24.00 to 8.50 mg/100g pulp from 

30 days to 75 days of storage period. Similar trend was also registered in 2017-18. The fruits 

coated with CMC 2 and 1.5 per cent maintained the maximum mean ascorbic acid (27.84 and 

26.75 mg/100 pulp), respectively.However, the control fruits yet again revealed the lowest 

average ascorbic acid (21.72 mg/100g pulp) content. It was further noticed that the ascorbic acid 

content in the fruits coated CMC 2 and 1.5 per cent ranged from 30.16 to 23.41 mg/100g pulp  
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Table 8: Effect of edible different coatings and storage interval on the total sugar per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Total sugars (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

CMC 

1% 5.65 5.98 7.97 9.89 8.12 7.52
cd

 4.65 4.70 5.80 9.70 7.55 6.48
bc

 

1.5% 5.65 7.75 8.57 9.64 8.88 8.10
b
 4.65 5.37 7.09 8.74 8.62 6.89

a
 

2% 5.65 8.67 9.29 9.95 9.50 8.61
a
 4.65 4.98 7.83 8.61 8.51 6.92

a
 

Chitosan 

 

0.5% 5.65 7.29 7.51 8.37 7.72 7.31
de

 4.65 5.53 5.95 8.10 6.44 6.13
de

 

1% 5.65 7.49 8.47 9.39 9.08 8.01
b
 4.65 5.60 6.63 8.48 7.96

e
 6.66

b
 

1.5% 5.65 7.48 7.79 8.05 7.82 7.36
d
 4.65 4.65 6.61 8.35 6.49 6.30

cd
 

Bee wax 

 

5% 5.65 7.17 7.30 7.75 7.21 7.02
f
 4.65 4.75 4.98 9.02 6.32 5.94

fg
 

10% 5.65 7.06 7.09 9.65 8.63 7.61
c
 4.65 5.41 6.95 8.41 7.44 6.57

b
 

15% 5.65 6.66 7.14 8.40 7.74 7.12
ef
 4.65 5.49 5.90 7.10 6.90 6.01

ef
 

Control 5.65 5.80 7.34 8.00 7.84 6.93
f
 4.65 4.89 5.81 7.61 6.06 5.80

g
 

Mean  5.65
e
 7.13

d
 7.89

c
 8.90

a
 8.25

b
  4.65

v
 5.21

d
 6.35

c
 8.41

a
 7.23

b
  

LSD (P≤0.05) Treatment (T) = 0.23  Days (D) = 0.17    D x T = 0.52   Treatment (T) = 0.19   Days (D) = 0.13     D x T = 0.42  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 8a:  Effect of different edible coatings and storage intervalon the total sugars per 

cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                               Total sugars (%) 

                                                           Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 5.15 5.34 6.88 8.91 8.72 7.00
de

 

1.5% 5.15 6.56 6.82 9.13 8.81 7.50
ab

 

2% 5.15 6.82 8.56 9.23 9.05 7.76
a
 

Chitosan 

 

0.5% 5.15 6.41 6.73 7.91 7.40 6.72
ef
 

1% 5.15 6.54 7.55 8.78 8.67 7.34
bc

 

1.5% 5.15 6.44 7.20 8.08 7.27 6.83
de

 

Bee Wax 

 

5% 5.15 5.35 6.58 7.72 7.03 6.36
g
 

10% 5.15 6.23 7.02 8.54 8.52 7.09
cd

 

15% 5.15 5.70 6.06 8.38 7.36 6.53
fg

 

Control 5.15 6.33 6.60 7.42 7.05 6.51
fg

 

Mean  5.15
e
 6.17

d
 7.10

c
 8.41

a
 7.99

b
  

LSD (P≤0.05) Treatment (T) = 0.29    Days (D) = 0.20    D x T = 0.65      

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig.8:  Effect of different edible coatings and storage interval on the total sugars per 

cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

0

2

4

6

8

10

12

30 DAYS 45 DAYS 60 DAYS 75 DAYS

T
o

ta
l 

su
g

a
rs

 (
%

) 

Storage Interval 

CMC 1% CMC 1.5% CMC 2%

CHITOSAN 0.5% CHITOSAN 1% CHITOSAN 1.5%

BEE WAX 5% BEE WAX 10% BEE WAX 15%

CONTROL



57 

Table 9: Effect of different edible coatings and storage interval on the vitamin C content (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Vitamin C (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0     30     45    60     75 Mean  

CMC 

1% 33.97 23.23 20.75 18.60 11.85 21.68
cd

 33.88 27.68 24.56 22.65 20.68 25.97
cd

 

1.5% 33.97 23.82 23.23 18.00 15.73 22.95
ab

 33.88 28.38 25.73 23.68 22.09 26.75
b
 

2% 33.97 29.71 21.62 17.66 13.80 23.35
a
 33.88 30.16 27.06 24.71 23.41 27.84

a
 

Chitosan 

 

0.5% 33.97 21.45 19.73 17.00 14.60 21.35
d
 33.88 30.00 25.15 21.32 18.74 25.82

d
 

1% 33.97 27.65 20.28 17.94 13.20 22.61
b
 33.88 28.20 26.76 24.26 22.00 26.58

bc
 

1.5% 33.97 23.00 20.75 18.45 12.56 21.68
cd

 33.88 28.20 24.26 23.32 20.68 25.96
cd

 

Bee wax 

 

5% 33.97 17.94 17.43 16.47 15.80 20.32
e
 33.88 26.81 21.18 20.16 19.35 24.28

f
 

10% 33.97 21.76 19.94 18.91 16.88 22.29
bc

 33.88 27.26 24.26 22.52 22.00 25.98
cd

 

15% 33.97 24.41 17.94 16.60 13.45 21.27
e
 33.88 27.33 23.67 21.62 18.73 25.05

e
 

Control 33.97 24.00 18.78 13.35 8.50 19.72
e
 33.88 24.12 20.63 17.33 12.64 21.72

f
 

Mean  33.97
a
 23.70

b
 20.01

c
 17.30

d
 13.64

e
  33.88

a
 27.80

b
 24.33

c
 22.16

d
 19.81

e
  

LSD (P≤0.05) Treatment (T) = 0.712   Days (D) = 0.504    D x T = 1.593   Treatment (T) = 0.722    Days (D) = 0.511     D x T = 1.615  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 9a: Effect of different edible coatings and storage interval on the vitamin C 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                             Vitamin C (mg/100) 

                                                           Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 33.92 25.66 22.65 20.62 16.26 23.83
cde

 

1.5% 33.92 26.10 24.48 20.84 18.91 24.85
ab

 

2% 33.92 29.93 24.34 21.18 18.61 25.60
a
 

Chitosan 

 

0.5% 33.92 25.72 22.44 19.16 16.67 23.58
de

 

1% 33.92 27.92 23.52 21.10 16.49 24.59
bc

 

1.5% 33.92 25.34 22.33 20.88 16.62 23.82
cde

 

Bee Wax 

 

5% 33.92 22.38 19.30 18.31 17.57 22.30
f
 

10% 33.92 24.51 22.10 20.71 19.44 24.14
bcd

 

15% 33.92 25.87 20.80 19.11 16.09 23.16
ef
 

Control 33.92 24.06 19.70 15.34 10.57 20.72
g
 

Mean  33.92
a
 25.75

b
 22.17

c
 19.73

d
 16.72

e
  

LSD (P≤0.05) Treatment (T) = 0.89    Days (D) = 0.63    D x T = 2.00       

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig.9:  Effect of different edible coatings and storage interval on the vitamin C 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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and 28.38 to 22.09 mg/100g pulp, respectively from 30 days to 75 days of storage. On the other 

hand, control fruits revealed an abrupt decline in ascorbic acid content at faster pace and thereby 

ranged from 24.12 to 12.64 mg/100g pulp from 30 days to 75 days of storage. The interaction 

between treatments and storage interval was found to be significant during both the seasons of 

investigation. The findings were further confirmed through the pooled mean analysis of both the 

years (Table 9a and Fig 9). CMC 2 per cent was emerged as best in terms of retaining and 

maintaining the maximum mean ascorbic acid content (25.60 mg/100g pulp) followed by its 1.5 

per cent concentration (24.85 mg/100g pulp) while, control fruits retained the lowest mean 

ascorbic acid (20.72 mg/100g pulp) content. The interaction between treatments and storage 

interval was found to be significant. In the present study decline in ascorbic acid content during 

storage may be due to conversion of ascorbic acid to dehydroascorbic acid by the action of 

ascorbic acid oxidase (Mapson 1970) 

The results are in corroboration with the findings of Shah et al (2015) who reported 

that the post-harvest application of CMC coating initially enhanced the ascorbic acid content 

with advancement of storage. The post-harvest application of chitosan registered the 

maximum retention of ascorbic acid content in peach (Li and Yu 2000) plum (Kumar et al 

2017) papaya (Ali et al 2011) and apricot fruit (Ghasmnezhad et al 2010). 

4.1.10 Total Carotenoids (mg/100g) 

 The data pertaining to effect of edible coatings on total carotenoids content revealed 

an identical trend during storage (Table 10). The treatments showed a significant effect with 

regard to maintain the total carotenoids content during storage. In 2016-17, the average 

maximum total carotenoids (0.62 mg/100g) content was recorded in fruits coated with CMC 2 

per cent followed by its 1.5 per cent concentration (0.55 mg/100g). The control fruits 

registered the lowest total carotenoids (0.47 mg %) content. It was further noticed that fruits 

coated with CMC 2 and 1.5 per cent registered a gradual increase in total carotenoids content 

after 30 days of storage i.e. 0.86 and 0.88 mg/100g, respectively; thereafter followed a 

continuous decline till the end of the storage i.e. 0.42 and 0.41 mg/100g pulp, respectively. 

On the other hand, control fruits followed an abrupt and sharp decline at faster pace in total 

carotenoids content ranged from 0.78 to 0.25 mg/100g pulp from 30 days to 75 days of 

storage period. The similar trends were also noticed in 2017-18. CMC (2 and 1.5%) were 

statistically at par and maintained the mean maximum carotenoids content (0.53 and 0.51 

mg/100g pulp, respectively) throughout the storage period, whereas the control fruits 

registered the lowest average carotenoids content (0.33 mg/100g). The fruits coated with 

CMC 2 and 1.5 per cent showed a gradual rise in total carotenoids content after 30 days of 

storage i.e. 0.82 and 0.89 mg/100g pulp, respectively; thereafter followed a continuous decline 

till the end of the storage i.e. 0.34 and 0.33 mg/100g pulp, respectively. On the other hand, 

control fruits followed a decline at faster pace in total carotenoids content ranged from 0.58 to 
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Table 10: Effect of edible coatingand storage interval on the total carotenoids content (mg/100g) of Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Total carotenoids (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

CMC 

1% 0.480 0.710 0.650 0.480 0.400 0.544
bc

 0.370 0.840 0.460 0.280 0.180 0.426
bc

 

1.5% 0.480 0.880 0.560 0.440 0.410 0.554
b
 0.370 0.890 0.500 0.480 0.330 0.514

a
 

2% 0.480 0.860 0.810 0.530 0.420 0.620
a
 0.370 0.820 0.750 0.370 0.340 0.530

a
 

Chitosan 

 

0.5% 0.480 0.930 0.490 0.380 0.360 0.528
de

 0.370 0.570 0.510 0.380 0.276 0.421
c
 

1% 0.480 0.900 0.480 0.460 0.410 0.546
bc

 0.370 0.606 0.363 0.330 0.160 0.441
bc

 

1.5% 0.480 0.770 0.650 0.480 0.320 0.540
bcd

 0.370 0.536 0.500 0.400 0.303 0.422
c
 

Bee wax 

 

5% 0.480 0.800 0.560 0.450 0.290 0.516
e
 0.370 0.480 0.376 0.310 0.230 0.353

e
 

10% 0.480 0.660 0.650 0.490 0.450 0.546
bc

 0.370 0.480 0.363 0.330 0.160 0.436
bc

 

15% 0.480 0.810 0.640 0.490 0.250 0.534
cd

 0.370 0.630 0.440 0.260 0.250 0.390
d
 

Control 0.480 0.780 0.470 0.350 0.250 0.466
f
 0.370 0.576 0.350 0.220 0.160 0.335

f
 

Mean  0.480
c
 0.810

a
 0.596

b
 0.455

d
 0.356

e
  0.370

c
 0.681

a
 0.481

b
 0.354

d
 0.249

e
  

LSD (P≤0.05) Treatment (T) = 0.0159    Days (D) = 0.0112    D x T = 0.0356   Treatment (T) = 0.0160    Days (D) = 0.0113     D x T = 0.0359 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 10a: Effect of different edible coating and storage interval on the total 

carotenoids content (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% 

RH 

                                                           Total carotenoids (mg/100g)                    

                                                               Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 0.425 0.775 0.555 0.380 0.290 0.485
cd

 

1.5% 0.425 0.895 0.490 0.470 0.370 0.530
b
 

2% 0.425 0.840 0.780 0.450 0.380 0.575
a
 

Chitosan 

 

0.5% 0.425 0.750 0.500 0.380 0.318 0.474
cd

 

1% 0.425 0.870 0.461 0.385 0.335 0.495
c
 

1.5% 0.425 0.653 0.575 0.440 0.311 0.481
cd

 

Bee Wax 

 

5% 0.425 0.640 0.468 0.380 0.260 0.434
e
 

10% 0.425 0.633 0.605 0.500 0.305 0.493
c
 

15% 0.425 0.720 0.540 0.375 0.250 0.462
de

 

Control 0.425 0.678 0.410 0.285 0.205 0.400
f
 

Mean  0.425
c
 0.745

a
 0.538

b
 0.404

d
 0.302

e
  

LSD (P≤0.05) Treatment (T) = 0.027    Days (D) = 0.019    D x T = 0.062      

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig.10:  Effect of different edible coatings and storage interval on the total carotenoids 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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0.16 mg/100g pulp from 30 days to 75 days of storage period. The interaction between 

treatments and storage interval was found to be significant during both the seasons of 

investigation. The pooled mean analysis of both the years (Table 10a and Fig 10) also 

confirmed the findings as fruits coated with CMC 2 per cent recorded the mean maximum 

carotenoids content (0.57 mg/100g pulp) followed by its 1.5 per cent concentration (0.53 

mg/100g pulp). However, control fruits retained the lowest average carotenoids content (0.40 

mg/100g). The interaction between treatments and storage interval was found to be significant 

in the pooled mean analysis of both the years. In the present study, the control fruits followed 

a continuous instability and subsequent reduction of total carotenoids because of the 

vulnerability to oxidation and geometric isomerization of its polyene chain during storage 

(Sanchez-Moreno et al 2003). Ethylene causes the loss of chlorophylls, produces some minor 

changes in carotenoids, induces carotenoid synthesis and thus has the potential to re-establish 

the orange colors (El-Zeftawi and Garrett 1978). 

The results are in the conformity to the findings of Samra et al (2014) who reported that 

the postharvest application of CMC, chitosan and beeswax registered the maximum carotenoids 

in tangor fruit cv. „Murcott‟ at the end of storage. Edible coatings retained the maximum 

carotenoids content over control fruits during storage in carambola (Gol et al 2015), prickly 

pear (Mohamed et al 2013), tomato (Ambarsari et al 2017) and carrot (Li and Barth 1998) may 

be due to the fact that edible coatings serve as carriers of antioxidants, texture enhancers and 

nutraceuticals which help in decreasing the water vapor and oxygen gas transfer, resulting in the 

diminished respiration rate and ethylene production (Rojas-Grau et al 2008). 

4.1.11 Pectin (Ca pectate %) 

 The results pertaining to the effect of the edible coatings revealed a gradual decrease 

in pectin content in all the fruits during storage period irrespective of the treatment (Table 11). 

In 2016-17, the maximum mean pectin (0.56%) content was recorded in the fruits treated with 

CMC 2 per cent followed by its 1.5 per cent concentration (0.54%). However, control fruits 

showed the highest rate of pectin depletion and registered the lowest average pectin content 

(0.46%). The data further revealed that the pectin content in the fruits treated with CMC 2 and 

1.5 per cent ranged from 0.76 to 0.30 and 0.72 to 0.26 per cent, respectively from 30 days to 

75 days of the storage. On the other hand, control fruits registered an abrupt decline in pectin 

content ranged from 0.65 to 0.12 per cent from 30 days to 75 days of the storage. The similar 

trend was also noticed in 2017-18. Fruits coated with CMC 2 per cent werestatistically at par 

with CMC 1.5 per cent and retained the mean maximum pectin content (0.34 and 0.33 %, 

respectively). On the other hand, control fruits followed a faster decline in pectin content and 

thereby registered the lowest average pectin content (0.28%). The data further revealed that 

the pectin content in fruits coated with CMC 2 and 1.5 per cent ranged from 0.43 to 0.16 and 

0.45 to 0.23 per cent, respectively from 30 days to 75 days of storage. However, control fruits 
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Table 11: Effect of different edible coatings and storage interval on the pectin (Ca pectate %) of Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Pectin (Calcium pectate %) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0     30     45 60     75 Mean  

CMC 

1% 0.80 0.60 0.42 0.40 0.32 0.51
d
 0.50 0.33 0.32 0.22 0.17 0.31

bc
 

1.5% 0.80 0.72 0.47 0.46 0.26 0.54
b
 0.50 0.45 0.24 0.24 0.23 0.33

a
 

2% 0.80 0.76 0.51 0.44 0.30 0.56
a
 0.50 0.43 0.31 0.29 0.16 0.34

a
 

Chitosan 

 

0.5% 0.80 0.60 0.40 0.39 0.29 0.50
de

 0.50 0.29 0.27 0.25 0.15 0.29
d
 

1% 0.80 0.65 0.56 0.46 0.24 0.54
b
 0.50 0.33 0.32 0.27 0.24 0.33

a
 

1.5% 0.80 0.60 0.48 0.40 0.28 0.51
cd

 0.50 0.29 0.27 0.27 0.19 0.30
c
 

Bee wax 

 

5% 0.80 0.55 0.44 0.32 0.25 0.47
g
 0.50 0.28 0.24 0.24 0.17 0.28

de
 

10% 0.80 0.58 0.49 0.44 0.32 0.53
bc

 0.50 0.37 0.26 0.25 0.20 0.32
b
 

15% 0.80 0.62 0.45 0.36 0.20 0.49
ef
 0.50 0.28 0.23 0.23 0.22 0.29

d
 

Control 0.80 0.65 0.45 0.26 0.12 0.46
g
 0.50 0.32 0.23 0.21 0.13 0.28

e
 

Mean  0.80
a
 0.63

b
 0.47

c
 0.39

d
 0.26

e
  0.50

a
 0.34

b
 0.27

c
 0.25

d
 0.19

e
  

LSD (P≤0.05) Treatment (T) = 0.0163    Days (D) = 0.0115   D x T = 0.0365   Treatment (T) = 0.00097   Days (D) = 0.00069     D x T = 0.0218  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 11a:  Effect of different edible coatings and storage interval on the pectin content 

(Ca pectate %) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                            Pectin (Ca pectate %) 

                                                            Storage interval (Days) 

TREATMENTS 0 30 45 60 75 Mean 

CMC 

1% 0.65 0.46 0.37 0.31 0.24 0.41
cd

 

1.5% 0.65 0.58 0.35 0.35 0.24 0.44
ab

 

2% 0.65 0.59 0.41 0.36 0.23 0.45
a
 

Chitosan 

 

0.5% 0.65 0.44 0.33 0.32 0.22 0.39
cde

 

1% 0.65 0.49 0.44 0.36 0.24 0.44
ab

 

1.5% 0.65 0.44 0.37 0.33 0.24 0.40
bcd

 

Bee Wax 

 

5% 0.65 0.41 0.34 0.28 0.21 0.38
e
 

10% 0.65 0.47 0.38 0.34 0.26 0.42
abc

 

15% 0.65 0.45 0.34 0.29 0.21 0.39
de

 

Control 0.65 0.48 0.34 0.23 0.12 0.37
e
 

Mean  0.65
a
 0.48

b
 0.37

c
 0.32

d
 0.22

e
  

LSD (P≤0.05) Treatment (T) = 0.029    Days (D) = 0.020    D x T = 0.064       

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

Fig.11:  Effect of different edible coatings and storage interval on the pectin content (Ca 

pectate %) of Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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showed an abrupt and sharp decline in pectin content and ranged 0.32 to 0.12 per cent from 

30 days to 75 days of storage. The interaction between treatments and storage interval was 

found to be significant during both the years of investigation. The findings were further 

confirmed through the pooled mean analysis of both the years (Table 11a and Fig 11). CMC 2 

percent was proved best in terms of retaining and maintaining average maximum pectin 

(0.45%) content followed by its 1.5 per cent concentration (0.44%) on the other hand, control 

fruits registered the lowest pectin content (0.37%). The interaction between treatments and 

storage interval was found to be significant in the pooled mean analysis of both the years. In 

the present study, the loss in pectin content might be due to the degree of fruit ripening affects 

the pectin contents, which supports the hypothesis that softening is closely related to pectin 

solubilisation and depolymerization (Kurz et al 2008 and Rosli et al 2004). 

These results are in conformity to the findings of Samra et al (2014) however, who 

observed that tangor fruits cv. Murcott coated with CMC, chitosan and bees wax registered the 

lowest pectin content in contrast to control during storage; this might be due to the role of edible 

coatings in reducing moisture loss and respiratory activity and thus maintained the turgidity of the 

cells (Ribeiro et al 2007 and Adetunji et al 2012). Jongsri et al (2017) reported that combined 

application of chitosan (1%) and spermidine (0.1 ppm) registered lower soluble pectin content in 

mango cv. „Nam Dok Mai‟ than that of control. Edible coating viz starch coating led to a higher 

content of soluble pectins in contrast to the control in radish (Schreiner et al (2003). 

4.1.12 Total phenol (mg/100g) 

 The data pertaining to the effect of edible coatings on total phenolics content revealed 

an identical trend during storage (Table 12). All the coating treatments showed a significant 

effect with regard to maintain the total phenol content during storage. In the 2016-17, Fruits 

treated with CMC 2 per cent followed by its 1.5 per cent concentration registered the average 

maximum total phenol (143.26 and 131.98 mg/100g pulp) content. On the other hand, the 

control fruits registered the lowest average total phenol (110.31 mg/100g pulp) content. A 

gradual increase in total phenol content was noticed in the fruits treated with CMC 2 and 1.5 

per cent after 30 days of storage i.e. 243.61 and 206.30 mg/100g, respectively; thereafter 

followed an abrupt decline till the end of the storage i.e. 37.39 and 71.43 mg/100g pulp, 

respectively. On the other hand, the control fruits followed an abrupt decline in total phenol 

content at faster pace with further prolongation in storage period and thereby ranged from 

190.79 to 30.75 mg/100 g pulp, respectively from 30 days to 75 days of storage. Similar trend 

was also noticed in 2017-18. CMC 2 and 1.5 per cent were statistically at par with each other 

and emerged as superior in terms of retaining the highest average phenol content during 

storage (147.08 and 142.67 mg/100g pulp), respectively. However, the control fruits retained 

the lowest average total phenolics (118.57 mg/100g pulp) content. The data further revealed 

that fruits coated with CMC 2 and 1.5 per cent registered a gradual rise in total phenol after 
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Table 12: Effect of edible coatings and storage interval on the total phenol content (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Total phenols (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

CMC 

1% 128.13 192.20 117.26 113.68 65.80 123.41
c
 131.84 188.49 182.48 89.64 66.11 131.71

d
 

1.5% 128.13 206.39 170.08 83.89 71.43 131.98
b
 131.84 252.56 196.42 88.62 43.89 142.67

ab
 

2% 128.13 243.61 167.90 139.26 37.39 143.26
a
 131.84 278.13 168.16 90.79 66.50 147.08

a
 

Chitosan 

 

0.5% 128.13 166.11 130.43 115.98 69.61 122.05
c
 131.84 201.15 146.67 87.72 63.30 126.14

ef
 

1% 128.13 215.73 146.16 90.54 65.00 129.11
b
 131.84 276.21 119.18 102.05 68.93 139.64

bc
 

1.5% 128.13 181.07 170.46 96.04 39.44 123.03
c
 131.84 194.50 160.36 109.46 59.85 131.20

de
 

Bee wax 

 

5% 128.13 184.27 108.18 98.85 59.28 115.74
d
 131.84 194.25 167.90 82.86 46.44 124.66

f
 

10% 128.13 206.78 117.77 93.61 70.85 123.43
c
 131.84 214.07 184.27 110.10 45.28 137.11

c
 

15% 128.13 218.54 127.62 100.64 31.40 121.27
c
 131.84 253.07 119.44 82.75 40.90 125.60

f
 

Control 128.13 190.79 131.21 70.68 30.75 110.31
e
 131.84 236.06 110.74 75.40 38.80 118.57

g
 

Mean  128.13
c
 200.55

a
 138.71

b
 100.32

d
 54.09

e
  131.84

c
 228.85

a
 155.56

b
 91.94

d
 54.00

e
  

LSD (P≤0.05) Treatment (T) = 4.99   Days (D) = 3.53   D x T = 11.15 Treatment (T) = 5.09     Days (D) = 3.60     D x T = 11.38 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 12a: Effect of different edible coatings and storage interval on the total phenol 

content (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                              Total phenols (mg/100g)                

                                                              Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 129.99 190.35 149.87 101.66 65.96 127.56
cde

 

1.5% 129.99 229.48 183.25 86.25 57.66 137.32
b
 

2% 129.99 260.87 168.03 115.03 51.94 145.17
a
 

Chitosan 

 

0.5% 129.99 183.63 138.55 101.85 66.46 124.10
de

 

1% 129.99 245.97 132.67 96.29 66.96 134.38
bc

 

1.5% 129.99 187.79 165.41 102.75 49.65 127.11
cde

 

Bee Wax 

 

5% 129.99 189.26 138.04 90.85 52.86 120.20
ef
 

10% 129.99 210.42 151.02 101.85 58.07 130.27
bcd

 

15% 129.99 235.80 123.53 91.70 36.15 123.43
de

 

Control 129.99 213.43 120.98 73.04 34.78 114.44
f
 

Mean  129.99
c
 214.70

a
 147.14

b
 96.13

d
 54.05

e
  

LSD (P≤0.05) Treatment (T) = 7.65    Days (D) = 5.41    D x T = 17.12       

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

 

Fig 12:  Effect of different edible coating and storage interval on the total phenol content 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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30 days of storage (278.13 and 252.56 mg/100g pulp), respectively which thereafter declined 

till the end of the storage i.e. 66.50 and 43.89 mg/100 g pulp, respectively. On the other hand, 

control fruits followed a continuous decline in total phenol at faster pace with prolongation in 

storage period and ranged from 236.06 to 38.80 mg/100g pulp from 30 days to 75 days of 

storage. The interaction between treatments and storage interval was found to be significant in 

2016-17 and 2017-18. The pooled mean analysis of both the years (Table 12a and Fig 12)  

also revealed the similar findings as fruits coated with CMC 2 per cent retained the mean 

maximum total phenol (145.17 mg/100g pulp) followed by its 1.5 per cent concentration 

(137.32 mg/100g pulp), while control fruits recorded the lowest average total phenol (114.44 

mg/100g pulp) content. The interaction between treatments and storage interval was found to 

be significant in the pooled mean analysis of both the years. In the present study, coating 

retained the maximum total phenol content in contrast to control; might be due to coating 

serves as a protective barrieron the fruit surface and reduce the oxygen supply for enzymatic 

oxidation of phenolics compound ((Zhang and Quantick 1997).  

The results are in corroboration with the findings of Dang and Wang (2017) and Gol 

et al (2013) who observed that the post-harvest application of CMC exhibited the highest 

level of total phenol content in strawberry fruit. Nair et al (2018) reported that the post-

harvest application of chitosan registered the higher content of total phenol content in guava 

fruit. Similar results were also reported in plum (Kumar et al 2017); kiwi fruit (Kaya et al 

2016); carambola (Gol et al 2015); blueberry (Duan et al 2011) and apricot fruit during 

storage (Ghasmnezhad et al 2010). 

4.1.13 Pectin methylesterase (PME) activity 

 The results pertaining to effect of edible coatings on PME activity (micro equi. acid 

produced/min/g tissue) illustrated that the enzyme activity registered significant changes over 

the storage intervals (Table 13). In general, the maximum PME activity with respect to storage 

interval was recorded after 60 days of storage followed by a sudden decline at 75 days of 

storage. In 2016-17, The lowest averagePME activity (0.26 micro equi. acid produced/min/ml 

tissue) was noticed in the fruits coated with CMC 2 per cent followed by its 1.5 per cent 

concentration (0.27 micro equi. acid produced/min/ml tissue), respectively. On the other hand, 

control fruits registered the highest average PME activity (0.33 micro equi. acid 

produced/min/ml tissue). The data further revealed that fruits coated with CMC 2 per cent and 

its 1.5 per cent concentration delayed peak in PME activity after 60 days of storage i.e. 0.37 and 

0.44 micro equi. acid produced/min/ml tissue, respectively. However, control fruits showed an 

earliest peak in PME activity after 45 days of storage i.e. 0.59 micro equi. acid produced /min/ 

ml tissue. Similar trend was also noticed during 2017-18. Fruits coated with CMC 2 and 1.5 per 

cent treatments registered the lowest average PME activity (1.58 and 1.77 micro equi. acid 

produced /min/ ml tissue), respectively. On the other hand, the control fruits registered the  
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Table 13: Effect of different edible coating and storage interval on PME activity (unit/ml) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

PME activity (unit/ml) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

CMC 

1% 0.12 0.18 0.41 0.46 0.33 0.30
b
 0.63 1.80 2.36 3.06 2.26 2.02

e
 

1.5% 0.12 0.17 0.31 0.44 0.33 0.27
de

 0.63 1.40 2.13 2.60 2.10 1.77
f
 

2% 0.12 0.20 0.35 0.37 0.29 0.26
e
 0.63 1.17 1.67 2.40 2.06 1.58

g
 

Chitosan 

 

0.5% 0.12 0.22 0.34 0.50 0.35 0.31
b
 0.63 1.27 2.16 3.73 2.00 2.09

d
 

1% 0.12 0.23 0.39 0.44 0.22 0.28
cd

 0.63 1.23 2.13 3.20 1.70 1.78
f
 

1.5% 0.12 0.19 0.36 0.46 0.37 0.30
b
 0.63 1.27 3.10 3.13 2.33 2.09

d
 

Bee wax 

 

5% 0.12 0.23 0.39 0.51 0.42 0.33
a
 0.63 1.63 3.13 4.33 1.93 2.33

b
 

10% 0.12 0.20 0.37 0.46 0.28 0.29
c
 0.63 1.60 2.03 3.80 1.96 2.00

e
 

15% 0.12 0.22 0.40 0.63 0.25 0.32
a
 0.63 1.86 2.03 4.30 2.30 2.29

c
 

Control 0.12 0.41 0.59 0.31 0.20 0.33
a
 0.63 3.36 3.36 2.33 1.65 2.37

a
 

Mean  0.12
e
 0.22

d
 0.40

b
 0.45

a
 0.30

c
  0.63

e
 1.72

d
 2.66

b
 3.04

a
 2.03

c
  

LSD (P≤0.05) Treatment (T) =0.0115   Days (D) =0.000810   D x T = 0.026 Treatment (T) = 0.048    Days (D) = 0.034     D x T = 0.107 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



70 

Table 13a:  Effect of different edible coatings and storage interval on the PME activity 

(unit/ml) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                          PME activity (unit/ml) 

                                                          Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 0.37 0.99 1.39 1.76 1.30 1.16
abc

 

1.5% 0.37 0.79 1.22 1.52 1.21 1.02
bc

 

2% 0.37 0.68 1.02 1.37 1.18 0.92
c
 

Chitosan 

 

0.5% 0.37 1.08 1.25 2.11 1.17 1.20
ab

 

1% 0.37 0.73 1.26 1.82 0.96 1.03
bc

 

1.5% 0.37 0.73 1.73 1.79 1.35 1.20
ab

 

Bee Wax 

 

5% 0.37 0.93 1.76 2.42 1.18 1.33
a
 

10% 0.37 0.90 1.20 2.13 1.12 1.14
abc

 

15% 0.37 1.04 1.38 2.46 1.27 1.31
a
 

Control 0.37 1.88 2.24 1.32 0.92 1.35
a
 

Mean  0.37 0.97
d
 1.44

b
 1.87

a
 1.17

c
  

LSD (P≤0.05) Treatment (T) = 0.25    Days (D) = 0.18    D x T = 0.56       

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 13:  Effect of different edible coatings and storage interval on the PME activity 

(unit/ml) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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highest average PME activity (2.37 micro equi. acid produced /min/ ml tissue). A delayed peak 

in PME activity was noticed in the fruits coated with CMC 2 and its 1.5 per centconcentration 

after 60 days of storage i.e. 2.40 and 2.60 micro equi. acid produced /min/ ml tissue), 

respectively while, control fruits recorded an earliest peak in PME activity after 45 days of 

storage i.e 3.36 micro equi. acid produced/min/ml tissue. The interaction between treatments 

and storage interval was found to be significant during both years of investigation. The findings 

were further confirmed through the pooled mean analysis of both the years (Table 13a and Fig 

13). CMC 2 per cent registered the lowest average PME activity (0.92 micro equi. acid 

produced /min/ ml tissue) followed by its 1.5 per cent concentration (1.02 micro equi. acid 

produced /min/ ml tissue) whereas, control fruits registered the highest average PME activity 

(1.35 micro equi. acid produced /min/ ml tissue). The interaction between treatments and 

storage interval was found to be significant in the pooled mean analysis of both the years. In the 

present investigation, the coated Kinnow fruits delayed a peak in PME activity as pectins are the 

main constituents of the middle lamella and primary cell wall of the fruit, and are hydrolyzed by 

PME to generate demethylated pectins that can be more easily hydrolyzed by PG and thus 

causing the depolymerization of pectins in coated fruit contributed to the enhanced retention of 

brittleness and firmness during storage (Zhou et al 2011).  

The results are in corroboration with the findings of Gol et al (2013) who reported 

that combined application of HPMC (1%) + chitosan (%) restricted the PME activity in 

strawberry fruit during cold storage. Likewise, Gol et al (2015) studied the effect of chitosan, 

gum arabic and alginate coatings on quality and shelf-life of carambola fruit and found that 

coating with chitosan exhibited the lowest PME activity in contrast to control. Kumar et al 

(2017) who observed that the coating with chitosan resulted linear activity of PME in contrast 

to control in the plum fruit during the storage.. Inhibition of carbon dioxide production in 

chitosan-coated fruits due to suppressed respiration rate during storage can be one of the 

factors for reduced PME activity in coated plum fruits (Liu et al 2014).  

4.1.14 Cellulase activity 

 The data pertaining to the effect of edible coating on cellulase activity (mg glucose 

per min
-1 

mg protein
-1

) illustrated that the enzyme activity registered a significant change with 

an adavncement in storage period (Table 14). In general, the maximum cellulase activity was 

registered after 60 days of storage followed by a sudden decline after 75 days of storage. In 

2016-17, the lowest average cellulase activity (1.75 mg glucose per min
-1 

mg protein
-1

) was 

noticed in the fruits coated with CMC 2 per cent followed by CMC 1.5 per cent concentration 

(1.85 mg glucose per min
-1 

mg protein
-1

). On the other hand, the control fruits registered the 

maximum cellulase activity (2.92 mg glucose per min
-1 

mg protein
-1
). The data further revealed 

that fruits coated with CMC 2 per cent and 1.5 per cent concentration showed a delayed peak in 

cellulase activity after 60 days of storage i.e. 3.59 and 3.57 mg glucose per min
-1 

mg protein
-1

, 
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Table 14:  Effect of different edible coatings and storage interval on the cellulase activity (mg glucose per min
-1 

mg protein
-1

) of Kinnow fruit stored 

at 5-7
o
C and 90-95% RH  

TREATMENT 

Cellulase activity (mg glucose per min
-1 

mg protein
-1

 ) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

CMC 

1% 0.85 1.94 2.49 4.67 1.31 2.20
d
 1.68 1.76 1.95 9.18 2.28 3.37

e
 

1.5% 0.85 1.56 2.39 3.57 0.87 1.85
f
 1.68 1.82 3.33 3.58 0.86 2.29

g
 

2% 0.85 1.66 2.25 3.59 0.38 1.75
g
 1.68 2.25 2.30 3.87 1.27 2.19

h
 

Chitosan 

 

0.5% 0.85 2.62 3.80 3.86 0.94 2.41
c
 1.68 3.83 3.91 8.64 0.93 3.80

c
 

1% 0.85 1.61 1.97 4.21 0.90 1.91
e
 1.68 2.46 4.06 5.68 1.39 3.05

f
 

1.5% 0.85 1.66 1.82 6.28 0.43 2.21
d
 1.68 2.87 4.70 6.59 1.48 3.47

d
 

Bee wax 

 

5% 0.85 2.04 4.10 6.29 1.29 2.91
a
 1.68 4.54 5.08 10.34 4.26 5.18

a
 

10% 0.85 1.94 2.72 2.49 1.25 2.18
d
 1.68 2.87 4.62 6.16 0.72 3.09

f
 

15% 0.85 2.19 2.72 5.87 2.11 2.75
b
 1.68 2.95 8.22 10.32 1.60 4.95

b
 

Control 0.85 2.75 5.78 4.83 0.28 2.92
a
 1.68 6.08 13.49 4.24 0.53 5.20

a
 

Mean  0.85
e
 1.97

c
 3.01

b
 4.73

a
 0.98

d
  1.68

d
 3.05

c
 5.17

b
 6.86

a
 1.53

e
  

LSD (P≤0.05) Treatment (T) = 0.058     Days (D) = 0.041    D x T = 0.13 Treatment (T) = 0.084     Days (D) = 0.059    D x T = 0.19 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 14a:  Effect of different edible coatings and storage interval on the cellulase 

activity (mg glucose per min
-1 

mg protein
-1

) in Kinnow fruit stored at 5-7
o
C 

and 90-95% RH 

                                        Cellulase activity (mg glucose per min
-1 

mg protein
-1

) 

                                                                Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 1.26 1.71 1.88 7.73 1.35 2.79
d
 

1.5% 1.26 1.90 2.34 3.72 1.07 2.06
g
 

2% 1.26 1.74 2.79 3.58 0.62 2.00
g
 

Chitosan 

 

0.5% 1.26 3.22 3.85 6.25 0.93 3.11
c
 

1% 1.26 2.20 3.39 4.08 1.32 2.45
f
 

1.5% 1.26 2.41 5.47 5.63 1.39 2.86
d
 

Bee Wax 

 

5% 1.26 3.29 4.59 8.31 2.71 4.03
a
 

10% 1.26 2.24 3.29 5.18 0.81 2.56
e
 

15% 1.26 2.57 5.47 8.09 1.85 3.85
b
 

Control 1.26 4.41 9.63 4.53 0.40 4.05
a
 

Mean  1.26
d
 2.57

c
 4.08

b
 5.71

a
 1.25

d
  

LSD (P≤0.05) Treatment (T) = 0.07   Days (D) = 0.049     D x T = 0.16       

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 
 

Fig 14:  Effect of different edible coatings and storage interval on the cellulase activity 
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respectively. However, an earliest peak in cellulase activity was noticed in the control fruits after 

45 days of storage i.e. 5.78 mg glucose per min
-1 

mg protein
-1
. The similar trend was also noticed 

in 2017-18. Fruits coated with CMC 2 and CMC 1.5 per cent concentration registered the lowest 

cellulase activity (2.19 and 2.29 mg glucose per min
-1 

mg protein
-1
). On the other hand, control 

fruits registered the maximum cellulase activity i.e. 5.20 mg glucose per min
-1 

mgprotein
-1
. A 

delayed peak in cellulase activity was noticed in the fruits treated with CMC 2 and CMC 1.5 per 

cent after 60 days of storage i.e. 3.87 and 3.58 mg glucose per min
-1 

mg protein
-1
, respectively. 

However, the control fruits registered an earliest peak in cellulase activity after 45 days of storage 

i.e. 13.49 mg glucose per min
-1 

mg protein
-1
. The interaction between treatments and storage 

interval was found to be significant during 2016-17 and 2017-18. The findings were further 

confirmed through pooled mean analysis of both the years (Table 14a and Fig 14) as fruits coated 

with CMC 2 per cent registered the lowest average cellulase activity (2.00 mg glucose per min
-1 

mg protein
-1
) followed by CMC 1.5 per cent where it was recorded as 2.06 mg glucose per min

-1 

mg protein
-1
. However, control fruits registered the maximum cellulase activity (4.05 mg glucose 

per min
-1 

mg protein
-1
). The interaction between treatments and storage interval was found to be 

significant during both the seasons of investigation.  

Fruit softening is associated with cell wall disassembly (Seymour and Gross 1996) and 

modifications to the pectin fraction are some of the most apparent changes that take place in the 

cell wall during ripening (Marin-Rodriguez et al 2002). The general observation is that 

softening is accompanied by solubilization of pectin, involving the action of enzymes 

pectinesterase (PE), polygalacturonase (PG) and pectate lyases (PL) (White 2002).  

 These results are in corroboration with the findings of Gol et al (2013) who 

demonstrated the effect of CMC, HPMC and chitosan and found that combined application of 

HPMC + chitosan and CMC + chitosan registered the lowest cellulase activity in contrast to 

control in strawberry fruit after 12 days of storage. Edible coatings registered inhibition in 

cellulase activity in pear (Zhou et al 2011) and strawberry (Wang and Gao 2013). Chitosan has 

the ability to inactivate or inhibit activity of several enzymes which cause deterioration of fruit 

and vegetables (Bhaskar-Reddy et al 2000). 

4.2 Effect of different anti-senescence compounds on physical, biochemical and 

enzymatic parameters 

4.2.1 Physiological loss in weight (%) 

The data pertaining to effect of anti-senescence compounds on physiological loss in 

weight (PLW) in Kinnow fruit revealed a declining trend with prolongation in storage period 

(Table 15). In the season of 2016-17, it was noticed that the lowest average PLW (4.02 %) was 

recorded in the fruits treated with MeJA 1mM followed by 1-MCP 1500 ppb (4.31%), whereas, 

control fruits registered the highest average PLW (10.32%). The PLW in the fruits treated with 

MeJA (1mM) and 1-MCP (1500 ppb) ranged from 2.23 to 8.13 and 2.37 to 8.91 per cent, 
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Table 15:  Effect of different anti-senescence compounds and storage interval on physiological loss in weight per centage of Kinnow fruit stored at 

5-7
o
C and 90-95% RH  

TREATMENT 

Physiological loss in weight (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.00 3.00 7.80 9.80 15.00 7.12
b
 0.00 2.73 4.22 5.71 8.44 4.22

b
 

1000 ppb 0.00 3.40 7.35 9.80 14.50 7.01
bc

 0.00 1.81 4.30 5.43 7.24 3.76
d
 

1500 ppb 0.00 2.37 4.55 5.74 8.91 4.31
f
 0.00 0.90 2.93 4.05 6.08 2.79

g
 

Methyl 

Jasmonates 

 

1 mM 0.00 2.23 3.65 6.09 8.13 4.02
f
 0.00 1.47 2.45 3.68 4.17 2.35

h
 

2 mM 0.00 3.97 6.69 9.62 13.17 6.69
b
 0.00 1.71 2.93 4.63 7.80 3.41

e
 

3 mM 0.00 3.35 5.45 8.80 17.81 7.08
b
 0.00 2.99 3.91 5.75 7.59 4.05

c
 

Salicylic 

acid 

 

1mM 0.00 6.00 7.03 7.66 8.69 5.88
d
 0.00 1.92 3.13 4.33 7.21 3.32

e
 

2mM 0.00 2.40 3.71 6.12 13.12 5.07
e
 0.00 1.45 2.66 4.84 6.78 3.15

f
 

3mM 0.00 3.16 5.48 9.28 15.61 6.71
b
 0.00 2.58 3.52 4.93 7.71 3.75

d
 

Control 0.00 6.40 9.22 15.44 20.55 10.32
a
 0.00 4.06 6.44 9.15 12.49 6.43

a
 

Mean  0.00
e
 3.63

d
 6.09

c
 8.83

b
 13.55

a
  0.00

e
 2.16

d
 3.65

c
 5.25

b
 7.55

a
  

LSD (P≤0.05) Treatment (T) = 0.37    Days (D) = 0.26   D x T = 0.83   Treatment (T) = 0.15    Days (D) = 0.10    D x T = 0.33 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 15a:  Effect of different anti-senescence compounds and storage interval on the 

physiological loss in weight per centage in Kinnow fruit stored at 5-7
o
C and 

90-95% RH 

                                                       Physiological loss in weight (%)                

                                                            Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.00 2.86 6.01 7.75 11.72 5.67
b
 

1000 ppb 0.00 2.60 5.82 7.61 10.87 5.38
c
 

1500 ppb 0.00 1.63 3.74 4.89 7.49 3.55
g
 

Methyl 

Jasmonates 

1mM 0.00 1.85 3.05 4.88 6.15 3.19
h
 

2mM 0.00 2.84 4.81 7.12 10.48 5.05
d
 

3mM 0.00 3.17 4.68 7.27 12.70 5.56
b
 

Salicylic 

acid 

 

1mM 0.00 3.96 5.08 5.99 7.95 4.60
e
 

2mM 0.00 1.92 3.18 5.48 9.95 4.11
f
 

3mM 0.00 2.87 4.50 7.10 11.66 5.23
c
 

Control 0.00 5.23 7.83 12.29 16.52 8.37
a
 

Mean  0.00
e
 2.89

d
 4.87

c
 7.04

b
 10.55

a
  

LSD (P≤0.05) Treatment (T) = 0.17   Days (D) = 0.12   D x T = 0.38  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 15: Effect of different anti-senescence compounds and storage interval on the 

physiological loss in weight per centage in Kinnow fruit stored at 5-7
o
C and 

90-95% RH  
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respectively from 30 days to 75 days of storage. On the other hand, the control fruits followed 

an abrupt continuous rise in PLW and ranged from 6.40 to 20.55 per cent from 30 days to 

75days of storage. Similar trends were noticed during 2017-18. Fruits treated with MeJA1mM 

registered the lowest average PLW (2.35%) followed by 1-MCP 1500 ppb (2.79%). However, 

the control fruits recorded the maximum mean PLW (6.43%). The data further revealed that 

the PLW in the fruits treated with MeJA (1mM) and 1-MCP (1500 ppb) ranged from 1.47 to 

4.17 and 0.90 to 6.08 per cent, respectively from 30 to 75 days of the storage. On the other 

hand, control fruits registered a concomitant increase in PLW at faster pace with prolongation 

in storage period; thereby ranged from 4.06 to 12.49 per cent, respectively from 30 days to 75 

days of storage. The interaction between treatments and storage interval was found to be 

significant during both the seasons of investigation. The findings were further confirmed 

through pooled mean analysis of both the years (Table 15a and Fig 15). MeJA 1mM proved 

best in terms of reducing loss in physiological weight (3.19%) followed by 1-MCP 1500 ppb 

(3.55%) while, the maximum PLW (8.37%) was recorded in control fruits. The interaction 

between treatments and storage interval was found to be significant. In the present 

investigation, fruits treated with different anti-senescence compounds exhibited the lowest 

PLW; might be due to anti-senescent action maintenance cellular integrity, decreased 

respiration rates and thereby weight loss by stomata closing (Manthe et al 1992; Zheng and 

Zhang 2004). 

The postharvest application of MeJA registered the minimum PLW in apricot (Ezzat 

et al 2017) and mango cv. Kent (Gonzalez-Aguilar et al (2000). Tavallali and Moghadam 

(2011) observed that 1-MCP treatment reduced the rate of dehydration and registered 

minimum PLW in Kinnow during storage. Similar results were also reported in plum 

(Manganaris et al 2008) and medlar fruit (Selcuk and Erkan 2015) during cold storage. 

Davarynejad et al (2015) found that plum fruits cv. „Santa Rosa‟ subjected to combination of 

SA and putrescine resulted minimum PLW in contrast to control during storage.    

4.2.2 Spoilage (%) 

The data pertaining to the effect of anti-senescence compounds on the spoilage 

revealed a significant decrease in the average cumulative spoilage per cent as compared to 

control (Table 16). In 2016-17, the fruits treated with MeJA 1mM and 1-MCP 1500 ppb 

registered the lowest spoilage (1.67%) which was followed by the fruits treated with salicylic 

acid 2mM where the mean spoilage of fruits recorded as 3.33 per cent. Fruits treated with 

MeJA (1mM) and 1-MCP (1500 ppb) showed a comparative delay in spoilage (8.33%) upto 

75 days of the storage period. However, Interestingly, fruits treated with 1-MCP 500 ppb 

inititated an earlier spoilage thereby registered the mean maximum spoilage of 14.98 per cent 

even higher than those of control fruits. The spoilage in 1-MCP 500 ppb treated fruits ranged 

from 8.33 to 41.66 per cent from 45 days to 75 days of the storage period.Similar trend was  
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Table 16: Effect of different anti-senescence compounds and storage interval on spoilage per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

                                                                                     Spoilage (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.00 0.00 8.33 25.00 41.66 14.98
a
 0.00 0.00 8.33 16.66 50.00 15.00

a
 

1000 ppb 0.00 0.00 0.00 8.33 25.00 6.66
d
 0.00 0.00 0.00 8.33 16.66 5.00

d
 

1500 ppb 0.00 0.00 0.00 0.00 8.33 1.67
g
 0.00 0.00 0.00 0.00 0.00 0.00

g
 

Methyl 

Jasmonates 

 

1 mM 0.00 0.00 0.00 0.00 8.33 1.67
g
 0.00 0.00 0.00 0.00 0.00 0.00

g
 

2 mM 0.00 0.00 0.00 16.66 16.66 6.66
d
 0.00 0.00 0.00 8.33 16.66 4.99

d
 

3 mM 0.00 0.00 0.00 16.66 41.66 11.66
c
 0.00 0.00 0.00 16.66 25.00 8.33

c
 

Salicylic 

acid 

 

1mM 0.00 0.00 0.00 0.00 25 5.00
e
 0.00 0.00 0.00 0.00 16.66 3.33

e
 

2mM 0.00 0.00 0.00 8.33 8.33 3.33
f
 0.00 0.00 0.00 0.00 8.33 1.67

f
 

3mM 0.00 0.00 8.33 8.33 16.66 6.66
d
 0.00 0.00 8.33 8.33 8.33 5.00

d
 

Control 0.00 0.00 0.00 25.00 41.66 13.33
b
 0.00 0.00 0.00 16.66 33.33 10.00

b
 

Mean  0.00
d
 0.00

d
 1.67

c
 10.83

b
 23.33

a
  0.00

d
 0.00

d
 1.67

c
 7.50

b
 17.50

a
  

LSD (P≤0.05) Treatment (T) = 0.55    Days (D) = 0.39   D x T = 1.24   Treatment (T) = 0.36   Days (D) = 0.25    D x T = 0.80 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15fruits/replication) 
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Table 16a:  Effect of different anti-senescence compounds and storage interval on the 

spoilage per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                 Spoilage (%)                

                                                            Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.00 0.00 8.33 20.83 45.83 15.00
a
 

1000 ppb 0.00 0.00 0.00 8.33 20.83 5.83
d
 

1500 ppb 0.00 0.00 0.00 0.00 4.16 0.83
g
 

Methyl 

Jasmonates 

1mM 0.00 0.00 0.00 0.00 4.16 0.83
g
 

2mM 0.00 0.00 0.00 12.49 16.66 5.83
d
 

3mM 0.00 0.00 0.00 16.66 33.33 10.00
c
 

Salicylic 

acid 

 

1mM 0.00 0.00 0.00 0.00 20.83 4.17
e
 

2mM 0.00 0.00 0.00 4.16 8.33 2.50
f
 

3mM 0.00 0.00 8.33 8.33 12.49 5.83
d
 

Control 0.00 0.00 0.00 20.83 37.49 11.66
b
 

Mean  0.00
d
 0.00

d
 1.67

c
 9.16

b
 20.41

a
  

LSD (P≤0.05) Treatment (T) = 0.33   Days (D) = 0.23    D x T = 0.74 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15fruits/replication) 

 
 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 16:  Effect of different anti-senescence compounds and storage interval on the 

spoilage per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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also noticed in 2017-18, however, no spoilage was recorded in the fruits treated MeJA (1mM) 

and 1-MCP (1500 ppb), respectively. On the other hand, the 1-MCP 500 ppb treated fruits 

recorded the maximum spoilage (15.00%). The spoilage in 1-MCP 500 ppb treated fruits ranged 

from 8.33 to 50.00 per cent from 45 days to 75 days of the storage period. The interaction 

between treatments and storage interval was found to be significant during both the seasons of 

investigation. The findings were further confirmed through the pooled mean analysis of both the 

years (Table 16a and Fig 16). MeJA 1mM and 1-MCP 1500 ppb were the most effective in 

terms of delaying the spoilage where it was recorded only 0.83 per cent. On the other hand, 

fruits treated with 1-MCP 500 ppb registered the maximum mean spoilage of 15.00 per cent. 

The interaction between treatments and storage interval was found to be significant in the 

pooled mean analysis of both the years. In the present study, fruits treated with MeJA (1mM) 

and 1-MCP (1500 ppb) delayed the spoilage as MeJA induces the expression of pathogenesis-

related genes and increases the activity of defense-related enzymes in horticultural crops; thus 

delayed the incidence of fruit decay (Yao and Tian 2005). 

 The results in the present investigations are in agreement with the findings of 

Geransayeh et al 2015) who reported that the postharvest application of MeJA delayed the 

fruit spoilage in strawberry. Similar studies were reported by in loquat (Cao et al 2008) and 

mango cv. Kent (Gonzalez-Aguilar et al 2000). The post-harvest application with 1-MCP 

treatments registered minimum chilling injury and fruit decay in Kinnow (Tavallali and 

Moghadam 2015) Kiwi fruit cv. „Hayward‟ (Park et al 2015) and pear (Gamrasni et al 2010). 

Khademi and Ersadi (2013) observed that fruits of peach subjected to SA registered minimum 

decay percentage as compared to control after 42 days of storage. 

4.2.3 Organoleptic sensory attributes (Hedonic scale 1-9) 

The data on sensory quality of Kinnow fruits influenced by different anti-senescence 

compounds revealed an identical trends during storage (Table 17). In 2016-17, the maximum 

mean sensory score (7.65) was shown by MeJA 1mM followed by the fruits treated with 1-

MCP 1500 ppb (7.19) treated fruits. However, the control fruits registered the lowest average 

palatability rating (6.15). The data further revealed that fruits treated with MeJA (1mM) and 1-

MCP 1500 registered a gradual rise in palatability rating after 30 days of the storage i.e. 8.05 

and 8.08, respectively; thereafter followed a continuous decline till the end of the of storage i.e. 

7.42 and 6.45, respectively. On the other hand control fruits followed a sharp and abrupt decline 

in sensory score at faster pace and reached to its minimum level at the end of the storage i.e. 

5.40. Similar trend was also noticed during 2017-18. The fruits treated with MeJA 1mM were 

superior with respect to retaining the maximum mean palatability rating (8.38) followed by the 

fruits treated with 1-MCP 1500 ppb (8.30), whereas control fruits registered the lowest average 

palatability rating (7.15). It was further noticed that MeJA (1mM) and 1-MCP (1500 ppb) 

registered a gradual rise in palatability rating after 30 days of storage i.e. 8.93 and 8.70, 
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Table 17:  Effect of anti-senescence compounds and storage interval on organoleptic sensory attributes in Kinnow fruit stored at 5-7
0
C and 90-95% 

RH  

TREATMENT 

Organoleptic sensory attributes (Hedonic scale 1-9) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 7.00 7.25 7.21 6.78 5.50 6.75
f
 8.00 8.60 8.25 8.00 6.30 7.83

d
 

1000 ppb 7.00 7.66 7.50 6.90 5.37 6.89
ef
 8.00 8.70 8.55 7.67 6.80 7.94

cd
 

1500 ppb 7.00 8.08 7.72 6.71 6.45 7.19
b
 8.00 8.70 8.58 8.38 7.86 8.30

ab
 

Methyl 

Jasmonates 

 

1 mM 7.00 8.05 8.00 7.80 7.42 7.65
a
 8.00 8.93 8.67 8.50 7.80 8.38

a
 

2 mM 7.00 7.66 7.33 6.88 5.90 6.95
cde

 8.00 8.50 8.00 8.00 7.50 8.00
cd

 

3 mM 7.00 7.50 7.35 6.16 5.95 6.79
ef
 8.00 8.40 8.66 7.80 6.80 7.93

cd
 

Salicylic 

acid 

 

1mM 7.00 7.69 7.14 7.05 6.40 7.05
bcd

 8.00 8.70 8.33 7.90 7.60 8.11
bc

 

2mM 7.00 7.75 7.45 6.70 6.50 7.08
bc

 8.00 8.83 8.50 7.93 7.75 8.20
abc

 

3mM 7.00 7.54 7.11 6.80 6.05 6.90
def

 8.00 8.75 8.35 8.00 6.80 7.98
cd

 

Control 7.00 6.50 6.09 5.75 5.40 6.15
g
 8.00 7.90 7.17 6.50 6.20 7.15

e
 

Mean  7.00
c
 7.57

a
 7.29

b
 6.75

d
 6.09

e
  8.00

c
 8.60

a
 8.31

b
 7.87

c
 7.14

d
  

LSD (P≤0.05) Treatment (T) = 0.16    Days (D) = 0.12  D x T = 0.37   Treatment (T) = 0.27   Days (D) = 0.19    D x T = 0.61 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 17a:  Effect of different anti-senescence compounds and storage interval on the 

organoleptic sensory attributes in Kinnow fruit stored at 5-7
o
C and 90-

95% RH 

                                          Organoleptic sensory attributes (Hedonic scale 1-9) 

                                                                Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 7.50 7.92 7.73 7.39 5.90 7.29
f
 

1000 

ppb 

7.50 8.18 8.02 7.28 6.08 7.41
ef
 

1500 

ppb 

7.50 8.39 8.15 7.54 7.15 7.75
b
 

Methyl 

Jasmonates 

1mM 7.50 8.49 8.33 8.15 7.61 8.02
a
 

2mM 7.50 8.08 7.66 7.44 6.70 7.48
de

 

3mM 7.50 7.95 8.00 6.98 6.37 7.36
ef
 

Salicylic 

acid 

 

1mM 7.50 8.19 7.73 7.47 7.00 7.58
cd

 

2mM 7.50 8.29 7.97 7.31 7.12 7.64
bc

 

3mM 7.50 8.14 7.73 7.40 6.42 7.44
e
 

Control 7.50 7.20 6.63 6.12 5.80 6.65
g
 

Mean  7.50
c
 8.08

a
 7.80

b
 7.31

d
 6.62

e
  

LSD (P≤0.05) Treatment (T) = 0.13   Days (D) = 0.095     D x T = 0.30  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 17:  Effect of different anti-senescence compounds and storage interval on the 

organoleptic sensory attributes in Kinnow fruit stored at 5-7
0
C and 90-95% RH 
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respectively, thereafter followed a continuous decline till the end of the storage i.e 7.80 and  

7.86, respectively. On the other hand, control fruits followed an abrupt decline in palatability 

rating and reached to its minimum level (6.20) at the end of the storage. 

The interaction between treatment and storage interval was found to be significant 

during both the season of investigation. The pooled mean analysis of both the years (Table 17a 

and Fig 17) further confirmed the findings as MeJA 1mM was the best in terms of maintaining 

maximum mean sensory score of 8.02 followed by 7.75 in the fruits treated with 1-MCP 1500 

ppb while, control fruits registered the lowest mean score for palatability rating (6.65). The 

interaction between treatments and storage interval was found to be significant. In the present 

study, the loss in overall acceptability scores of control fruit during storage might be due to 

degradation of different parameters viz colour, aroma, taste and texture due to browning, 

moisture losses, and breakdown of sugars, acids and volatile compounds whereas, MeJA 

reduced pectin-methyl-esterase (PME) activity to decrease de-esterifi cation of pectin and hence 

maintained fruit texture (Meng et al 2009). 

These results are in corroboration with findings of Ezzat et al (2017) who reported 

that apricot fruits subjected to MeJA and SA registered the maximum score for sensory 

attributes over control after 21 days of storage. Gamrasni et al (2010) observed that 1-MCP 

registered the maximum score for sensory attributes in pear fruit in contrast to control after 

two weeks of storage. 

4.2.4 Firmness (Kg Force) 

 The data on firmness influenced by different anti-senescence compounds revealed a 

declining trend during storage (Table 18). In 2016-17, the fruits treated with MeJA 1mM 

registered the average maximum firmness (5.01 kg f) followed by those treated with 1-MCP 

1500 ppb (4.96 kg f) whereas, the control fruits registered the lowest average firmness (4.07 

kgf). The firmness in the fruits treated with MeJA (1mM) and 1-MCP (1500 ppb) ranged 

from 5.00 to 4.49 and 5.30 to 3.95 kg force, respectively from 30 days to 75 days of storage 

period. On the other hand control fruits continued to shrivel at faster pace and thereby 

registered a sharp decline in firmness ranged from 4.40 to 2.80 kg force from 30 days to 75 

days of storage. Similar results were also obtained during 2017-18. However, MeJA 1mM 

was treatment was statistically superior with fruit firmness of 5.22 kg f to all other treatments 

except that of fruits treated with 1-MCP 1500 ppb and salicylic acid 2mM and 1mM where 

the fruit firmness was recorded as 5.20, 5.16 and 5.12, respectively. The control fruits 

recorded the lowest average firmness (4.36 kg f). The data further revealed that the firmness 

in the fruits treated with MeJA (1mM) and 1-MCP (1500 ppb) ranged from 6.18 to 3.60 and 

5.94 to 4.12 kg force, respectively from 30 days to 75 days of storage period. On the other 

hand, control fruits registered an abrupt decline in firmness ranged from 4.69 to 3.23 kg force 

from 30 days to 75 days of storage. The interaction between treatment and storage interval 
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Table 18:  Effect of different anti-senescence compounds and storage interval on the firmness (Kg force) of Kinnow fruit stored at 5-7
o
C and 90-95% 

RH  

TREATMENT 

                                                                                       Firmness (Kg Force) 

2016-17 2017-18 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 6.13 4.56 3.90 3.50 3.45 4.31
f
 6.25 5.40 4.73 4.44 3.32 4.82

e
 

1000 ppb 6.13 4.72 4.16 4.10 3.62 4.55
de

 6.25 4.95 4.93 4.25 4.06 4.89
d
 

1500 ppb 6.13 5.30 4.77 4.64 3.95 4.96
ab

 6.25 5.94 4.80 4.45 4.12 5.20
a
 

Methyl 

Jasmonates 

 

1 mM 6.13 5.00 4.88 4.53 4.49 5.01
a
 6.25 6.18 5.66 4.40 3.60 5.22

a
 

2 mM 6.13 4.72 4.66 4.27 3.72 4.70
c
 6.25 5.96 4.93 4.30 3.70 5.03

bc
 

3 mM 6.13 4.58 4.43 3.81 3.44 4.48
e
 6.25 5.92 4.08 3.97 3.91 4.83

d
 

Salicylic 

acid 

 

1mM 6.13 5.07 4.85 4.66 3.68 4.88
b
 6.25 5.48 5.37 4.24 4.30 5.12

ab
 

2mM 6.13 5.30 5.13 4.32 3.85 4.95
ab

 6.25 5.94 5.22 4.39 4.18 5.16
a
 

3mM 6.13 4.53 4.36 4.12 3.89 4.61
d
 6.25 6.14 4.88 4.56 2.84 4.93

cd
 

Control 6.13 4.40 3.70 3.30 2.80 4.07
g
 6.25 4.69 4.17 3.48 3.23 4.36

f
 

Mean  6.13
a
 4.82

b
 4.48

c
 4.12

d
 3.69

e
  6.25

a
 5.68

b
 4.88

c
 4.25

d
 3.73

e
  

LSD (P≤0.05) Treatment (T) = 0.09    Days (D) = 0.06   D x T = 0.20 Treatment (T) = 0.11    Days (D) = 0.08    D x T = 0.26 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 18a:  Effect of different anti-senescence compounds and storage interval on the 

firmness (kg f) per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                   Firmness (Kg Force) 

                                                                   Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 6.19 5.24 3.99 3.73 3.68 4.57
f
 

1000 ppb 6.19 4.83 4.54 4.17 3.84 4.72
de

 

1500 ppb 6.19 5.62 4.99 4.51 4.06 5.08
ab

 

Methyl 

Jasmonates 

1mM 6.19 5.59 5.27 4.46 4.04 5.11
a
 

2mM 6.19 5.34 4.79 4.28 3.71 4.86
c
 

3mM 6.19 4.99 4.58 4.12 3.38 4.65
ef
 

Salicylic 

acid 

 

1mM 6.19 5.50 4.82 4.55 3.90 4.99
b
 

2mM 6.19 5.39 5.25 4.28 4.07 5.04
ab

 

3mM 6.19 5.33 4.62 4.34 3.36 4.77
cd

 

Control 6.19 4.54 3.93 3.39 3.01 4.21
g
 

Mean  6.19
a
 5.24

b
 4.68

c
 4.19

d
 3.71

e
  

LSD (P≤0.05) Treatment (T) = 0.095    Days (D) = 0.067    D x T = 0.21   

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 18:  Effect of anti-senescence compound and storage interval on the firmness (kg f) 

per cent of Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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was found to be significant during 2016-17 and 2017-18. The findings were further confirmed 

through the pooled mean analysis of both the years (Table 18a and Fig 18). MeJA 1mM was 

the most effective in retaining and maintain the mean maximum firmness (5.11 kg f) followed 

by 1-MCP 1500 ppb (5.08 kg f). However, control fruits recorded the lowest average firmness 

(4.21 kg f). The interaction between treatments and storage interval was found to be 

significant in the pooled mean analysis of both the years. In the present study, fruits treated 

with MeJA (1mM) and 1-MCP (1500 ppb) registered the highest fruit firmness; this might be 

due to their anti-senescent action inhibited cell wall and membrane degrading enzymes such 

as polygalacturonase, lipoxygenase, cellulase and pectin methyl esterase, leading to decreased 

fruit softening rate (Asghari and Aghdam 2010).  

 These results are in conformity to the findings of Ezzat et al (2017) who observed 

that apricot fruits subjected to MeJA maintained higher fruit firmness than that of control after 

21 days of storage. Zapata et al (2014) who, however, examined the effect of pre-harvest 

application of methyl jasmonates (MeJA) on plum cultivars and found that fruits subjected to 

MeJA maintained the higher firmness in contrast to control after 9 days of storage. The post-

harvest application of 1-MCP maintained higher firmness in Kinnow (Tavallali and 

Moghadam 2015); kiwi fruit (Park et al 2015 and Cantin et al 2011); pear (Calvo and Sozzi 

2009); plum (Manganaris et al 2008) and Mangosteen (Piriyavinit et al 2011). 

4.2.5 Juice (%) 

The data on juice content influenced by different anti-senescence compounds in 

general, followed a declining trend commensurate with advancement in storage period (Table 

19). In the first year of investigation, MeJA 1mM retained the maximum mean juice content 

(38.02%) followed by 1-MCP 1500 ppb (37.89%) and salicylic acid 2mM (37.63%) whereas, 

the control fruits maintained the lowest average juice content of 34.38 per cent. Fruits treated 

with MeJA 1mM and 1-MCP 1500 ppb registered a gradual decline in juice content ranged 

from 38.76 to 30.17 and 44.15 to 29.90 per cent, respectively from 30 days to 75 days of the 

storage. However, the control fruits followed a decline at faster pace and retained the lowest 

juice volume ranged from 41.81 to 20.80 per cent from 30 days to 75 days of storage. Similar 

results were also obtained in the year of 2017-18. The fruits treated with MeJA 1mM emerged 

as superior with respect to retaining and maintaining the maximum mean juice content (46.03%) 

followed by 1-MCP 1500 ppb (45.35%). On the other hand, control fruits retained the lowest 

juice content (41.14%). The data further revealed that juice content in the fruits treated with 

MeJA 1mM and 1-MCP 1500 ppb ranged from 47.12 to 41.94 and 46.45 to 41.10 per cent, 

respectively from 30 days to 75 days of storage whereas, the control fruits revealed a sharp and 

abrupt decline ranged from 46.98 to 28.65 per cent from 30 days 75 days of storage. The 

interaction between treatments and the storage interval was found to be significant during both 

the seasons of investigation. The pooled mean analysis of both the years (Table 19a and Fig 19) 
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Table 19: Effect of different anti-senescence compounds and storage interval on juice per centage of Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Juice (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval  (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 48.50 34.37 34.24 27.88 27.11 34.42
ef
 49.50 41.51 40.54 39.78 37.14 41.69

cd
 

1000 ppb 48.50 36.08 35.96 31.20 26.00 35.55
cde

 49.50 47.06 43.05 39.33 36.29 43.04
b
 

1500 ppb 48.50 44.15 35.63 31.29 29.90 37.89
a
 49.50 46.45 45.70 43.99 41.10 45.35

a
 

Methyl 

Jasmonates 

 

1 mM 48.50 38.76 37.00 35.67 30.17 38.02
a
 49.50 47.12 46.93 44.69 41.94 46.03

a
 

2 mM 48.50 43.24 38.92 27.09 24.35 36.42
bc

 49.50 46.74 40.54 39.82 39.77 43.27
bc

 

3 mM 48.50 35.84 35.31 29.25 24.54 34.69
def

 49.50 45.39 40.91 39.69 39.67 43.03
b
 

Salicylic 

acid 

 

1mM 48.50 39.84 38.63 31.36 27.43 37.15
ab

 49.50 44.28 43.04 41.80 39.77 43.67
b
 

2mM 48.50 41.01 39.85 32.55 26.22 37.63
a
 49.50 44.78 42.46 41.35 40.30 43.68

b
 

3mM 48.50 42.10 37.73 26.20 24.53 35.81
cd

 49.50 44.21 43.84 41.94 35.92 43.08
b
 

Control 48.50 41.81 35.55 25.22 20.80 34.38
f
 49.50 46.98 45.67 34.88 28.65 41.14

c
 

Mean  48.50
a
 39.72

b
 36.88

c
 29.77

d
 26.10

e
  49.50

a
 45.45

b
 43.27

c
 40.72

d
 38.05

e
  

LSD (P≤0.05) Treatment (T) = 1.14    Days (D) = 0.81   D x T = 2.55   Treatment (T) = 1.23    Days (D) = 0.87    D x T = 2.76 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 19a: Effect of different anti-senescence compounds and storage interval on the 

juice per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                         Juice (%) 

                                                                   Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 49.00 37.94 37.39 33.83 32.12 38.06
ef
 

1000 ppb 49.00 41.57 39.50 35.26 31.14 39.30
cd

 

1500 ppb 49.00 45.30 40.66 37.64 35.50 41.62
a
 

Methyl 

Jasmonates 

1mM 49.00 42.94 41.96 40.18 36.05 42.03
a
 

2mM 49.00 44.99 39.73 33.45 32.06 39.85
bc

 

3mM 49.00 40.61 38.11 34.47 32.10 38.86
de

 

Salicylic 

acid 

 

1mM 49.00 42.06 40.83 36.58 33.60 40.41
b
 

2mM 49.00 42.89 41.15 36.95 33.26 40.65
b
 

3mM 49.00 43.15 40.78 34.07 30.22 39.45
cd

 

Control 49.00 44.39 40.61 30.05 24.72 37.76
f
 

Mean  49.00
a
 

42.59
b
 40.07

c
 35.25

d
 32.08

e
  

LSD (P≤0.05) Treatment (T) = 0.85    Days (D) = 0.60     D x T = 1.90 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 19:  Effect of different anti-senescence compounds and storage interval on the juice 

per centage of Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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also confirmed the findings as MeJA 1mM was the best in terms of retaining the maximum 

juice (42.03%) content followed by 1-MCP 1500 ppb (41.62%). On the other hand, control 

fruits retained the lowest average juice content of 37.76 per cent only. The interaction between 

treatments and storage interval was found to be significant in the pooled mean analysis of both 

the years. In the present study, control fruits registered the maximum loss in juice content; 

might be due to dry atmosphere around the fruits leading to faster respiration and transpiration 

causing drying of the juicy vesicles.  

The results are in line with findings of Juan et al (2009) who reported that hot air 

treatments delayed the decrease of extractable juice content in loquat (Eriobotrya japonica 

Lindl.cv. Jiefangzhong) after stored at 4°C. Fruits of peach (cv. Flordasun) were subjected to 

hot water treatment registered an increase in juice yield with prolongation in storage (Bakshi 

et al 2009).  

4.2.6 TSS (%) 

 The data pertaining to the effect of anti-senescence compounds on total soluble solids 

revealed an identical trends during the storage period (Table 20). In 2016-17, fruits treated 

with MeJA 1mM registered the maximum average TSS content of 11.00 per cent followed by 

1-MCP 1500 ppb where it was recorded as 10.72 per cent. However, the control fruits recorded 

the lowest average TSS of 10.07 per cent. The data further revealed that the fruits treated with 

MeJA 1mM and 1-MCP 1500 ppb revealed an increase in TSS slowly and steadily up to 60 

days of the storage which was recorded as 12.65 and 12.55 per cent, respectively and 

thereafter followed a decline till the end of the storage i.e. 12.15 and 11.60 per cent, 

respectively. The similar trends were noticed in 2017-18. However, MeJA 1mM was 

statistically superior in terms of showing highest TSS content (10.97%) followed by 1-MCP 

1500 ppb (10.72%), which was at par with MeJA 1mM and 1-MCP 1500 ppb registered a 

gradual increase in TSS up to 60 days of the storage where it was registered as 12.25 and 

11.90, respectively, thereafter followed a sharp decline in TSS content till the end of the 

storage (11.75 and 11.55%, respectively).The interaction between treatments and storage 

interval was found to be significant during both the years of investigation 2016-17 and 2017-

18, respectively. The findings were also confirmed through the pooled mean analysis of both 

the years (Table 20a and Fig 20). MeJA 1mM was the best in registering the maximum TSS 

(10.98%) content followed by 1-MCP 1500 ppb (10.72%). However, control fruits recorded 

the lowest average TSS (10.17%) content. The interaction between treatments and storage 

interval was found to be significant in the pooled mean analysis of both the years. In the 

present study, the increasing- decreasing trend in TSS content during storage might be due to 

hydrolysis of starch into sugars. On the completion of starch hydrolysis, no further increase 

occurred and subsequently the TSS content declined as the sugars act as substrate during 

respiration (Wills et al 1980).  
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Table 20:  Effect of different anti-senescence compounds and storage interval on the total soluble solids per cent in Kinnow fruit stored at 5-7
o
C and 

90-95% RH  

TREATMENT 

Total soluble solids (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 8.75 9.00 10.25 11.65 10.85 10.10
de

 8.45 9.00 11.00 11.75 11.25 10.29
cd

 

1000 ppb 8.75 9.25 10.55 11.25 10.85 10.13
de

 8.45 9.50 10.60 12.00 11.55 10.42
bcde

 

1500 ppb 8.75 9.85 10.85 12.55 11.60 10.72
b
 8.45 10.60 11.10 11.90 11.55 10.72

ab
 

Methyl 

Jasmonates 

 

1 mM 8.75 10.25 11.20 12.65 12.15 11.00
a
 8.45 11.15 11.25 12.25 11.75 10.97

a
 

2 mM 8.75 8.95 9.85 12.40 11.65 10.32
cde

 8.45 9.70 10.20 12.00 11.80 10.43
bcd

 

3 mM 8.75 9.45 10.20 11.35 10.85 10.12
de

 8.45 9.80 10.00 11.85 11.60 10.34
cd

 

Salicylic 

acid 

 

1mM 8.75 9.15 9.75 13.15 11.05 10.37
cd

 8.45 9.86 10.30 12.30 12.00 10.58
bc

 

2mM 8.75 9.05 10.55 12.65 11.25 10.45
bc

 8.45 10.50 11.15 11.85 11.35 10.66
b
 

3mM 8.75 9.60 10.40 11.25 11.00 10.20
cde

 8.45 8.95 10.75 12.05 11.95 10.43
bcd

 

Control 8.75 9.00 10.15 11.55 10.90 10.07
e
 8.45 9.85 10.90 11.35 10.80 10.27

d
 

Mean  8.75
e
 9.35

d
 10.37

c
 12.04

a
 11.21

b
  8.45

e
 9.89

d
 10.72

c
 11.93

a
 11.56

b
  

LSD (P≤0.05) Treatment (T) = 0.28    Days (D) = 0.20   D x T = 0.62 Treatment (T) = 0.30    Days (D) = 0.21    D x T = 0.67 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 20a:  Effect of different anti-senescence compounds and storage interval on the 

total soluble solids per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                               Total soluble solids (%) 

                                                               Storage interval (Days) 

TREATMENTS 0 30 45 60 75 Mean 

1-MCP 

500 ppb 8.60 9.00 10.62 11.45 11.30 10.19
ef
 

1000 

ppb 

8.60 9.37 10.57 11.62 11.20 10.27
ef
 

1500 

ppb 

8.60 10.22 10.97 12.22 11.57 10.72
b
 

Methyl 

Jasmonates 

1mM 8.60 10.70 11.22 12.45 11.95 10.98
a
 

2mM 8.60 9.32 10.02 12.20 11.72 10.37
cde

 

3mM 8.60 9.62 10.10 11.60 11.22 10.23
ef
 

Salicylic 

acid 

 

1mM 8.60 9.50 10.02 12.72 11.52 10.48
cd

 

2mM 8.60 9.77 10.85 12.25 11.30 10.55
bc

 

3mM 8.60 9.27 10.57 11.65 11.47 10.31
def

 

Control 8.60 9.42 10.52 11.45 10.85 10.17
f
 

Mean  8.60
e
 9.62

d
 10.55

c
 11.96

a
 11.41

b
  

LSD (P≤0.05) Treatment (T) = 0.19  Days (D) = 0.13   D x T = 0.42  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 
 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 20:  Effect of different anti-senescence compounds and storage interval on the total 

soluble solids per cent of Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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4.2.7 Reducing sugars (%) 

These results are in conformity to the findings of Gonzalez-Aguilar et al (2000)  who 

registered the maximum sugar content in mango cv. „Kent‟ subjected to MeJA as compared to 

control during storage. Fruits of pear cv. „Bartlett‟ treated with 1-MCP registered the higher 

soluble sugar content as compared to control at the end of the storage (Calvo and Sozzi 2009). 

Similar results were also reported in apple (Lu et al 2013) kiwi fruit (Park et al 2015) and 

plum (Zapata et al 2014). 

The data pertaining to the effect of anti-senescence compounds on reducing sugars 

content of Kinnow fruits revealed an increasing-decreasing trends during storage (Table 21). In 

2016-17, the average maximum reducing sugars (4.06%) content was registered in the fruits 

treated with MeJA 1mM followed by fruits treated with 1-MCP 1500 ppb and salicylic acid 2mM 

where it was recorded as 3.78 and 3.77 per cent, respectively. On the other hand, the control fruits 

registered the lowest (3.38%) average reducing sugars content.It was noticed that, fruits treated 

with MeJA 1mM and 1-MCP 1500 ppb revealed a gradual increase in reducing sugars content till 

60 days of the storage i.e. 4.85 and 4.73 per cent, respectively; thereafter followed a decline till the 

end of the storage i.e. 4.51 and 3.82, respectively. Similar trends were also noticed in the year of 

2017-18. Fruits treated with MeJA 1mM registered the maximum reducing sugars of 3.28 per cent 

followed by the fruits treated with 1-MCP 1500 ppb and salicylic acid 2mM where it was recorded 

as 3.22 and 3.20 per cent, respectively. On the other hand, control fruits recorded the lowest 

reducing sugars of 2.66 per cent. The data further revealed that fruits treated with MeJA 1mM and 

1-MCP 1500 ppb showed a gradual increase in reducing sugars content till 60 days of the storage 

i.e. 5.74 and 4.73 per cent respectively; thereafter followed a continuous decline till the end of the 

storage i.e. 3.94 and 4.13 per cent, respectively. The interaction between treatments and storage 

interval was found to be significant in 2016-17 and 2017-18. The pooled mean analysis of both the 

years (Table 21a and Fig 21) further confirmed the findings as fruits treated with MeJA 1mM 

registered the maximum reducing sugars of 3.68 per cent followed by the fruits treated with 1-

MCP 1500 ppb and salicylic acid 2mM where it was recorded as 3.50 and 3.48 per cent, 

respectively. On the other hand control fruits recorded the lowest reducing sugars of 3.02 per cent. 

The interaction between treatments and storage interval was found to be significant in the pooled 

mean analysis of both the years. 

4.2.8 Total sugars (%) 

Perusal of the effect of anti-senescence compounds on total sugars content of Kinnow 

fruit revealed an identical trend during storage (Table 22). In 2016-17, fruits treated with 

MeJA 1mM registered the average maximum total sugars (7.87%) content followed by 1-

MCP 1500 ppb (7.74%). On the other hand, the control fruits recorded the lowest average 

total sugars (7.02) content. The data further revealed that the fruits treated with MeJA 1mM 

and 1-MCP 1500 ppb revealed a gradual increase in total sugars up to 60 days of the storage 
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Table 21: Effect of different edible coatings and storage interval on reducing sugars per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Reducing sugars (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 3.11 3.17 3.26 3.95 3.66 3.43
gh

 1.67 2.01 2.44 4.48 4.10 2.94
f
 

1000 ppb 3.11 3.20 3.39 4.22 3.74 3.53
ef
 1.67 1.99 2.28 4.87 4.39 3.04

de
 

1500 ppb 3.11 3.54 3.68 4.73 3.82 3.78
b
 1.67 2.60 2.98 4.73 4.13 3.22

ab
 

Methyl 

Jasmonates 

 

1 mM 3.11 3.65 4.20 4.85 4.51 4.06
a
 1.67 2.40 2.69 5.74 3.94 3.28

a
 

2 mM 3.11 3.28 3.60 4.24 3.90 3.62
cd

 1.67 2.41 2.42 4.93 4.13 3.11
cd

 

3 mM 3.11 3.38 3.51 4.12 3.22 3.47
fg

 1.67 1.86 2.75 5.52 3.20 2.99
ef
 

Salicylic 

Acid 

 

1 mM 3.11 3.27 3.38 4.37 4.18 3.66
c
 1.67 1.71 2.67 5.31 4.26 3.12

c
 

2 mM 3.11 3.66 3.67 4.61 3.79 3.77
b
 1.67 2.37 2.91 4.98 4.08 3.20

b
 

3 mM 3.11 3.33 4.07 4.17 3.24 3.58
de

 1.67 1.79 2.40 5.00 4.45 3.06
cde

 

Control 3.11 3.26 3.78 4.07 2.70 3.38
h
 1.67 2.28 2.84 4.10 2.40 2.66

g
 

Mean  3.11
d
 3.37

c
 3.65

b
 4.33

a
 3.67

b
  1.67

e
 2.14

d
 2.64

c
 4.97

a
 3.91

b
  

LSD (P≤0.05) Treatment (T) = 0.075    Days (D) = 0.05    D x T = 0.17 Treatment (T) = 0.078    Days (D) = 0.05    D x T = 0.17 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (when n =15 fruits/replication) 
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Table 21a:  Effect of different anti-senescence compounds and storage interval on the 

reducing sugars per cent of Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                 Reducing sugars (%) 

                                                                Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 2.39 2.59 2.85 4.21 3.88 3.18
f
 

1000 ppb 2.39 2.59 2.83 4.54 4.06 3.29
de

 

1500 ppb 2.39 3.07 3.33 4.73 3.97 3.50
b
 

Methyl 

Jasmonates 

1mM 2.39 3.02 3.44 5.29 4.22 3.68
a
 

2mM 2.39 2.84 3.01 4.58 4.01 3.37
c
 

3mM 2.39 2.62 3.13 4.82 3.21 3.23
ef
 

Salicylic 

acid 

 

1mM 2.39 2.49 3.02 4.84 4.22 3.39
c
 

2mM 2.39 3.01 3.29 4.79 3.93 3.48
b
 

3mM 2.39 2.56 3.23 4.58 3.84 3.32
cd

 

Control 2.39 2.77 3.31 4.08 2.55 3.02
g
 

Mean  2.39
d
 2.76

cd
 3.15

c
 4.65

a
 3.79

b
  

LSD (P≤0.05) Treatment (T) = 0.075    Days (D) = 0.053    D x T = 0.168 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 
 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 21: Effect of different anti-senescence compounds and storage interval on the 

reducing sugars per cent of Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 22: Effect of different anti-senescence compounds and storage interval on total sugar per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Total sugars (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

1-MCP 

500 ppb 5.65 6.00 6.95 8.60 7.96 7.03
d
 4.65 4.78 5.34 8.41 6.90 6.02

d
 

1000 ppb 5.65 6.30 7.20 8.45 7.90 7.10
d
 4.65 5.67 6.58 6.96 6.80 6.13

d
 

1500 ppb 5.65 7.58 7.79 9.85 7.85 7.74
a
 4.65 7.12 7.42 8.86 8.38 7.28

a
 

Methyl 

Jasmonates 

 

1 mM 5.65 6.78 7.86 9.87 9.20 7.87
a
 4.65 6.49 8.57 8.74 8.66 7.42

a
 

2 mM 5.65 5.95 6.95 9.10 8.14 7.16
cd

 4.65 4.96 5.13 9.52 8.62 6.57
c
 

3 mM 5.65 6.64 7.38 8.10 7.75 7.10
d
 4.65 5.17 6.24 7.64 6.80 6.10

d
 

Salicylic 

acid 

 

1mM 5.65 6.99 7.14 8.52 8.36 7.33
bc

 4.65 7.28 7.38 7.59 7.39 6.86
b
 

2mM 5.65 6.67 7.35 9.95 7.68 7.46
b
 4.65 5.46 7.11 8.88 8.43 6.90

b
 

3mM 5.65 5.92 7.05 9.29 7.80 7.14
cd

 4.65 5.77 6.49 8.60 6.61 6.42
c
 

Control 5.65 7.17 7.30 7.75 7.21 7.02
d
 4.65 5.49 5.90 7.10 6.90 6.00

d
 

Mean  5.65
e
 6.60

d
 7.30

c
 8.95

a
 7.98

b
  4.65

e
 5.82

d
 6.62

c
 8.23

a
 7.55

b
  

LSD (P≤0.05) Treatment (T) = 0.19    Days (D) = 0.14   D x T = 0.43   Treatment (T) = 0.17    Days (D) = 0.12    D x T = 0.38 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 22a:  Effect of different anti-senescence compounds and storage interval on the 

total sugars per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                        Total sugars (%) 

                                                                     Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 5.15 5.39 6.14 8.50 7.43 6.52
d
 

1000 ppb 5.15 5.98 6.89 7.70 7.35 6.61
d
 

1500 ppb 5.15 7.35 7.60 9.35 8.11 7.51
a
 

Methyl 

Jasmonates 

1mM 5.15 6.63 8.21 9.30 8.93 7.65
a
 

2mM 5.15 5.45 6.04 9.31 8.38 6.87
c
 

3mM 5.15 5.90 6.81 7.87 7.27 6.60
d
 

Salicylic 

acid 

 

1mM 5.15 7.13 7.26 8.05 7.87 7.09
b
 

2mM 5.15 6.06 7.23 9.41 8.05 7.18
b
 

3mM 5.15 5.84 6.77 8.94 7.20 6.78
c
 

Control 5.15 6.33 6.60 7.42 7.05 6.51
d
 

Mean  5.15
e
 6.21

d
 6.96

c
 8.59

a
 7.77

b
  

LSD (P≤0.05) Treatment (T) = 0.13   Days (D) = 0.095   D x T = 0.30  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

Fig 22:  Effect of different anti-senescence compounds and storage interval on the total 

sugars per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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with 9.87 and 9.85 per cent total sugars content, respectively; thereafter followed a decline till 

the end of the storage with 9.20 and 7.85 per cent total sugars content respectively. Similar 

trends were also noticed in the year of 2017-18. The maximum average total sugars was 

registered in the fruits treated with MeJA 1mM (7.42%) followed by 1-MCP 1500 ppb 

(7.28%) However, the control fruits recorded the lowest total sugars content of 6 per cent. A 

gradual increase in the total sugars was noticed in the fruits treated with MeJA 1mM and 1-

MCP 1500 ppb up to 60 days of the storage interval with 8.74 and 8.86 per cent total sugars 

content respectively; thereafter followed a decline till the end of the storage with 8.66 and 

8.38 per cent total sugars content respectively. The interaction between treatments and storage 

interval found to be significant during both the years of investigation. The findings were 

further confirmed through the pooled mean analysis of both the years (Table 22a and Fig 22). 

MeJA 1mM was the best in retaining maximum total sugars (7.65%) followed by 1-MCP 

1500 ppb (7.51%), whereas control fruits recorded the lowest average total sugars of 6.51 per 

cent. The interaction between treatments and storage interval was found to be significant in 

the pooled mean analysis of both the years. In the present study, the increase in sugars (total 

and reducing sugars) might be due to breakdown of starch into sugars, as on complete 

hydrolysis of starch no further increase in sugars occur and subsequently a decline in these 

parameter is predictable as they along with other organic acids are primary substrate for 

respiration (Wills et al 1980). 

These results are in agreement with the findings of Gonzalez-Aguilar et al (2000) 

who registered the maximum sugar content in mango fruit cv. „Kent‟ subjected to MeJA as 

compared to control during storage. 1-MCP treatment did not influence the sugar 

concentration in kiwi (Park et al 2015) and medlar fruit (Selcuk and Erkan 2015). Amanullah 

et al (2017) who demonstrated the effect of SA on shelf-life and quality of guava fruits and 

found that fruits treated with SA registered maximum total sugar in contrast to control after 

10 days of storage. 

4.2.9 Vitamin C (mg/100g) 

The data on the effect of anti-senescence compounds on vitamin C content of Kinnow 

fruit registered a linear decline in its level throughout the storage period (Table 23). The 

treatments showed a significant difference among themselves with regard to loss in vitamin C 

content. In 2016-17, The average maximum ascorbic acid content of 22.67 mg/100g pulp was 

retained and maintained in fruits treated with MeJA 1mM, which was followed by the 

ascorbic acid content of 21.97 mg/100g pulp in the fruits treated with 1-MCP 1500 ppb. 

However, control fruit retained the lowest average ascorbic acid (19.72 mg/100g pulp) 

content during storage. It was further noticed that ascorbic acid content in the fruits treated 

with MeJA 1mM and 1-MCP 1500 ppb ranged from 29.15 to 13.80 and 27.79 to 11.80 

mg/100g pulp, respectively from 30 days to 75 days of storage period. On the other hand, the 
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Table 23: Effect of anti-senescence compounds and storage interval on vitamin C content (mg/100g) in Kinnow fruit stored at 5-7
0
C and 90-95% RH  

TREATMENT 

Vitamin C (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 33.97 23.38 17.43 17.35 12.25 20.88
c
 33.88 25.00 21.32 21.18 20.23 24.32

e
 

1000 ppb 33.97 24.91 19.73 15.10 12.94 21.33
bc

 33.88 25.73 23.82 22.51 18.53 24.89
de

 

1500 ppb 33.97 27.79 18.49 17.79 11.80 21.97
b
 33.88 30.00 27.21 23.82 19.44 26.87

b
 

Methyl 

Jasmonates 

 

1mM 33.97 29.15 18.49 17.94 13.80 22.67
a
 33.88 28.68 27.35 26.76 24.26 28.19

a
 

2mM 33.97 24.85 18.06 17.35 14.10 21.67
b
 33.88 27.56 24.26 22.28 20.88 25.77

c
 

3mM 33.97 26.18 16.79 16.47 11.12 20.90
c
 33.88 27.06 22.79 20.71 18.68 24.62

de
 

Salicylic 

acid 

 

1mM 33.97 26.18 17.94 17.21 13.30 21.72
b
 33.88 29.82 28.00 22.16 18.66 26.50

b
 

2mM 33.97 23.23 22.73 17.43 12.12 21.90
b
 33.88 30.59 24.71 22.80 21.32 26.66

b
 

3mM 33.97 29.59 18.06 13.03 12.65 21.46
bc

 33.88 27.65 24.26 21.69 18.64 25.22
cd

 

Control 33.97 24.00 18.78 13.35 8.50 19.72
d
 33.88 24.12 20.63 17.73 12.64 21.80

f
 

Mean  33.97
a
 25.93

b
 18.65

c
 16.30

d
 12.26

e
  33.88

a
 27.62

b
 24.44

c
 22.16

d
 19.33

e
  

LSD (P≤0.05) Treatment (T) = 0.69    Days (D) = 0.49   D x T = 1.55 Treatment (T) = 0.72    Days (D) = 0.51    D x T = 1.61 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 23a:  Effect of different anti-senescence compounds and storage interval on the 

vitamin C (mg/100g) content in Kinnow fruit stored at 5-7
o
C and 90-95% 

RH 

                                                                Vitamin C (mg/100g)            

                                                                Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 33.92 24.19 19.37 19.26 16.24 22.60
g
 

1000 ppb 33.92 25.32 21.77 18.80 15.73 23.11
ef
 

1500 ppb 33.92 28.89 22.85 20.80 15.62 24.42
b
 

Methyl 

Jasmonates 

1mM 33.92 28.91 22.92 22.35 19.03 25.43
a
 

2mM 33.92 26.20 21.16 19.81 17.49 23.72
cd

 

3mM 33.92 26.62 19.79 18.59 14.90 22.76
fg

 

Salicylic 

acid 

 

1mM 33.92 28.00 22.97 19.68 15.98 24.11
bc

 

2mM 33.92 26.91 23.72 20.11 16.72 24.28
b
 

3mM 33.92 28.62 21.16 17.36 15.64 23.34
de

 

Control 33.92 24.06 19.70 15.54 10.57 20.76
h
 

Mean  33.92
a
 

26.77
b
 21.54

c
 19.23

d
 15.79

e
  

LSD (P≤0.05) Treatment (T) = 0.48  Days (D) = 0.34   D x T = 1.07   

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig.23:  Effect of different anti-senescence compounds and storage interval on the 

vitamin C (mg/100g) content of Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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control fruits followed a continuous decline at faster pace and thereby retained the lowest 

ascorbic acid content ranged from 24.00 to 8.50 mg/100g pulp from 30 days to 75 days of 

storage period. The similar trends were also noticed in the year of 2017-18. Fruits treated with 

MeJA 1mM were superior with respect to retaining and maintaining the maximum ascorbic 

acid content (28.19 mg/100g) followed by fruits treated with 1-MCP 1500 ppb (26.87 

mg/100g pulp). However, the control fruits maintained the lowest average ascorbic acid 

content (21.80 mg/100g pulp). The data further revealed that the ascorbic acid content in the 

fruits treated with MeJA 1mM and 1-MCP 1500 ppb ranged from 28.68 to 24.26 and 30.00 to 

19.44 mg/100g pulp, respectively from 30 days to 75 days of storage. On the other hand, the 

control fruits continued to decline in ascorbic acid content at faster pace and thereby ranged 

24.12 to 12.64 mg/100 g pulp from 30 days to 75 days of storage. The interaction between 

treatments and storage interval was found to be significant during both the years of 

investigation. The pooled mean analysis of both the years (Table 23a and Fig 23) also 

confirmed the findings as fruits treated with MeJA 1mM retained the mean maximum 

ascorbic acid (25.43mg/100g pulp) followed by 1-MCP 1500 ppb ( 24.42 mg/100g pulp). 

However, control fruits recorded the lowest average ascorbic acid content (20.76 mg/100g 

pulp). The interaction between treatments and storage interval was found to be significant. In 

the present study control fruits revealed the maximum loss in ascorbic acid content during 

storage may be due to conversion of ascorbic acid to dehydroascorbic acid by the action of 

ascorbic acid oxidase (Mapson 1970).  

These results are in conformity with the findings of Geransayeh et al (2015) who 

observed that fruits of strawberry subjected to MeJA maintained the higher ascorbic acid 

content than those of untreated after 12 days of storage. Fruits of Kinnow subjected to 1-MCP 

maintained the higher ascorbic acid content as compared to control during storage. The 

similar results were also reported in medlar (Selcuk and Erkan 2015) and Chinese chive (Wu 

et al (2009). Amanullah et al (2017) reported that postharvest application of SA registered the 

higher ascorbic acid content in guava in contrast to control after 10 days of storage. Similar 

results were also reported in plum cv. „Santa Rosa‟ (Davarynejad et al 2015). 

4.2.10 Total Carotenoids (mg/100g) 

The data on total carotenoids influenced by different anti-senescence compounds 

revealed an identical trends during storage (Table 24). The treatments showed a significant 

effect with regard to maintain the carotene content during storage. In 2016-17, the average 

maximum carotene (0.66 mg/100g pulp) content was recorded in the fruits treated with MeJA 

1mM followed by 1-MCP 1500 ppb (0.55 mg/100g pulp). However, the control fruits 

recorded the lowest average carotene (0.45 mg/100g pulp) content. A gradual increase in total 

catotenoids was registered in the fruits treated with MeJA 1mM and 1-MCP 1500 ppb after 30 

days of the storage which was recorded as 0.94 and 0.63 mg/100g pulp respectively; 



101 

Table 24:  Effect of different anti-senescence compounds and storage interval on total carotenoids (mg/100g) in Kinnow fruit stored at 5-7
0
C and  

90-95% RH  

TREATMENT 

Total carotenoids (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.48 0.78 0.47 0.35 0.25 0.47
f
 0.37 0.54 0.44 0.32 0.31 0.39

f
 

1000 ppb 0.48 0.65 0.56 0.52 0.34 0.51
e
 0.37 0.56 0.55 0.32 0.20 0.40

f
 

1500 ppb 0.48 0.63 0.59 0.57 0.48 0.55
b
 0.37 0.66 0.55 0.55 0.50 0.52

b
 

Methyl 

Jasmonates 

 

1 mM 0.48 0.94 0.82 0.71 0.37 0.66
a
 0.37 1.06 0.64 0.61 0.30 0.59

a
 

2 mM 0.48 0.60 0.60 0.51 0.45 0.53
cd

 0.37 0.50 0.48 0.40 0.37 0.42
e
 

3 mM 0.48 0.58 0.61 0.40 0.30 0.47
f
 0.37 0.48 0.44 0.39 0.30 0.40

f
 

Salicylic 

acid 

 

1mM 0.48 0.70 0.54 0.51 0.43 0.54
cd

 0.37 0.57 0.50 0.40 0.37 0.44
d
 

2mM 0.48 0.70 0.58 0.55 0.39 0.55
bc

 0.37 0.77 0.53 0.45 0.34 0.49
c
 

3mM 0.48 0.79 0.71 0.40 0.21 0.52
de

 0.37 0.77 0.51 0.24 0.18 0.41
ef
 

Control 0.48 0.50 0.46 0.41 0.38 0.45
g
 0.37 0.58 0.35 0.22 0.16 0.34

g
 

Mean  0.48
d
 0.67

a
 0.59

b
 0.49

c
 0.36

e
  0.37

d
 0.65

a
 0.50

b
 0.39

c
 0.30

e
  

LSD (P≤0.05) Treatment (T) = 0.0133    Days (D) = 0.00094   D x T = 0.0298 Treatment (T) = 0.0120    Days (D) = 0.000085    D x T = 0.027 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 24a: Effect of different anti-senescence compounds and storage interval on the 

total carotenoids (mg/100g pulp) in Kinnow fruit stored at 5-7
0
C and 90-

95% RH 

                                                                 Total carotenoids (mg/100g)           

                                                                     Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.42 0.66 0.45 0.33 0.28 0.43
g
 

1000 ppb 0.42 0.60 0.55 0.42 0.27 0.45
f
 

1500 ppb 0.42 0.64 0.57 0.56 0.49 0.54
b
 

Methyl 

Jasmonates 

1mM 0.42 1.00 0.73 0.66 0.33 0.63
a
 

2mM 0.42 0.55 0.54 0.45 0.41 0.47
e
 

3mM 0.42 0.53 0.52 0.39 0.30 0.43
g
 

Salicylic 

acid 

 

1mM 0.42 0.63 0.52 0.45 0.40 0.49
d
 

2mM 0.42 0.73 0.55 0.50 0.36 0.51
c
 

3mM 0.42 0.78 0.61 0.32 0.19 0.46
e
 

Control 0.42 0.54 0.40 0.31 0.27 0.39
h
 

Mean  0.42
d
 0.67

a
 0.54

b
 0.44

c
 0.33

e
  

LSD (P≤0.05) Treatment (T) = 0.010   Days (D) = 0.00077    D x T = 0.024  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

 

Fig 24:  Effect of different anti-senescence compounds and storage interval on the total 

carotenoids (mg/100g pulp) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  
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was found to be significant during 2016-17 and 2017-18. The findings were further confirmed  

thereafter followed a continuous decline till the end of the storage (0.37 and 0.48 mg/100g 

pulp, respectively). On the other hand, control fruits followed an abrupt and sharp decline 

at faster pace in carotene content ranged from 0.50 to 0.38 mg/100g pulp from 30 days to 

75 days of storage period. The similar trends were noticed in 2017-18. The average 

maximum carotene (0.59 mg/100g pulp) content was recorded in the fruits treated with 

MeJA 1mM and 1-MCP 1500 ppb (0.52 mg/100g pulp) whereas, the control fruits 

registered the lowest average carotene (0.34 mg/100g pulp) content. The data further 

revealed a gradual increase in carotene content in the fruits treated with MeJA 1mM and 

1-MCP 1500 ppb after 30 days of the storage which was recorded as 1.06 and 0.99 mg per 

cent, respectively; thereafter followed a continuous decline till the end of the storage i.e. 

0.30 and 0.50 mg per cent, respectively. On the other hand, control fruits followed an 

abrupt decline with an advancement in storage period and thereby ranged from 0.58 to 

0.16 mg per cent from 30 days to 75 days, respectively. The interaction between 

treatments and storage interval was found to be significant during both the years i.e. 

2016-17 and 2017-18. The findings were further confirmed through the pooled mean 

analysis of both the years (Table 24a and Fig 24). MeJA 1mM was the best in retaining 

and maintaining the maximum carotene (0.63 mg/100g pulp) content followed by 1-MCP 

1500 ppb (0.54 mg/100g pulp). On the other hand, control fruits recorded the lowest 

average carotene (0.39 mg/100g pulp) content. The interaction between treatments and 

storage interval was found to be significant in the pooled mean analysis of both the years. 

In the present study, the control fruits followed a continuous instability and subsequent 

reduction of carotenoids is because of their vulnerability to oxidation and geometric 

isomerization of its polyene chain during storage (Sanchez-Moreno et al 2003). Ethylene 

causes the loss of chlorophylls, produces some minor changes in carotenoids, induces 

carotenoid synthesis and thus has the potential to re-establish the orange colors (El-

Zeftawi and Garrett 1978). 

The present results are in conformity with the findings of Boonyaritthongchai et 

al (2017) reported that fruits of mango cv. Nom Dok Mai subjected to MeJA retained the 

maximum carotene content than that of control fruits after 15 days of storage. Similar 

findings were also noticed in lettuce (Kim et al 2006). Sun et al (2012) reported that the 

post harvest application of 1-MCP maintained the higher content of total catotenoids in 

Chinese Kale during storage. Similar findings were also reported in broccoli (Fernandez-

Leon et al 2013). Pre-harvest application of SA maintained the highest carotene content 

in the navel orange cv. „Cara Cara‟ after 105 days of storage (Huang et al 2008). 
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4.2.11 Pectin (Ca pectate %) 

 The data pertaining to the effect of anti-senescence compounds revealed a gradual 

decrease in pectin content in Kinnow fruit irrespective of the treatment during storage 

(Table 25). In 2016-17, the maximum pectin (0.56%) was recorded in the fruits treated 

with MeJA 1mM (0.56 mg %) followed by 1-MCP 1500 ppb where it was recorded as 

0.55 per cent. On the other hand, the control fruits registered the lowest pectin content  of 

0.46 per cent. The data further revealed that the pectin content in the fruits treated with 

MeJA 1mM and 1-MCP 1500 ppb ranged from 0.68 to 0.28 and 0.77 to 0.15 per cent, 

respectively from 30 days to 75 days of storage, while the control fruits followed a 

continuous depletion in pectin content at faster pace ranged from 0.65 to 0.12 per cent 

from 30 days to 75 days of storage. The similar trends were noticed in 2017-18. Fruits 

treated with MeJA 1mM were superior with respect to retaining and maintaining the 

higher pectin (0.38%) content followed by 1-MCP 1500 ppb where it was recorded as 

0.37 per cent. On the other hand, the control fruits registered the lowest pectin content 

(0.27%). The data further revealed that the pectin content in the fruits treated with MeJA 

1mM and 1-MCP 1500 ppb ranged from 0.41 to 0.26 and 0.44 to 0.26 per cent, 

respectively from 30 days to 75 days of storage period. However, control fruits followed a 

sharp and abrupt decline in pectin content with an advancement in storage period ranged 

0.32 to 0.13 per cent from 30 days to 75 days of storage. The interaction between 

treatments and storage interval was found to be significant in 2016-17 and 2017-18. The 

pooled mean analysis of both years (Table 25a and Fig 25) further confirmed the findings 

as fruits treated with MeJA 1mM retained and maintained the maximum pectin content of 

0.47 per cent followed by fruits treated with 1-MCP 1500 ppb and salicylic acid 2mM 

where it was recorded as 0.46 per cent whereas, as fruits which were kept under control 

treatment retained the lowest average pectin content of 0.36 per cent. The interaction 

between treatments and storage interval was found to be significant in the pooled mean 

analysis of both the years.  In the present study, the loss in pectin content might be due to 

the degree of fruit ripening which affects the pectin contents, which supports the 

hypothesis that softening is closely related to pectin solubilisation and depolymerization 

(Kurz et al 2008 and Rosli et al 2004). 

These results are in corroboration with the findings of (Geransayeh et al 2015) 

who reported that fruits of strawberry subjected to MeJA registered the higher calcium 

pectate content than that of control fruits after 12 days of storage. 
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Table 25:  Effect of different anti-senescence compounds and storage interval on pectin content (Ca pectate %) in Kinnow fruit stored at 5-7
o
C and 

90-95% RH  

TREATMENT 

Pectin (Ca pectate %) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.800 0.660 0.430 0.290 0.210 0.48
f
 0.500 0.286 0.246 0.220 0.173 0.28

h
 

1000 ppb 0.800 0.650 0.490 0.410 0.200 0.51
e
 0.500 0.340 0.250 0.236 0.224 0.32

g
 

1500 ppb 0.800 0.770 0.620 0.390 0.150 0.55
ab

 0.500 0.440 0.400 0.260 0.260 0.37
b
 

Methyl 

Jasmonates 

 

1 mM 0.800 0.680 0.520 0.500 0.280 0.56
a
 0.500 0.410 0.376 0.376 0.260 0.38

a
 

2 mM 0.800 0.700 0.540 0.430 0.190 0.53
cd

 0.500 0.426 0.416 0.220 0.146 0.34
e
 

3 mM 0.800 0.630 0.480 0.440 0.160 0.50
e
 0.500 0.390 0.260 0.236 0.200 0.31

g
 

Salicylic 

acid 

 

1mM 0.800 0.740 0.580 0.440 0.210 0.54
bc

 0.500 0.483 0.440 0.210 0.136 0.35
d
 

2mM 0.800 0.710 0.580 0.340 0.220 0.54
bc

 0.500 0.466 0.320 0.260 0.260 0.36
c
 

3mM 0.800 0.670 0.510 0.410 0.220 0.52
d
 0.500 0.350 0.300 0.286 0.206 0.33

f
 

Control 0.800 0.650 0.450 0.260 0.120 0.46
g
 0.500 0.320 0.230 0.190 0.130 0.27

i
 

Mean  0.80
a
 0.69

b
 0.51

c
 0.40

d
 0.20

e
  0.50

a
 0.39

b
 0.32

c
 0.25

d
 0.20

e
  

LSD (P≤0.05) Treatment (T) = 0.0106    Days (D) = 0.00075   D x T = 0.0238 Treatment (T) = 0.00072    Days (D) = 0.000514    D x T = 0.0163 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 25a: Effect of different anti-senescence compounds and storage interval on the 

pectin (Ca pectate %) in Kinnow fruit stored at 5-7
0
C and 90-95% RH 

                                                           Pectin (Ca pectate %) 

                                                          Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.65 0.47 0.34 0.25 0.19 0.38
f
 

1000 ppb 0.65 0.52 0.37 0.32 0.20 0.41
e
 

1500 ppb 0.65 0.60 0.51 0.32 0.20 0.46
b
 

Methyl 

Jasmonates 

1mM 0.65 0.54 0.45 0.44 0.27 0.47
a
 

2mM 0.65 0.56 0.48 0.32 0.17 0.43
c
 

3mM 0.65 0.48 0.36 0.34 0.19 0.41
e
 

Salicylic 

acid 

 

1mM 0.65 0.59 0.51 0.27 0.18 0.44
c
 

2mM 0.65 0.60 0.45 0.35 0.23 0.46
b
 

3mM 0.65 0.51 0.40 0.35 0.21 0.42
d
 

Control 0.65 0.48 0.34 0.22 0.12 0.36
g
 

Mean  0.65
a
 0.54

b
 0.42

c
 0.32

d
 0.20

e
  

LSD (P≤0.05) Treatment (T) = 0.00096   Days (D) = 0.00068    D x T = 0.022 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 25:  Effect of anti-senescence compound and storage interval on the pectin (Ca 

pectate %) of Kinnow fruit stored at 5-7
0
C and 90-95% RH 
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4.2.12 Total phenol (mg/100g) 

 The data pertaining on the effect of anti-senescence compounds on total phenol 

revealed an identical trend during storage (Table 26). The treatments showed a significant 

effect with regard to maintain the total phenol content during storage. In the 2016-17, The 

average maximum total phenols was registered in the fruits treated with MeJA 1mM (137.30 

mg/100g pulp) followed by fruits treated with 1-MCP 1500 ppb, salicylic acid 2mM and 

1mM, where it was recorded as 136.40, 136.26 and 132.80 mg/100g pulp) and were at par 

with each other. However, the control fruits registered the lowest total phenol (110.31 

mg/100g pulp) content. A gradual increase in total phenols was noticed in the fruits treated 

with MeJA 1mM and 1-MCP 1500 ppb after 30 days of the storage i.e. 198.39 and 224.61 

mg/100g pulp, respectively; thereafter followed a continuous decline till the end of the storage 

i.e. 67.54 and 51.76 mg/100g pulp, respectively On the other hand, the control fruits followed 

an abrupt decline with an advancement in storage in total phenol content at faster pace 

thereby ranged from 190.79 to 28.48 mg/100 g pulp from 30 days to 75 days of  storage. The 

similar trends were also noticed during 2017-18. Fruits treated with MeJA 1mM revealed the 

mean maximum total phenols (128.57 mg/100g) followed by fruits treated with salicylic acid 

2mM, where it was recorded as 127.06 and 126.29 mg/100g pulp and found statistically at par 

with each other, whereas control fruits registered the lowest average total phenol (87.24 

mg/100g pulp) content. The data further revealed that fruits treated with MeJA 1mM and 1-

MCP 1500 ppb registered a gradual rise in total phenol content after 30 days of the storage 

which was recorded as 196.81 and 220.33 mg/100g pulp, respectively; thereafter followed a 

decline till the end of the storage i.e. 68.54 and 50.26 mg/100g pulp, respectively. On the 

other hand, the control fruits followed a sharp and abrupt decline in total phenol with an 

advancement in storage period and thereby ranged from 160.06 to 23.00 mg/100g pulp from 

30 days to 75 days of the storage. The interaction between treatments and storage interval was 

found to be significant during both the years of investigation. The findings were further 

confirmed through the pooled mean analysis of both the years (Table 26a and Fig 26). MeJA 

1mM was the superior in terms of retaining and maintaining the maximum total 

phenolContent (132.94 mg/100g pulp) followed by fruits treated with 1-MCP 1500 ppb and 

salicylic acid 2mM (131.73 and 131.27 mg/100g pulp). On the other hand, control fruits 

recorded the lowest content of total phenol (98.78 mg/100g pulp). The interaction between 

treatments and storage interval was found to be significant. In the present study MeJA (1mM) 

and 1-MCP 1500 ppb registered the highest content of total phenol. However, the precise 

mechanism by which anti-senescence compounds increases the phenolics compounds is not 

yet elucidated. One explanation could be attributed to the role of anti-senescence compounds 

as a signal molecule inducing the biosynthesis of defence compounds, such as phenolics. In 
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Table 26:  Effect of different anti-senescence compounds and storage interval on total phenol (mg/100g pulp) in Kinnow fruit stored at 5-7
o
C and 90-

95% RH  

TREATMENTS 

Total phenols (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 128.13 192.45 114.34 101.28 34.38 114.12
e
 131.84 126.73 80.70 73.92 37.60 90.16

e
 

1000 ppb 128.13 218.67 132.48 131.20 32.19 128.53
cd

 131.84 147.57 94.63 84.27 33.38 98.34
d
 

1500 ppb 128.13 224.61 158.82 118.67 51.76 136.40
ab

 131.84 220.33 121.48 111.39 50.26 127.06
a
 

Methyl 

Jasmonates 

 

1 mM 128.13 198.39 156.52 135.93 67.54 137.30
a
 131.84 196.81 133.12 112.53 68.54 128.57

a
 

2 mM 128.13 192.55 156.52 131.20 50.74 131.83
c
 131.84 176.34 96.04 83.89 64.96 110.61

c
 

3 mM 128.13 183.63 175.06 98.64 42.60 125.61
d
 131.84 180.95 75.96 69.44 30.69 97.77

d
 

Salicylic 

acid 

 

1mM 128.13 207.29 159.08 115.47 54.01 132.80
bc

 131.84 165.73 141.56 108.19 49.74 119.41
b
 

2mM 128.13 209.33 163.94 112.92 66.96 136.26
ab

 131.84 201.15 148.59 99.36 50.51 126.29
a
 

3mM 128.13 193.22 179.41 118.16 30.75 129.48
cd

 131.84 154.60 136.32 88.75 26.98 107.70
c
 

Control 128.13 190.79 131.21 70.68 28.48 110.31
e
 131.84 160.06 70.40 50.90 23.00 87.24

e
 

Mean  128.13
c
 201.09

a
 152.74

b
 113.41

d
 45.94

e
  131.84

b
 173.03

a
 109.88

c
 88.26

d
 43.57

e
  

LSD (P≤0.05) Treatment (T) = 4.29    Days (D) = 3.03   D x T = 9.59 Treatment (T) = 3.69    Days (D) = 2.61    D x T = 8.25 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 26a:  Effect of different anti-senescence compounds and storage interval on the 

total phenol (mg/100g pulp) in Kinnow fruit stored at 5-7
o
C and 90-95% 

RH 

                                                              Total phenols (mg/100g)                 

                                                              Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 129.98 159.59 97.52 87.60 35.99 102.14
f
 

1000 ppb 129.98 183.12 113.55 107.73 32.78 113.44
e
 

1500 ppb 129.98 222.47 140.15 115.03 51.01 131.73
a
 

Methyl 

Jasmonates 

1mM 129.98 197.60 144.82 124.23 68.04 132.94
a
 

2mM 129.98 184.44 126.28 107.54 57.85 121.22
c
 

3mM 129.98 182.29 125.51 84.04 36.64 111.69
e
 

Salicylic 

acid 

 

1mM 129.98 186.51 150.32 111.83 51.87 126.10
b
 

2mM 129.98 205.24 156.26 106.14 58.73 131.27
a
 

3mM 129.98 173.91 157.86 103.45 28.86 118.82
d
 

Control 129.98 175.42 100.80 60.79 26.87 98.78
g
 

Mean  129.98
b
 

187.06
a
 131.31

b
 100.84

c
 44.87

d
  

LSD (P≤0.05)   Treatment (T) =2.29    Days (D) = 1.62    D x T = 5.12  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 26:  Effect of different anti-senescence compounds and storage interval on the total 

phenol (mg/100g pulp) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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addition, it has been shown that SA stimulates phenylalanine ammonia lyase (PAL) activity (Yao 

and Tian 2005), which could be responsible for de novo synthesis of phenolic compounds. 

The results are in agreement with the findings of Zapata et al (2014) who, however, 

reported that fruits of plum subjected to pre-harvest application of MeJA registered higher 

content of total phenols. Tavallali and Moghadam (2015) observed that Kinnow fruits 

subjected to 1-MCP registered the higher content of total phenol than that of control. The 

similar results were also obtained in apple (Gago et al 2015); pear (Arias et al 2009) and plum 

(Singh and Singh 2012). Amanullah et al (2017) evaluated the postharvest effect of SA on 

storage life and quality of guava and found that fruits subjected to SA registered the 

maximum total phenol content. Similar studies were also noticed in peach (Khademi and 

Ersadi 2013) and plum cv. „Santa Rosa‟ (Davarynejad et al 2015). 

4.2.13 Pectin methylesterase (PME) activity 

The results pertaining to effect of anti-senescence compounds on PME activity (micro 

equi. acid produced/min/ml tissue) illustrated that the enzyme activity registered significant 

changes over the storage interval (Table 27). In general, irrespective of the treatment (except 

MeJA 1mM, 1-MCP 1500 ppb and SA 2mM) the maximum PME activity with respect to 

storage interval was recorded after 45 days of the storage; thereafter followed a sudden decline 

till the end of the storage. In 2016-17, the average minimum PME activity (0.26 micro equi. 

acid produced/min/ml/tissue) was noticed in the fruits treated with MeJA 1mM followed by 1-

MCP 1500 ppb (0.27 micro equi. acid produced/min/ml/tissue). However, control fruits 

registered the average maximum PME activity (0.45 micro equi. acid produced/min/ml/tissue). 

The data further revealed that fruits treated with MeJA 1mM delayed peak in PME activity till 

60 days of the storage i.e. 0.52 micro equi. acid produced/min/ml/tissue followed by 1-MCP 

1500 and SA 2mM ( 0.38 and 0.57 micro equi. acid produced/min/ml/tissue, respectively). On 

the other hand, the control fruits registered an earliest peak in PME activity after 45 days of the 

storage i.e. 0.86 micro equi. acid produced/min/ml/tissue. The similar results were also obtained 

in the 2017-18. Fruits treated with MeJA 1mM registered the lowest PME activity (1.42 micro 

equi. acid produced/min/ml/tissue) followed by 1-MCP 1500 ppb (1.58 micro equi. acid 

produced/min/ml/tissue). However, the control fruits registered the average maximum PME 

activity (2.37 micro equi. acid produced/min/ml/tissue). It was noticed that the fruits treated 

with MeJA 1mM delayed peak in PME activity till 60 days of the storage period i.e. 2.63 micro 

equi. acid produced/min/ml/tissue followed by 1-MCP 1500 ppb and SA 2mM (2.03 and 3.26 

micro equi. acid produced/min/ml/tissue, respectively). On the other hand, the control fruits 

registered an earliest peak in PME activity after 45 days of the storage i.e. 3.90 micro equi. acid 

produced/min/ml/tissue. The interaction between treatments and storage interval was found to 

be significant during the year of 2016-17 and 2017-18, respectively. The findings were also 

visualized through pooled mean analysis (Table 27a and Fig 27) as fruits treated with MeJA 
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Table 27:  Effect of different anti-senescence compounds and storage interval on the PME activity (unit/ml) in Kinnow fruit stored at 5-7
o
C and  

90-95% RH  

TREATMENT 

PME activity (unit/ml) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.12 0.28 0.73 0.71 0.38 0.44
a
 0.63 1.70 3.60 3.43 2.40 2.35

a
 

1000 ppb 0.12 0.35 0.71 0.40 0.39 0.39
c
 0.63 1.07 4.43 2.73 1.96 2.16

bc
 

1500 ppb 0.12 0.23 0.33 0.38 0.28 0.27
h
 0.63 1.53 2.00 2.03 1.70 1.58

f
 

Methyl 

Jasmonates 

 

1 mM 0.12 0.23 0.28 0.52 0.21 0.26
h
 0.63 1.13 2.16 2.63 0.57 1.42

g
 

2 mM 0.12 0.23 0.74 0.48 0.26 0.37
d
 0.63 1.53 3.13 2.40 1.57 1.85

d
 

3 mM 0.12 0.30 0.61 0.57 0.45 0.41
b
 0.63 2.13 3.63 2.33 2.30 2.20

b
 

Salicylic 

acid 

 

1mM 0.12 0.24 0.64 0.45 0.28 0.35
f
 0.63 1.17 3.73 2.46 1.20 1.84

d
 

2mM 0.12 0.21 0.40 0.57 0.21 0.30
g
 0.63 1.27 1.96 3.26 1.37 1.70

e
 

3mM 0.12 0.16 0.47 0.47 0.28 0.38
d
 0.63 1.76 3.36 2.66 2.03 2.09

c
 

Control 0.12 0.74 0.86 0.31 0.20 0.45
a
 0.63 3.36 3.90 2.33 1.65 2.37

a
 

Mean  0.12
e
 0.30

d
 0.58

b
 0.49

a
 0.29

c
  0.63

e
 1.66

d
 3.19

b
 2.63

a
 1.67

c
  

LSD (P≤0.05) Treatment (T) = 0.00096    Days (D) = 0.00068  D x T = 0.021 Treatment (T) = 0.061    Days (D) = 0.043    D x T = 0.14 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 27a:  Effect of different anti-senescence compounds and storage interval on the 

PME activity (unit/ml) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                  PME activity (unit/ml) 

                                                                  Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.37 0.99 2.16 2.07 1.39 1.40
a
 

1000 ppb 0.37 0.71 2.57 1.56 1.17 1.28
b
 

1500 ppb 0.37 0.88 1.16 1.20 0.99 0.92
ab

 

Methyl 

Jasmonates 

1mM 0.37 0.68 1.22 1.57 0.39 0.85
g
 

2mM 0.37 0.88 1.93 1.44 0.91 1.11
d
 

3mM 0.37 1.21 2.12 1.45 1.37 1.31
b
 

Salicylic 

acid 

 

1mM 0.37 0.70 2.18 1.45 0.74 1.09
d
 

2mM 0.37 0.74 1.18 1.91 0.79 1.00
e
 

3mM 0.37 0.96 1.91 1.56 1.15 0.92
f
 

Control 0.37 2.05 2.38 1.32 0.92 1.41
a
 

Mean  0.37
d
 0.98

c
 1.88

a
 1.56

b
 0.98

c
  

LSD (P≤0.05) Treatment (T) = 0.029  Days (D) = 0.020   D x T = 0.065 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 27:  Effect of different anti-senescence compounds and storage interval on the PME 

activity (unit/ml) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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1mM registered the lowest PME activity (0.85 micro equi. acid produced/min/ml/tissue) 

followed by 1-MCP 1500 ppb (0.92 micro equi. acid produced/min/ml/tissue). However, 

control fruits registered the maximum PME activity (1.41micro equi. acid 

produced/min/ml/tissue). The interaction between treatments and storage interval was found 

to be significant.  In the present study, MeJA (1mM) and 1-MCP 1500 ppb) revealed the 

lowest PME activity; might be due anti-senescent action of MeJA maintains cellular 

membrane integrity which reduces the de-estarification of pectins hence maintains the fruit 

texture (Meng et al 2009). 

The results are in corroboration with the findings of Venkatachalam and Meenune 

(2015) who reported that longkong fruits subjected to MeJA registered the lowest PME 

activity during storage. Similar findings were reported in peach fruit (Meng et al 2009). Zhu 

et al (2015) and Lohani et al (2004) reported that fruits of banana subjected to 1-MCP 

treatment registered low activity of PME with an advancement in storage period. Similar 

findings were also reported in avocado (Jeong et al 2002). The fruits of „plum‟ subjected to 

SA treatment registered the lower PME activity in contrast to control fruits after 40 days of 

storage (Majeed and Jawandha 2016). 

4.2.14 Cellulase activity 

The data on cellulase activity influenced by different anti-senescence compounds 

revealed an identical trend during storage (Table 28). In general, Irrespective of the treatments 

(except MeJA 1mM, 1-MCP 1500 ppb and SA 2mM), the maximum cellulase activity with 

respect to storage interval was recorded after 45 days of the storage; thereafter followed a 

sudden decline till the end of the storage. In 2016-17, the average lowest cellulase activity 

(1.74 mg glucose per min
-1

 mg protein
-1

) was recorded in the fruits treated with MeJA 1mM 

followed by 1-MCP 1500 ppb (1.89 mg glucose per min
-1

 mg protein
-1

). On the other hand, 

the control fruits showed the mean maximum cellulase activity (3.49 mg glucose per min
-1

 mg 

protein
-1

). The data further revealed that the fruits treated with MeJA 1mM delayed the peak 

in cellulase activity till 60 days of the storage i.e. 3.59 mg glucose per min
-1

 mg protein
-1

 

followed by 1-MCP 1500 ppb and SA 2mM (3.94 and 3.33 mg glucose per min
-1

 mg protein
-1

, 

respectively). On the other hand, control fruits registered an earliest peak in cellulase activity 

after 30 days of the storage where it was 8.54 mg glucose per min
-1

 mg protein
-1

. The similar 

trends were noticed in the year of 2017-18. Fruits treated with MeJA 1mM revealed the 

lowest average cellulase activity (2.37 mg glucose per min
-1

 mg protein
-1

) followed by fruits 

1-MCP 1500 ppb and salicylic acid 2mM where it was recorded as 3.06 and 3.33 mg glucose 

per min
-1

 mg protein
-1

. However, the control fruits recorded the maximum cellulase activity 

(5.68 mg glucose per min
-1

 mg protein
-1

. The fruits treated with MeJA 1mM delayed the peak 

in cellulase activity till 60 days of the storage i.e. 4.62 mg glucose per min
-1

 mg protein
-1
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Table 28:  Effect of different anti-senescence compounds and storage interval on cellulase activity (mg glucose per min
-1

 mg protein
-1

) in Kinnow 

fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Cellulase activity (mg glucose per min
-1

 mg protein
-1

) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.84 2.77 5.19 4.13 2.90 3.17
b
 1.68 4.99 7.73 7.27 3.99 5.13

b
 

1000 ppb 0.84 2.33 7.44 2.86 0.72 2.84
d
 1.68 4.10 5.85 5.15 3.78 4.11

d
 

1500 ppb 0.84 2.03 2.27 3.94 0.38 1.89
g
 1.68 2.70 4.81 4.86 1.24 3.06

g
 

Methyl 

Jasmonates 

 

1 mM 0.84 1.66 2.25 3.59 0.38 1.74
h
 1.68 2.25 2.58 4.62 0.72 2.37

h
 

2 mM 0.84 2.21 5.00 2.63 0.29 2.19
f
 1.68 4.29 9.00 3.46 0.53 3.79

e
 

3 mM 0.84 1.34 7.11 3.61 2.24 3.03
c
 1.68 3.38 8.94 6.85 3.00 4.77

c
 

Salicylic 

acid 

 

1mM 0.84 2.40 5.31 1.84 0.31 2.14
f
 1.68 3.90 9.62 1.33 0.58 3.42

f
 

2mM 0.84 1.70 1.96 3.33 1.74 1.91
g
 1.68 2.62 4.03 7.16 1.16 3.33

f
 

3mM 0.84 2.15 5.49 2.61 1.21 2.46
e
 1.68 4.65 7.36 5.60 1.16 4.09

d
 

Control 0.84 8.54 4.76 3.08 0.21 3.49
a
 1.68 10.91 8.56 6.89 0.34 5.68

a
 

Mean  0.84
e
 2.71

c
 4.68

a
 3.16

b
 1.04

d
  1.68

e
 4.38

c
 6.85

a
 5.32

b
 1.65

d
  

LSD (P≤0.05) Treatment (T) = 0.061    Days (D) = 0.043   D x T = 0.14 Treatment (T) = 0.12    Days (D) = 0.08    D x T = 0.27 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 28a: Effect of different anti-senescence compounds and storage interval on the 

cellulase activity (mg glucose per min
-1

 mg protein
-1

) in Kinnow fruit stored 

at 5-7
o
C and 90-95% RH 

                                        Cellulase activity (mg glucose per min
-1

 mg protein
-1

) 

                                                               Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 1.26 3.88 6.46 5.70 3.44 4.15
b
 

1000 ppb 1.26 3.21 6.64 4.00 2.25 3.47
d
 

1500 ppb 1.26 2.36 3.54 4.40 0.81 2.47
i
 

Methyl 

Jasmonates 

1mM 1.26 1.95 2.41 4.10 0.55 2.06
j
 

2mM 1.26 3.25 7.00 3.04 0.41 2.99
f
 

3mM 1.26 2.36 8.02 5.23 2.62 3.90
c
 

Salicylic 

acid 

 

1mM 1.26 3.15 7.46 1.58 0.44 2.78
g
 

2mM 1.26 2.16 2.99 5.24 1.45 2.62
h
 

3mM 1.26 3.40 6.42 4.10 1.18 3.27
e
 

Control 1.26 9.72 6.66 4.98 0.27 4.58
a
 

Mean  1.26
e
 3.54

c
 5.76

a
 4.24

b
 1.34

d
  

LSD (P≤0.05) Treatment (T) = 0.092    Days (D) = 0.065  D x T = 0.21 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 28:  Effect of different anti-senescence compounds and storage interval on the 

cellulase activity (mg glucose per min
-1

 mg protein
-1

) of Kinnow fruit stored at 5-

7
o
C and 90-95% RH 
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followed by fruits treated with 1-MCP 1500 ppb and SA 2mM (4.86 and 7.16 mg glucose per 

min-1 mg protein-1). On the other hand the control fruits showed an earliest peak in cellulase 

activity after 30 days of the storage where it was recorded as 8.56 mg glucose per min
-1

 mg 

protein
-1

. The interaction between treatments and storage interval was found to be significant. 

The findings were further confirmed through the pooled mean analysis of both the years (Table 

28a and Fig 28). MeJA 1mM proved best in terms of showing lowest cellulase activity (2.06 mg 

glucose per min
-1

 mg protein
-1

) followed by 1-MCP 1500 ppb (2.47 mg glucose per min
-1

 mg 

protein
-1

). On the other hand, control fruits registered the maximum cellulase activity (4.58 

mg glucose per min
-1

 mg protein
-1

). The interaction between treatments and storage interval 

was found to be significant. Fruit softening is associated with cell wall disassembly (Seymour 

and Gross 1996) and modifications to the pectin fraction are some of the most apparent 

changes that take place in the cell wall during ripening (Marin-Rodriguez et al 2002). The 

general observation is that softening is accompanied by solubilization of pectin, involving the 

action of enzymes pectinesterase (PE), polygalacturonase (PG) and pectate lyases (PL) (White 

2002). 

The results are in conformity with findings of Zhu et al (2015) and Lohani et al 

(2004) who reported that 1-MCP treated banana fruits followed slow but steady increase in 

cellulase activity in contrast to control fruits which registered a sudden increase initially; 

thereafter a sharp decline in cellulase activity during storage. The similar findings were also 

reported in avocado fruit (Jeong et al 2002). 

4.3 Effect of different packaging materials on physical, biochemical and enzymatic 

parameters of Kinnow fruit 

4.3.1 Physiological loss in weight (%)  

 The data pertaining to the effect of various packaging materials on physiological loss 

in weight of Kinnow fruit revealed a declining trend during storage (Table 29). In 2016-17 

fruits wrapped in perforated PP 100 gauge film registered the lowest average PLW (0.50%) 

followed by perforated LDPE 100 gauge where it was recorded as 0.63 per cent whereas, 

control fruits recorded the maximum PLW (6.93%). It was noticed that fruits wrapped in 

perforated PP 100 and perforated LDPE 100 gauge films registered the PLW ranged from 

0.32 to 1.07 and 0.34 to 1.40 per cent, respectively from 30 days to 75 days of storage. On the 

other hand, control fruits followed an abrupt and sharp decline in PLW with an advancement 

in storage period thereby ranged from 4.66 to 12.84 per cent from 30 days to 75 days of 

storage. Similar trend was also noticed during 2017-18. The lowest PLW (0.44%) was 

recorded in the fruits wrapped in perforated PP 100 gauge followed by perforated LDPE 100 

gauge (0.56%), whereas control fruits registered the maximum PLW (6.43%). The data 

further revealed that the PLW in the fruits wrapped in perforated PP 100 and perforated 
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Table 29:  Effect of different packaging materials and storage interval on the physiological loss in weight per centage in Kinnow fruit stored at 5-7
o
C 

and 90-95% RH 

TREATMENT Physiological loss in weight (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 0.00 0.58 0.86 0.96 1.49 0.78
c
 0.00 0.32 0.63 0.95 1.65 0.71

cd
 

150 gauge  0.00 0.64 0.92 0.94 1.55 0.81
c
 0.00 0.57 0.85 0.85 1.42 0.74

c
 

LDPE 

(5%Perforated) 

100 gauge 0.00 0.34 0.59 0.81 1.40 0.63
d
 0.00 0.26 0.51 0.77 1.28 0.56

e
 

150 gauge  0.00 0.51 0.76 1.06 1.29 0.72
c
 0.00 0.47 0.70 0.94 1.17 0.65

d
 

PP 

 

100 gauge 0.00 0.28 0.94 2.08 2.49 1.16
b
 0.00 0.22 0.88 1.75 2.41 1.05

b
 

150 gauge  0.00 0.38 0.69 1.06 1.71 0.77
c
 0.00 0.53 0.80 0.85 1.34 0.70

cd
 

PP 

(5% Perforated) 

100 gauge  0.00 0.32 0.54 0.58 1.07 0.50
e
 0.00 0.25 0.49 0.49 0.99 0.44

f
 

150 gauge  0.00 0.51 0.78 0.98 1.51 0.76
c
 0.00 0.47 0.70 0.90 1.41 0.69

cd
 

Control 0.00 4.66 7.29 9.84 12.84 6.93
a
 0.00 4.06 6.44 9.15 12.49 6.43

a
 

Mean  0.00
e
 0.91

d
 1.48

c
 2.03

b
 2.81

a
  0.00

e
 0.79

d
 1.33

c
 1.85

b
 2.68

a
  

LSD (P≤0.05) Treatment (T) = 0.089  Days (D) = 0.067   D x T = 0.20 Treatment (T) = 0.070  Days (D) = 0.052    D x T = 0.16 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 29a: Effect of different packaging materials and storage intervals on the 

physiological loss in weight per centage in Kinnow fruit stored at 5-7
o
C and 

90-95% RH 

                                                           Physiological loss in weight (%)           

                                                                 Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 0.00 0.45 0.74 0.95 1.57 0.74

cd
 

150 gauge 0.00 0.60 0.88 0.89 1.48 0.77
c
 

LDPE (5% 

perforation) 

100 gauge 0.00 0.30 0.55 0.79 1.34 0.59
e
 

150 gauge 0.00 0.49 0.73 1.00 1.23 0.69
d
 

PP 
100 gauge 0.00 0.25 0.91 1.91 2.45 1.10

b
 

150 gauge 0.00 0.45 0.74 0.95 1.52 0.74
cd

 

PP (5% 

perforation) 

100 gauge 0.00 0.28 0.51 0.53 1.03 0.47
f
 

150 gauge 0.00 0.49 0.74 0.94 1.46 0.73
cd

 

Control 0.00 4.36 6.86 9.49 12.66 6.68
a
 

Mean  0.00
e
 0.85

d
 1.41

c
 1.94

b
 2.75

a
  

LSD (P≤0.05) Treatment (T) = 0.078    Days (D) = 0.058    D x T = 0.17  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bars represents standard error (SE) mean of three replicates 

 

Fig 29:  Effect of different packaging materials and storage interval on the physiological 

loss in weight per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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LDPE 100 film ranged from 0.25 to 0.99 and 0.26 to 1.28 per cent, respectively from 30 

days to 75 days of storage. On the other hand, control fruits followed an abrupt decline in 

PLW with prolongation in storage thereby ranged from 4.06 to 12.49 per cent from 30 

days to 75 days of storage. The interaction between treatments and storage interval was 

found to be significant during both the seasons of investigation. The findings were further 

confirmed through pooled mean analysis of both the years (Table 29a and Fig 29). Fruits 

wrapped in perforated PP 100 gauge registered the lowest average PLW (0.47%) followed 

by perforated LDPE 100 gauge film (0.59%) whereas, control fruits recorded the 

maximum average PLW (6.68%). The interaction between treatments and storage interval 

was found to be significant. In the present study, among different packaging materials, 

perforated PP 100 and perforated LDPE 100 gauge films were the most efficacious 

wrapping material with respect to reduced weight loss; this might be due plastic covering 

plays an important role in preventing dehydration by creating a saturated micro-

atmosphere around the fruit. Reduction in PLW of polythene packed fruits could be 

attributed to retention of firmness of fruits in green. Moreover, the polyethylene films 

have the characteristic feature of reducing the rate of transpiration by restricting the 

diffusion of gases and feedback mechanism. 

The results are in corroboration with the findings of Nath et al (2012) who reported 

that perforated LLDPE and perforated HDPE wrapped pear fruits revealed the lowest PLW in  

contrast to control; this might be due to continuous loss of moisture due to transpiration from 

the fruit and respiration. Similar results were reported in pear (Kaur et al 2013) and papaya 

(Azene et al 2014). Ramayya et al (2012) evaluated the effect of OPP (perforated and non 

perforated) films and found that mangoes packed in OPP bags with 50% perforation 

registered the lower average weight loss in contrast to OPP bags with 25% perforation. 

Mahajan and Singh (2014) demonstrated the effect of packaging films on shelf-life and 

quality of Kinnow fruits and found that shrink film wrapped fruits registered the lower PLW 

than those of control. Similar findings were also reported in peach (Mahajan et al 2015) 

mango (Rao and shivshankara 2015) and apple (Sharma et al 2013). 

4.3.2 Spoilage (%) 

The data on spoilage per cent influenced by various packaging materials revealed a 

declining trend during storage (Table 30). In 2016-17, the lowest spoilage (3.33%) was 

registered by the fruits packed in perforated PP 100 gauge followed by perforated LDPE 

100 gauge film where it was recorded as 5 per cent. However, Interestingly, the maximum 

spoilage was registered by fruits wrapped in non perforated PP 100 gauge (33.33%) even 

higher than that of control (11.67 %).  
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Table 30: Effect of different packaging materials and storage interval on the spoilage per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT Spoilage (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 0.00 16.66 25.00 33.33 75.00 30.00
c
 0.00 0.00 0.00 33.33 91.66 25.00

c
 

150 gauge  0.00 0.00 0.00 66.66 91.66 31.66
b
 0.00 16.66 25.00 33.33 66.66 28.33

b
 

LDPE 

(5%Perforated) 

100 gauge 0.00 0.00 0.00 0.00 25.00 5.00
g
 0.00 0.00 0.00 0.00 16.66 3.33

g
 

150 gauge  0.00 0.00 0.00 8.66 50.00 11.73
f
 0.00 0.00 0.00 0.00 50.00 10.00

f
 

PP 

 

100 gauge 0.00 16.66 25.00 33.33 91.66 33.33
a
 0.00 16.66 16.66 33.33 91.66 31.66

a
 

150 gauge  0.00 0.00 0.00 25.00 91.66 23.33
d
 0.00 0.00 0.00 0.00 91.66 18.33

d
 

PP 

(5% Perforated) 

100 gauge  0.00 0.00 0.00 0.00 16.66 3.33
h
 0.00 0.00 0.00 0.00 8.33 1.67

h
 

150 gauge  0.00 0.00 0.00 16.66 75.00 18.33
e
 0.00 0.00 0.00 8.33 75.00 16.67

e
 

Control 0.00 0.00 0.00 25.00 33.33 11.67
f
 0.00 0.00 0.00 16.66 33.33 9.99

f
 

Mean  0.00
e
 3.70

d
 5.55

c
 23.18

b
 61.11

a
  0.00

e
 3.70

d
 4.63

c
 13.89

b
 58.33

a
  

LSD (P≤0.05) Treatment (T) = 1.20  Days (D) = 0.90   D x T = 2.69 Treatment (T) = 0.97  Days (D) = 0.72    D x T = 2.16 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 30a: Effect of different packaging materials and storage interval on the spoilage 

per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                    Spoilage (%) 

                                                             Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 0.00 8.33 12.50 33.33 83.33 27.50

c
 

150 gauge 0.00 8.33 12.50 49.99 79.16 30.00
a
 

LDPE (5% 

perforation) 

100 gauge 0.00 0.00 0.00 0.00 20.83 4.17
g
 

150 gauge 0.00 0.00 0.00 4.33 50.00 10.87
f
 

PP 

100 gauge 0.00 16.66 20.83 33.33 91.66 32.50
a
 

150 gauge 0.00 0.00 0.00 12.50 91.66 20.83
d
 

PP (5% 

perforation) 

 

100 gauge 0.00 0.00 0.00 0.00 12.49 2.50
h
 

150 gauge 0.00 0.00 0.00 12.49 75.00 17.50
e
 

Control 0.00 0.00 0.00 20.83 33.33 10.83
c
 

Mean  0.00
d
 3.70

cd
 5.09

c
 18.53

b
 59.72

b
  

LSD (P≤0.05) Treatment (T) = 0.92  Days (D) = 0.68    D x T = 2.05  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 
 

 

 

The vertical bars represents standard error (SE) mean of three replicates 

 

Fig 30:  Effect of different packaging materials and storage interval on the spoilage per 

centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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The data further revealed that the spoilage of the fruits wrapped in perforated PP 

100 gauge and perforated LDPE 100 gauge films ranged from 0 to 16.66 and 0 to 25 per 

cent, respectively from 30 days to 75 days of storage. On the other hand, the spoilage of 

fruits wrapped in non perforated PP 100 gauge films ranged from 16.66 to 91.66 per cent 

from 30 days to 75 days respectively. Similar trend were registered in 2017-18. Fruits 

wrapped in perforated PP 100 gauge film recorded the lowest decay incidence i.e. 1.67 

per cent followed by perforated LDPE 100 gauge i.e. 3.33 per cent. However, fruits 

wrapped in non-perforated PP 100 gauge film revealed the maximum fruit spoilage 

(31.66%) even higher in contrast to control (16.67%). It was noticed that the spoilage of 

the fruits wrapped in perforated PP 100 gauge film and perforated LDPE 100 gauge film 

ranged from 0 to 8.33 per cent and 0 to 16.66 per cent, respectively from 30 days to 75 

days of storage. On the other hand, non perforated PP 100 film registered the spoilage 

ranged from 16.66 to 91.66 per cent from 30 days to 75 days of storage. The interaction 

between treatments and storage interval was found to be significant during both the years 

of investigation. It was also visualized through pooled mean analysis of both the years 

(Table 30a and Fig 30). Fruits wrapped in perforated PP 100 gauge film registered the 

lowest decay (2.50%) followed by perforated LD 100 film (4.17%) while, non perforated 

PP 100 gauge registered the maximum decay (32.50%)  In present study, it was noticed 

that fruits wrapped in non-perforated PP 100 gauge packaging film recorded the 

maximum decay which was interestingly, even higher than that of control; this might be 

due to occurrence of higher decay incidence in non perforated PP 100 film might be due 

to accumulation of excessive water vapour inside the package, because of restricted 

movement of water through the film (Tijskens and Vollebregt 2003; Soliva and Martin 

2003 and Mahajan et al 2015). These results are in conformity with the findings of Nath 

et al (2012) who evaluated the effect of different packaging materials on the shelf -life and 

quality of pear fruits and found that minimum cumulative decay loss was registered in 

fruits packed in perforated PP in contrast to non perforated and control. The LDPE film 

registered even higher spoilage than that of unwrapped fruits of peach (Mahajan et al 

2015). Similar findings were reported in pear (Kaur et al 2013; Geason et al 1991 and 

Sandhu et al 2000) Sharma et al (2013) reported that cryovac film was most effective in 

reducing the decay percentage over unwrapped fruits in apple cv. „Royal delicious‟. 

4.3.3 Organoleptic sensory attributes (Hedonic scale 1-9) 

The data on sensory quality of Kinnow fruit influenced by different packaging films 

revealed a decreasing trend during storage (Table 31). In 2016-17, the maximum mean 

palatability rating (7.77) was retained by fruits wrapped in perforated PP 100 gauge film 

followed by perforated LDPE 100 gauge film (7.64). However, fruits wrapped in non 
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perforated LDPE 150 gauge film recorded the lowest score for sensory attributes i.e. 5.97. 

The data further revealed that the sensory score of the fruits wrapped in perforated PP100 

gauge and perforated LDPE 100 gauge ranged from 8.60 to 6.55 and 8.45 to 6.65, 

respectively from 30 days to 75 days of storage. On the other hand, fruits packed in non 

perforated LDPE 150 gauge film followed a decline in palatability rating and thereby 

ranged from 8.25 to 0.00 from 30 days to 75 days of storage. Similar trends were also 

noticed in 2017-18. The maximum sensory score was maintained in the fruits wrapped in 

perforated PP 100 gauge (8.11) followed by perforated LDPE 100 gauge film(7.95). 

However, non perforated LD 150 gauge wrapped fruits recorded the lowest score for 

sensory attributes i.e. 6.17. It was noticed that the sensory attributes of the fruits wrapped in 

perforated PP 100 gauge and perforated LD 100 gauge film ranged from 8.85 to 6.71 and 

8.70 to 6.72, respectively from 30 days to 75 days of storage. On the other hand, non 

perforated LDPE 150 gauge packed fruits followed a an abrupt and sharp decline in 

palatability rating thereby ranged from 8.40 to 0.00 from 30 days to 75 days of storage. The 

interaction between treatment and storage interval was found to be significant from 30 days 

to 75 days during both the years i.e. 2016-17 and 2017-18. The pooled mean analysis of 

both the years (Table 31a and Fig 31) further confirmed the findings as fruits wrapped in 

perforated PP 100 gauge film retained the best quality of fruits with respect to sensory score 

(7.94) followed by perforated LD 100 gauge film (7.79). However, non perforated 

LDPE150 gauge film retained the lowest sensory score (6.07). The interaction between 

treatments and storage interval was found to be significant in the pooled mean analysis of 

both the years.In the present investigation, the maximum palatability rating was retained by 

the fruits wrapped in perforated PP 100 gauge and perforated LDPE 100 gauge films; this 

might be due to their better retention of the quality parameter viz TSS and sugars during 

storage may be possibly due to retarded ripening and senescence processes which 

simultaneously delayed the conversion of starch into sugars.  

These results are in corroboration with the findings of Ramaya et al (2012) who, 

however, evaluated the effect of OPP (perforated and non perforated) and observed that 

mango fruits packed in non perforated OPP film registered better quality (as compared to 

perforated OPP film. Mahajan and Singh (2014) reported that Kinnow fruits wrapped in 

shrink films registered the maximum score for sensory attributes in contrast to control. 

Similar findings were also reported in peach (Mahajan et al 2015) and apple cv. „Red 

delicious‟ (Sharma et al 2013). Kudachikar et al (2011) reported that fruits of banana cv. 

„Robusta‟ wrapped in MAP and MAP +GK registered the maximum scores for overall fruit 

quality in contrast to unwrapped fruits (7.2) at the end of storage. 
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Table 31:  Effect of different packaging materials and storage interval on the organoleptic sensory attributes in Kinnow fruit stored at 5-7
o
C and 90-

95% RH  

TREATMENT Organoleptic sensory attributes (Hedonic scale 1-9) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 7.00 8.35 7.65 6.60 4.20 6.76
d
 8.00 8.33 7.85 7.28 5.75 7.44

d
 

150 gauge  7.00 8.25 7.70 7.18 0.00 5.97
g
 8.00 8.40 7.70 6.75 0.00 6.17

fg
 

LDPE 

(5%Perforated) 

100 gauge 7.00 8.45 8.20 7.90 6.65 7.64
ab

 8.00 8.70 8.31 8.00 6.72 7.95
ab

 

150 gauge  7.00 8.65 8.05 7.70 5.48 7.38
b
 8.00 8.80 8.10 7.78 6.60 7.86

bc
 

PP 

 

100 gauge 7.00 8.35 7.50 7.10 0.00 5.99
g
 8.00 8.55 7.60 7.17 0.00 6.26

f
 

150 gauge  7.00 8.30 7.60 7.00 0.00 5.98
g
 8.00 8.50 7.63 7.08 0.00 6.24

f
 

PP 

(5% Perforated) 

100 gauge  7.00 8.60 8.45 8.25 6.55 7.77
a
 8.00 8.85 8.56 8.45 6.71 8.11

a
 

150 gauge  7.00 8.60 7.80 7.15 5.45 7.20
c
 8.00 8.70 7.95 7.20 6.25 7.62

c
 

Control 7.00 6.50 6.09 5.75 5.40 6.15
f
 8.00 7.90 7.17 6.50 6.20 7.15

e
 

Mean  7.00
d
 8.44

a
 7.87

b
 7.33

c
 3.54

e
  8.00

b
 8.60

a
 7.96

b
 7.46

c
 4.00

d
  

LSD (P≤0.05) Treatment (T) = 0.24  Days (D) = 0.18   D x T = 0.53 Treatment (T) = 0.24  Days (D) = 0.18    D x T = 0.54 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 31 (a):  Effect of different packaging materials and storage interval on the 

organoleptic sensory attributes in Kinnow fruit stored at 5-7
o
C and 90-

95% RH 

                                         Organoleptic sensory attributes (Hedonic scale 1-9) 

                                                               Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 7.50 8.34 7.75 6.94 4.97 7.10e 

150 gauge 7.50 8.32 7.70 6.83 0.00 6.07g 

LDPE (5% 

perforation) 

100 gauge 7.50 8.57 8.25 7.95 6.68 7.79b 

150 gauge 7.50 8.72 8.07 7.74 6.04 7.62c 

PP 

100 gauge 7.50 8.45 7.55 7.13 0.00 6.13g 

150 gauge 7.50 8.40 7.61 7.04 0.00 6.11g 

PP (5% 

perforation) 

 

100 gauge 7.50 8.72 8.50 8.35 6.63 7.94a 

150 gauge 7.50 8.65 7.87 7.17 5.85 7.41d 

Control 7.50 7.20 6.63 6.12 5.80 6.65f 

Mean  7.50
c
 8.38

a
 7.77

b
 7.25

d
 4.00

e
  

LSD (P≤0.05) Treatment (T) = 0.14   Days (D) = 0.10   D x T =  0.31  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bars represents standard error (SE) mean of three replicates 

 

Fig 31:  Effect of different packaging materials and storage interval on the organoleptic 

sensory attributes in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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4.3.4 Firmness (Kg Force) 

The data pertaining to the effect of different packaging films on firmness revealed a 

declining trend during storage (Table 32). In 2016-17, the mean maximum firmness (5.40 kg f) 

was retained by the fruits wrapped in perforated PP 100 gauge followed by perforated LDPE 100 

gauge and perforated LDPE 150 gauge film (5.39 and 5.27 kg f). However, control fruits 

registered the lowest average firmness (4.07 kg f). The data further revealed that the firmness of 

the fruits wrapped in perforated PP 100 gauge and perforated LDPE 100 gauge film ranged from 

7.22 to 3.21 and 6.44 to 3.77 kg force, respectively from 30 days to 75 days of storage. On the 

other hand, control fruits followed an abrupt decline and shriveling in firmness with prolongation 

in storage period thereby ranged from 4.40 to 2.80 kg force from 30 days to 75 days of storage. 

Similar trend was also noticed in 2017-18. Fruits wrapped in perforated PP 100 gauge retained the 

maximum firmness (5.48 kg f), whereas perforated LDPE 100 gauge was found statistically at par 

with perforated PP 100 gauge film (5.47 kg f). However, control fruits registered the lowest 

average firmness (4.36 kg f). It was noticed that the firmness of the fruits wrapped in perforated 

PP 100 gauge and perforated LDPE 100 gauge film ranged from 7.36 to 3.45 and 6.56 to 3.80 kg 

force, respectively from 30 days to 75 days of storage. On the other hand, control fruits followed a 

sharp decline in firmness at faster pace with an advancement in storage period thereby ranged 

from 4.69 to 3.23 kg force from 30 days to 75 days of storage. The interaction between treatments 

and storage period was found to be significant during both the years of investigation. The findings 

were further confirmed through the pooled mean analysis of both the years (Table 33a and Fig 

33). Fruits packed in perforated PP 100 gauge retained the maximum mean firmness (5.44 kg f) 

followed by perforated LDPE 100 gauge film (5.43 kg f). On the other hand, control fruits could 

maintained the lowest average firmness (4.21 kg f). The interaction between treatments and 

storage interval was found to be significant. The softening of flesh during storage could be due to 

the degradation of soluble pectin by high activity of endo-polygalacturonase enzyme in fruits 

(Martin-Cabrejas et al 1994). In the present study, fruits wrapped in perforated PP 100 gauge and 

perforated LDPE 100 gauge films maintained the higher firmness throughout the storage period, 

this might be due to maintenance of high humidity inside the packaging films, helps in reducing 

the transpiration loss and respiratory activity thus retained turgidity of the cells.  

These results are in corroboration with the findings of Ramayya et al (2012) who, 

however, found that OPP film did not influence firmness of mango fruit during storage. Nath 

et al (2012) observed that the maximum firmness was recorded by fruits of pear wrapped in 

perforated PP followed by non-perforated LDPE during 12 days of storage. Similar findings 

were reported in mango cv. „Alphonso and Banganapalli‟ (Rao and Shivashankara 2015). 

Mahajan and Singh (2014) reported that Kinnow fruits wrapped in shrink film registered the 

maximum firmness than those of control at the end of the storage. Similar results were 

obtained in apple (Sharma et al 2013). Kudachikar et al (2011) reported that fruits of banana 



127 

 

Table 32: Effect of different packaging materials and storage interval on the firmness (kg f) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT Firmness (Kg Force) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 6.13 5.21 4.81 4.18 3.10 4.69
e
 6.25 5.17 4.88 4.21 3.40 4.78

e
 

150 gauge  6.13 5.90 4.91 3.61 2.63 4.64
ef
 6.25 6.01 4.98 3.58 2.77 4.72

ef
 

LDPE 

(5%Perforated) 

100 gauge 6.13 6.44 6.09 4.54 3.77 5.39
a
 6.25 6.56 6.12 4.63 3.80 5.47

ab
 

150 gauge  6.13 6.49 6.26 4.23 3.26 5.27
b
 6.25 6.52 6.34 4.11 3.49 5.34

bc
 

PP 

 

100 gauge 6.13 4.81 4.55 4.51 2.73 4.55
f
 6.25 4.85 4.59 4.48 2.88 4.61

f
 

150 gauge  6.13 5.98 5.12 4.41 2.59 4.85
d
 6.25 6.04 5.00 4.47 2.86 4.92

d
 

PP 

(5% Perforated) 

100 gauge  6.13 7.22 6.24 4.22 3.21 5.40
a
 6.25 7.36 6.19 4.16 3.45 5.48

a
 

150 gauge  6.13 6.88 5.64 4.22 2.51 5.08
c
 6.25 7.26 5.70 4.28 2.63 5.22

c
 

Control 6.13 4.40 3.70 3.30 2.80 4.07
g
 6.25 4.69 4.17 3.48 3.23 4.36

g
 

Mean  6.13
a
 5.92

b
 5.26

c
 4.13

d
 2.95

e
  6.25

a
 6.05

b
 5.33

c
 4.15

d
 3.17

e
  

LSD (P≤0.05) Treatment (T) = 0.11  Days (D) = 0.085   D x T = 0.26 Treatment (T) = 0.13  Days (D) = 0.10    D x T = 0.29 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 32a:  Effect of different packaging materials and storage interval on the firmness 

(kg f) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                             Firmness (Kg Force)               

                                                            Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 6.19 5.19 4.84 4.19 3.25 4.73

e
 

150 gauge 6.19 5.95 4.94 3.59 2.70 4.68
e
 

LDPE (5% 

perforation) 

100 gauge 6.19 6.50 6.10 4.58 3.78 5.43
a
 

150 gauge 6.19 6.50 6.30 4.17 3.37 5.31
b
 

PP 
100 gauge 6.19 4.83 4.57 4.49 2.80 4.58

f
 

150 gauge 6.19 6.01 5.06 4.44 2.72 4.88
d
 

PP (5% 

perforation) 

100 gauge 6.19 7.29 6.21 4.19 3.33 5.44
a
 

150 gauge 6.19 7.07 5.67 4.25 2.57 5.15
c
 

Control 6.19 4.54 3.93 3.39 3.01 4.21
g
 

Mean  6.19
a
 5.99

b
 5.29

c
 4.14

d
 3.06

e
  

LSD (P≤0.05) Treatment (T) = 0.096  Days (D) = 0.072    D x T = 0.21   

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bars represents standard error (SE) mean of three replicates 

 

Fig 32:  Effect of different packaging materials and storage interval on the firmness (kg 

f) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

 

0

1

2

3

4

5

6

7

8

30 DAYS 45 DAYS 60 DAYS 75 DAYS

F
ir

m
n

es
s 

(K
g

 F
o

rc
e)

 

Storage Interval 

LDPE 100 gauge LDPE 150 gauge LDPE 100 gauge (5%)

LDPE 150 gauge (5%) PP 100 gauge PP 150 gauge

PP 100 gauge (5%) PP 150 gauge (5%) Control



129 

cv. Robusta wrapped in MAP and MAP +GK registered higher fruit firmness over unwrapped 

during storage. 

4.3.5 Juice (%) 

The data pertaining to the effect of different packaging materials on juice content 

revealed a declining trend during storage (Table 33). In 2016-17, the mean maximum juice 

(46.84%) was retained by the fruits wrapped in perforated PP 100 gauge followed by 

perforated LD 100 gauge film (46.19%). However, the lowest average juice content was 

retained in the control fruits (42.12%). The data further revealed that the juice content in the 

fruits wrapped in perforated PP 100 gauge and perforated LDPE 100 gauge film ranged from 

48.18 to 45.19 per cent and 48.00 to 42.33 per cent, respectively from 30 days to 75 days of 

storage. On the other hand, control fruits followed an abrupt and sharp decline in juice content 

thereby ranged from 47.77 to 34.31 per cent from 30 days to 75 days of storage. Similar trend 

was also noticed in 2017-18. Fruits wrapped in perforated PP 100 gauge film retained the 

maximum juice content (47.37%) followed by perforated LDPE 100 gauge film (47.18%). 

The control fruits recorded the lowest average juice content (43.14%). It was further noticed 

that the juice content in the fruits wrapped in perforated PP 100 gauge and perforated LDPE 

100 gauge film ranged from 48.64 to 45.61 and 49.18 to 43.19 per cent, respectively from 30 

days to 75 days of storage. On the other hand, control fruits followed a continuous decline in 

juice content at faster pace with an advancement in storage period thereby ranged from 46.98 

to 34.65 per cent from 30 days to 75 days of storage. The interaction between treatments and 

storage interval was found to be significant during both the years of investigation. The 

findings were further confirmed through the pooled mean analysis of both the years (Table 

33a and Fig 33). Fruits wrapped in perforated PP 100 gauge retained the maximum mean 

juice content (47.10%) followed by perforated LDPE 100 gauge film (46.68%) whereas, 

control fruits recorded the lowest average volume of juice (42.63%). The interaction between 

treatments and storage interval was found to be significant in the pooled mean analysis of 

both the years. In the present study, fruits wrapped in perforated PP 100 gauge and perforated 

LDPE 100 gauge film retained the maximum juice content; this might be due to influence of 

packaging films on juice recovery may partly be due to differential rate of water loss from the 

fruit and gas permeability properties of polymeric films.  

These results are in corroboration with the findings of Sharma et al (2013) who 

demonstrated the effect of heat shrink films on shelf-life and quality of apples cv. „Royal 

delicious‟  and found that fruits wrapped in cryovac films retained the highest juice recovery. 

Heat shrinkable films are known to influence juice recovery in Mosambi and Kinnow, 

primarily due to curve on PLW over unwrapped fruits (Ladaniya and Singh 2001; Ladaniya 

2003). Pandey et al (2006) observed a decline in juice recovery following increase in storage 

period in apples. 
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Table 33: Effect of different packaging materials and storage interval on the juice per centage in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT Juice (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 48.50 44.25 43.91 42.33 42.08 44.21
b
 49.50 46.13 45.51 43.59 40.96 45.14

bc
 

150 gauge  48.50 44.36 43.29 42.67 40.82 43.93
b
 49.50 45.08 44.37 43.21 40.96 44.62

cd
 

LDPE 

(5%Perforated) 

100 gauge 48.50 48.00 47.35 44.88 42.33 46.19
a
 49.50 49.18 48.24 45.77 43.19 47.18

a
 

150 gauge  48.50 46.89 46.44 44.75 42.37 45.79
a
 49.50 46.70 46.49 45.45 43.17 46.26

ab
 

PP 

 

100 gauge 48.50 44.12 41.19 40.88 37.65 42.47
c
 49.50 45.39 42.68 42.05 38.46 43.62

de
 

150 gauge  48.50 45.71 44.64 43.19 40.14 44.44
b
 49.50 45.18 44.71 43.43 43.35 45.23

bc
 

PP 

(5% Perforated) 

100 gauge  48.50 48.18 46.94 45.38 45.19 46.84
a
 49.50 48.64 47.45 45.65 45.61 47.37

a
 

150 gauge  48.50 46.81 44.27 42.86 40.43 45.57
b
 49.50 46.62 45.71 44.00 40.59 45.28

bc
 

Control 48.50 47.77 44.38 37.64 34.31 42.12
c
 49.50 46.98 45.67 38.88 34.65 43.14

e
 

Mean  48.50
a
 46.01

b
 44.71

c
 42.73

d
 40.58

e
  49.50

a
 46.66

b
 45.65

c
 43.56

d
 41.22

e
  

LSD (P≤0.05) Treatment (T) = 1.20  Days (D) = 0.90   D x T = 2.69 Treatment (T) = 1.26  Days (D) = 0.94    D x T = 2.81 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 33a:  Effect of different packaging materials and storage interval on the juice 

percentage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                         Juice (%) 

                                                                 Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 49.00 45.19 44.71 42.96 41.52 44.67

cd
 

150 gauge 49.00 44.72 43.83 42.94 40.89 44.27
d
 

LDPE (5% 

perforation) 

100 gauge 49.00 48.59 47.79 45.32 42.71 46.68
a
 

150 gauge 49.00 46.79 46.46 45.10 42.77 46.03
b
 

PP 

100 gauge 49.00 44.75 41.93 41.46 38.05 43.04
e
 

150 gauge 49.00 45.44 44.67 43.31 41.74 44.83
cd

 

PP (5% 

perforation) 

 

100 gauge 49.00 48.41 47.19 45.51 45.40 47.10
a
 

150 gauge 49.00 46.71 44.99 43.43 40.51 44.93
c
 

Control 49.00 46.37 45.02 38.26 34.48 42.63
e
 

Mean  49.00
a
 46.33

b
 45.18

c
 43.14

d
 40.90

e
  

LSD (P≤0.05) Treatment (T) = 0.65   Days (D) = 0.48     D x T = 1.45  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 
 
The vertical bars represents standard error (SE) mean of three replicates 

 

Fig 33:  Effect of different packaging materials and storage interval on the juice 

percentage in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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4.3.6 TSS (%) 

The data pertaining to the effect of different packaging films on total soluble solids 

content revealed a declining trend during storage (Table 34). In 2016-17, fruits wrapped with 

perforated PP 100 gauge and gauge films maintained the maximum TSS content (10.67%) 

followed by perforated LDPE 100 gauge film (10.59%). However, control fruits recorded the 

lowest TSS content (9.64%). It was noticed that the TSS content in the fruits packed in 

perforated PP 100 gauge and perforated LDPE 100 gauge film ranged from 10.50 to 11.20 

and 10.20 to 10.80 per cent, respectively from 30 days to 75 days of storage. On the other 

hand, control fruits retained the lowest average TSS content ranged from 8.85 to 10.40 per 

cent from 30 days to 75 days of storage period. Similar trend was also noticed during 2017-

18. Fruits wrapped in perforated PP 100 gauge film maintained the maximum TSS content 

(10.79%) followed by perforated LDPE 100 gauge film (10.68%). The control fruits 

registered the lowest TSS (9.71%) content. The data further revealed that TSS content in the 

fruits wrapped in perforated PP 100 and perforated LD 100 ranged from 10.65 to 11.55 and 

10.35 to 10.85 per cent from 30 days to 75 days, respectively. On the other hand, with an 

advancement of storage period control fruits retained the TSS content ranged from 8.55 to 

10.50 per cent from 30 days to 75 days of storage. The interaction between treatments and 

storage interval was found to be significant during the years of 2016-17 and 2017-18. The 

pooled mean analysis of both the years (Table 34a and Fig 34) further confirmed the findings 

as fruits wrapped in perforated PP 100 gauge film registered the mean maximum TSS 

(10.73%) followed by the fruits packed in perforated LDPE 100 gauge film (10.63%). 

However, control fruits retained the lowest TSS content (9.67%). The interaction between 

treatments and storage interval was found to be significant in the pooled mean analysis of 

both the years. In the present study, the increasing decreasing trend in TSS content during 

storage; might be due to hydrolysis of starch into sugars. On the completion of starch 

hydrolysis, no further increase occurred and subsequently the TSS content declined as the 

sugars act as substrate during respiration (Wills et al 1980). The results in the present studies 

are in conformity to the findings of Azene et al (2014) who evaluated the effect of various 

packaging materials on shelf-life and quality of papaya fruit and found that fruits wrapped in 

LDPE registered the maximum TSS content during storage. Similar findings were also 

reported in mango (Rao and shivashankara 2015). Nath et al (2012) observed higher soluble 

solid content in control and non perforated PP film wrapped pear fruits during storage. 

Mahajan et al (2015) found that shrink film resulted the maximum TSS content in peach fruit 

during storage. Similar findings were also reported in Kinnow fruit (Mahajan and Singh 

2014). 
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Table 34:  Effect of different packaging materials and storage interval on the total soluble solids per cent in Kinnow fruit stored at 5-7
o
C and 90-

95% RH  

TREATMENT Total soluble solids (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

LDPE 100 guage 8.75 9.80 10.20 11.00 10.80 10.11
bc

 8.45 10.00 10.35 12.45 10.45 10.34
b
 

150 gauge  8.75 9.10 10.30 10.70 10.60 9.89
cd

 8.45 9.30 10.50 10.85 10.75 9.97
c
 

LDPE 

(5%Perforated) 

100 gauge 8.75 10.20 10.60 12.60 10.80 10.59
a
 8.45 10.35 10.75 13.00 10.85 10.68

a
 

150 gauge  8.75 10.20 10.50 10.80 10.60 10.17
b
 8.45 10.90 11.00 11.40 11.10 10.57

ab
 

PP 

 

100 gauge 8.75 9.20 9.80 10.80 10.30 9.77
d
 8.45 9.35 9.95 11.00 10.60 9.87

c
 

150 gauge  8.75 10.00 10.45 10.80 10.60 10.12
bc

 8.45 10.00 10.65 11.40 11.40 10.38
b
 

PP 

(5% Perforated) 

100 gauge  8.75 10.50 11.00 11.90 11.20 10.67
a
 8.45 10.65 11.20 12.10 11.55 10.79

a
 

150 gauge  8.75 9.25 10.15 11.60 11.55 10.26
b
 8.45 9.85 11.45 11.65 11.42 10.56

ab
 

Control 8.75 8.85 9.50 10.70 10.40 9.64
d
 8.45 8.55 9.85 11.20 10.50 9.71

c
 

Mean  8.75
e
 9.68

d
 10.28

c
 11.21

a
 10.76

b
  8.45

e
 9.88

d
 10.63

c
 11.67

a
 10.96

b
  

LSD (P≤0.05) Treatment (T) = 0.28  Days (D) = 0.21    D x T = 0.63   Treatment (T) = 0.28  Days (D) = 0.21    D x T = 0.63 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



134 

Table 34a: Effect of different packaging materials and storage interval on the total 

soluble solids per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                     Total soluble solids (%) 

                                                                     Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 8.60 9.90 10.27 11.72 10.62 10.22

b
 

150 gauge 8.60 9.20 10.40 10.77 10.67 9.93
c
 

LDPE (5% 

perforation) 

100 gauge 8.60 10.27 10.67 12.80 10.82 10.63
a
 

150 gauge 8.60 10.55 10.75 11.10 10.85 10.37
b
 

PP 

100 gauge 8.60 9.27 9.87 10.90 10.45 9.82
cd

 

150 gauge 8.60 10.00 10.55 11.10 11.00 10.25
b
 

PP (5% 

perforation) 

100 gauge 8.60 10.57 11.10 12.00 11.37 10.73
a
 

150 gauge 8.60 9.55 10.80 11.62 11.48 10.41
b
 

Control 8.60 8.70 9.67 10.95 10.45 9.67
d
 

Mean  8.60
e
 9.78

d
 10.46

c
 11.44

a
 10.86

b
  

LSD (P≤0.05) Treatment (T) = 0.19    Days (D) = 0.14     D x T =  0.43  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

 

The vertical bars represents standard error (SE) mean of three replicates 

 

Fig 34:  Effect of different packaging materials and storage interval on the total soluble 

solids per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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4.3.7 Reducing sugars (%) 

 The data pertaining to the effect of packaging materials on reducing sugars revealed an 

identical trends during storage (Table 35). In 2016-17, Fruits packed in perforated PP 100 gauge 

film recorded maximum mean reducing sugars (3.14%) followed by perforated LDPE 100 

gauge film (3.10%). On the other hand, control fruits registered the lowest average reducing 

sugar content (2.30 %). It was noticed that fruits packed in perforated PP 100 gauge and 

perforated LDPE 100 gauge films revealed a gradual increase in reducing sugars content up to 

60 days of the storage i.e. 5.40 and 5.00 per cent, respectively; thereafter followed a decline till 

the end of the storage i.e. 3.28 and 3.86 per cent, respectively. Similar trend was also noticed in 

2017-18. The average maximum reducing sugars (3.19%) was observed in the fruits wrapped in 

perforated PP 100 gauge film followed by perforated LDPE 100 gauge film (3.16%). However, 

control fruits registered the lowest reducing sugars content (2.32%). The data further revealed 

that fruits packed in perforated PP 100 gauge and perforated LDPE 100 gauge films showed a 

gradual rise in reducing sugars up to 60 days of the storage i.e. 5.49 and 5.14 per cent, 

respectively; thereafter followed a sharp and steady decline till end of the storage i.e. 3.36 and 

3.93 per cent, respectively. The interaction between treatments and storage interval was found 

to be significant during both the years of investigation. The findings were further confirmed 

through the pooled mean analysis of both the years (Table 35a and Fig 35). Fruits wrapped in 

perforated PP 100 gauge film retained the maximum reducing sugars (3.17%) followed by 

perforated LDPE 100 gauge film (3.09%). On the other hand, control fruits maintained the 

lowest average reducing sugars (2.35%). The interaction between treatments and storage 

interval was found to be significant in the pooled mean analysis of both the years.  

4.3.8 Total sugars (%) 

 The data pertaining to the effect of different packaging materials on total sugars 

content revealed a decreasing trend during storage period (Table 36). In 2016-17, fruits 

wrapped in perforated PP 100 gauge film recorded the maximum mean total sugars content 

(7.04%) followed by fruits packed in perforated LDPE 100 gauge film where total sugars 

content was recorded as 6.94 per cent. However, control fruits registered the lowest total 

sugars (5.39%) content. It was noticed that total sugars in the fruits wrapped in perforated PP 

100 and perforated LD 100 films ranged from 6.95 to 7.72 and 5.43 to 8.71 per cent, 

respectively from 30 days to 75 days of storage period. On the other hand the unwrapped 

fruits retained the total sugars content ranged from 5.04 to 5.56 per cent from 30 days to 75 

days of the storage. Similar results were obtained in 2017-18. The maximum mean total 

sugars content (7.09%) was obtained in the fruits wrapped in perforated PP 100 gauge film 

followed by perforated LDPE 100 100 gauge film (6.97%), whereas control fruits retained the 

lowest total sugars (5.51%) content. The data further revealed that the total sugars content in 

the fruits wrapped in perforated PP 100 gauge and perforated LDPE 100 gauge ranged from
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Table 35: Effect of different packaging materials and storage interval on the reducing sugar per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT Reducing sugars (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 1.70 2.33 2.40 3.85 2.97 2.65
d
 1.67 2.38 2.45 3.92 3.07 2.69

d
 

150 gauge  1.70 2.13 2.37 4.21 2.70 2.62
d
 1.67 2.08 2.32 4.28 2.67 2.60

e
 

LDPE 

(5%Perforated) 

100 gauge 1.70 2.40 2.56 5.00 3.86 3.10
ab

 1.67 2.48 2.88 5.14 3.93 3.16
c
 

150 gauge  1.70 2.31 2.59 5.68 3.00 3.06
b
 1.67 2.34 2.63 5.71 3.08 3.08

bc
 

PP 

 

100 gauge 1.70 1.79 2.80 3.22 3.12 2.53
e
 1.67 1.83 2.85 3.29 3.24 2.58

e
 

150 gauge  1.70 1.73 2.36 4.32 3.36 2.69
d
 1.67 1.67 2.40 4.38 3.40 2.70

d
 

PP 

(5% Perforated) 

100 gauge  1.70 2.51 2.82 5.40 3.28 3.14
a
 1.67 2.58 2.88 5.49 3.36 3.19

a 

150 gauge  1.70 2.31 2.90 4.62 3.10 2.93
c
 1.67 2.38 3.08 4.77 3.18 3.02

bc
 

Control 1.70 2.31 2.36 3.11 2.46 2.39
f
 1.67 2.28 2.29 2.97 2.40 2.32

f
 

Mean  1.70
e
 2.20

d
 2.57

c
 4.38

a
 3.09

b
  1.67

e
 2.22

d
 2.61

c
 4.44

a
 3.15

b
  

             

LSD (P≤0.05) Treatment (T) = 0.085  Days (D) = 0.063    D x T = 0.19 Treatment (T) = 0.087  Days (D) = 0.065    D x T = 0.19 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 35a: Effect of different packaging materials and storage interval on the reducing 

sugars per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                    Reducing sugars (%) 

                                                                   Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 1.68 2.20 2.36 4.06 2.82 2.63

e
 

150 gauge 1.68 1.90 2.38 4.29 3.05 2.66
de

 

LDPE (5% 

perforation) 

100 gauge 1.68 2.37 2.59 5.35 3.47 3.09
b
 

150 gauge 1.68 2.34 2.83 5.22 3.09 3.04
c
 

PP 

100 gauge 1.68 1.81 2.82 3.25 3.18 2.55
f
 

150 gauge 1.68 2.05 2.40 4.12 3.21 2.70
d
 

PP (5% 

perforation) 

 

100 gauge 1.68 2.54 2.85 5.44 3.32 3.17
a
 

150 gauge 1.68 2.39 2.75 4.88 3.51 3.04
bc

 

Control 1.68 2.29 2.32 3.04 2.43 2.35
g
 

Mean  1.68
e
 2.21

d
 2.59

c
 4.41

a
 3.12

b
  

LSD (P≤0.05) Treatment (T) = 0.053   Days (D) = 0.039    D x T = 0.12 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bars represents standard error (SE) mean of three replicates 

 

Fig 35: Effect of different packaging materials and storage interval on the reducing 

sugars per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 36: Effect of different packaging materials and storage interval on the total sugars per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT Total sugars (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 4.69 5.49 5.52 8.72 6.21 6.13
d
 5.10 5.70 6.55 7.18 6.94 6.29

cd
 

150 gauge  4.69 5.76 6.60 7.22 6.97 6.25
cd

 5.10 5.52 5.58 8.60 6.20 6.20
d
 

LDPE 

(5%Perforated) 

100 gauge 4.69 5.43 5.52 8.81 8.71 6.94
a
 5.10 5.40 6.95 8.76 8.60 6.97

a
 

150 gauge  4.69 5.65 6.87 8.32 7.88 6.68
b
 5.10 5.60 6.82 8.28 7.82 6.72

b
 

PP 

 

100 gauge 4.69 5.47 5.97 6.48 6.32 5.78
e
 5.10 5.35 5.90 6.40 6.25 5.80

e
 

150 gauge  4.69 5.74 6.52 7.53 6.97 6.29
cd

 5.10 5.79 6.61 7.49 7.08 6.41
c
 

PP 

(5% Perforated) 

100 gauge  4.69 6.95 7.60 8.22 7.72 7.04
a
 5.10 7.00 7.48 8.18 7.69 7.09

a
 

150 gauge  4.69 6.33 6.83 7.36 6.84 6.41
c
 5.10 6.25 6.78 7.30 6.81 6.45

c
 

Control 4.69 5.04 5.77 5.91 5.56 5.39
f
 5.10 5.20 5.78 5.98 5.51 5.51

f
 

Mean  4.69e 5.76d 6.52c 7.62a 7.02b  5.10
e
 5.76

d
 6.49

c
 7.57

a
 6.99

b
  

LSD (P≤0.05) Treatment (T) = 0.21  Days (D) = 0.16   D x T = 0.472 Treatment (T) = 0.20  Days (D) = 0.15    D x T = 0.46 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 36a:  Effect of different packaging materials and storage interval on the total 

sugars per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                Total sugars (%)              

                                                              Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 4.89 5.59 6.03 7.95 6.57 6.21

e
 

150 gauge 4.89 5.64 6.09 7.91 6.58 6.22
de

 

LDPE (5% 

perforation) 

100 gauge 4.89 5.41 6.23 8.78 8.65 6.80
b
 

150 gauge 4.89 5.62 6.84 8.30 7.85 6.70
b
 

PP 100 gauge 4.89 5.41 5.93 6.44 6.28 5.79
f
 

150 gauge 4.89 5.76 6.56 7.51 7.02 6.35
cd

 

PP (5% 

perforation) 

100 gauge 4.89 6.97 7.54 8.20 7.70 7.06
a
 

150 gauge 4.89 6.29 6.80 7.33 6.82 6.43
c
 

Control 4.89 5.12 5.77 5.94 5.53 5.45
g
 

Mean  4.89
e
 5.76

d
 6.42

c
 7.60

a
 7.00

b
  

LSD (P≤0.05) Treatment (T) = 0.14  Days (D) = 0.10    D x T = 0.31  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

 

The vertical bars represents standard error (SE) mean of three replicates 
 

Fig 36:  Effect of different packaging materials and storage interval on the total sugars 

per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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7.00 to 7.69 and 5.40 to 8.60 per cent respectively, from 30 days to 75 days of storage. On the 

other hand, control fruits retained the total sugars content from 5.20 to 5.51 from 30 days to 

75 days of storage. The interaction between treatments and storage interval was found to be 

significant during both the years of investigation. The findings were further confirmed 

through the pooled mean analysis of both the years (Table 36a and Fig 36). Fruits wrapped in 

perforated PP 100 gauge film registered the maximum total sugars (7.06%) followed by the 

fruits packed in perforated LDPE 100 gauge film (6.80%) while, control fruits recorded the 

lowest total sugars (5.45%). The interaction between treatments and storage interval was 

found to be significant. In the present study, an increase in sugars (total and reducing sugars) 

might be due to breakdown of starch into sugars, as on complete hydrolysis of starch no 

further increase in sugars occurs and subsequently a decline in these parameter is predictable 

as they along with other organic acids are primary substrate for respiration (Wills et al 1980). 

These results are in corroboration with the findings of Nath et al (2012) who observed 

that higher sugar content in the pear fruits wrapped in PP films than that of control. Azene et 

al (2014) evaluated the effects of various packaging materials on shelf-life and quality of 

papaya fruit and found that fruits wrapped in LDPE registered the maximum reducing sugar 

and total sugars content. Mahajan et al (2015) found that shrink film wrapped fruits of peach 

revealed the maximum sugar percentage over other wrapping films during storage. Sharma et 

al (2013) reported that cryovac wrapped apple cv. „Royal delicious‟ registered higher sugars 

content than those of unwrapped fruits during storage. 

4.3.9 Vitamin C (mg/100g) 

The data on vitamin C content influenced by various packaging materials revealed a 

declining trend during storage (Table 37). In 2016-17, fruits packed in perforated PP 100 

gauge film retained the mean maximum ascorbic acid (23.94 mg/100g pulp) content followed 

by the fruits packed in perforated LDPE 100 gauge, perforated LDPE 150 gauge, perforated 

PP150 gauge and non perforated PP 150 gauge where it was recorded as 23.79, 23.70, 23.62 

and 23.20 mg/100g pulp. These treatments were statistically at par with each other. However, 

control fruits registered the lowest average ascorbic acid content (22.09 mg/100g pulp). It was 

noticed that the ascorbic acid content in the fruits wrapped in perforated PP 100 gauge and 

perforated LDPE 100 gauge films ranged from 22.34 to 19.40 and 23.69 to 18.70 mg/100g 

pulp from 30 days to 75 days of storage. On the other hand, control fruits followed a sharp 

and abrupt decline in ascorbic acid content with an advancement in storage thereby ranged 

from 20.68 to 17.44 mg/100g pulp, respectively. Similar trend was also noticed during 2017-

18. The average maximum ascorbic acid content was registered in the fruits packed perforated 

PP 100 gauge film (25.85 mg/100g pulp) followed by perforated LDPE 100 gauge, perforated 

LDPE 150 gauge, perforated PP150 gauge and non perforated PP 150 gauge films where it 

was recorded as 25.40, 25.25, 25.13 and 25.10mg/100g pulp, respectively. These treatments
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Table 37:  Effect of different packaging materials and storage interval on the vitamin C content (mg/100g) in Kinnow fruit stored at 5-7
0
C and 90-

95% RH  

TREATMENT Vitamin C (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 33.97 21.26 21.08 19.42 17.65 22.68
bc

 33.88 24.41 23.56 21.18 19.56 24.52
bcd

 

150 gauge  33.97 21.19 20.28 18.80 17.54 22.36
c
 33.88 23.91 23.35 21.47 19.24 24.37

cd
 

LDPE 

(5%Perforated) 

100 gauge 33.97 23.69 23.11 19.48 18.70 23.79
a
 33.88 25.73 25.08 21.47 20.83 25.40

ab
 

150 gauge  33.97 24.09 22.45 20.28 17.70 23.70
a
 33.88 27.46 23.68 22.50 18.74 25.25

abc
 

PP 

 

100 gauge 33.97 21.16 19.66 19.32 16.68 22.16
c
 33.88 23.68 21.85 21.32 18.76 23.90

d
 

150 gauge  33.97 27.08 22.78 17.47 14.71 23.20
ab

 33.88 29.12 24.12 20.63 17.73 25.10
abc

 

PP 

(5% Perforated) 

100 gauge  33.97 22.34 22.18 21.80 19.40 23.94
a
 33.88 24.43 24.26 24.12 22.58 25.85

a
 

150 gauge  33.97 25.40 21.60 20.51 16.60 23.62
a
 33.88 26.03 24.41 22.06 19.26 25.13

abc
 

Control 33.97 20.68 19.70 18.65 17.44 22.09
c
 33.88 22.79 21.62 20.88 19.35 23.70

d
 

Mean  33.97
a
 22.99

b
 21.43

c
 19.53

d
 17.38

e
  33.88

a
 25.28

b
 23.55

c
 21.74

d
 19.56

e
  

LSD (P≤0.05) Treatment (T) = 0.79  Days (D) = 0.59   D x T = 1.77 Treatment (T) = 0.98  Days (D) = 0.73    D x T = 2.18 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 37a: Effect of different packaging materials and storage interval on the vitamin 

C content (mg/100g) per cent in Kinnow fruit stored at 5-7
o
C and 90-95% 

RH 

                                                               Vitamin C (mg/100g) 

                                                              Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 33.92 22.83 22.32 20.30 18.60 23.60

d
 

150 gauge 33.92 22.55 21.81 20.13 18.39 23.36
de

 

LDPE (5% 

perforation) 

100 gauge 33.92 24.71 24.09 20.47 19.76 24.59
ab

 

150 gauge 33.92 25.77 23.06 21.39 18.22 24.47
abc

 

PP 

100 gauge 33.92 22.42 20.75 20.32 17.72 23.03
ef
 

150 gauge 33.92 28.10 23.45 19.05 16.22 24.15
c
 

PP (5% 

perforation) 

 

100 gauge 33.92 23.38 23.22 22.96 20.99 24.90
a
 

150 gauge 33.92 25.71 23.00 21.28 17.93 24.37
bc

 

Control 33.92 21.73 20.66 19.76 18.39 22.90
f
 

Mean  33.92
a
 24.14

b
 22.49

c
 20.63

d
 18.47

e
  

LSD (P≤0.05) Treatment (T) = 0.43   Days (D) = 0.32     D x T = 0.97 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 
 
The vertical bars represents standard error (SE) mean of three replicates 

 

Fig 37:  Effect of different packaging materials and storage interval on the vitamin C 

content (mg/100g) per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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were statistically at par with each other However, control fruits registered the lowest average 

ascorbic acid (23.70 mg/100g pulp) content. The data further revealed that fruits wrapped in 

perforated PP 100 gauge and perforated LDPE 100 gauge films retained the ascorbic acid 

content ranged from 24.43 to 22.58 and 25.73 to 20.83 mg/100g pulp, respectively from 30 

days to 75 days of storage. On the other hand, control fruits followed an abrupt decline in 

ascorbic acid content at faster pace with prolongation in storage period thereby retained the 

ascorbic acid content from 22.79 to 19.35 mg/100 g pulp from 30 days to 75 days of storage. 

The interaction between treatments and storage interval was found to significant during both the 

years of investigation. The findings were further confirmed through the pooled mean analysis of 

both the years (Table 37a and Fig 37). Fruits packed in perforated PP 100 gauge maintained the 

mean maximum ascorbic acid (24.90 mg/100g) followed by perforated LDPE 100 gauge film 

(24.59 mg/100g). On the other hand, control fruits retained the lowest average ascorbic acid 

content (22.90 mg/100g). The interaction between treatments and storage interval was found to 

be significant in the pooled mean analysis of both the years.  In the present study decline in 

ascorbic acid content might be due to conversion of ascorbic acid to dehydroascorbic acid by 

the action of ascorbic acid oxidase (Mapson 1970). 

The results are in agreement with the findings of Nath et al (2012) who observed the 

maximum retention of ascorbic acid content in the pear fruits wrapped in perforated PP film 

than those of non perforated and unwrapped fruits. Fruits of „papaya‟ wrapped in LDPE 

retained the maximum ascorbic acid content (45.6 mg/100g) as compared to control (40.60 

mg/100 g) after 18 days of storage (Azene et al 2014). Mahajan and Singh (2014) reported 

that fruits of Kinnow wrapped in shrink film retained the maximum ascorbic acid content over 

unwrapped fruits during storage. The similar findings were also reported in peach (Mahajan et 

al 2015). Sharma et al (2013) reported that fruits of apples cv. „Royal delicious‟ wrapped in 

cryovac films maintained higher content of ascorbic acid over unwrapped fruits at the end of 

the storage. 

4.3.10 Total carotenoids (mg/100g) 

The data pertaining to the effect of different packaging materials on total carotenoids 

content revealed an identical trends during storage (Table 38). In 2016-17, the average 

maximum total carotenoids content was observed in the fruits wrapped in perforated PP 100 

gauge (0.52 mg/100g pulp) followed by LDPE 100 gauge film (0.45 mg/100g pulp). 

However, control fruits registered the lowest total carotenoids content (0.37 mg/100g pulp). A 

gradual increase in the total carotenoids content was observed in the fruits packed in 

perforated PP 100 gauge and perforated LDPE 100 gauge film after 30 days of storage i.e. 

0.74 and 0.64 mg/100g pulp, respectively; thereafter followed a decline till the end of the 

storage i.e. 0.41 and 0.23 mg per cent respectively. Similar results were also obtained in 2017-

18. The average maximum total carotenoids content was observed in the fruits wrapped in 
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Table 38:  Effect of different packaging materials and storage interval on the total carotenoids content (mg/100g) in Kinnow fruits stored at 5-7
o
C 

and 90-95% RH  

TREATMENT Total carotenoids (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 0.48 0.54 0.46 0.29 0.20 0.394
ef
 0.37 0.51 0.50 0.31 0.19 0.375

f
 

150 gauge  0.48 0.53 0.38 0.28 0.28 0.390
f
 0.37 0.47 0.39 0.27 0.27 0.360

g
 

LDPE 

(5%Perforated) 

100 gauge 0.48 0.64 0.60 0.30 0.23 0.450
b
 0.37 0.65 0.63 0.32 0.24 0.442

b
 

150 gauge  0.48 0.61 0.50 0.34 0.25 0.436
c
 0.37 0.60 0.54 0.37 0.26 0.428

c
 

PP 

 

100 gauge 0.48 0.60 0.32 0.27 0.25 0.384
f
 0.37 0.62 0.34 0.24 0.21 0.354

g
 

150 gauge  0.48 0.56 0.44 0.36 0.18 0.404
e
 0.37 0.57 0.47 0.35 0.19 0.389

e
 

PP 

(5% Perforated) 

100 gauge  0.48 0.74 0.51 0.48 0.41 0.524
a
 0.37 0.79 0.55 0.51 0.42 0.528

a
 

150 gauge  0.48 0.70 0.46 0.23 0.222 0.417
d
 0.37 0.73 0.48 0.24 0.22 0.406

d
 

Control 0.48 0.60 0.36 0.24 0.15 0.366
g
 0.37 0.58 0.35 0.22 0.16 0.336

h
 

Mean  0.480
b
 0.613

a
 0.447

c
 0.310

d
 0.241

e
  0.370

c
 0.613

a
 0.470

b
 0.318

d
 0.239

e
  

LSD (P≤0.05) Treatment (T) = 0.0123  Days (D) = 0.00092    D x T = 0.0276 Treatment (T) = 0.0119  Days (D) = 0.00089    D x T = 0.0266 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 38a:  Effect of different packaging materials and storage interval on the total 

carotenoids content (mg/100g) inKinnow fruit stored at 5-7
o
C and 90-95% 

RH 

                                                              Total carotenoids (mg/100g)              

                                                                 Storage interval (Days) 

TREATMENTS 0 30 45 60 75 Mean 

LDPE 
100 gauge 0.42 0.52 0.48 0.30 0.19 0.38

f
 

150 gauge 0.42 0.57 0.36 0.26 0.24 0.37
ef
 

LDPE (5% 

perforation) 

100 gauge 0.42 0.64 0.61 0.31 0.23 0.45
b
 

150 gauge 0.42 0.60 0.52 0.35 0.25 0.43
c
 

PP 
100 gauge 0.42 0.53 0.35 0.27 0.26 0.37

g
 

150 gauge 0.42 0.56 0.45 0.35 0.18 0.40
e
 

PP (5% 

perforation) 

100 gauge 0.42 0.76 0.53 0.49 0.41 0.53
a
 

150 gauge 0.42 0.71 0.47 0.23 0.22 0.41
d
 

Control 0.42 0.59 0.35 0.23 0.15 0.35
h
 

Mean  0.42
c
 0.61

a
 0.46

b
 0.31

d
 0.24

e
  

LSD (P≤0.05) Treatment (T) = 0.00091    Days (D) = 0.00068    D x T = 0.020 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bars represents standard error (SE) mean of three replicates 

 

Fig 38:  Effect of different packaging materials and storage interval on the total 

carotenoids content (mg/100g pulp) content in Kinnow fruit stored at 5-7
o
C and 

90-95% RH 
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perforated PP 100 gauge (0.53 mg/100g pulp) followed by perforated LDPE 100 gauge film 

(0.44 mg/100g pulp). However, control fruits registered the lowest average carotenoids 

content (0.34 mg/100g pulp). The data further revealed that the carotenoids content in the 

fruits packed in perforated PP 100 gauge and perforated LDPE 100 gauge film registered a 

gradual rise in carotenoids content after 30 days of storage i.e. 0.79 and 0.65 mg/100g pulp, 

respectively; thereafter followed a gradual decline till the end of the storage i.e. 0.42 and 0.24 

mg/100g pulp respectively. The interaction between treatments and storage interval was found 

to significant during both the years of investigation . The pooled mean analysis of both the 

years (Table 38a and Fig 38) also revealed the similar findings as fruits wrapped in perforated 

PP 100 gauge film maintained the mean maximum carotene content (0.53 mg/100g pulp) 

followed by perforated LDPE 100 gauge film (0.45 mg/100g pulp). On the other hand, control 

fruits retained the lowest average carotenoids content (0.35 mg/100g pulp). The interaction 

between treatments and storage interval was found to be significant in the poollotaed mean 

analysis of both the years.  In the present study, the control fruits followed a continuous 

instability and subsequent reduction of carotenoids is because of their vulnerability to 

oxidation and geometric isomerization of its polyene chain during storage (Sanchez-Moreno 

et al 2003). Ethylene causes the loss of chlorophylls, produces some minor changes in 

carotenoids, induces carotenoid synthesis and thus has the potential to re-establish the orange 

colors (El-Zeftawi and Garrett, 1978).  

The results are in conformity to the findings of Mahajan and Singh (2014) who 

reported that shrink wrapped Kinnow fruits showed gradual and steady increase in 

carotenoids content up to 15 days of storage. Similar findings were also noticed in mango cv. 

„Alphonso and „Banganapalli‟ (Rao and Shivshankara 2015). Ruth et al (2014) who, however, 

reported that unwrapped fruits registered higher content of total carotenoids than those of 

wrapped in ordinary and active bag modified atmospheric packaging. Muftuoglu et al (2012) 

revealed no significant effects of packaging atmosphere and packaging material on total 

carotenoids content in apricot. 

4.3.11 Pectin (Ca pectate %) 

 The data on pectin content influenced by different packaging material revealed a 

decreasing trend during storage period (Table 39). In 2016-17, the fruits wrapped in 

perforated PP 100 gauge film registered the mean maximum pectin content (0.50%) followed 

by perforated LDPE 100 gauge film (0.48%). However, control fruits registered the lowest 

average pectin content (0.42%). It was noticed that the pectin content in the fruits wrapped in 

perforated PP 100 and perforated LD 100 gauge films ranged from 0.72 to 0.18 and 0.70 to 

0.15 per cent, respectively from 30 days to 75 days of the storage period. On the other hand, 

unwrapped fruits maintained the pectin content from 0.60 to 0.13 per cent from 30 days to 75 
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Table 39:  Effect of different packaging materials and storage interval on the pectin content (Ca pectate %) in Kinnow fruit stored at 5-7
0
C and 90-

95% RH  

TREATMENT Pectin (Ca pectate %) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 0.80 0.61 0.39 0.27 0.20 0.45
e
 0.50 0.37 0.32 0.16 0.12 0.29

d
 

150 gauge  0.80 0.70 0.30 0.23 0.19 0.44
f
 0.50 0.27 0.22 0.22 0.18 0.28

e
 

LDPE 

(5%Perforated) 

100 gauge 0.80 0.70 0.45 0.31 0.15 0.48
b
 0.50 0.45 0.24 0.23 0.17 0.32

ab
 

150 gauge  0.80 0.74 0.37 0.31 0.16 0.47
a
 0.50 0.34 0.32 0.26 0.15 0.31

bc
 

PP 

 

100 gauge 0.80 0.61 0.38 0.26 0.12 0.43
g
 0.50 0.32 0.22 0.20 0.13 0.27

e
 

150 gauge  0.80 0.72 0.44 0.25 0.10 0.46
c
 0.50 0.36 0.25 0.22 0.20 0.30

c
 

PP 

(5% Perforated) 

100 gauge  0.80 0.72 0.41 0.37 0.18 0.50
a
 0.50 0.34 0.31 0.27 0.21 0.33

a
 

150 gauge  0.80 0.70 0.39 0.30 0.18 0.47
c
 0.50 0.35 0.30 0.26 0.15 0.31

bc
 

Control 0.80 0.60 0.33 0.26 0.13 0.42
h
 0.50 0.28 0.18 0.16 0.14 0.25

f
 

Mean  0.80
a
 0.69

b
 0.38

c
 0.28

d
 0.16

e
  0.500

a
 0.341

b
 0.263

c
 0.220

d
 0.161

e
  

LSD (P≤0.05) Treatment (T) = 0.00055  Days (D) = 0.00041   D x T = 0.012 Treatment (T) = 0.00098  Days (D) = 0.00073    D x T = 0.022 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



148 

Table 39a:  Effect of different packaging materials and storage interval on the pectin 

(Ca pectate %) content in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                               Pectin (Ca pectate %) 

                                                               Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 0.65 0.49 0.35 0.21 0.16 0.37

d
 

150 gauge 0.65 0.48 0.26 0.22 0.18 0.36
e
 

LDPE (5% 

perforation) 

100 gauge 0.65 0.57 0.34 0.27 0.16 0.40
a
 

150 gauge 0.65 0.54 0.34 0.28 0.15 0.39
b
 

PP 

100 gauge 0.65 0.46 0.30 0.23 0.12 0.35
e
 

150 gauge 0.65 0.54 0.34 0.23 0.15 0.38
c
 

PP (5% 

perforation) 

 

100 gauge 0.65 0.53 0.36 0.32 0.19 0.41
a
 

150 gauge 0.65 0.52 0.34 0.28 0.16 0.39
bc

 

Control 0.65 0.44 0.25 0.21 0.13 0.34
f
 

Mean  0.65
a
 0.51

b
 0.32

c
 0.25

d
 0.16

e
  

LSD (P≤0.05) Treatment (T) = 0.00091   Days (D) = 0.00068    D x T = 0.020 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bars represents standard error (SE) mean of three replicates 

 

Fig.39: Effect of different packaging materials and storage interval on the pectin (Ca 

pectate %) content in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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days of storage period. Similar trend wasnoticed in 2017-18. The fruits wrapped in perforated 

PP 100 gauge film maintained the maximum pectin content (0.33%) followed by perforated  

LDPE 100 gauge film (0.32%). However, control fruits retained the lowest average pectin 

content (0.25%). The data further revealed that the pectin content in the fruits wrapped in 

perforated PP 100 gauge and perforated LDPE 100 gauge films ranged from 0.34 to 0.21 and 

0.45 to 0.17 per cent, respectively from 30 days to 75 days of storage. On the other hand, 

control fruits retained the pectin content ranged from 0.28 to 0.14 per cent from 30 days to 75 

days of storage. The interaction between treatments and storage was found to be significant 

during 2016-17 and 2017-18. The findings were further confirmed through the pooled mean 

analysis of both the years (Table 39a and Fig 39). Perforated PP 100 gauge film was the best 

in terms of retaining and maintaining the maximum mean pectin content (0.41%) followed by 

perforated LDPE 100 gauge film (0.40%) while, control fruits retained the lowest pectin 

content (0.34%). The interaction between treatments and storage interval was found to be 

significant in the pooled mean analysis of both the years.  

 In the present study, loss in pectin content might be due to degree of fruit ripening 

particularly affected the pectin contents, which supports the hypothesis that softening is 

closely related to pectin solubilisation and depolymerization (Kurz et al 2008 and Rosli et al 

2004). During ripening large molecule protopectins are converted to soluble pectin which are 

then used as a substrate for respiration (Biale 1964). These results are in conformity to the 

findings of Mohamed et al (1996) who reported that fruits of „sapota‟ wrapped in LDPE films 

registered higher insoluble pectin content over those wrapped in shrink film and unwrapped. 

Similar findings were also reported in apple (Tavakoli and Wiley 1968). OPP-Coex-film 

packaging (Antifog film) led to a higher content of soluble pectins in comparison to the 

control in radish (Schreiner et al (2003). 

4.3.12 Total phenol (mg/100g) 

The data pertaining to the effect of packaging materials on total phenol content revealed 

an identical trend during storage (Table 40). In 2016-17, fruits wrapped in perforated PP 100 

gauge film registered the maximum mean total phenol content (126.62 mg/100g pulp) followed 

by perforated LDPE 100 gauge film (120.96 mg/100g pulp). On the other hand, control fruits 

recorded the lowest average total phenol (87.15 mg/100g pulp) content. The fruits packed in 

perforated PP 100 gauge and perforated LDPE 100 gauge films registered a gradual increase in 

total phenol content after 30 days of storage i.e. 192.15 and 185.20 mg/100 g pulp, respectively. 

The similar trend was also noticed in 2017-18. The highest average total phenol (126.16 

mg/100g pulp) content was recorded in the fruits wrappedin perforated PP 100 gauge followed 

by perforated LDPE 100 gauge films (126.16 and 122.86 mg/100g pulp, respectively). On the 

other hand, control fruits registered the lowest average total phenol content (92.15 mg/100g 

pulp). It was further noticed that fruits wrapped in perforated PP 100 gauge and perforated  
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Table 40:  Effect of different packaging materials and storage interval on the total phenol content (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-

95% RH  

TREATMENT Total phenols (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 128.13 189.87 110.23 86.38 47.01 112.32
c
 131.84 236.06 110.74 75.40 38.80 118.57

b
 

150 gauge  128.13 166.83 155.30 89.61 20.41 112.06
c
 131.84 163.81 152.30 91.94 20.72 112.12

c
 

LDPE 

(5%Perforated) 

100 gauge 128.13 185.20 179.62 87.54 24.33 120.96
b
 131.84 184.91 181.20 90.54 25.83 122.86

ab
 

150 gauge  128.13 209.08 134.31 90.25 43.00 120.95
b
 131.84 182.99 158.81 89.25 33.50 119.28

b
 

PP 

 

100 gauge 128.13 160.00 96.48 68.31 17.40 96.06
d
 131.84 157.54 92.97 74.81 19.97 95.43

d
 

150 gauge  128.13 228.00 107.20 70.68 30.75 112.95
c
 131.84 194.37 123.23 94.37 50.51 118.86

b
 

PP 

(5% Perforated) 

100 gauge  128.13 192.15 165.65 120.94 26.24 126.62
a
 131.84 190.15 162.15 119.44 27.24 126.16

a
 

150 gauge  128.13 184.88 163.81 86.95 33.44 119.44
b
 131.84 201.79 133.34 87.51 40.41 118.98

b
 

Control 128.13 122.40 90.44 68.30 26.48 87.15
e
 131.84 131.46 97.44 72.25 27.75 92.15

d
 

Mean  128.13
c
 182.05

a
 133.67

b
 85.44

d
 29.90

e
  131.84

b
 182.57

a
 134.69

b
 88.39

c
 31.64

d
  

LSD (P≤0.05) Treatment (T) = 4.15  Days (D) = 3.09    D x T = 9.28   Treatment (T) = 4.33  Days (D) = 3.23    D x T = 9.68 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 40a:  Effect of different packaging materials and storage interval on the total 

phenol content (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                             Total phenols (mg/100g)               

                                                             Storage interval (Days) 

TREATMENTS 0 30 45 60 75 Mean 

LDPE 
100 gauge 129.98 212.96 110.48 80.89 42.90 115.45

d
 

150 gauge 129.98 165.32 153.80 90.77 20.56 112.09
e
 

LDPE (5% 

perforation) 

100 gauge 129.98 185.05 180.41 89.04 25.08 121.91
b
 

150 gauge 129.98 196.03 146.56 89.75 38.25 120.12
bc

 

PP 

100 gauge 129.98 158.77 94.72 71.56 18.68 94.74
f
 

150 gauge 129.98 211.18 115.21 82.52 40.63 115.91
d
 

PP (5% 

perforation) 

 

100 gauge 129.98 191.15 163.90 120.19 26.74 126.39
a
 

150 gauge 129.98 193.33 148.57 87.23 36.92 119.21
c
 

Control 129.98 126.93 93.94 70.27 27.11 89.65
g
 

Mean  129.98
c
 182.30

a
 134.18

b
 86.91

d
 30.77

e
  

LSD (P≤0.05) Treatment (T) = 2.53    Days (D) = 1.88    D x T = 5.66 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The verticle bars represents standard error (SE) mean of three replicates 

 

Fig 40:  Effect of different packaging materials and storage interval on the total phenol 

(mg/100g) content in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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LDPE 100 gauge films registered a gradual increase in total phenols after 30 days of storage i.e. 

190.15 and 184.91 mg/100g pulp, respectively; thereafter followed a continuous decline till the  

end of the storage 27.24 and 25.83 mg/100g pulp, respectively. The interaction between 

treatments and storage interval was found to be significant during both the years of 

investigation. The pooled mean analysis of both the years (Table 40a and Fig 40) also 

confirmed the findings as fruits wrapped in perforated PP 100 gauge film maintained the highest 

average total phenol (126.39 mg/100g) followed by perforated LDPE 100 gauge film (121.91 

mg/100g) whereas, control fruits retained the lowest average total phenol content (89.65 

mg/100g). The interaction between treatments and storage interval was found to be significant 

in the pooled mean analysis of both the years. In the present study, fruits wrapped in perforated 

PP 100 gauge and perforated LDPE 100 gauge films retained the maximum phenolics 

compounds, which might be due to the effect of 

MAP (low O2 and high CO2) in retarding postharvest ripening as can be inferred by the 

reduced ethylene production, fruit softening, colour change and acidity loss (Diaz-Mula et al 

2011). In addition, the possible effect of low O2 and high CO2 on the delay in phenylalanine 

ammonia lyase (PAL), chalcone synthase or anthocyanidin synthase are the key enzymes in the 

biosynthesis pathway of phenolic compounds (Desjardins 2008) or reduced polyphenol oxidase 

(PPO) or peroxidase activities (Pourcel et al 2006), the main enzymes responsible of polyphenol 

degradation, should not be discounted.  

The results are in agreement with the findings of Mohebbi et al (2015).The increase 

in total phenolics was delayed in cherry fruits cv. Cornelian wrapped in perforated LDPE and 

PP polymeric films. Rana et al (2015) studied the effect of cling and shrink films packaging 

on guava fruits and found that total phenols followed a decline with an advancement in 

storage period. Rao and Shivshankara (2015) who, however, reported that fruits of mango cv. 

„Alphonso‟ and „Banganapalli‟ wrapped in different packaging films registered lower content 

of total phenol in contrast to wrapped fruits. 

4.3.13 Pectin methylesterse (PME) activity 

The results pertaining to the effect of different packaging materials on PME activity 

(micro equi. acid produced/min/g tissue) illustrated that the enzyme activity registered 

significant changes over the storage intervals (Table 41). In general, the maximum PME 

activity with respect to storage interval was recorded after 45 days of storage (except 

perforated PP 100 gauge, PP 150 gauge and perforated LDPE 100 gauge and LDPE 150 

gauge films) followed by a sudden decline till the end of the storage. In 2016-17, the average 

lowest mean PME activity (1.61 micro equi. acid produced/min/ml tissue) was noticed in the 

fruits wrapped in perforated PP 100 gauge film followed by (1.87 micro equi. acid 

produced/min/ml tissue). However, control fruits recorded the average maximum PME 

activity (2.44 micro equi. acid produced/min/ml tissue). It was further noticed that fruits 
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Table 41: Effect of different packaging materials and storage interval on the PME activity (unit/ml) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT PME activity (unit/ml) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 0.56 2.43 4.16 2.21 2.12 2.30
b
 0.63 2.83 3.30 2.70 1.50 2.19

b
 

150 gauge  0.56 3.04 3.70 2.61 1.66 2.31
b
 0.63 2.50 4.20 2.30 2.13 2.35

a
 

LDPE 

(5%Perforated) 

100 gauge 0.56 2.17 2.36 2.52 1.72 1.87
d
 0.63 2.33 2.40 2.46 1.80 1.92

d
 

150 gauge  0.56 2.24 2.54 2.71 2.29 2.07
c
 0.63 2.36 2.50 2.60 2.23 2.06

c
 

PP 

 

100 gauge 0.56 3.01 3.61 2.66 2.19 2.41
a
 0.63 2.81 3.44 2.75 2.17 2.36

a
 

150 gauge  0.56 2.47 3.88 2.34 2.15 2.28
b
 0.63 1.80 4.83 1.93 1.73 2.18

b
 

PP 

(5% Perforated) 

100 gauge  0.56 1.81 1.98 2.49 1.23 1.61
e
 0.63 1.76 1.86 2.73 1.86 1.77

e
 

150 gauge  0.56 1.94 2.11 4.55 1.34 2.10
c
 0.63 2.26 2.30 3.66 2.06 2.18

b
 

Control 0.56 3.64 4.06 2.16 1.77 2.44
a
 0.63 3.36 3.90 2.33 1.65 2.37

a
 

Mean  0.56
e
 2.53

c
 3.15

a
 2.69

b
 1.83

d
  0.63

d
 2.44

b
 3.19

a
 2.61

a
 1.90

c
  

LSD (P≤0.05) Treatment (T) = 0.067  Days (D) = 0.049   D x T = 0.15 Treatment (T) = 0.080  Days (D) = 0.051    D x T = 0.15 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 41a: Effect of different packaging materials and storage interval on the PME 

activity (unit/ml) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                PME activity (unit/ml)            

                                                               Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 0.59 2.63 3.73 2.45 1.81 2.24

c
 

150 gauge 0.59 2.77 3.95 2.45 1.89 2.33
b
 

LDPE (5% 

perforation) 

100 gauge 0.59 2.25 2.38 2.49 1.76 1.89
f
 

150 gauge 0.59 2.26 2.43 2.56 1.97 1.96
e
 

PP 

100 gauge 0.59 2.91 3.52 2.70 2.18 2.38
a
 

150 gauge 0.59 2.13 4.35 2.13 1.94 2.23
c
 

PP (5% 

perforation) 

 

100 gauge 0.59 1.78 1.92 2.61 1.54 1.69
g
 

150 gauge 0.59 2.10 2.20 4.10 1.70 2.14
d
 

Control 0.59 3.50 3.98 2.24 1.71 2.41
a
 

Mean  0.59
e
 2.48

c
 3.16

a
 2.64

b
 1.83

d
  

LSD (P≤0.05) Treatment (T) = 0.046   Days (D) = 0.034     D x T = 0.10 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bars represents standard error (SE) mean of three replicates 

Fig 41:  Effect of different packaging materials and storage interval on the PME activity 

(unit/ml) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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wrapped in perforated PP 100 gauge and perforated LDPE 100 gauge films delayed the 

initiation of peak in PME activity till 60 days of storage i.e. 2.49 and 2.52 micro equi. acid 

produced/min/ml tissue, respectively. On the other hand, control fruits initiated an earliest 

peak in PME activity after 45 days of storage i.e. 4.06 micro equi. acid produced/min/ml 

tissue. Similar trend was also noticed in 2017-18. The average lowest mean PME activity was 

observed in the fruits wrapped in perforated PP 100 gauge film (1.77 micro equi. acid 

produced/min/ml tissue) followed by perforated LDPE 100 gauge film (1.92 micro equi. acid 

produced/min/ml tissue). On the other hand control fruits recorded the average maximum 

PME activity (2.37 micro equi. acid produced/min/ml tissue). The data further revealed that 

fruits wrapped in perforated PP 100 gauge and perforated LDPE 100 gauge films revealed a 

delayed initiation of peak in PME activity till 60 days of storage i.e. 2.73 and 2.46 micro equi. 

acid produced/min/ml tissue, respectively. However, control fruits initiated an earliest peak in 

PME activity after 45 days of storage i.e. 3.90 micro equi. Acid produced/min/ml tissue. The 

interaction between treatments and storage interval was found to be significant during both 

the years of investigationin. The findings were further confirmed through the pooled mean 

analysis of the both the years (Table 41a and Fig 41). Fruits wrapped in perforated PP 100 

gauge registered the lowest PME activity (1.69 micro equi. acid produced/min/ml tissue) 

followed by perforated LDPE 100 gauge film (1.89 micro equi. acid produced/min/ml tissue). 

On the other hand, control fruits recorded the maximum PME activity (2.41 micro equi. acid 

produced/min/ml tissue). The interaction between treatments and storage interval was found 

to be significant in the pooled mean analysis of both the years. In the present study, the 

perforated PP 100 and perforated LDPE 100 gauge films registered the average lowest PME 

activity may be due to slower respiratory activity occurring inside the package due to creation 

of modified atmospheric conditions (Sen et al 2012 and Giacalone and Chiabrando 2013).  

The results are in corroboration with the findings of Mahajan et al (2015) who 

demonstrated the effect of various packaging films and found that the packaging films influenced 

the PME activity in peach fruit and this might be attributed to the difference in gaseous conditions 

generated inside the packages. Similar findings were also reported by Kaur et al (2014) who 

reported that unwrapped pear fruits registered the maximum PME activity over wrapped fruits 

inside different packaging films. Fruit of plum cv „Tegan blue‟ stored in MAP alone also showed 

reduction in the activities of exo-PG, endo-PG, PE, and  EGase enzymes as compared with control 

fruit (Khan and Singh 2008). Similar findings were also reported in nacterine (Ozkayaa et al 2016) 

pears (Ortiz et al 2011 and Pedreschi et al 2008) and papaya (Lazan et al 1993). 

4.3.14 Cellulase activity 

The data on cellulase activity influenced by different packaging materials revealed an 

identical trend during storage (Table 42). In general, Irrespective of the wrapping material (except  
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Table 42:  Effect of different packaging materials and storage interval on the cellulase activity (mg glucose per min
-1

 mg protein
-1

) in Kinnow fruit 

stored at 5-7
o
C and 90-95% RH  

TREATMENT Cellulase activity (mg glucose per min
-1

 mg protein
-1

) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

LDPE 100 guage 0.85 2.88 3.41 2.70 2.14 2.40
d
 1.68 3.98 4.45 3.79 3.00 3.38

b
 

150 gauge  0.85 4.10 6.33 1.75 0.77 2.76
c
 1.68 4.22 8.43 1.55 1.14 3.40

b
 

LDPE 

(5%Perforated) 

100 gauge 0.85 1.66 2.25 3.59 0.48 1.77
f
 1.68 1.70 2.63 2.73 1.12 1.97

f
 

150 gauge  0.85 2.40 2.70 2.81 0.19 1.79
f
 1.68 3.24 3.49 3.49 0.13 2.40

e
 

PP 

 

100 gauge 0.85 2.90 5.77 4.60 1.16 3.06
b
 1.68 3.12 6.01 5.24 1.24 3.46

b
 

150 gauge  0.85 2.88 5.18 1.84 0.81 2.31
d
 1.68 3.67 6.45 2.10 1.41 3.06

c
 

PP 

(5% Perforated) 

100 gauge  0.85 1.82 1.86 2.12 0.74 1.48
g
 1.68 1.75 2.25 2.40 0.72 1.76

g
 

150 gauge  0.85 2.57 3.19 3.40 0.40 2.08
e
 1.68 2.89 3.78 3.94 0.59 2.57

d
 

Control 0.85 6.22 7.38 1.70 0.33 3.30
a
 1.68 7.40 9.23 1.56 0.38 4.05

a
 

Mean  0.85
d
 3.05

b
 4.23

a
 2.72

c
 0.78

d
  1.68

d
 3.55

b
 5.19

a
 2.98

c
 1.08

e
  

LSD (P≤0.05) Treatment (T) = 0.10  Days (D) = 0.08   D x T = 0.23   Treatment (T) = 0.09  Days (D) = 0.07    D x T = 0.200 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 42a:  Effect of different packaging materials and storage interval on the cellulase 

activity (mg glucose per min
-1

 mg protein
-1

) of Kinnow fruit stored at 5-7
o
C 

and 90-95% RH 

                                      Cellulase activity (mg glucose per min
-1

 mg protein
-1

)              

                                                           Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 1.26 3.43 3.93 3.24 2.57 2.89

d
 

150 gauge 1.26 4.16 7.38 1.65 0.95 3.08
c
 

LDPE (5% 

perforation) 

100 gauge 1.26 1.68 2.44 3.16 0.80 1.87
h
 

150 gauge 1.26 2.82 3.09 3.15 0.16 2.10
g
 

PP 

100 gauge 1.26 3.01 5.89 4.92 1.20 3.26
b
 

150 gauge 1.26 3.27 5.81 1.97 1.11 2.69
e
 

PP (5% 

perforation) 

 

100 gauge 1.26 1.78 2.05 2.26 0.73 1.62
i
 

150 gauge 1.26 2.73 3.48 3.67 0.49 2.33
f
 

Control 1.26 6.81 8.30 1.63 0.35 3.67
a
 

Mean  1.26
d
 3.30

b
 4.71

a
 2.85

c
 0.93

e
  

LSD (P≤0.05) Treatment (T) = 0.064    Days (D) = 0.048    D x T = 0.14  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bars represents standard error (SE) mean of three replicates 

 

Fig 42: Effect of different packaging materials and storage interval on the cellulase 

activity (mg glucose per min
-1

 mg protein
-1

) in Kinnow fruit stored at 5-7
o
C and 

90-95% RH  
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perforated PP 100 gauge, PP 150 gauge, perforated LDPE 100 gauge and perforated LDPE 150 

gauge films) the maximum cellulase activity with respect to storage interval was recorded after 45 

days of the storage followed by a sudden decline till the end of the storage. In 2016-17, the 

average lowest average cellulase activity (1.48 mg glucose per min
-1
 mg protein

-1
)was recorded in 

the fruits wrapped in perforated PP 100 gauge followed by perforated LDPE 100 guage film 

(1.77 mg glucose per min
-1

 mg protein
-1

). On the other hand, control fruits showed the 

maximum mean cellulase activity (3.30 mg glucose per min
-1

 mg protein
-1

). The data further 

revealed that fruits wrapped in perforated PP 100 delayed the peak in cellulase activity till 60 

days of storage i.e. 2.12 mg glucose per min
-1

 mg protein
-1

 followed by perforated LDPE 100 

gauge film (3.59 mg glucose per min
-1

 mg protein
-1

). On the other hand, control fruits 

registered an earliest peak in cellulase activity after 45 days of storage period i.e. 7.38 mg 

glucose per min
-1

 mg protein
-1

. The similar trend was also noticed in 2017-18. Fruits wrapped 

in perforated PP 100 gauge film registered the lowest cellulase activity (1.76 mg glucose per 

min
-1

 mg protein
-1

) followed by perforated LDPE 100 gauge (1.97 mg glucose per min
-1

 mg 

protein
-1

). However, control fruits recorded the highest average cellulase activity (4.05 mg 

glucose per min
-1

 mg protein
-1

). It was noticed that fruits wrapped in perforated PP 100 gauge 

film delayed the cellulase activity till 60 days of storage period i.e. 2.40 mg glucose per min
-1

 

mg protein
-1

 followed by perforated LDPE 100 gauge film (2.73 mg glucose per min
-1

 mg 

protein
-1

). On the other hand, control fruits revealed an earliest peak in cellulase activity after 

45 days of storage period i.e. 9.23 mg glucose per min
-1

 mg protein
-1

). The interaction 

between treatments and storage interval was found to be significant during both the years of 

investigation. The findings were further confirmed through the pooled mean analysis of both 

the years (Table 42a and Fig 42). Perforated PP 100 gauge film registered the lowest average 

cellulase activity (1.62 mg glucose per min
-1

 mg protein
-1

) followed by perforated LDPE 100 

gauge film (1.87 mg glucose per min
-1

 mg protein
-1

). However, control fruits recorded the 

maximum cellulase activity (3.67 mg glucose per min
-1

 mg protein
-1

). The interaction between 

treatments and storage interval was found to be significant in the pooled mean analysis of 

both the years. Fruit softening is associated with cell wall disassembly (Seymour and Gross 

1996) and modifications to the pectin fraction are some of the most apparent changes that take 

place in the cell wall during ripening (Marin-Rodriguez et al 2002). The general observation 

is that softening is accompanied by solubilization of pectin, involving the action of enzymes 

pectinesterase (PE), polygalacturonase (PG) and pectate lyases (PL) (White 2002). 

The results are in corroboration with the findings of (Khan and Singh 2008) who 

reported that fruit of plum cv „Tegan blue‟ stored in MAP alone also showed reduction in the 

activities of exo-PG, endo-PG and EGase enzymes as compared to control fruit. Similar 

findings were reported in nacterine (Ozkaya et al 2016) pears (Ortiz et al 2011 and Pedreschi 

et al 2008) and papaya (Lazan et al 1993). 



 



 



 



CHAPTER V 

SUMMARY 

 The present investigations entitled “Effect of post-harvest treatments and packagings 

on storage-life and quality of Kinnow fruit” were conducted in the Department of Fruit 

science and Punjab Horticultural Post-harvest Technology Centre (PHPTC), PAU campus, 

Ludhiana during 2016-17 and 2017-18. Kinnow fruit were harvested in mid-january at 

physiological maturity stage to evaluate performance of different edible coatings on 

enhancing storage life and quality retention, to study effect of different anti-senescence 

compounds on storage life and to examine the effect of modified atmospheric packaging with 

various packing materials of different thicknesses on enhancement of storage life. The fruit of 

uniform size, apparently free from disease and bruises were sorted, washed with chlorinated 

water (100 mg L
-1

). Thereafter, the fruit were divided into requisite lots for further handling. 

The first lot of fruit was coated with varied concentration of different edible coatings viz 

CMC (1, 1.5 and 2 per cent), chitosan (0.5, 1 and 1.5 per cent, respectively) and bees-wax (5, 

10 and 15 per cent, respectively). The second lot of fruit was treated with different 

concentrations of anti-senescence compounds viz 1-MCP (500, 1000 and 1500 ppb), methyl 

jasmonates (1, 2 and 3 mM) and salicylic acid (1, 2 and 3mM). In the third lot, the fruit were 

individually seal wrapped with different packaging films commercially available in the 

market viz.,perforated and non perforated low density polyethylene film (100 and 150 gauge 

films) and perforated and non perforated polypropylene (100 and 150 gauge films, 

respectively). The control fruit were kept uncoated, untreated and unpacked. The fruit treated 

with different treatments were stored under modified atmospheric storage conditions viz 5-

7
o
C and 90-95% RH. The fruit were analyzed for various physico-chemical parameters at 0, 

30, 45, 60 and 75 days interval after storage. The results of present study are summarized 

below: 

 The physiological loss in weight of Kinnow fruit increased during storage irrespective 

of different coating treatments. In both the seasons of investigation, the fruit coated with 

CMC 2 per cent registered the lowest PLW i.e. 2.98 and 2.68 per cent, respectively followed 

by CMC (1.5), chitosan (1%) and bees-wax (10%) in contrast to control fruit (7.57 and 6.43 

per cent, respectively. In the second experiment, the fruit treated with MeJA (1mM) exhibited 

the lowest PLW in the both the seasons of study i.e. 4.02 and 2.35 per cent, respectively 

followed by 1-MCP (1500 ppb and SA 2mM). The control fruit showed the highest PLW 

during both the seasons i.e. 10.31 and 6.43 per cent, respectively. In the third experiment, fruit 

packed in perforated PP 100 gauge resulted the lowest PLW (0.50 and 0.44 per cent) followed 

by perforated LDPE 100 gauge film. The control fruit exhibited the highest PLW (6.93 and 

6.43 per cent), respectively during both the season of investigation. 
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 The lowest spoilage percentage was recorded in the fruit coated with CMC (2%) i.e. 

1.67 and 0 per cent followed by CMC (1.5%), chitosan (1%) and bees wax (10%) in contrast 

to uncoated fruits (18.33 and 10.00 per cent) during the seasons of 2016-17 and 2017-18, 

respectively. In the second experiment, the fruit treated with MeJA (1mM) showed the lowest 

spoilage (1.67 and 0 per cent) followed by 1-MCP 1500 (ppb) as compared to control (13.33 

and 10.00 per cent), respectively during both the seasons of study. In the third experiment, the 

fruit wrapped in perforated PP 100 gauge film registered the lowest spoilage (3.33 and 1.67 

per cent) followed by perforated LDPE 100 gauge film than those of fruit wrapped in non 

perforated packaging films (33.33 and 31.66 per cent) during both the seasons of 

investigation.  

 The highest sensory rating was noted in the fruit coated with CMC 2% (7.53 and 

8.37) followed by CMC (1.5%), chitosan (1%) and bees-wax (10%) as comparedto uncoated 

fruits (6.76 and 7.15) during the season of2016-17 and 2017-18, respectively. In the second 

experiment, the fruit treated with MeJA (1mM) maintained the highest sensory score (7.65 

and 8.38) than that of untreated fruit (6.15 and 7.15 per cent), respectively during both the 

seasons of investigation. In the third experiment, the fruit packed in perforated PP 100 gauge 

film registered the maximum sensory score i.e. 7.70 and 8.11 per cent, respectively followed 

by perforated LDPE 100 gauge film. However, unpacked control fruit exhibited the lowest 

sensory rating (6.15 and 7.15 per cent, respectively) during 2016-17 and 2017-18, 

respectively.  

 Fruit firmness followed a gradual decline with an advancement in storage period. 

However, CMC (2%) maintained the highest firmness (4.94 and 5.29 kg force) followed 

byCMC (1.5%), chitosan (1%) and bees-wax (10%) than those of uncoated fruit (4.06 and 

5.29 kg force) during the season of 2016-17 and 2017-18, respectively. In the second 

experiment, the fruit treated with MeJA (1mM) retained the highest firmness (5.01 and 5.34 

kg force) followed by 1-MCP (1500 ppb) than those of untreated fruit (4.07 and 4.36 kg 

force) during 2016-17 and 2017-18, respectively. In the third experiment, the fruit wrapped in 

perforated PP 100 gauge film maintained the maximum firmness (5.40 and 5.48 kg force) 

followed by perforated LDPE 100 gauge film as compared to unwrapped fruits (4.07 and 4.36 

kg force) in the season of 2016-17 and 2017-18, respectively. 

 Juice content declined with prolongation in storage period. However, the fruit coated 

with CMC (2%) maintained the highest juice content (38.48 and 46.45 per cent, respectively) 

followed by CMC (1.5%), chitosan (1%) and bees-wax (10%) in contrast to uncoated fruit 

(33.98 and 43.14 per cent, respectively) during 2016-17 and 2017-18, respectively. In the 

second experiment, the fruit treated with MeJA (1mM) retained the maximum juice content 

(38.02 and 46.03 per cent, respectively) followed by 1-MCP (1500 ppb) than those of 

untreated fruits (34.38 and 41.14 per cent, respectively) during both the season of study. In 
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the third experiment, the fruit wrapped in perforated PP 100 gauge film retained the 

maximum juice content (46.84 and 47.37 per cent, respectively) followed by perforated LDPE 

100 gauge film. The unwrapped fruit resulted in lowest juice content (42.12 and 43.14 per 

cent, respectively) during the season of 2016-17 and 2017-18, respectively. 

 The TSS, reducing sugars and total sugars increased irrespective of the coating 

treatments in the fruits up to 60 days under cold storage conditions. The maximum TSS, 

reducing sugars and total sugars were recorded in the fruits coated with CMC (2%) i.e. 11.06, 

4.21 and 8.61 per cent, respectively during 2016-17 and 11.06, 3.41 and 6.92 per cent, 

respectively during 2017-18. The uncoated fruits registered the lowest TSS, reducing sugars 

and total sugars content i.e. 10.03, 3.36 and 6.93 percent, respectively during 2016-17 and 

10.27, 2.66 and 5.80 per cent, respectively during 2017-18. In the second experiment, the fruit 

treated with MeJA (1mM) registered the maximum TSS, reducing sugars and total sugars 

(11.00, 4.06 and 7.87 per cent, respectively during 2016-17 and 10.97, 3.28 and 7.87 per cent, 

respectively during 2017-18. The untreated fruits recorded the lowest TSS, reducing sugars 

and total sugars (10.07, 3.38 and 7.02 percent, respectively during first season of investigation 

and 10.27, 2.66 and 6 per cent, respectively during second season of investigation. In third 

experiment, the fruit wrapped in perforated PP 100 gauge film registered the maximum TSS, 

reducing sugars and total sugars (10.67, 3.14 and 7.04 per cent, respectively in 2016-17 and 

10.79, 3.19 and 7.09 per cent in 2017-18, respectively). The unwrapped fruits registered the 

lowest TSS, reducing sugars and total sugars (9.64, 2.30 and 5.39 per cent in 2016-17 and 

9.71, 2.32 and 5.51 per cent in 2017-18 respectively. 

 The vitamin C content of the Kinnow fruits followed a declining trend with an 

advancement in storage period. Fruits coated with CMC (2%) maintained the highest ascorbic 

acid (23.95 and 27.84 mg/100g pulp) content followed by CMC (1.5%), chitosan (1%) and 

bees-wax (10%) as compared to control (19.72 and 21.72 mg/100 g pulp) in 2016-17 and 

2017-18, respectively. In the experiment-2, the fruit treated with MeJA (1mM) maintained the 

highest (22.67 and 28.19 mg/100g pulp, respectively) ascorbic acid content as compared to 

control (19.72 and 21.80 mg/100g pulp) during both the seasons of investigation. In the third 

experiment, the fruit packed in perforated PP 100 gauge film retained the maximum (23.94 

and 25.85 mg/100g pulp) followed by perforated LDPE 100 gauge film in contrast to 

unwrapped fruits (22.09 and 23.70 mg/100g pulp, respectively) during 2016-17 and 2017-18, 

respectively. 

 The fruits coated with CMC (2%) maintained the maximum total carotenoids content 

(0.62 and 0.53 mg/100g pulp) followed by CMC (1.5%), chitosan (1%) and bee wax (10%) in 

contrast to control (0.47 and 0.33 mg/100g pulp, respectively) during 2016-17 and 2017-18. 

In the second experiment, the fruit treated with MeJA (1mM) maintained the maximum total 

carotenoids content (0.66 and 0.59 mg/100g pulp) followed by 1-MCP (1500 ppb) in contrast 
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to control (0.45 and 0.34 mg/100g pulp), respectively during 2016-17 and 2017-18, 

respectively. In the third experiment, fruits packed in perforated PP 100 gauge maintained the 

maximum total carotenoids (0.52 and 0.53 mg/100g pulp) content followed by perforated 

LDPE 100 gauge than that of unwrapped fruits (0.37 and 0.34 mg/100g pulp, respectively) 

during 2016-17 and 2017-18, respectively. 

 The highest pectin content (0.56 and 0.34 %) was retained in the fruits coated with 

CMC (2%) followed by its 1.5 per cent concentration, chitosan (1%) and bee wax (10%) in 

contrast to uncoated (0.46 and 0.28%) during 2016-17 and 2017-18, respectively. In the 

second experiment, the fruit treated with MeJA (1mM) maintained the maximum pectin 

content (0.56 and 0.38%) followed by 1-MCP (1500 ppb) than those of untreated fruits (0.46 

and 0.27%, respectively) during 2016-17 and 2017-18, respectively. In the third experiment, 

the fruit wrapped in perforated PP 100 gauge film maintained the maximum pectin content 

(0.50 and 0.33%) followed by perforated LDPE 100 gauge as compared to unwrapped fruit 

(0.42 and 0.25 per cent), during 2016-17 and 2017-18, respectively. 

 The maximum total phenolics content (143.26 and 147.08 mg/100g pulp) was 

maintained in the fruits coated with CMC (2%) followed by CMC (1.5%), chitosan (1%) and 

bee wax (10%) than those of uncoated fruits (110.31 and 118.57 mg/100g pulp, respectively) 

during 2016-17 and 2017-18, respectively. In the second experiment, the fruit treated with 

MeJA (1mM) retained the maximum total phenolics content (137.30 and 128.57 mg/100g 

pulp) than those of untreated fruits (110.31 and 128.57 mg/100g pulp) followed by 1-MCP 

(1500 ppb) during 2016-17 and 2017-18, respectively. In the third experiment, the fruit 

packed in perforated PP 100 gauge film followed by perforated LDPE 100 gauge film 

maintained the highest total phenolics content (126.62 and 126.16 mg/100g pulp) content in 

contrast to unwrapped fruits (87.15 and 92.15 mg/100g pulp) during 2016-17 and 2017-18, 

respectively. 

 The lowest PME activity (0.26 and 1.58 micro equi acid produced/min/ml juice) was 

recorded in the fruit coated with CMC (2%) followed by its 1.5 per cent concentration, 

chitosan (1%) and bee wax (10%) in contrast to uncoated fruit (0.33 and 2.37 micro equi acid 

produced/min/ml juice) during 2016-17 and 2017-18, respectively. In the second experiment, 

the lowest mean PME activity (0.26 and 1.42 micro equi acid produced/min/ml juice) was 

registered in the fruits treated with MeJA (1mM) followed by 1-MCP (1500 ppb). However, 

untreated fruits recorded the maximum PME activity (0.45 and 2.37 micro equi acid 

produced/min/ml juice) during 2016-17 and 2017-18, respectively. In the third experiment, 

the fruit wrapped in perforated PP 100 gauge film maintained lowest PME activity (1.61 and 

1.77 micro equi acid produced/min/ml juice) followed by perforated LDPE 100 gauge film 

than those of unwrapped fruits (2.44 and 2.37 micro equi acid produced/min/ml juice) during 

2016-17 and 2017-18, respectively. 
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 The lowest cellulase activity (1.75 and 2.19 mg glucose per min
-1
 mg protein

-1
) was 

recorded in the fruit coated with CMC (2%) followed by its 1.5 per cent concentration and 

chitosan (1%) as compared to uncoated fruit (2.92 and 5.20 mg glucose per min
-1
 mg protein

-1
) 

during 2016-17 and 2017-18, respectively. In the second experiment, the fruit treated with 

MeJA (1mM) recorded the lowest mean cellulase activity (1.74 and 2.37 mg glucose per min
-1

 

mg protein
-1

) followed by 1-MCP (1500 ppb) in contrast to untreated fruit (3.49 and 5.69 mg 

glucose per min
-1

 mg protein
-1

) during 2016-17 and 2017-18, respectively. In the third 

experiment, the fruit wrapped in perforated PP 100 gauge film recorded the lowest mean 

cellulase activity (1.48 and 1.76 mg glucose per min
-1

 mg protein
-1

) followed by perforated 

LDPE 100 gauge film in contrast to unwrapped fruits (3.30 and 4.05 mg glucose per min
-1

 mg 

protein
-1

) during 2016-17 and 2017-18, respectively. 

 From the present studies, it can be concluded that in experiment-1, CMC 2 per cent 

and 1.5 per cent coatings were most effective in retaining and maintaining physical and 

physico-chemical attributes up to 60 days in contrast to control (uncoated) where fruits 

remained acceptable only up to 45 days 

 In experiment-2, MeJA 1mM and 1-MCP 1500 ppb were the best among anti-

senescence compounds in terms of retaining and maintaining desirable fruit quality up to 60 

days than those of control (untreated) where fruits remained fit for consumption only up to 45 

days 

 In experiment-3, perforated PP 100, LDPE 100, LDPE 150 and PP 150 gauge 

packaging films maintained the best quality of fruits even after 60 days of storage while, non 

perforated PP 100, PP 150, LDPE 100, LDPE 150 gauge films and control (unwrapped) fruits 

remained acceptable only up to 45 days with respect to overall fruit quality.  

From the present study it is observed that in all three experiments CMC with 2 per 

cent formulation is the best treatment to enhance the storage life and quality retention of 

Kinnow fruit due to its cost effectiveness and ease of application therefore, can be 

recommended among growers. 

 



REFERENCES 

Abbasi N A, Iqbal Z, Maqbool M and Hafiz I A (2009) Postharvest quality of mango 

(Mangifera indica L.) fruits as affected by chitosan coating. Pak J Bot 41: 343-57.  

Adetunji C O, Fawole O B, Arowora K A, Nwaubani S J, Ajayi E S, Oloke J K, Majolagbe O 

M, Ogundele B A, Aina J A and Adetunji J B (2012) Effect of edible coatings of Aloe 

Vera gel on quality and postharvest physiology of pineapple fruits during ambient 

storage. GJSFR 12: 39-43. 

Aghdam M S, Mostofi Y, Motallebiazar A, Ghasemneghad M and Moghaddam F J (2009) 

Effects of MeSA vapor treatment on the post-harvest quality of Hayward kiwifruit. 

Acta Hortic 877 

Aguirre-Joya J A, Ventura-Sobrevilla J, Martinez-Vazquez G, Ruelas-Chacon X, Rojas R 

(2017) Effects of a natural bioactive coating on the quality and shelf life prolongation 

at different storage conditions of avocado (Persea americana Mill.) cv. Hass. Food 

Packag and Shelf Life 14: 102-07.  

Ahmad M S, Thakur K S and Siddiqui M W (2013) Postharvest treatments for preserving 

quality of„Kinnow‟ fruit under different storage conditions. Adv Hort Sci27: 1-7. 

Ali A, Maqbool M, Alderson P G and Zahid N (2013) Effect of gum arabic as an edible 

coating on antioxidant capacity of tomato (Solanum lycopersicum L.) fruit during 

storage. Postharvest Biol Technol 76: 119-24. 

Ali A, Maqbool M, Ramachandran S and Alderson P G (2010) Gum arabic as a novel edible 

coating for enhancing shelf-life and improving postharvest quality of tomato 

(Solanum lycopersicum L.) fruit. Postharvest Biol Technol 58: 42-47. 

Ali A, Muhammad M T M, Sijam K and Siddiqui Y (2011) Effect of chitosan coatings on the 

physicochemical characteristics of Eksotika II papaya (Carica papaya L.) fruit during 

cold storage. Food Chem 124: 620-26. 

Ali M A, Zulfiqar A, Arif A M, Khan A R, Iqbal Z and Khan M A (2015) Effect of natural 

and synthetic fruit coatings on the postharvest quality of kinnow mandarins. CIGRJ 

17: 197. 

Amal S H, El-Mogy M M, Aboul-Anean H E and Alsanius B W (2010) Improving strawberry 

fruit storability by edible coating as a carrier of thymol or calcium chloride. J Hortic 

Sci Ornam Pla 2: 88-97. 

Amanullah S, Sajid M, Qamar M B and Ahmad S (2017) Postharvest treatment of salicylic 

acid on guava to enhance the shelf life at ambient temperature. Int J Biosci 10: 92-

106. 

Ambarsari G N, Oktaningrum and Endrasari R (2017) Effectiveness of incorporating citric 

acid in cassava starch edible coatings to preserve quality of Martha tomatoes. 

International Symposium on Food and Agro-biodiversity (ISFA). 

Amerine M A, Pangborn R M and Roessler E B (1965) Principles of Sensory Evaluation of 

Food. Academic Press, London. P 5. 



165 

Amornputti S, Ketsa S and Doorn W G V (2014) Effect of 1-methylcyclopropene (1-MCP) on 

storage life of durian fruit. Postharvest Biol Technol 97:111-114 

Anonymous (2018) Area and production of fruits, Directorate of Horticulture, Government of 

Punjab, Chandigarh. 

AOAC (2005) Official methods of analysis, 18th edn. Association of Official Analytical 

Chemists,Washington DC. 

Arias E, Buesa-lopez and Oria R (2009) Extension of fresh-cut “Blanquilla” pear (Pyrus 

communis L.) shelf-life by 1-MCP treatment after harvest. Postharvest Biol Technol 

54: 53-58 

Arnon H, Granit R, Porat R and Poverenov E (2015) Development of polysaccharides-based 

edible coatings for citrus fruits: A layer-by-layer approach. Food Chem166: 465-472 

Arnon H, Zaitsev Y, Ron Porat R and Poverenov E (2014) Effects of carboxymethyl cellulose 

and chitosan bilayer edible coatingon postharvest quality of citrus fruit. Postharvest 

Biol Technol 87: 21-26 

Artes-Hernandez F, Tomas-Barberan F A and Artes F (2006) Modified atmosphere packaging 

preserves quality of SO2-free „Superior seedless‟ table grapes. Postharvest Biol 

Technol 39: 146-54 

Asghari M and Aghdam M S (2010) Impact of salicylic acid on post -harvest physiology of 

horticultural crops. Trends Food Sci Technol 21: 502-09 

Asgharia M R and Babalar M (2009) Use of Salicylic Acid to Increase Strawberry Fruit Total 

Antioxidant Activity. Acta Hortic 877  

Asrey R, Sasikala C and Singh D (2012) Combinational impact of Debaryomyces hansenii 

bioagent and 1-methylcyclopropene (1-MCP) on shelf life and quality at tributes of 

Kinnow mandarin. HortFlora Res Spect 1: 103-09 

Azene M, Workneh T S and Woldetsadik K (2014) Effect of packaging materials and storage 

environment on postharvest quality of papaya fruit. J Food Sci Technol 51: 1041-55 

Babalar M, Asghari M, Talaei A, and Khosroshahi A (2007) Effect of pre- and postharvest 

salicylic acid treatment on ethylene production, fungal decay and overall quality of 

Selva strawberry fruit. Food Chem 105: 449-53. 

Bakshi P, Masoodi F A and Kaur K (2009) Improving storage performance of Citrus 

reticulata Blanco mandarins by controlling some physiological disorders. Int J Food 

Sci Tech 42: 459-501 

Balaban M O, Arreola A G, Marshall M, Peplow A, Wei C I and Cornel J (1991) Inactivation 

of pectin esterase in orange juice by supercritical carbon dioxide. J Food Sci 56: 743- 

46. 

Bhaskar-Reddy M V, Angers P, Castaigne F and Arul J (2000) Chitosan effects on black 

mold rot and pathogenic factors produced by Alternaria alternate in postharvest 

tomatoes. J Am Soc Hortic Sci 125: 742–47. 



166 

Biale J B (1964) Growth, maturation and senescence of fruits. Sci 146: 880-88. 

Biliaderis C G, Page C M, Slade L, Sirett R R (1985) Thermal behaviour of amylose-lipid 

complexes. Carbohydr Polym 5: 367–89. 

Bill M, Sivakumar D, Korsten L and Thompson AK (2014) The efficacy of combined 

application of edible coatings and thyme oil in inducing resistance components in 

avocado (Persea americana Mill.) against anthracnose during postharvest storage. 

Crop Prot 64: 159-67. 

Bisen A, Pandey S K and Patel N (2012) Effect of skin coatings on prolonging shelf life of 

kagzi lime fruits (Citrus aurantifolia Swingle). J Food Sci Technol 49: 753-59. 

Bishnoi A, Chawla H M, Rani G, Saxena R and Sreenivas V (2008) Effect of formulation 

derived from terpenoidal oligomer on shelf-life of apples without refrigeration. 

J  Food Sci Tech 45: 412-15. 

Blankenship S M and Dole J M (2003) 1-methylcyclopropene: a review. Postharvest Biol 

Technol 28: 1-25. 

Bolwell G P and Daudi A (2009) Reactive Oxygen Species in Plant–Pathogen Interactions. 

Reactive Oxygen Species in Plant Siganling. 

Boonyaritthongchai P, Chimvaree C, Buanong M, Uthairatanakij A and Pongphen Jitareerat 

(2017) Effect of Methyl Jasmonate on Physical and Chemical Properties of Mango 

Fruit cv. Nam Dok Mai. Horticulturae 3:18 

Bray H G and Thorpe W V (1954) Analysis of phenolic compounds of interest in metabolism 

In GLICK, D. (ed.): Methods of biochemical analysis. Interscience publishers 

IncNew York 1: 27-57. 

Calvo G and Sozi G O (2009) Effectiveness of 1-MCP treatments on „Bartlett‟ pears as 

influenced by the cooling method and the bin material. Postharvest Biol Technol51: 

49-55. 

Cantin C M, Crisosto C H, and Day K R (2008) Evaluation of the effect of different modified 

atmosphere packaging box liners on the quality and shelf life of ‟friar‟ plums Hort 

Technol 18: 261–65 

Cantin C M, Holcroft D and Crisosto C H (2011) Postharvest Application of 1- 

Methylcyclopropene (1-MCP) Extends Shelf Life of Kiwifruit. Proc VIIth IS on 

Kiwifruit. Acta Hort. 

Cao S, Yang Z and Zheng Y (2012) Effect of 1-methylcyclopene on senescence and quality 

maintenance of green bell pepper fruit during storage at 20 ◦C. Postharvest Biol 

Technol 70: 1-6. 

Cao S, Zheng Y , Yang Z, Tang S, Jin P, Wang K and Wang X (2008) Effect of methyl 

jasmonate on the inhibition of Colletotrichum acutatum infection in loquat fruit and 

the possible mechanisms. Postharvest Biol Technol 49: 301–07. 



167 

Castaldo D, Quagliuolo L, Servillo L, Balestrieri C and Giovanne A (1989) Isolation 

andcharacterization of pectinmethylesterase from apple fruit. J Food Sci 54: 653-55. 

Chen F, Liu H and Yang H (2011) Quality attributes and cell wall properties of strawberries 

(Fragaria ananassa Duch.) under calcium chloride treatment. Food Chem 126: 450–

59. 

Choi H S and Jung S K (2014) Effect of Treatment Time of 1-MCP on Ripening of „Fuji‟ 

Apples Stored at Low and Room Temperature for a Long Period.  J Food Nutr Res 2: 

617-20. 

Choi W S, Singh S and Lee Y S (2016) Characterization of edible film containing essential 

oils in hydroxypropyl methylcellulose and its effect on quality attributes of ‟Formosa‟ 

plum (Prunus salicina L.) LWT - Food Sci Technol 70: 213–22. 

Cin V D, Rizzini F M, Botton A and Tonutti P (2006) The ethylene biosynthetic and signal 

transduction pathways are differently affected by 1-MCP in apple and peach fruit. 

Posthar Biol Tech 42: 125–33. 

Creelman R A and J E Mullet (1995) Jasmonic acid distribution and action in plants: 

regulation duringdevelopment and response to biotic and abiotic stress. Proc Natl 

Acad Sci 92: 4114–19 

Dauny P T and Joyce D C (2002)1-MCP improves storability of 'Queen Cox' and 'Bramley' 

apple fruit. HortSci37: 1082-85. 

Davarynejad G H, Zarei M, Nasrabadi M E and Ardakani E (2015) Effects of salicylic acid 

and putrescine on storability, quality attributes and antioxidant activity of plum cv. 

'Santa Rosa.‟ J Food Sci Technol 52: 2053-62. 

De la Pena Morena F, Blanch G P, Flores G and Del Castillo M L R (2010) Impact of 

postharvest methyl jasmonate treatment on the volatile composition and flavonol 

content of strawberries. J Sci Food Agric 90: 989-94. 

De Leon-Zapata M A, Saenz-Galindo A, Rojas-Molina R, Rodriguez-Herrera R, Jasso-Cantu 

D and Aguilar C N (2015) Edible candelilla wax coating with fermented extract of 

tarbush improves the shelf life and quality of apples. Food PackagShelf Life 3: 70-75. 

Delong J M, Prange R K and Harrison P A (2004) The influence of 1- Methylcyclopropene on 

„Cortland‟ and „McIntosh‟apple quality following long-term storage Hortsci 39:1062-

65. 

Denes J M, Baron A and Drilleau J F (2000) Purification, properties and heat inactivation 

ofpectin methylesterase from apple (cv Golden Delicious). J Sci Food Agr 80: 1503-

09. 

Denison D A and Koehn R D (1977) Mycologia LXIX: 592 

Desjardins Y (2008) Physiological and ecological functions and biosynthesis of health-

promoting compounds in fruit and vegetables. Improving the Health-Promoting 

Properties of Fruit and Vegetable Products.  



168 

Diaz-Mula H M, Serrano M and Valero D (2011) Alginate coatings preserve fruit quality and 

bioactive compounds during storage of sweet cherry Fruit. Food Bioprocess Technol 

5:1-8 

Din A, Nadeem M, Rafique M and Shabbir M A (2015) Development and application of 

edible skin coatings to improve the quality of kinnow during storage. Acta Sci 

Technol 37: 111-16. 

Dong and Wang (2017) Effects of carboxymethyl cellulose incorporated with garlic essential 

oil composite coatings for improving quality of strawberries. Int J Biol Macromol 

104: 821-26. 

Duan J, Wu R, Strik B C and Zhao Y (2011) Effect of edible coating on the quality of fresh 

blueberries (Duke and Elliott) under commercial storage condition. Postharvest Biol 

Technol 59: 71–79. 

EI-Zeftawi B M and Garrett R G (1978) Effects of ethephon, GA and light exclusion on rind 

pigments, plastid ultrastructure and juice quality of Valencia oranges. J Horti Sci 53: 

215-23. 

El-Razek E A, Hasan H S and El- Din K M G (2013) Effect of foliar application with salicylic 

acid, benzyladenine and gibberellic acid on flowering, yield and fruit quality of olive 

trees (Olea europaea L.). Middle-East J Sci Res 14: 1401-06. 

El-Shazly S M, Eisa A M, Moatamed A M H, Kot H R M (2013) Effect of some agro-

chemicals preharvest foliar application on yield and fruit quality of "Swelling" peach 

trees. Alex J Agric Res 58: 219‐29. 

Escribano S, Sugimoto N, Macnish AJ, Biasi WV and Mitcham EJ (2017) Efficacy of liquid 

1-methylcyclopropene to delay ripening of „Bartlett‟ pears. Postharvest Biol Technol 

126: 57-66. 

Eshghi S, Hashemi M, Mohammadi A, Badii F, Hoseini Z F and Ahmadi K (2014) Effect of 

nanochitosan-based coating with and without copper loaded on physicochemical and 

bioactive components of fresh strawberry fruit (Fragaria x ananassa Duchesne) 

during storage. Food Biopress Technol pp.7. 

Ezzat A, Ammar A, Szabo Z, Nyeki J and Holb I J (2017) Postharvest treatments with methyl 

jasmonate and salicylic acid for maintaining physico-chemical characteristics and 

sensory quality properties of apricot fruit during cold storage and shelf-Life. Pol J 

Food Nutr Sci 67: 159-66. 

Fagundes C, Perez-Gago M B, Monteiro A R, and Palou L (2013) Antifungal activity of food 

additives in vitro and as ingredients of hydroxypropyl methylcellulose-lipid edible 

coatings against Botrytis cinerea and Alternaria alternata on cherry tomato fruit.  Int 

J Food Microbiol 166: 391-98. 

Fan X T, Mattheis J P and Blankenship S M (1999) Development of apple superficial scald, soft 

scald, core flush, and greasiness is reduced by MCP. J Agric Food Chem 47: 3063-68. 

Fan X, Blankenship S M and Mattheis J P (1999) 1-Methylcyclopropene inhibits apple 

ripening. J Am Soc Hort Sci 124: 690-95. 



169 

Fan X, Mattheis J P and Fellman J K (1998) Responses of apples to post-harvest jasmonate 

treatments. J Amer Soc Hortic Sci 123: 421–25. 

Fan Y, Xu, Y, Wang D, Zhang L, Sun J, Sun L and Zhang B (2009) Effect of alginate coating 

combined with yeast antagonist on strawberry (Fragaria x ananassa) preservation 

quality. Postharvest Biol Technol 53: 84-90. 

Fernaandez-Leon M F, Fernandez-Leon A M, Lozano M, Ayuso M C and Gonzalez-Gomez 

D (2013) Different post-harvest strategies to preserve broccoli quality during storage 

and shelf life: Controlled atmosphere and 1-MCP. Food Chem 138: 564-73. 

Feygenberg O V, Hershkovitz R, Ben-Arie S, Pesis J E, and Nikitenko T (2005) Post-harvest 

use of organic coating for maintaining bio-organic avocado and mango quality.  Acta 

Hortic (ISHS) 682: 507-12. 

FSSAI (2006) Food safety and standard act 2006 with food safety and standard regulation 

2010, chapter 7 regulation 7.3.6 p 513 (www.fssai.gov.in).  

Gago C M L, Guerreiroa A C, Miguela G, Panagopoulosb T, Sanchezc C and Antunes M D C 

(2015). Effect of harvest date and 1-MCP (SmartFresh
TM

) treatment on „Golden 

Delicious‟ apple cold storage physiological disorders. Postharvest Biol Technol 110: 

77-85. 

Gamrasni D, Ben-Arie R and Goldway M (2010) 1-Methylcyclopropene (1-MCP) application 

to Spadona pears at different stages of ripening to maximize fruit quality after 

storage. Postharvest Biol Technol 58: 104-112. 

Gao G and Wu X M (2005) JPGR 6: 414-17. 

Geason J O, Genge P M, Smith S M and Sharbes R O (1991) The response of unripe 

Conference pear to modified retail packaging. J Food Sci Technol 26: 215–33. 

Geransayeha M, Sepahvandh S, Abdossic V and Zarrinniad V (2015) Effect of methyl 

jasmonate treatment on decay, post-harvest life and quality of Strawberry (Fragaria 

ananassa L. cv. Gaviota) fruit. Int J Curr Sci 15: 123-31. 

Ghasemnezhad M, Shiri M A and Sanavi M (2010) Effect of chitosan coatings on some 

quality indices of apricot (Prunus armeniaca L.) during cold storage Caspian J Env 

Sci 8: 25-33. 

Gholami M, Sedighi A, Ershadi A and Sarikhani H (2010) Effect of pre- and postharvest 

treatments of salicylic and gibberellic acid on ripening and some physico-chemical 

properties of „mashhad‟ sweet cherry (Prunus avium L.) Fruit. Acta Hortic 884: 257-64. 

Giacalone G and Chiabrando V (2013) Modified atmosphere packaging of sweet cherries with 

biodegradable films. Int Food Res J 20: 1263–68. 

Giri S K, Prasad, N and Kumar K K (2003) Lac wax based emulsion coating to extend post-

harvest life of mango. Indian Food Pack 57: 62-68. 



170 

Gol B, Chaudhary M L and Rao T V R (2015) Effect of edible coatings on quality and shelf 

life of carambola (Averrhoa carambola L.) fruit during storage. J Food Sci Technol 

52: 78-91. 

Gol N B and Rao T V R (2014) Influence of zein and gelatin coatings on the post-harvest 

qualityand shelf life extension of mango (Mangifera indica L.). Fruits 69: 101–15. 

Gol N B, Patel P R and Rao T V R (2013). Improvement of quality and shelf‐life of 

strawberries with edible coatings enriched with chitosan. Postharvest Biol 

Technol 85: 185–95. 

Gonzalez A G, Vasquez C, Felix L and Baez R (1997) Low oxygen treatment before storage in 

normal or modified atmosphere packaging of mango. J Food Sci Technol 34: 399-404. 

Gonzalez-Aguilar G A, Buta J G and Wang C Y (2003) Methyl jasmonate and modified 

atmosphere packaging (MAP) reduce decay and maintain post harvest quality of 

papaya „Sunrise‟. Postharvest Biol Technol 28: 361–70. 

Gonzalez-Aguilar G A, Fortiz J, Cruz R, Baez R and Wang C Y (2000) Methyl jasmonate 

reduces chilling injury and maintains post-harvest quality of mango fruit. J Agric 

Food Chem 48: 515–19. 

Gonzalez-Aguilar G A, Valenzuela-Soto E, Lizardi-Mendoza J, Goycoolea F, Martinez-

Tellez M A, Villegas-Ochoa M A, Monroy-Garcia I N and Ayala-Zavala J F (2009) 

Effect of chitosan coating in preventing deterioration and preserving the quality of 

fresh-cut papaya „Maradol‟. J Sci Food Agric 89: 15-23. 

Greene D W and Schupp J R (2004) Effect of aminoethoxyvinylglycine (AVG) on pre-

harvest drop, fruit quality, and maturation of „McIntosh‟ apples. II. Effect of timing 

and concentration relationships and spray volume. Hort Sci 39: 1036–41. 

Grozeff G E G, Alegre M L, Senn M E, Chaves A R, Simontacchi M and Bartoli C G (2017) 

Combination of nitric oxide and 1-MCP on postharvest life of the blueberry 

(Vaccinium spp) fruit.  Postharvest Biol Technol 133: 72-80. 

Grozeff G G, Micieli M E, Gomez F, Farnandez L, Guiamet J J, Chaves A R and Bartoli C G 

(2010) 1-Methyl cyclopropene extends postharvest life of spinach leaves. Postharvest 

Biol Technol 55: 182-85. 

Guerreiro A C, Gago C M L, Faleiro M L, Miguel M G C and Antunes M D C (2015) The 

effect of alginate-based edible coatings enriched with essential oils constituents on 

Arbutus unedo L. fresh fruit storage. Postharvest Biol Technol 100: 226-33.  

Guerreiro A C, Gago C M L, Miguel M G C, Faleiro M L and Antunes M D C (2016) The 

influence of edible coating enriches with citral and eugenol on the raspberry storage 

ability, nutritional and sensory quality. Food Packag Shelf Life 9: 20-28. 

Guerreiro A C, Gago C M L, Miguel M G C, Faleiro M L and Antunes M D C (2015) The use 

of polysaccharide-based edible coatings enriched with essential oils to improve shelf-

life of strawberries. Postharvest Biol Technol 110: 51-60. 



171 

Guillen F, Diaz-Mula H M, Zapata P J, Valero D, Serrano M, Castillo S and Martínez-

Romero D (2013) Aloe arborescens and Aloe vera gels as coatings in delaying 

postharvest ripening in peach and plum fruit. Postharvest Biol Technol 83: 54-57. 

Gunaydin S, Karaca H, Palou L, Fuent B D L and Perez-Gago M B (2017) Effect of 

hydroxypropyl methylcellulose-beeswax composite edible coatings formulated with 

or without antifungal agents on physicochemical properties of plums during cold 

Storage. J Food Qual 8573549: 9. 

Hadwiger L A and Beckman J M (1980) Chitosan as a Component of Pea-Fusarium solani 

Interactions. Plant physiol 66: 205-211. 

Han C, Zuo J, Wang Q, Xu L, Wang Z, Dong H and Gao L (2015) Effects of 1-MCP on 

postharvest physiology and quality of bittermelon (Momordica charantia L).Sci 

Hortic 182: 86-91. 

Han C, Zuoa J, Wang Q, Xu L, Zhai B, Wang Z, Dong H and Gao L (2014) Effects of 

chitosan coating on postharvest quality and shelf life of sponge gourd (Luffa 

cylindrica) during storage. Sci Hortic 166: 1-8. 

Hardenberg R E (1971) Effect of in-package environment on keeping quality of fruits and 

vegetables. Hort Sci6:198-201. 

Harms K, Atzorn R, Brash A, Kuhn H, Wasternack C, Willmitzer L and Penacortes H (1995) 

Expression of a flax allene oxide synthase cDNA leads to increased endogenous 

jasmonic acid (Ja) levels in transgenic potato plants but not to a corresponding 

activation of Ja-responding genes. Pla Cell 7: 1645–54. 

Herrmann K M (1995) The shikimate pathway: early steps in the biosynthesis of aromatic 

compounds. Pla Cell 7: 907-19. 

Hong K, Xie J, Zhang L, Sun D and Gong D (2012) Effects of chitosan coating on post-

harvest life and quality of guava (Psidium guajava L.) fruit during cold storage. Sci 

Hortic 144: 172–78. 

Huang R, Xia R, Lu Y and Hu L (2008) Effect of pre-harvest salicylic acid spray treatment on 

post-harvest antioxidant in the pulp and peel of „Cara Cara‟ navel orange (Citrus 

sinensis Obseck). J Sci Food Agric 88: 229-236 

Hunter S (1975) The Measurement of Appearance. John Wiley and Sons, New York. Pp: 304-05. 

Jeong J, Huber D J and Sargent S A (2002) Influence of 1-methylcyclopropene (1-MCP) on 

ripening and cell-wall matrix polysaccharides of avocado (Persea americana) fruit. 

Postharvest Biol Technol 25: 241-56. 

Jeziorek K, Wozniak M and Tomala K (2010) Response of‟‟Golden Delicious‟ apples to 

postharvest application of 1-methylcyclopropene (1-MCP) in conditions of normal 

and controlled atmosphere. J Fruit Ornam Plant Res 18: 223-37. 

Jin P, Duan Y, Wang L, Wang J and Zheng Y (2014) Reducing chilling injury of loquat fruit 

by combined treatment with hot air and methyl jasmonate. Food Bioprocess 7: 2259–

66. 



172 

Jin P, Wang K, Shang H, Tong J and Zheng Y (2009) Low temperature conditioning 

combined with methyl jasmonate treatment reduces chilling injury of peach fruit. J 

Sci Food Agric 89: 1690–96. 

Jongsri P, Rojsitthisak P, Wangsomboondee T and Seraypheap K (2017) Influence of 

chitosan coating combined with spermidine on anthracnose disease and qualities of 

„Nam Dok Mai‟ mango after harvest. Sci Hortic 224: 180-87. 

Juan L F, Feng S X, Kang T and Yan Z (2009) Effect of post-harvest heat treatment on the 

quality of loquat fruit in cold storage. J Fruit Sci 26: 649-53 

Kaur K, Dhillon W S and Mahajan B V C (2013) Effect of different packaging materials and 

storage intervals on physical and biochemical characteristics of pear. J Food Sci 

Technol 50: 147-52. 

Kaur K, Dhillon W S and Mahajan B V C (2014) Changes in pectin methyl esterase activity 

with different packaging materials and stages of fruit harvesting during cold storage 

of pear cv. Punjab beauty. J Food Sci Technol51: 2867-71. 

Kaya M, Cesoniene L, Daubaras R, Leskauskaite D and Zabulion D (2016) Chitosan coating 

of red kiwifruit (Actinidia melanandra) for extending of the shelf life. Int J Biol 

Macromol 85: 355-60. 

Khademi Z and Ershadi A (2013) Postharvest application of salicylic acid Improves storability 

of peach (Prunus persica cv. Elberta) Fruits. Int J Agri Crop Sci 5: 651-55. 

Khaliq G, Mohamed M T M, Ali A, Ding P and Ghazali H M (2015) Effect of gum arabic 

coating combined with calcium chloride onphysico-chemical and qualitative 

properties of mango (Mangifera indica L.) fruit during low temperature storage. Sci 

Hortic 190: 187-94. 

Khan and Singh (2008) 1-methylcyclopropene application and modified atmosphere 

packaging affect ethylene biosynthesis, fruit softening, and quality of „Tegan Blue‟ 

Japanese plum during cold storage. J Amer Soc Hort Sci 133: 290–99. 

Khorram F, Ramezaniana A and Hosseini S M H (2017) Shellac, gelatin and persian gum as 

alternative coating for orange fruit. Sci Hortic 225: 22-28. 

Kim H, Chen F, Wang X and Rajapakse (2006) Effect of methyl jasmonate on secondary 

metabolites of sweet basil (Ocimum basilicum L). J Agric Food Chem 54: 2327-32. 

Kittor F, Saroja N, Habibunnisa and Tharanathan R (2001) Polysaccharide-based composite 

coating formulations for shelf-life extension of fresh banana and mango. Eur Food 

Res Technol 213: 306-11. 

Koch K and Ensikat H (2008) The hydrophobic coatings of plant surfaces: epicuticular wax 

crystals and their morphologies, crystallinity and molecular self-assembly. Micron 

39: 759–72. 

Kransniewska K, Scibisz I, Gniewosz M, Marta Mitek M, Pobiega K and Cendrowski A 

(2017) Effect of pullulan coating on postharvest quality and shelf-life of highbush 

blueberry (Vaccinium corymbosum L.) Materials 10: 1-17. 



173 

Kudachikar V B, Kulkarni S G and Prakash M N K (2011) Effect of modified atmosphere 

packaging on quality and shelf life of „Robusta‟ banana (Musa sp.) stored at low 

temperature. J Food Sci Technol 48: 319-24. 

Kumar P, Sethia S, Sharma R R, Srivastav M and Varghese E (2017) Effect of chitosan 

coating on postharvest life and quality of plum during storage at low temperature. Sci 

Hortic 226: 104-09. 

Kumari P, Barman K, Patel V B, Siddiqui W M and Kole B (2015) Reducing postharvest 

pericarp browning and preserving health promoting compounds of litchi fruit by 

combination treatment of salicylic acid and chitosan. Sci Hortic197: 555-63. 

Kurz C, Carle R and Schieber A (2008) Characterisation of cell wall polysaccharide profiles 

of apricot (Prunus armeniaca L), peaches (Prunus persica L) and pumpkins 

(Cucurbita sp) for the evaluation of fruit product authenticity. Food Chem 106: 421-

30. 

Laamim M, Ait-Oubahou A and Benichou M (2005) Effect of 1-methylcyclopropene on the 

quality of Clementine mandarin fruit at ambient temperature. J Food Agr Environ 3: 

34-36. 

Ladaniya M S (2003) Shelf-life of seal-packed Mosambi sweet orange fruits in heat 

shrinkable and stretchable films. Haryana J Hortic Sci32: 50–53 

Ladaniya M S and Singh S (2001) Tray over-wrapping of Mosambi sweet orange. J Food Sci 

Technol 38: 362-65 

Lazan H, Ali Z M and Selamat M K (1993) The underlying biochemistry of the effects of 

modified atmosphere and storage temperature on firmness decrease in papaya. Acta 

Hort 343: 141–47. 

Li and Barth (1998) Impact of edible coatings on nutritional and physiological changes in 

lightly-processed carrots. Postharvest Biol Technol14: 51-60 

Li H and Yu T (2000) Effect of chitosan on incidence of brown rot, quality and physiological 

attributes of postharvest peach fruit. J Sci Food Agric 81: 269-74. 

Liguori G, Weksler A, Zutahi Y, Lurie S and Kosto I (2004) Effect of 1-methylcyclopropene 

on ripening of melting flesh peaches and nectarines. Postharvest Biol Technol 31: 

263-68. 

Lin B, Du Y, Liang X, Wang X, Wang X and Yang J (2011) Effect of chitosan on respiratory 

behaviour and quality of stored litchi under ambient temperature. J Food Eng 102: 

94-99. 

Liu K, Yuan C, Chen Y, Li H and Li J (2014) Combined effects of ascorbic acid and chitosan 

on the quality maintenance and shelf life of plums. Sci Hortic 176: 45-53. 

Lohani S, Trivedi P K and Nath P (2004) Changes in activities of cell wall hydrolases during 

ethylene-induced ripening in banana: effect of 1-MCP, ABA and IAA. Postharvest 

Biol Technol 31: 119-26. 



174 

Loschke D C, Hadwiger L A and Wagoner W (1983) Comparison of mRNA populations 

coding for phenylalanine ammonia lyase and other peptides from pea tissue treated 

with biotic and abiotic phytoalexins. Physiol plant pathol 23: 163-73. 

Lu X, Ma Y and Liu X (2012) Effects of maturity and 1-MCP treatment on postharvest 

quality and antioxidant properties of „Fuji‟ apples during long-term cold storage. Hort 

Environ Biotechnol 53: 378-86. 

Lu X, Nock J F, MA Y, Liu X and Watkins C B (2013) Effects of repeated 1-

methylcyclopropene (1- MCP) treatments on ripening and superficial scald of 

„Cortland‟ and „Delicious‟ apples. Postharvest Biol Technol 78: 48- 54. 

Lu X, Sun D, Li Y, Shi W and Sun G (2011) Pre- and post-harvest salicylic acid treatments 

alleviate internal browning and maintain quality of winter pineapple fruit. Sci Hortic 

130: 97-101. 

Maftoonazad N and Ramaswamy H S (2005) Postharvest shelf-life extension of avocado 

using methyl cellulose-based coating LWT-Food Sci Technol 38: 617-24. 

Maftoonazad N, Ramaswamy H and Marcotte M (2008) Shelf-life extension of peaches 

through sodium alginate and methyl cellulose edible coatings. Int J Food Sci Technol 

43: 951-57. 

Mahadevan A and Sridhar R (1982) Methods in physiological plant pathology. Sivagami Pub, 

Madras 

Mahajan B V C and Dhillon W S, Kumar M and Singh B (2015) Effect of different packaging 

films on shelf life and quality of peach under super and ordinary market conditions. J 

Food Sci Technol 52: 3756-62. 

Mahajan B V C and Singh R (2014) Effect of packaging films on shelf life and quality of 

kinnowfruits packed in consumer packages. Int J Farm Sci 4: 92-98. 

Mahajan B V C and Singh R (2014) Influence of Coatings on Postharvest Physiology and Shelf 

life ofKinnow Fruits under Super Market Conditions. J Postharvest Technol 2: 37-44. 

Mahajan B V C, Dhatt A S and Sandhu K S (2005) Effect of different post-harvest 

treatmentson storage life of kinnow. J Food Sci Tech 42: 296-99. 

Mahajan B V C, Dhillon W S and Kumar M (2013) Effect of surface coatings on the shelf life 

and quality of Kinnow fruits during storage. J Postharvest Technol 1: 8-15 

Majeed R and Jawandha S K (2016) Enzymatic changes in plum (Prunus salicina Lindl.) 

subjected to some chemical treatments and cold storage. J Food Sci Technol 53: 

2372-79 

Manganaris G A, Crisosto C H, Bremer V and Holcroft D (2008) Novel 1-

methylcyclopropene immersion formulation extends shelf life of advanced maturity 

„Joanna Red‟ plums (Prunus salicina Lindell). Postharvest Biol Technol 47: 429-33. 



175 

Mangaraj S, Goswami T K, Giri S K and TripathI M K (2012) Permselective MA packaging 

of litchi (cv. Shahi) for preserving quality and extension of shelf-life. Postharvest 

Biol Technol 71: 1-12. 

Mangraj S and Goswami T K (2011) Modeling of respiration rate of litchi Fruit under aerobic 

conditions. Food Bioprocess Technol 4: 272-81. 

Mannozzi C, Cecchini J P, Tylewicz U, Siroli L, Patrignani F, Lanciotti R, Rocculi P, Rosa D 

and Romani M (2017) Study on the efficacy of edible coatings on quality of blueberry 

fruits during shelf-life. LWT Food Sci Technol 85: 440-44. 

Manthe B, Schulz M and Schnabl H (1992) Effects of salicylic acid on growth and stomatal 

movements of Vicia faba L. evidence for salicylic acid metabolization. J Chem Ecol 

18: 1525-39 

 

Mapson L W (1970) Vitamins in fruits stability of (In) biochemistry of fruits and their 

products vol., I-chapter XII Hulme, AC (Ed.) Academic press, London. Pp 376-77 

 

Marin-Rodriguez M C, Orchard J and Seymour G B (2002) Pectate lyases, cell wall 

degradation and fruit softening. J Expt Bot 53: 2115-19. 

Martin-Cabrejas M A, Waldron K W, Selvandran R R, Parker M L and Moates G K (1994) 

Ripening related changes in cell wall of „Spanish‟ pear. Physiol Plant 91: 671–79. 

Martinez-Romero, Guillen F, Castillo S, Vallero D and Serrano M (2003) Modified 

atmospheric packaging maintains table quality of grapes. J Food Sci 68: 5. 

Matto A K, Murata T, Pantastico E B, Chachiss K, Ogata K and Phan C T (1975). Chemical 

changes during ripening and senescence. In: Pantastico, E.B. (Ed.) Postharvest 

physiology, handling and utilization of tropical and sub-tropical fruits and vegetables. 

The A VI Pub Co Inc Pp 103-27. 

Meng X, Han J, Wang Q and Tian S P (2009) Changes in physiology and quality of peach 

fruits treated by methyl jasmonate under low temperature stress. Food Chem 114: 

1028–35. 

Mohamed AY, Aboul-Anean H E and Hassan A M (2013) Utilization of edible coating in 

extending the shelf life of minimally processed prickly pear. J Appl Sci Res 9: 1202-

08. 

Mohamed S, Taufik B and Karim M N A (1996) Effects of modified atmosphere packaging 

on the physico-chemical characteristics of chiku (Achras Sapota L) at various storage 

temperatures J Sci Food Agric 70: 231-40. 

Mohammadi F H and Aminifard M H (2013) Effect of postharvest salicylic acid treatment on 

fungal decay and some postharvest quality factors of kiwi fruit. Arch Phytopathology 

Plant Protect 46: 1338-45. 

Mohebbi S, Mostofi Y, Zamani Z and Najafi F (2015) Influence of modified atmosphere 

packaging on storability and postharvest quality of „Cornelian‟ herry (Cornus mas L) 

Fruits. Not Sci Biol 7: 116-22. 



176 

Moreira M R, Ponce A, Ansorena R and Roura S I (2011) Effectiveness of edible coatings 

combined with mild heat shocks on microbial spoilage and sensory quality of fresh 

cut broccoli Brassica oleracea L. J Food Sci 766: 367-74. 

Muftuoglu F, Ayhan Z and Esturk O (2012) Modified atmosphere packaging of Kabaasi 

apricot (Prunusarmeniaca L. „Kabaasi‟): Effect of atmosphere, packaging material 

type and coating on the physicochemical properties and sensory quality. Food 

Bioprocess Con 5: 1601-11. 

Murmu S and Mishra H N (2017) Optimization of the Arabic gum based edible coating 

formulations with sodium caseinate and tulsi extrat for guava. Food Sci technol 80: 

271-79. 

Nair M S, Saxena A and Kaur C (2018) Effect of chitosan and alginate based coatings 

enriched with pomegranate peel extract to extend the postharvest quality of guava 

(Psidium gujava L.). Food Chem 240: 245-52. 

Nath A, Bidyut C, Deka B C, Singh A, Patel R K, Paul D, Misra L K and Ojha H (2012) 

Extension of shelf life of pear fruits using different packaging materials. J Food Sci 

Technol 49: 556-63. 

Navarro-Tarazaga M L, Massa A, and Perez-Gago M B (2011) Effect of beeswax content on 

hydroxypropyl methylcellulosebased edible film properties and postharvest quality of 

coated plums (Cv. Angeleno) LWT - Food Sci Technol 44: 2328–34. 

Navarro-Tarazaga M, A Del Rio M, Krochta J M and Parez-Gago M B (2008) Fatty acid 

effect on hydroxypropyl methylcellulose-beeswax edible film properties and post-

harvest quality of coated 'Ortanique' mandarins. J Agric Food Chem 56: 10689-96 

Olivas G I and Barbosa-Canovas (2005) Edible coatings for fresh-cut fruits. Crit Rev Food 

Sci Nutr 45: 657-70 

Oregel-Zamudio E, Angoa-Perez M, Oyoque-Salcedo G, Anguilar C N and Mena H (2017) 

Effect of candelilla wax edible coatings combined with biocontrol bacteria on 

strawberry quality during the shelf-life. Sci Hortic 214: 273-79. 

Ortiz A, Vendrell M and Lara I (2011) Softening and cell wall metabolism inlate-season 

peach in response to controlled atmosphere and 1-MCP treatment. J Hortic Sci 

Biotechnol 86: 175–81. 

Owusu-Yaw J, Marshall M R, Koburger J A and Wei C I (1988) Low pH inactivation of 

pectin esterase in single strength orange juice. J Food Sci 53: 504-07. 

Ozkayaa O, Yildirim D, Dundara O and Tukelc S S (2016) Effects of 1-methylcyclopropene 

(1-MCP) and modified atmosphere packaging on post-harvest storage quality of 

nectarine fruit. Sci Hortic 198: 454-61. 

Pandey G, Verma M K, Tripathi A N (2006) Studies on storage behaviour of apple cultivars. 

Indian J Hort 63: 368–71. 



177 

Park Y S, Im M H and Gorinstein S (2015) Shelf life extension and antioxidant activity of 

„Hayward‟ kiwi fruit as a result of pre-storage conditioning and 1-

methylcyclopropene treatment. J Food Sci Technol 52: 2711–20. 

Paulert R, Ebbinghaus D, Urlass C and Moerschbacher B M (2010) Priming of the oxidative 

burst in rice and wheat cell cultures by ulvan, a polysaccharide from green 

macroalgae, and enhanced resistance against powdery mildew in wheat and barley 

plant. Plant Pathol 59: 634-42. 

Pedreschi R, Hertog M, Robben J, Noben J P and Bicolai B (2008) Physiological implications 

of controlled atmosphere storage of „Conference‟ pears (Pyrus communis L): a 

proteomic approach. Postharvest Biol Technol 50: 110–16. 

Perdones A L, Sanchez-Gonzalez L, Chiralt A and Vargas M (2012) Effect of chitosan–lemon 

essential oil coatings on storage-keeping quality of strawberry. Postharvest Biol 

Technol 70: 32-41. 

Perdones A, Escriche I, Chiralt A and Vargas M (2016) Effect of chitosan-lemon essential oil 

coatings on volatile profile of strawberries during storage. Food Chem 197: 979-86. 

Perez-Gago M B, Rojas C, and Rio M A D (2003) Effect of hydroxypropyl methylcellulose-

lipid edible composite coatings on plum (cv. Autumn giant) quality during storage. J 

Food Sci 68: 879-83. 

Piriyavinit P, Ketsa S and Doorn W G V (2011) 1-MCP extends the storage and shelf life of 

mangosteen (Garcinia mangostana L) fruit. Postharvest Biol Technol 61: 15-20. 

Plainsirichai M, Leelaphatthanapanicha S and Wongsacha N (2012) Effect of Chitosan on the 

Quality of Rose Apples (Syzygium agueumAlston) cv. Tabtim Chan Stored at an 

Ambient Temperature. APCBEE Procedia 8: 317-22. 

Pourcel L, Routaboul, J M, Cheynier V, Lepiniec L and Debeaujon I (2006) Flavonoid 

oxidation in plants: from biochemical properties to physiological functions. Trends 

Plant Sci 12: 29-36. 

Rajput C B S and Haribabu R S (1995) Citriculture. Kalyani Publishers, New Delhi. 

Ramayya N, Niranjan K and Duncan E (2012) Effects of modified atmosphere packaging on 

quality of „Alphonso‟ Mangoes. J Food Sci Technol 49: 721-28. 

Rana S, Siddiqui S and Goyal A (2015) Extension of the shelf life of guava by individual 

packaging with cling and shrink films. J Food Sci Technol 52: 8148-55. 

Ranganna S (1994) Handbook of Analysis and Quality Control for fruit and vegetable 

products.2nd edn. Tata Mc. Graw Hill Pub. Co. Ltd., New Delhi, India. Pp. 1112. 

Rao D V S and Shivashankara K S (2015) Individual shrink wrapping extends the storage life 

and maintains the antioxidants of mango (cvs. „Alphonso‟ and „Banganapalli‟) stored 

at 8 °C. J Food Sci Technol 52: 4351-59. 

Raskin I (1992) Role of salicylic acid in plants. Ann Rev Plant Physiol Plant Mol Biol 43: 

439-63. 



178 

Rath A C and Prentice A J (2004) Yield increase and higher flesh firmness of „Arctic Snow‟ 

nectaries both at harvest in Australia and after export to Taiwan following pre-harvest 

application of ReTain plant growth regulator (aminoethoxyvinylglycine, AVG). Aust 

J Exp Agr 44:343–51. 

Ribeiro C, Vicente A A, Teixeira J A and Miranda C (2007). Optimization of edible coating 

composition to retard strawberry fruit senescence. Postharvest Biol Technol 44: 63-

70. 

Rizzolo A, Grassi M and Vanoli M (2014) 1-Methylcyclopropene application, storage 

temperature and atmosphere modulate sensory quality changes in shelf-life of „Abbe 

Fetel‟ pears. Postharvest Biol Technol 92: 87-97.  

Robertson J A, Meredith F I, Horvat R J and Senter S D (1990) Effect of cold storage and 

maturity on the physical and chemical characterstics and volatile constituents of 

peaches (cv. Cresthaven) J Agric Food Chem 38: 620-24 

Rodriguez-Marin M C, Orchard J and Seymour G B (2002) Pectate lyases, cell wall 

degradation and fruit softening. J Expt Bot 53: 2115-19 

Rohani M Y, Zaipun M Z and Norhayati M (1997) Effect of modified atmosphere on the 

storage life and quality of Eksotika papaya. J Trop Agric Food Sci 25: 103–13. 

Rojas-Grau M A, Tapia M S and Martin-Belloso O (2008) Using polysaccharide-based edible 

coatings to maintain quality of fresh-cut Fuji apples. LWT- Food Sci Technol 41: 139-

47 

Rokaya P R, Dilli Ram Baral D R, Gautam D M, Shrestha A K and Paudya K P (2016) Effect 

of postharvest treatments on quality and shelf-life of mandarin (Citrus reticulata 

Blanco). Am J Plant Sci 7: 1098-1105.  

Rosli H G, Civello P M and Martínez G A (2004) Changes in cell wall composition of three 

Fragaria x ananassa cultivars with different softening rate during ripening. Plant 

Physiol Biochem 42: 823-31. 

Rupasinghe H P V, Murr D P, Paliyath G and Skog L (2000) Inhibitory effect of 1- MCP on 

ripening and superficial scald development in 'McIntosh' and 'Delicious' apples. J 

Hortic Sci Biotechnol 75: 271-76.  

Ruth G, Jane A, Hutchnison M and Owino W (2014) Effect of activebag modified atmosphere 

packaging on the postharvest characteristics of mango fruits, Mangifera indica L, cv. 

Tommy Atkins. J Appl Biosci 83: 7535-44. 

Saberi B, Golding J B, Marques J R, Pristijono P, Chockchaisawasdee S, Scarlett C J and 

Stathopoulos C E (2018) Application of biocomposite edible coatings based on pea 

starch and guar gum on quality, storability and shelf life of “Valencia” oranges. 

Postharvest Biol Technol 137: 9-20. 

Saira I, Rathore H A, Majeed S, Awan S and Shah S Z A (2009) The studies on the physico-

chemical and organoleptic characteristics of apricot (Prunus armeniaca L.) produced 

in Rawalakot, Azad Jammu and Kashmir during storage Pak J Nutr 8: 856-60. 



179 

Samra N R, Shalan A M and Eltair B T (2014) Efficacy of different edible coatings in 

improving “Murcott tangor” fruit qualities during chilled and ambient storage.J Plant 

Production Mansoura Univ 5: 1283-1302. 

Sanchez Gonzalez, Pastor C, Vargas M, Chiralt A, Gonzalez-Martinez C and Chafer M 

(2011) Effect of hydroxyl propyl methylcellulose and chitosan coatings with and 

without bergamot oil on quality and safety of cold-stored grapes. Postharvest Biol 

Technol 60: 57-63. 

Sanchez-Moreno C L, Plaza B, de Ancos and Cano M P (2003) J Agric Food Chem 51: 647. 

Sandhu S S and Singh AP (2000) Effects of harvesting dates and individual seal packaging on 

the pear fruit cv. Le Conte during cold storage. Haryana J Hortic Sci 29: 48–52. 

Sardabi F, Mohtadinia J, Shavakhi F, and Jafari A A (2013) The effects of 1-

methylcyclopropene and potassium permanganate coated zeolite nanoparticals on 

shelf life extension and quality loss of „Golden Delicious‟ apples. J Food 

Process Pres 38: 2176-82. 

Saucedo-Pompa S, Rojas-Molina R, Aguilera-Carbo, Saenz Galindo  A F, Garza H L and 

Jasso-Cantu (2009) Edible film based on candelilla wax to improve the shelf life and 

quality of avocado. Food Res Int 42: 511–15. 

Sayyari M, Castillo S, Valero D, Díaz-Mula H M and Serano M (2011) Acetyl salicylic acid 

alleviates chilling injury and maintains nutritive and bioactive compounds and 

antioxidant activity during post-harvest storage of pomegranates. Postharvest Biol 

Technol 60: 136–42. 

Schreiner M, Huyskens-Keil S, Krumbein A, Prono-Widayat H and Ludders P (2003) Effect 

of film packaging and surface coating on primary and secondary plant compounds in 

fruit and vegetable products. J Food Eng 56: 237-40. 

Selcuk N and Erkan M (2015) The effects of 1-MCP treatment on fruit quality of medlar fruit 

(Mespilus germanica L cv Istanbul) during long term storage in the palliflex storage 

system. Postharvest Biol Technol 100: 81-90. 

Sen C, Mishra H N and Srivastav P P (2012) Modified atmosphere packaging and active 

packaging of banana: a review on control of ripening and extension of shelf life. J 

Stored Prod Postharvest Res 3: 122-32. 

Serrano M, Guillen F, Martinez-Romero D, Castillo S and Valero D (2005) Chemical 

constituents and antioxidant activity of sweet cherry at different ripening stages. J 

Agr Food Chem 53: 2741-45. 

Serrano M, Martinez-Romero D, Guillen F, Castillo S and Valero D (2006) Maintenance of 

broccoli quality and functional properties during cold storage as affected by modified 

atmosphere packaging. Postharvest Biol Technol 39: 61-68. 

Seymour G B and Gross K C (1996) Cell wall disassembly and fruit softening. Postharvest 

news Info 7: 45-52 



180 

Seymour G B, Taylor J E and Tucke G A (1993) Biochemistry of Fruit Ripening. Chapman & 

Hall Press, London. 

Shah S W A, Jahangir M, Qaisar M, Khan S A, Mahmood T, Saeed M, Farid A and Liaquat 

M (2015) Storage stability of Kinnow Fruit (Citrus reticulata) as affected by CMC 

and guar gum-based silver nanoparticle coatings. Molecules 20: 22645–661. 

Shahid M A and Abbasi N A (2011) Effect of beewax coating on physiological changes in 

fruits of sweet orange cv. “Blood Red”. Sarhad J Agric 27: 386-94. 

Sharma A and Ghuman, B S (2009) Evaluation of on-farm waxing and grading prototype for 

fresh Kinnow fruits. Indian J Hort 66: 288-90. 

Sharma R R, Pal R K, Singh D and Samuel D V K and Sethi S and Kumar A (2013) 

Evaluation of heat shrinkable films for shelf life, and quality of individually wrapped 

„Royal Delicious‟ apples under ambient conditions. J Food Sci Technol 50: 590-94. 

Shi S, Wang W, Liu L, Wu S, Wei Y and Li W (2013) Effect of chitosan/nano-silica coating 

on the physic-chemical characteristics of longan fruit under ambient temperature. J 

Food Eng 118: 125-31. 

Silva A, Noronha H, Dai Z, Delrot S and Geros H (2017) Low source–sink ratio reduces 

reserve starch in grapevine woody canes and modulates sugar transport and 

metabolism at transcriptional and enzyme activity levels. Planta 246: 525–35. 

Silva W B, Silva G M C, Santanac D B, Salvador  A R, Medeiros D B, Belghith I, Da Silvaa 

N M, Cordeiroa M H M and Misobutsi G P (2018) Chitosan delays ripening and ROS 

production in guava (Psidium guajava L.) fruit. Food Chem 242: 232-38. 

Singh S P and Singh Z (2012) Postharvest oxidative behaviour of 1-methylcyclopropene 

treated Japanese plums (Prunus salicina Lindell) during storage under controlled and 

modified atmospheres. Postharvest Biol Technol 74: 26-35. 

Sisler E C and Blankenship S M (1996) Methods of counteracting an ethylene response in 

plants, U.S. 

Sogvar O B, Saba M K and Emamifar A (2016) Aloe vera and ascorbic acid coatings 

maintain postharvest quality and reduce microbial load of strawberry fruit. 

Postharvest Biol Technol 114: 29-35. 

Soliva F R C and Martin B O (2003) Microbiological and biochemical changes in minimally 

processed fresh-cut Conference pears. Eur Food Res Technol 217: 4–9. 

Solomos T and Laties G G (1973) Cellular organization and fruit ripening. Nat 245: 390-392. 

Srivastava M K and Dwivedi U N (2000) Delayed ripening of banana fruit by salicylic acid. 

Pla Sci 158: 87-96. 

Sun B, Yan H, Liu N, Wei J and Wang Q (2012) Effect of 1-MCP treatment on post-harvest 

quality characters, antioxidants and glucosinolates of Chinese kale. Food Chem 131: 

519-26. 



181 

Suseno N, Savitri E, Sapei L and Padmawijaya K S (2014) Improving shelf‐life of 

„Cavendish‟ banana using chitosan edible coating. Procedia Chem 9: 113–20. 

Tanada‐Palmu P S and Grosso C R F (2005) Effect of edible wheat gluten‐based films and 

coatings on refrigerated strawberry (Fragaria ananassa). Postharvest Biol Technol 

36: 199–208. 

Tavakoli M and Wiley R C (1968) Relation of trimethyl-silyl derivatives of fruit tissue of 

polysaccharides to apple texture. Proc Am Soc Hort Sci 92: 780-87. 

Tavallali V and Moghadam M M (2015) Post-harvest application of AVG and 1-MCP 

enhance quality of „Kinnow' mandarin during cold storage.  Intl J Farm Alli Sci 4: 

526-35. 

Tesfay S Z and Magwazaa L S (2017) Evaluating the efficacy of moringa leaf extract, 

chitosan and carboxymethyl cellulose as edible coatings for enhancing quality and 

extending postharvest life of avocado (Persea americana Mill.) fruit . Food Packag 

Shelf Life 11: 40-48. 

Tezotto-Uliana J V, Fargoni G, Geerdink G M and Kluge R A (2014) Chitosan applications 

pre- or postharvest prolong raspberry shelf-life quality. Postharvest Biol Technol91: 

72-77. 

Tian S, Qin G, Li B, Wang Q, and Meng X (2007) Effects of salicylic acid on disease resistance 

and post-harvest decay control of fruits. Stewart Post-harvest Review 6: 1-7. 

Tijskens L M M and Vollebregt H M (2003) Passive and semi-active modified atmosphere 

packaging of prickly pear cactus stems (Opuntis spp) Acta Hortic 604: 665–68. 

Togrul H and Arslan N (2004) Extending shelf-life of peach and pear by using CMC from 

sugar beet pulp cellulose as a hydrophilic polymer in emulsions. Food Hydrocoll 18: 

215-26. 

Trevino-Garza, M Z, García, S,  del Socorro Flores-Gonzalez and Arevalo-Nino M (2015) 

Edible active coating based on pectin, pullulan, and chitosan increase quality and 

shelf life of strawberries (Fragaria ananassa). J Food Sci 80: 1823–30. 

Turner J G, Ellis C and Devoto A (2002) The jasmonate signal pathway. Plant Cell 14: 153–

64. 

Ullah S, Singh Z, Khan A S, Khan S A K U, Razzaq K and Payne A D (2016) Postharvest 

application of 1-MCP and ethylene influences fruit softening and quality of „Arctic 

Pride‟ nectarine at ambient conditions.Aust J Crop Sci 10: 1257-65. 

Valencia-Chamorro S, Parez-Gago M B, A Del Rio M and Palou L (2010) Effect of 

antifungal hydroxypropyl methylcellulose-lipid edible composite coatings on 

penicillium decay development and postharvest quality of cold-stored "Ortanique" 

mandarins. J Food Sci 75: 418-26 

Valenzuela C, Tapia C, Lopez L, Bunger A, Escalona V and Abugoch L (2015) Effect of 

edible quinoa protein-chitosan based films on refrigerated strawberry (Fragaria × 

ananassa) quality. Electron J Biotechnol 18: 406-11. 



182 

Valero D B and Serrano M (2010) Changes in fruit quality attributes during handling, 

processing and storage. In: VALERO, D. B.; SERRANO, M. (Ed.). Postharvest 

biology and technology for preserving fruit quality. New York: CRC Press, Pp.49-68  

Velickova E, Winkelhausen E , Kuzmanova S , Alves V D and Margarida Moldao-Martins M 

(2013) Impact of chitosan-beeswax edible coatings on the quality of fresh 

strawberries (Fragaria ananassa cv Camarosa) under commercial storage conditions. 

LWT- Food Sci Technol 52: 80-92. 

Venkatachalam K and Meenune M (2015) Effect of methyl jasmonate on physiological and 

biochemical quality changes of longkong fruit under low temperature storage. Fruits 

70: 69-75. 

Villalobos-Acuna M G, Biasi W V, Flores S, Jiang C, Reid M S, Willits N H, Mitcham E J 

(2011) Effect of maturity and cold storage on ethylene biosynthesis and ripening in 

„Bartlett‟ pears treated after harvest with 1-MCP. Postharvest Biol Technol 59: 1-9. 

Vishwasrao C and Ananthanarayan L (2016) Postharvest shelf-life extension of pink guavas 

(Psidium guajava L.) using HPMC-based edible surface coatings. J Food Sci Technol 

53: 1966-74. 

Vu K D, Hollingsworth R G, Leroux E, Salmieri S and Lacroix M (2011) Development of 

edible bioactive coating based on modified chitosan for increasing the shelf life of 

strawberries. Food Res Int 44: 198–203.  

Wang K, Jin P, Cao S, Shang H, Yang Z and Zheng Y (2009) Methyl jasmonate reduces 

decay and enhances antioxidant capacity in chinese bayberries. J Agric Food Chem 

57: 5809–15. 

Wang S Y and Gao H (2013) Effect of chitosan-based edible coating on antioxidants, 

antioxidant enzyme system, and postharvest fruit quality of strawberries (Fragaria x 

ananassa Duch.). LWT Food Sci Technol 52: 71-79. 

Watkins C B J F, Nock and Whitaker B D (2000) Responses of early, mid and late season 

apple cultivars to postharvest application of 1-methylcyclopropene (1-MCP) under air 

and controlled atmosphere storage conditions. Postharvest Biol Technol 19: 17-32. 

Wei J, Wen X and Tang L (2017) Effect of methyl jasmonic acid on peach fruit ripening 

progress. Sci Hortic 220: 206-13. 

White P J (2002) Recent advances in fruit development and ripening: an overview. J Expt Bot 

53: 1995-2000 

Wijewardane R M N A and Guleria S P S (2013) Effect of pre-cooling, fruit coating and 

packaging on postharvest quality of apple. J Food Sci Technol 50: 325-31. 

Wills R B H, Bembridge P A and Scott K J (1980) Use of flesh firmness and other objective 

tests to determine consumer acceptability of Delicious apples. Aust J Exp Agric and 

Anim 20: 252-56. 

Wu C, Du X, Wang L, Wang W, Zhou Q and Tiana X (2009) Effect of 1-methylcyclopropene 

on postharvest quality of chinese chive scapes. Postharvest Biol Technol 51: 431-33. 



183 

Yao H J and Tian S P (2005) Effects of pre- and post-harvest application of salicylic acid or 

methyl jasmonates on inducing disease resistance of sweet cherry fruit instorage. 

Postharvest Biol Technol 35: 253-62. 

Zapata P J, Martinez-Espla A, Guillen F, Diaz-Mula H M, Martinez-Romero D, Serrano M 

and Valero D (2014) Pre-harvest application of methyl jasmonate (MeJA) in two 

plum cultivars. 2. Improvement of fruit quality and antioxidant systems during 

postharvest storage. Postharvest BiolTechnol 98: 115-22. 

Zeng R, Zhang A S, Chen J Y and Fu Y Q (2013) Impact of carboxymethyl cellulose coating 

enriched with extract of Impatiens balsamina stems on preservation of „Newhall‟ 

navel orange. Sci Hortic 160: 44-48 

Zhang D L and Quantick P C (1997) Effects of chitosan coating on enzymatic browning and 

decay during postharvest storage of litchi (Litchi chinensis Sonn.) fruit. 

PostharvestBiol Technol 12: 195–202. 

Zhang Y, Chen K, Zhang S, and Ferguson I (2003) The role of salicylic acid in postharvest 

ripening of kiwifruit. Postharvest Biol Technol 28: 67-74. 

Zheng Y and Zhang Q (2004) Effects of polyamines and salicylic acid post-harvest storage of 

„Ponkan‟ mandarin. Acta Hort 632: 317-20. 

Zhou R, Li Y, Yan L and Xie J (2011) Effect of edible coatings on enzymes, cell-membrane 

integrity, and cell-wall constituents in relation to brittleness and firmness of 

Huanghua pears (Pyrus pyrifolia Nakai, cv. Huanghua) during storage. Food Chem 

124: 569-75. 

Zhu X, Shen L, Fu D, Si Z, Wu B, Chen W and Li X (2015) Effects of the combination 

treatment of 1-MCP and ethylene on the ripening of harvested banana fruit. 

Postharvest Biol Technol 107: 23-32. 

Zhu Z and Tian S (2012) Resistant responses of tomato fruit treated with exogenous methyl 

jasmonate to Botrytis cinerea infection. Sci Hortic 142: 38–43. 

Ziosi V, Bregoli A, Fiori G, Noferini M and Costa G (2007) 1-MCP effects on ethylene 

emission and fruit quality traits of peaches and nectarines Advances in Plant Ethylene 

Research: Proceedings of the 7th InternationalSymposium on the Plant Hormone 

Ethylene Pp167-74. 

Zulferiyenni, Widodo S E and Simatupang Y (2015) Applications of 1-methylcyclopropene 

and chitosan lengthened fruit shelf-life and maintained fruit qualities of „Mutiara‟ 

guava fruits. Int J Food Sci Nutr 3: 148-51. 



 

APPENDIX-I 

Following physio-chemical attributes were studied in addition to the scheduled work in 

present study entitled, “Effect of edible coatings, anti-senescence compounds and 

packaging materials on the stored fruits: 

Sr no  Observation Table No 

Expt`1 Expt 2 Expt 3 

1 Titratable Acidity (%) 1 and 1a 7 and 7a 13 and 13a 

2 Non-Reducing sugars (%) 2 and 2a 8 and 8a 14 and 14a 

3 Total Flavonoids (mg/100g) 3 and 3a 9 and 9a 15 and 15a 

4 Total Antioxidants (%) 4 and 4a 10 and 10a 16 and 16a 

5 Protein (mg/100g) 5 and 5a 11 and 11a 17 and 17a 

6 Total Free Amino Acids 

(mg/100g) 

6 and 6a 12 and 12a 18 and 18a 

 

 

 



 

Table 1:  Effect of different edible coatings and storage interval on the titratable acidity (%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Titratable acidity (Days) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

CMC 

1% 0.780 0.520 0.500 0.476 0.323 0.520
e
 1.33 1.036 0.786 0.736 0.520 0.882

de
 

1.5% 0.780 0.650 0.526 0.526 0.483 0.593
b
 1.33 1.230 0.800 0.666 0.590 0.923

b
 

2% 0.780 0.700 0.630 0.483 0.453 0.609
a
 1.33 1.220 0.910 0.770 0.600 0.966

a
 

Chitosan 

 

0.5% 0.780 0.496 0.450 0.436 0.386 0.510
ef
 1.33 0.910 0.736 0.670 0.590 0.847

f
 

1% 0.780 0.566 0.513 0.506 0.483 0.570
c
 1.33 0.970 0.856 0.800 0.620 0.915

bc
 

1.5% 0.780 0.516 0.503 0.426 0.330 0.511
ef
 1.33 1.030 0.786 0.606 0.550 0.860

ef
 

Bee wax 

 

5% 0.780 0.513 0.476 0.386 0.356 0.503
f
 1.33 0.856 0.653 0.606 0.490 0.787

g
 

10% 0.780 0.566 0.506 0.466 0.420 0.548
d
 1.33 1.160 0.780 0.640 0.550 0.892

cd
 

15% 0.780 0.600 0.530 0.350 0.280 0.508
ef
 1.33 1.180 0.800 0.506 0.370 0.837

f
 

Control 0.780 0.490 0.436 0.416 0.386 0.502
f
 1.33 0.863 0.786 0.640 0.300 0.784

g
 

Mean  0.780
a
 0.562

b
 0.507

c
 0.447

d
 0.390

e
  1.33

a
 1.045

b
 0.789

c
 0.664

d
 0.518

e
  

LSD (P≤0.05) Treatment (T) =  0.0141   Days (D) = 0.00099    D x T= 0.0316   Treatment (T) = 0.0289   Days (D) = 0.0204     D x T = 0.0645 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 1(a):  Effect of different edible coatings and storage interval on the titratable 

acidity (%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                    Titratable acidity (%) 

                                                                    Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 1.05 0.78 0.64 0.61 0.42 0.70
d
 

1.5% 1.05 0.81 0.69 0.66 0.55 0.75
b
 

2% 1.05 0.96 0.77 0.63 0.52 0.79
a
 

Chitosan 

 

0.5% 1.05 0.70 0.59 0.55 0.49 0.68
e
 

1% 1.05 0.90 0.65 0.59 0.53 0.74
b
 

1.5% 1.05 0.77 0.64 0.52 0.44 0.69
e
 

Bee Wax 

 

5% 1.05 0.67 0.54 0.51 0.44 0.64
f
 

10% 1.05 0.86 0.64 0.55 0.48 0.72
c
 

15% 1.05 0.89 0.66 0.43 0.32 0.67
e
 

Control 1.05 0.69 0.63 0.51 0.33 0.64
f
 

Mean  1.05
a
 0.80

b
 0.65

c
 0.56

d
 0.45

e
  

LSD (P≤0.05) Treatment (T) = 0.015   Days (D) =0.010     D x T = 0.033 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

The vertical bars represents standard error (SE) mean of three replicates 

Fig 1:  Effect of different edible coatings and storage interval on the titratable acidity 

(%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 2: Effect of different edible coatings and storage interval on the non reducing sugars per centag in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Non reducing sugars (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

CMC 

1% 2.41 2.66 4.03 4.85 4.30 3.65
c
 2.83 2.50 2.21 5.00 3.42 3.19

cd
 

1.5% 2.41 4.17 3.95 4.71 4.68 3.98
b
 2.83 3.20 4.13 3.14 4.32 3.52

a
 

2% 2.41 4.52 4.28 4.84 4.86 4.18
a
 2.83 2.90 4.00 2.91 4.02 3.33

b
 

Chitosan 

 

0.5% 2.41 4.00 3.43 3.73 4.27 3.57
d
 2.83 2.92 3.29 3.40 3.16 3.12

d
 

1% 2.41 4.34 3.81 4.66 4.92 4.03
b
 2.83 3.00 3.63 2.54 4.64 3.33

b
 

1.5% 2.41 4.12 3.81 3.66 3.91 3.58
cd

 2.83 3.27 4.16 3.00 2.71 3.19
cd

 

Bee wax 

 

5% 2.41 2.95 3.78 3.67 4.08 3.38
f
 2.83 2.76 3.04 3.53 2.73 2.97

e
 

10% 2.41 3.48 2.73 4.96 4.69 3.65
c
 2.83 3.50 3.48 3.03 3.37 3.24

bc
 

15% 2.41 3.82 3.12 3.40 4.56 3.46
e
 2.83 2.87 2.56 4.15 2.63 3.00

e
 

Control 2.41 3.72 3.07 3.77 4.39 3.47
e
 2.83 3.05 2.91 2.85 4.28 3.18

cd
 

Mean  2.41
e
 3.78

c
 3.60

d
 4.22

b
 4.47

a
  2.83

d
 3.00

c
 3.34

b
 3.35

b
 3.53

a
  

LSD (P≤0.05) Treatment (T) = 0.081    Days (D) = 0.057   D x T = 0.18   Treatment (T) =  0.10   Days (D) = 0.073     D x T = 0.23 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 2a:  Effect of different edible coatings and storage interval on the non reducing sugar per 

cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                   Non reducing sugars (%)         

                                                                   Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 2.62 2.58 3.12 4.92 3.86 3.42
c
 

1.5% 2.62 3.69 4.04 3.93 4.50 3.75
a
 

2% 2.62 3.71 4.14 3.87 4.44 3.76
a
 

Chitosan 

 

0.5% 2.62 3.46 3.36 3.57 3.71 3.34
d
 

1% 2.62 3.67 3.72 3.72 4.78 3.68
b
 

1.5% 2.62 3.69 3.99 3.33 3.31 3.39
cd

 

Bee Wax 

 

5% 2.62 2.86 3.41 3.60 3.40 3.18
e
 

10% 2.62 3.49 3.10 3.99 4.03 3.45
c
 

15% 2.62 3.34 2.84 3.78 3.59 3.23
e
 

Control 2.62 3.38 2.99 3.31 4.33 3.33
d
 

Mean  2.62
e
 3.39

d
 3.47

c
 3.79

b
 4.00

a
  

LSD (P≤0.05) Treatment (T) = 0.075    Days (D) =0.053     D x T = 0.17 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 2:  Effect of different edible coatings and storage interval on the non reducing sugar per cent 

in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 3: Effect of different edible coatings and storage interval on the total flavonoids (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

TREATMENT 

Total flavonoids (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

CMC 

1% 55.40 69.56 64.24 51.30 46.78 57.46
d
 60.50 83.75 78.49 66.07 37.23 65.21

b
 

1.5% 55.40 80.48 71.00 65.80 43.60 63.26
b
 60.50 101.16 97.95 61.70 46.87 73.63

a
 

2% 55.40 88.40 82.67 56.70 36.46 63.93
a
 60.50 96.96 86.52 79.02 55.54 75.71

a
 

Chitosan 

 

0.5% 55.40 65.00 58.68 54.90 32.50 53.30
f
 60.50 78.93 76.08 56.97 41.52 61.34

ef
 

1% 55.40 86.80 74.56 56.48 37.50 62.15
c
 60.50 91.07 87.23 63.67 30.98 66.69

b
 

1.5% 55.40 74.60 66.50 47.38 31.23 55.02
e
 60.50 96.88 59.91 54.46 32.43 61.34

cd
 

Bee wax 

 

5% 55.40 68.50 54.60 41.24 27.45 49.44
g
 60.50 72.33 69.37 65.72 28.84 59.35

g
 

10% 55.40 72.68 68.40 60.23 41.74 59.69
d
 60.50 89.65 83.39 58.58 39.91 66.40

b
 

15% 55.40 87.40 52.00 31.48 22.80 49.82
g
 60.50 71.25 66.34 63.93 42.41 60.89

cd
 

Control 55.40 70.40 52.40 36.78 21.45 47.29
h
 60.50 90.45 66.40 40.91 26.65 56.98

e
 

Mean  55.40
c
 76.38

a
 64.50

b
 50.23

d
 34.15

e
  60.50

c
 87.24

a
 77.17

b
 61.10

c
 38.24

d
  

LSD (P≤0.05) Treatment (T) = 1.60    Days (D) = 1.13    D x T = 3.59   Treatment (T) = 2.56    Days (D) = 1.81     D x T = 5.73 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication)



 

Table 3a: Effect of different edible coatings and storage interval on the total flavonoids 

(mg/100g) in Kinnow fruit stored at 5-7
0
C and 90-95% RH 

                                                               Total flavonoids (mg/100g) 

                                                               Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 57.95 76.65 71.36 58.68 42.00 61.33
c
 

1.5% 57.95 90.82 84.47 63.75 45.24 68.45
a
 

2% 57.95 92.68 84.47 67.86 45.24 69.82
a
 

Chitosan 

 

0.5% 57.95 71.96 67.38 54.68 37.01 57.80
d
 

1% 57.95 88.93 80.89 60.07 34.24 64.42
b
 

1.5% 57.95 85.74 63.20 52.17 31.83 58.18
d
 

Bee Wax 

 

5% 57.95 70.41 61.99 53.48 28.14 54.39
ef
 

10% 57.95 81.16 75.89 59.40 40.82 63.05
bc

 

15% 57.95 79.32 59.17 47.70 32.60 55.35
de

 

Control 57.95 80.42 59.40 38.84 24.05 52.13
f
 

Mean  57.95
c
 81.81

a
 70.84

b
 55.66

d
 39.20

e
  

LSD (P≤0.05) Treatment (T) = 3.02    Days (D) = 2.13    D x T = 6.75       

Mean values with same alphabates are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

The vertical bar represents standard error (SE) mean of three replicates 

Fig 3:  Effect of different edible coatings and storage interval on the total flavonoids 

(mg/100g) in Kinnow fruits stored at 5-7
o
C and 90-95% RH 
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Table 4: Effect of different edible coatings and storage interval on the total antioxidants (%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

STORAGE INTERVAL (Days) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

CMC 

1% 24.78 46.60 25.64 21.28 12.87 26.07
c
 28.43 46.97 26.78 18.99 11.73 26.58

c
 

1.5% 24.78 41.28 32.68 26.30 12.44 27.50
b
 28.43 44.82 35.91 28.99 10.83 29.80

a
 

2% 24.78 47.49 38.22 27.38 14.78 30.53
a
 28.43 44.51 36.90 29.01 12.95 30.36

a
 

Chitosan 

 

0.5% 24.78 42.58 22.68 16.66 11.98 23.74
e
 28.43 39.17 26.72 19.00 11.07 24.88

d
 

1% 24.78 42.26 33.44 22.39 11.23 26.82
bc

 28.43 51.29 27.21 21.21 13.99 28.43
b
 

1.5% 24.78 48.76 21.46 19.25 10.67 24.98
d
 28.43 49.36 23.52 18.82 10.73 26.17

c
 

Bee wax 

 

5% 24.78 29.44 20.56 14.56 11.29 20.13
g
 28.43 31.77 21.24 12.10 10.00 20.05

e
 

10% 24.78 40.34 31.62 20.44 13.34 26.72
c
 28.43 40.21 33.95 25.56 10.65 27.76

b
 

15% 24.78 34.60 22.68 16.56 10.78 21.88
f
 28.43 31.77 19.65 14.53 9.13 20.70

e
 

Control 24.78 22.33 17.65 11.27 8.76 16.96
h
 28.43 21.35 16.23 10.00 6.70 16.54

f
 

Mean  24.78
c
 39.57

a
 26.66

b
 19.61

d
 11.81

e
  28.43

b
 39.79

a
 26.81

c
 19.82

d
 10.78

e
  

LSD (P≤0.05) Treatment (T) = 0.94    Days (D) = 0.66    D x T = 2.096   Treatment (T) = 0.87    Days (D) = 0.61     D x T = 1.94 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication)



 

Table 4a:  Effect of different edible coatings and storage interval on the total 

antioxidants (%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

                                                                  Total antioxidants (%) 

                                                                   Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 26.60 46.79 26.21 19.71 12.30 26.32
e
 

1.5% 26.60 43.05 34.30 27.64 11.63 28.65
b
 

2% 26.60 46.00 37.56 28.19 13.86 30.44
a
 

Chitosan 

 

0.5% 26.60 40.88 24.70 17.83 11.52 24.31
g
 

1% 26.60 46.77 30.32 21.80 12.61 27.62
c
 

1.5% 26.60 49.06 22.49 19.03 10.70 25.58
f
 

Bee Wax 

 

5% 26.60 28.96 20.90 13.33 10.65 20.09
i
 

10% 26.60 40.27 32.78 23.42 11.99 27.02
d
 

15% 26.60 33.18 21.16 15.54 9.95 21.29
h
 

Control 26.60 21.84 16.94 10.64 7.73 16.75
j
 

Mean  26.60
b
 39.68

a
 26.74

b
 19.71

c
 11.30

d
  

LSD (P≤0.05) Treatment (T) =0.53    Days (D) =0.38   D x T =1.19 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 4:  Effect of edible coating and storage interval on the total antioxidants (%) of 

Kinnow fruits stored at 5-7
0
C and 90-95% RH 
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Table 5: Effect of different edible coatings and storage interval on the protein (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

TREATMENT 

Protein (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

CMC 

1% 131.54 146.64 132.22 98.77 86.35 119.10
bcd

 140.64 144.14 129.36 124.96 90.34 125.89
cd

 

1.5% 131.54 133.66 127.68 126.71 96.55 123.23
ab

 140.64 143.91 140.98 136.86 103.08 133.09
ab

 

2% 131.54 146.92 128.80 125.55 102.33 127.03
a
 140.64 152.93 139.85 139.17 111.54 136.83

a
 

Chitosan 

 

0.5% 131.54 132.32 116.46 110.18 98.22 117.74
cd

 140.64 149.66 122.45 113.68 98.57 125.00
cd

 

1% 131.54 142.33 136.57 114.31 88.66 122.68
ab

 140.64 152.14 148.65 127.67 95.53 132.93
ab

 

1.5% 131.54 140.24 120.26 108.44 91.12 118.32
cd

 140.64 143.61 125.30 124.74 93.61 125.58
cd

 

Bee wax 

 

5% 131.54 135.56 114.64 110.70 87.33 115.95
de

 140.64 153.95 138.84 102.07 84.53 124.00
de

 

10% 131.54 139.88 130.47 122.45 82.31 121.33
bc

 140.64 151.47 141.96 131.28 87.95 130.66
bc

 

15% 131.54 133.12 113.89 113.89 84.68 115.98
d
 140.64 141.55 118.87 114.14 109.74 124.99

cd
 

Control 131.54 134.56 123.39 90.35 78.24 111.62
e
 140.64 140.75 134.10 98.20 80.73 118.88

e
 

Mean  131.54
b
 138.52

a
 124.71

c
 112.13

d
 89.58

e
  140.64

b
 147.41

a
 134.04

c
 121.28

d
 95.56

e
  

LSD (P≤0.05) Treatment (T) = 4.35     Days (D) = 3.07    D x T = 9.72   Treatment (T) = 5.75    Days (D) = 4.07     D x T = 12.87 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 



 

Table 5a:  Effect of different edible coatings and storage interval on the protein 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                         Protein (mg/100g) 

                                                         Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 136.09 145.39 130.79 111.87 88.35 122.50
cd

 

1.5% 136.09 138.79 134.33 131.79 99.82 128.16
b
 

2% 136.09 149.93 134.33 132.36 106.94 131.93
a
 

Chitosan 

 

0.5% 136.09 140.99 119.46 111.93 98.40 121.37
d
 

1% 136.09 147.24 142.61 120.99 92.10 127.80
b
 

1.5% 136.09 141.93 122.78 116.59 92.37 121.95
d
 

Bee Wax 

 

5% 136.09 144.75 126.74 106.39 106.39 119.98
d
 

10% 136.09 145.67 136.22 126.87 85.13 125.99
bc

 

15% 136.09 137.34 117.76 114.02 97.21 120.48
d
 

Control 136.09 137.66 128.74 94.28 79.49 115.25
e
 

Mean  136.09
b
 142.97

a
 129.37

c
 116.71

d
 92.57

e
  

LSD (P≤0.05) Treatment (T) = 3.71    Days (D) =2.62    D x T = 8.30       

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 5:  Effect of different edible coatings and storage interval on the protein (mg/100g) 

in Kinnow fruit stored at 5-7
o
C and 90-95% RH  
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Table 7: Effect of different edible coatings and storage interval on the total free amino acids (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT 

Total free amino acids (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

CMC 

1% 81.45 63.20 47.88 68.11 98.77 71.88
de

 86.33 68.46 41.67 70.11 109.00 75.11
c
 

1.5% 81.45 72.20 68.31 75.33 109.21 81.30
b
 86.33 79.28 70.93 82.16 129.34 89.61

a
 

2% 81.45 76.41 70.34 83.49 110.00 84.34
a
 86.33 80.51 79.48 86.38 119.09 90.36

a
 

Chitosan 

 

0.5% 81.45 52.28 37.76 78.08 96.63 69.24
g
 86.33 52.90 42.08 89.48 98.23 73.80

c
 

1% 81.45 50.60 44.66 84.07 114.18 74.99
c
 86.33 54.50 41.88 86.11 133.93 80.55

b
 

1.5% 81.45 53.22 41.08 82.22 94.57 70.51
ef
 86.33 57.07 33.79 84.48 108.17 73.97

c
 

Bee wax 

 

5% 81.45 56.67 49.83 61.22 87.98 67.43
g
 86.33 56.20 41.17 68.20 95.27 69.43

d
 

10% 81.45 58.96 46.54 84.48 98.77 73.61
cd

 86.33 61.51 49.86 88.34 108.59 78.92
b
 

15% 81.45 56.24 46.56 74.22 82.39 68.17
g
 86.33 60.89 54.60 69.44 95.45 73.34

c
 

Control 81.45 42.12 49.98 90.44 72.98 67.39
g
 86.33 44.61 52.08 92.33 68.28 68.73

d
 

Mean  81.45
b
 59.19

d
 50.29

e
 78.17

c
 96.33

a
  86.33

b
 61.59

d
 50.75

e
 81.70

c
 106.53

a
  

LSD (P≤0.05) Treatment (T) = 2.28    Days (D) = 1.61    D x T= 5.11   Treatment (T) = 2.71   Days (D) = 1.92     D x T = 6.06 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 6a:  Effect of different edible coatings and storage interval on the total free 

amino acids (mg/100g) in Kinnow fruit stored at 5-7
0
C and 90-95% RH 

                                                        Total free amino acids (mg/100g) 

                                                            Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

CMC 

1% 83.89 65.83 44.78 69.11 103.88 73.50
c
 

1.5% 83.89 75.74 69.62 78.75 119.28 85.45
a
 

2% 83.89 78.46 74.91 84.94 114.54 87.35
a
 

Chitosan 

 

0.5% 83.89 52.59 39.92 83.78 97.43 71.52
cd

 

1% 83.89 52.55 43.27 85.09 124.06 77.77
b
 

1.5% 83.89 55.15 37.44 83.35 101.37 72.24
cd

 

Bee Wax 

 

5% 83.89 56.44 45.50 64.71 91.63 68.43
e
 

10% 83.89 60.23 48.20 86.41 102.61 76.27
b
 

15% 83.89 58.56 50.58 71.83 88.92 70.76
d
 

Control 83.89 43.36 51.03 91.39 70.63 68.06
e
 

Mean  83.89
b
 59.89

d
 50.52

e
 79.93

c
 101.43

a
  

LSD (P≤0.05) Treatment (T) = 2.23    Days (D) = 1.58    D x T = 4.99       

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 6:  Effect of different edible coatings and storage interval on the total free amino 

acids (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 7:  Effect of different anti-senescence compounds and storage interval on the titratable acidity (%) in Kinnow fruit stored at 5-7
o
C and 90-

95% RH  

TREATMENT 

STORAGE INTERVAL (Days) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 0.780 0.530 0.430 0.347 0.337 0.482
e
 1.330 0.980 0.846 0.576 0.430 0.832

f
 

1000 ppb 0.780 0.510 0.480 0.460 0.373 0.520
d
 1.330 0.863 0.843 0.786 0.520 0.868

de
 

1500 ppb 0.780 0.680 0.530 0.500 0.460 0.590
a
 1.330 1.106 0.836 0.720 0.700 0.938

b
 

Methyl 

Jasmonates 

 

1 mM 0.780 0.627 0.570 0.516 0.510 0.600
a
 1.330 1.246 0.930 0.840 0.770 1.023

a
 

2 mM 0.780 0.566 0.540 0.463 0.386 0.547
c
 1.330 0.910 0.910 0.666 0.550 0.873

de
 

3 mM 0.780 0.600 0.530 0.350 0.280 0.508
d
 1.330 1.180 0.800 0.506 0.370 0.837

f
 

Salicylic 

acid 

 

1mM 0.780 0.580 0.576 0.540 0.366 0.568
b
 1.330 1.160 0.800 0.600 0.596 0.897

cd
 

2mM 0.780 0.740 0.530 0.456 0.346 0.570
b
 1.330 0.863 0.850 0.790 0.700 0.906

c
 

3mM 0.780 0.510 0.490 0.430 0.396 0.521
d
 1.330 0.843 0.800 0.773 0.590 0.867

e
 

Control 0.780 0.440 0.440 0.346 0.323 0.466
f
 1.330 0.930 0.720 0.720 0.400 0.820

f
 

Mean  0.780
a
 0.578

b
 0.510

c
 0.441

d
 0.377

e
  1.330

a
 1.008

b
 0.833

c
 0.697

d
 0.563

e
  

LSD (P≤0.05) Treatment (T) = 0.016    Days (D) = 0.011   D x T = 0.036   Treatment (T) = 0.029    Days (D) = 0.021    D x T = 0.066 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 7a:  Effect of different anti-senescence compounds and storage interval on the titratable 

acidity (%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

                                                                 Titratable acidity (%) 

                                                                 Storage interval (Days)     

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 1.05 0.75 0.63 0.46 0.38 0.66
g
 

1000 ppb 1.05 0.68 0.66 0.62 0.44 0.69
e
 

1500 ppb 1.05 0.89 0.68 0.61 0.58 0.76
b
 

Methyl 

Jasmonates 

1mM 1.05 0.93 0.75 0.68 0.64 0.81
a
 

2mM 1.05 0.73 0.72 0.56 0.46 0.71
d
 

3mM 1.05 0.89 0.66 0.42 0.32 0.67
f
 

Salicylic acid 

 

1mM 1.05 0.87 0.68 0.57 0.47 0.73
c
 

2mM 1.05 0.80 0.69 0.62 0.52 0.74
c
 

3mM 1.05 0.67 0.64 0.60 0.49 0.69
e
 

Control 1.05 0.68 0.58 0.53 0.36 0.64
h
 

Mean  1.05
a
 0.79

b
 0.67

c
 0.57

d
 0.47

e
  

LSD (P≤0.05) Treatment (T) =0.014    Days (D) = 0.00096  D x T = 0.030 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 7:  Effect of different anti-senescence compounds and storage interval on the titratable 

acidity (%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 8:  Effect of different anti-senescence compounds and storage interval on the non reducing sugars (%) in Kinnow fruit stored at 5-7
o
C and 90-

95% RH  

TREATMENT 

Non reducing sugars (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 2.41 2.69 3.51 4.42 4.09 3.42
cde

 2.83 2.64 2.76 3.73 2.66 2.92
e
 

1000 ppb 2.41 2.95 3.62 4.01 3.95 3.39
de

 2.83 3.49 4.08 1.99 2.29 2.94
e
 

1500 ppb 2.41 3.84 3.90 4.86 3.83 3.77
a
 2.83 4.30 4.22 3.93 4.03 3.86

a
 

Methyl 

Jasmonates 

 

1 mM 2.41 2.97 3.48 4.77 4.46 3.62
b
 2.83 3.89 5.59 2.85 4.48 3.93

a
 

2 mM 2.41 2.54 3.18 4.62 4.03 3.35
e
 2.83 2.42 3.89 4.36 4.26 3.29

c
 

3 mM 2.41 3.10 3.68 3.79 4.30 3.46
cd

 2.83 3.15 3.32 2.02 3.42 2.95
e
 

Salicylic 

acid 

 

1mM 2.41 3.54 3.57 3.94 3.98 3.49
c
 2.83 5.28 4.48 2.17 2.97 3.55

b
 

2mM 2.41 2.86 3.50 5.07 3.70 3.51
c
 2.83 2.93 3.98 3.71 4.13 3.52

b
 

3mM 2.41 2.47 2.83 4.87 4.33 3.38
de

 2.83 3.78 3.89 3.42 2.05 3.20
d
 

Control 2.41 3.72 3.34 3.50 4.28 3.45
cd

 2.83 3.05 2.91 2.85 4.28 3.18
d
 

Mean  2.41
e
 3.07

d
 3.46

c
 4.38

a
 4.09

b
  2.83

d
 3.49

b
 3.78

a
 3.10

c
 3.46

b
  

LSD (P≤0.05) Treatment (T) = 0.093    Days (D) = 0.066   D x T = 0.21   Treatment (T) = 0.092    Days (D) = 0.065    D x T = 0.20 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 8a:  Effect of different anti-senescence compounds and storage interval on the non 

reducing sugars per cent of Kinnow fruits stored at 5-7
o
C and 90-95% RH  

                                                                       Non reducing sugars (%)     

                                                                       Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 2.62 2.66 3.13 4.07 3.37 3.17
b
 

1000 ppb 2.62 3.22 3.85 3.00 3.12 3.16
b
 

1500 ppb 2.62 4.07 4.06 4.39 3.93 3.81
a
 

Methyl 

Jasmonates 

1mM 2.62 3.43 4.53 3.81 4.47 3.77
ab

 

2mM 2.62 2.48 3.53 4.49 4.14 3.45
ab

 

3mM 2.62 3.12 3.50 2.90 3.86 3.20
ab

 

Salicylic acid 

 

1mM 2.62 4.41 4.02 3.05 3.47 3.51
ab

 

2mM 2.62 2.89 3.74 4.39 3.91 3.51
ab

 

3mM 2.62 3.12 3.36 4.14 3.19 3.29
ab

 

Control 2.62 3.38 3.12 3.17 4.28 3.32
ab

 

Mean  2.62
c
 3.28

b
 3.69

ab
 3.74

a
 3.78

a
  

LSD (P≤0.05) Treatment (T) =0.63    Days (D) =0.44     D x T =1.40  

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 8:  Effect of different anti-senescence compounds and storage interval on the non reducing 

sugars per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 9:  Effect of different anti-senescence compounds and storage interval on the total flavonoids (mg/100g) in Kinnow fruit stored at 5-7
o
C and 

90-95% RH 

TREATMENT 

Total flavonoids (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 55.40 70.29 64.30 47.20 35.56 54.55
d
 60.50 71.70 68.58 50.90 34.82 57.30

fg
 

1000 ppb 55.40 74.14 62.37 50.22 41.18 56.66
c
 60.50 85.72 65.27 50.45 35.89 59.56

ef
 

1500 ppb 55.40 81.34 74.90 66.56 42.28 64.10
b
 60.50 85.27 82.86 75.45 40.09 68.83

b
 

Methyl 

Jasmonates 

 

1mM 55.40 87.78 83.44 80.66 33.49 68.15
a
 60.50 91.07 88.75 86.70 30.27 71.46

a
 

2mM 55.40 78.66 67.35 51.38 32.88 57.13
c
 60.50 79.83 73.66 68.12 28.48 62.12

d
 

3mM 55.40 82.74 61.40 47.00 36.19 56.55
cd

 60.50 79.11 69.37 48.93 38.04 59.19
efg

 

Salicylic 

acid 

 

1mM 55.40 83.46 69.77 65.54 36.17 62.07
b
 60.50 88.66 72.68 70.80 33.12 65.15

c
 

2mM 55.40 86.60 68.00 61.87 44.85 63.34
b
 60.50 89.20 73.84 70.00 41.79 67.06

bc
 

3mM 55.40 74.81 70.00 53.88 31.40 57.10
c
 60.50 74.37 70.80 64.65 33.75 60.81

de
 

Control 55.40 70.40 52.40 36.78 21.45 47.29
e
 60.50 90.45 66.40 40.91 26.65 56.98

g
 

Mean  55.40
e
 79.02

a
 67.39

b
 56.11

c
 35.54

d
  60.50

d
 83.54

a
 73.22

b
 62.69

c
 34.29

e
  

LSD (P≤0.05) Treatment (T) = 2.08    Days (D) = 1.47    D x T = 4.65   Treatment (T) = 2.28    Days (D) = 1.61    D x T = 5.11 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 9a:  Effect of different anti-senescence compounds and storage interval on the total 

flavonoids (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                        Total flavonoids (mg/100g) 

                                                                           Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 57.95 70.99 66.44 49.05 35.19 55.92
g
 

1000 ppb 57.95 79.93 63.82 50.33 38.53 58.11
f
 

1500 ppb 57.95 83.30 78.88 71.00 41.18 66.46
b
 

Methyl 

Jasmonates 

1mM 57.95 89.42 86.09 83.68 31.88 69.81
a
 

2mM 57.95 79.24 70.50 59.75 30.68 59.63
e
 

3mM 57.95 80.92 65.38 47.96 37.11 57.87
f
 

Salicylic acid 

 

1mM 57.95 86.06 71.22 68.17 34.64 63.61
d
 

2mM 57.95 87.90 70.92 65.93 43.32 65.20
c
 

3mM 57.95 74.59 70.40 59.26 32.57 58.96
ef
 

Control 57.95 80.42 59.40 38.84 24.05 52.13
h
 

Mean  57.95
d
 81.28

a
 70.31

b
 59.40

c
 34.92

e
  

LSD (P≤0.05) Treatment (T) = 1.21  Days (D) = 0.86   D x T = 2.72 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 9: Effect of different anti-senescence compounds and storage interval on the total flavonoids 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 10:  Effect of different anti-senescence compounds and storage interval on the total antioxidants (%) in Kinnow fruit stored at 5-7
o
C and 90-

95% RH 

TREATMENT 

Total antioxidants (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 24.78 23.00 15.88 12.00 11.15 17.36
fg

 28.43 23.60 17.48 10.83 10.67 18.20
f
 

1000 ppb 24.78 23.19 16.11 12.33 12.20 17.72
f
 28.43 21.94 20.88 12.74 8.38 18.47

ef
 

1500 ppb 24.78 23.96 20.55 18.72 12.70 20.14
b
 28.43 26.17 24.21 21.56 10.44 22.16

b
 

Methyl 

Jasmonates 

 

1mM 24.78 23.30 21.88 20.77 13.60 20.87
a
 28.43 26.81 25.72 23.25 12.37 23.31

a
 

2mM 24.78 21.15 19.20 16.69 10.80 18.52
de

 28.43 23.71 18.15 16.04 8.60 18.99
e
 

3mM 24.78 23.66 18.39 11.40 10.30 17.71
f
 28.43 23.77 20.10 10.98 8.64 18.38

f
 

Salicylic 

acid 

 

1mM 24.78 23.40 20.48 15.70 10.55 18.98
cd

 28.43 27.27 22.61 14.87 8.44 20.32
d
 

2mM 24.78 23.28 20.68 18.60 10.56 19.58
bc

 28.43 28.16 18.54 18.28 11.20 20.92
c
 

3mM 24.78 22.55 18.67 13.44 10.45 17.98
ef
 28.43 23.68 18.82 10.84 10.84 18.76

ef
 

Control 24.78 22.33 17.65 11.27 8.76 16.96
g
 28.43 21.35 16.23 10.00 6.70 16.54

g
 

Mean  24.78
a
 22.98

b
 18.95

c
 15.09

d
 11.11

e
  28.43

a
 24.64

b
 20.27

c
 15.06

d
 9.63

e
  

LSD (P≤0.05) Treatment (T) = 0.72    Days (D) = 0.51    D x T = 1.60   Treatment (T) = 0.58   Days (D) = 0.41    D x T = 1.29 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication)



 

Table 10a:  Effect of different anti-senescence compounds and storage interval on the total 

antioxidants (%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                  Total antioxidants (%)         

                                                                  Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 26.60 23.30 16.68 11.41 10.91 17.78
g
 

1000 ppb 26.60 22.56 18.49 12.53 10.29 18.10
fg

 

1500 ppb 26.60 25.06 22.38 20.14 11.57 21.15
ab

 

Methyl 

Jasmonates 

1mM 26.60 25.05 23.80 22.01 12.98 22.09
a
 

2mM 26.60 22.43 18.67 16.36 9.70 18.75
e
 

3mM 26.60 23.71 19.24 11.19 9.47 18.04
fg

 

Salicylic acid 

 

1mM 26.60 25.33 21.54 15.28 9.49 19.65
d
 

2mM 26.60 25.72 19.61 18.44 10.88 20.25
c
 

3mM 26.60 23.11 18.74 12.73 10.64 18.37
ef
 

Control 26.60 21.84 16.94 10.63 7.73 16.75
h
 

Mean  26.60
a
 23.81

b
 19.61

c
 15.07

d
 10.37

e
  

LSD (P≤0.05) Treatment (T) =0.40    Days (D) =0.28     D x T =0.89 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 10:  Effect of different anti-senescence compounds and storage interval on the total 

antioxidants (%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 11: Effect of different anti-senescence compounds and storage interval on the protein (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

TREATMENT 

Protein (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

1-MCP 

500 ppb 131.54 135.61 139.71 128.68 92.39 125.59
c
 140.64 141.21 144.02 132.52 89.21 129.52

d
 

1000 ppb 131.54 148.24 151.34 124.19 93.46 129.75
ab

 140.64 147.41 137.93 136.58 111.43 134.80
bc

 

1500 ppb 131.54 134.46 157.40 131.18 108.24 132.56
a
 140.64 153.61 168.50 132.11 97.45 138.46

ab
 

Methyl 

Jasmonates 

 

1 mM 131.54 147.36 160.28 126.33 98.00 132.70
a
 140.64 141.99 162.97 136.42 112.38 138.88

a
 

2 mM 131.54 138.64 158.41 124.55 101.22 130.87
a
 140.64 150.57 162.41 137.03 94.40 137.01

abc
 

3 mM 131.54 137.66 140.48 123.40 102.34 127.08
bc

 140.64 144.36 147.41 127.33 106.36 133.22
cd

 

Salicylic 

acid 

 

1mM 131.54 140.50 154.68 130.55 97.67 130.99
a
 140.64 146.39 163.31 132.41 102.41 137.03

abc
 

2mM 131.54 143.18 151.23 128.50 104.50 131.79
a
 140.64 153.16 158.16 130.49 109.29 138.35

ab
 

3mM 131.54 140.11 136.18 134.54 108.78 130.23
ab

 140.64 156.28 158.42 130.83 89.89 135.21
abc

 

Control 131.54 134.56 123.39 90.35 78.24 111.62
d
 140.64 140.75 134.10 118.20 80.73 122.88

e
 

Mean  131.54
c
 140.03

b
 147.31

a
 124.23

d
 98.48

e
  140.64

c
 147.57

b
 140.64

c
 131.39

d
 99.35

e
  

LSD (P≤0.05) Treatment (T) = 3.78    Days (D) = 2.67   D x T = 8.45   Treatment (T) = 4.06    Days (D) = 2.87    D x T = 9.08 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 11a:  Effect of different anti-senescence compounds and storage interval on the protein 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                  Protein (mg/100g)          

                                                                  Storage interval (Days) 

TREATMENTS 0 30 45 60 75 Mean 

1-MCP 

500 ppb 136.09 138.41 141.86 130.60 90.80 127.55
e
 

1000 ppb 136.09 147.82 144.63 130.38 102.44 132.28
cd

 

1500 ppb 136.09 144.03 162.95 131.64 102.84 135.51
a
 

Methyl 

Jasmonates 

1mM 136.09 144.67 161.62 131.37 105.19 135.79
a
 

2mM 136.09 144.60 160.41 130.79 97.81 133.94
abc

 

3mM 136.09 141.01 143.94 125.36 104.35 130.15
de

 

Salicylic acid 

 

1mM 136.09 143.44 158.99 131.48 100.04 134.01
abc

 

2mM 136.09 148.17 154.69 129.49 106.89 135.07
ab

 

3mM 136.09 148.19 147.30 132.68 99.33 132.72
bcd

 

Control 136.09 137.65 128.74 104.27 79.48 117.25
f
 

Mean  136.09
c
 143.80

b
 150.52

a
 127.81

d
 98.92e  

LSD (P≤0.05) Treatment (T) = 2.62  Days (D) = 1.85    D x T =5.86 

Meanvalues with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 11: Effect of different anti-senescence compounds and storage interval on the protein 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 12:  Effect of different anti-senescence compounds and storage interval on the total free amino acids (mg/100g) in Kinnow fruit stored at 5-7
0
C 

and 90-95% RH 

TREATMENT 

Total free amoni acids (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

1-MCP 

500 ppb 81.45 34.44 23.12 52.46 85.88 55.47
f
 86.33 36.26 25.19 56.20 96.74 60.14

f
 

1000 ppb 81.45 49.86 20.38 51.21 93.23 59.23
e
 86.33 50.33 46.46 66.60 68.92 63.73

e
 

1500 ppb 81.45 70.48 52.34 76.56 125.56 81.28
a
 86.33 72.12 51.62 72.53 130.53 82.62

ab
 

Methyl 

Jasmonates 

 

1 mM 81.45 67.36 59.44 71.23 128.89 81.67
a
 86.33 68.98 61.61 70.57 136.90 84.88

a
 

2 mM 81.45 58.74 45.50 65.22 102.31 70.64
d
 86.33 62.79 48.83 63.67 99.31 72.19

d
 

3 mM 81.45 41.18 31.20 48.76 90.65 58.65
e
 86.33 39.35 33.79 52.34 105.76 63.51

e
 

Salicylic 

acid 

 

1mM 81.45 52.31 47.74 71.11 120.00 74.52
c
 86.33 51.41 49.15 72.27 124.25 76.68

c
 

2mM 81.45 60.28 56.42 65.57 126.66 78.08
b
 86.33 63.36 57.85 66.71 132.44 81.34

b
 

3mM 81.45 52.33 47.61 63.31 96.52 68.24
d
 86.33 52.64 17.36 53.99 109.77 64.02

e
 

Control 81.45 42.12 26.00 60.00 48.98 51.71
g
 86.33 44.61 28.28 62.33 52.08 54.73

g
 

Mean  81.45
b
 52.91

b
 40.98

e
 62.54

c
 101.87

a
  86.33

b
 54.18

d
 42.01

e
 63.72

c
 105.67

a
  

LSD (P≤0.05) Treatment (T) = 2.46    Days (D) = 1.74   D x T = 5.50   Treatment (T) = 2.52    Days (D) = 1.78    D x T = 5.65 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 12a:  Effect of different anti-senescence compounds and storage interval on the free 

amino acids (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                         Total free amino acids (mg/100g)             

                                                               Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

1-MCP 

500 ppb 83.89 35.35 24.15 54.33 91.31 57.81
g
 

1000 ppb 83.89 50.09 33.42 58.90 81.07 61.48
f
 

1500 ppb 83.89 71.30 51.98 74.54 128.04 81.95
a
 

Methyl 

Jasmonates 

1mM 83.89 68.17 60.52 70.90 132.89 83.28
a
 

2mM 83.89 60.76 47.16 64.44 100.81 71.41
d
 

3mM 83.89 40.26 32.49 50.55 98.20 61.08
f
 

Salicylic acid 

 

1mM 83.89 51.86 48.44 71.69 122.12 75.60
c
 

2mM 83.89 61.82 57.13 66.14 129.55 79.71
b
 

3mM 83.89 52.48 32.48 58.65 103.14 66.13
e
 

Control 83.89 43.36 27.14 61.16 50.53 53.22
h
 

Mean  83.89
b
 53.55

d
 41.49

e
 63.13

c
 103.77

a
  

LSD (P≤0.05) Treatment (T) = 1.46   Days (D) =1.03D x T = 3.27 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 12:  Effect of different anti-senescence compounds and storage interval on the free amino 

acids (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 13:  Effect of different packaging materials and storage interval on the titratable acidity per cent (%) in Kinnow fruit stored at 5-7
o
C and 90-

95% RH  

TREATMENT Titratable acidity (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

LDPE 100 guage 1.150 0.810 0.680 0.610 0.490 0.748
def

 1.330 0.910 0.863 0.653 0.400 0.831
d
 

150 gauge  1.150 0.800 0.640 0.600 0.470 0.732
ef
 1.330 0.880 0.720 0.653 0.530 0.822

d
 

LDPE 

(5%Perforated) 

100 gauge 1.150 0.900 0.860 0.740 0.380 0.806
b
 1.330 1.030 0.930 0.786 0.400 0.895

b
 

150 gauge  1.150 0.880 0.740 0.670 0.430 0.774
c
 1.330 1.093 0.833 0.586 0.490 0.866

c
 

PP 

 

100 gauge 1.150 0.680 0.650 0.630 0.520 0.726
f
 1.330 0.853 0.636 0.640 0.500 0.792

e
 

150 gauge  1.150 0.850 0.800 0.590 0.380 0.754
cde

 1.330 1.180 0.800 0.506 0.370 0.837
d
 

PP 

(5% Perforated) 

100 gauge  1.150 1.080 0.840 0.800 0.480 0.870
a
 1.330 1.293 0.863 0.786 0.490 0.952

a
 

150 gauge  1.150 0.950 0.780 0.540 0.420 0.768
cd

 1.330 0.930 0.780 0.720 0.470 0.846
cd

 

Control 1.150 0.720 0.576 0.546 0.546 0.737
ef
 1.330 0.700 0.660 0.653 0.530 0.774

e
 

Mean  1.150
b
 0.852

a
 0.745

c
 0.636

d
 0.457

e
  1.330

a
 0.985

b
 0.787

c
 0.665

d
 0.464

e
  

LSD (P≤0.05) Treatment (T) = 0.025  Days (D) = 0.019   D x T = 0.055   Treatment (T) = 0.028  Days (D) = 0.021    D x T = 0.063 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 13a:  Effect of different packaging materials and storage interval on the titratable acidity 

per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                             Titratable acidity (%)               

                                                             Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 1.24 0.86 0.77 0.63 0.44 0.79

ef
 

150 gauge 1.24 0.84 0.68 0.62 0.50 0.78
f
 

LDPE (5% 

perforation) 

100 gauge 1.24 0.96 0.89 0.76 0.39 0.85
b
 

150 gauge 1.24 0.98 0.78 0.63 0.46 0.82
c
 

PP 
100 gauge 1.24 0.76 0.64 0.63 0.51 0.76

g
 

150 gauge 1.24 1.01 0.80 0.55 0.37 0.80
de

 

PP (5% 

perforation) 

100 gauge 1.24 1.18 0.85 0.79 0.48 0.91
a
 

150 gauge 1.24 0.94 0.78 0.63 0.44 0.81
cd

 

Control 1.24 0.71 0.62 0.60 0.53 0.74
h
 

Mean  1.24
a
 0.92

b
 0.76

c
 0.65

d
 0.46

e
  

LSD (P≤0.05) Treatment (T) =0.017    Days (D) =0.013     D x T = 0.038 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 13:  Effect of different packaging materials and storage interval on the titratable acidity per 

cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 14:  Effect of different packaging materials and storage interval on the non reducing sugar per cent in Kinnow fruit stored at 5-7
o
C and 90-

95% RH  

TREATMENT Non reducing sugars (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

LDPE 100 guage 3.23 3.03 3.02 4.51 3.07 3.37
cd

 2.87 3.24 3.04 4.22 3.37 3.35
c
 

150 gauge  3.23 3.39 3.97 2.82 4.03 3.49
bc

 2.87 3.89 3.99 2.70 3.39 3.37
c
 

LDPE 

(5%Perforated) 

100 gauge 3.23 2.85 4.17 3.57 4.55 3.67
a
 2.87 2.93 2.93 2.94 5.35 3.66

a
 

150 gauge  3.23 3.13 4.02 2.47 4.58 3.49
bc

 2.87 3.11 3.60 3.37 4.47 3.48
b
 

PP 

 

100 gauge 3.23 3.38 2.95 3.02 2.97 3.11
e
 2.87 3.46 2.96 3.03 2.92 3.05

d
 

150 gauge  3.23 3.86 4.04 3.01 3.53 3.53
b
 2.87 3.19 3.87 3.43 3.70 3.41

bc
 

PP 

(5% Perforated) 

100 gauge  3.23 4.27 4.43 2.64 4.19 3.75
a
 2.87 4.15 4.49 2.59 4.15 3.65

a
 

150 gauge  3.23 3.74 3.69 2.55 3.52 3.35
d
 2.87 3.66 4.01 2.11 2.76 3.08

d
 

Control 3.23 2.75 3.25 2.73 2.90 2.97
f
 2.87 2.62 3.30 2.80 3.01 2.92

e
 

Mean  3.23
c
 3.37

b
 3.72

a
 3.03

d
 3.70

a
  2.87

d
 3.36

b
 3.72

a
 3.02

c
 3.68

a
  

LSD (P≤0.05) Treatment (T) = 0.11  Days (D) = 0.086   D x T = 0.26   Treatment (T) = 0.11  Days (D) = 0.084   D x T = 0.25 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 14a:  Effect of different packaging materials and storage interval on the non reducing 

sugars per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                             Non reducing sugars (%)               

                                                             Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 3.05 3.13 3.03 4.36 3.22 3.36

c
 

150 gauge 3.05 3.64 3.98 2.76 3.71 3.43
b
 

LDPE (5% 

perforation) 

100 gauge 3.05 2.89 4.18 3.25 4.95 3.67
a
 

150 gauge 3.05 3.12 3.81 2.92 4.52 3.48
b
 

PP 

100 gauge 3.05 3.42 2.95 3.02 2.94 3.08
e
 

150 gauge 3.05 3.52 3.95 2.56 3.61 3.34
c
 

PP (5% 

perforation) 

 

100 gauge 3.05 4.21 4.46 2.61 4.17 3.70
a
 

150 gauge 3.05 3.70 3.85 2.15 3.14 3.18
d
 

Control 3.05 2.68 3.27 2.76 2.95 2.95
f
 

Mean  3.05
c
 3.37

b
 3.72

a
 2.93

d
 3.69

a
  

LSD (P≤0.05) Treatment (T) =0.067    Days (D) =0.050     D x T = 0.15 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 14:  Effect of different packaging materials and storage interval on the non reducing sugars 

per cent in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 15:  Effect of packaging materials and storage interval on the total flavanoids content (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% 

RH  

TREATMENT Total flavonoids (mg/100g)) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

LDPE 100 guage 55.40 81.46 70.35 60.22 40.24 61.53
d
 60.50 86.34 72.68 67.59 35.89 64.60

de
 

150 gauge  55.40 74.28 70.56 69.44 37.00 61.34
d
 60.50 76.97 73.48 72.41 38.93 64.46

e
 

LDPE 

(5%Perforated) 

100 gauge 55.40 104.20 70.66 58.16 46.45 66.97
b
 60.50 112.06 72.32 62.41 44.29 70.31

b
 

150 gauge  55.40 94.16 67.44 52.60 50.80 64.08
c
 60.50 103.84 71.25 57.32 52.77 69.14

b
 

PP 

 

100 gauge 55.40 73.11 69.58 48.23 41.88 57.64
e
 60.50 75.36 72.05 50.98 41.79 60.13

f
 

150 gauge  55.40 92.40 66.00 63.58 33.49 62.17
d
 60.50 100.81 67.59 66.97 36.87 66.55

cd
 

PP 

(5% Perforated) 

100 gauge  55.40 97.40 88.66 76.20 38.78 71.29
a
 60.50 108.48 98.31 75.27 41.52 76.81

a
 

150 gauge  55.40 81.22 66.45 62.12 46.30 62.30
cd

 60.50 90.00 68.30 65.98 48.24 69.14
b
 

Control 55.40 80.40 63.46 36.78 21.45 51.50
f
 60.50 90.45 66.40 40.91 26.65 66.60

c
 

Mean  55.40
d
 86.51

a
 70.35

b
 58.59

c
 39.60

e
  60.50

e
 93.81

a
 73.60

b
 62.20

c
 40.77

e
  

LSD (P≤0.05) Treatment (T) = 1.84  Days (D) = 1.37    D x T = 4.12   Treatment (T) = 1.97  Days (D) = 1.47    D x T = 4.41 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 15a:  Effect of different packaging materials and storage interval on the total flavonoids 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                          Total flavonoids (mg/100g) 

                                                                           Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 57.95 83.90 71.51 63.90 38.06 63.07

de
 

150 gauge 57.95 75.62 72.02 70.92 37.96 62.90
e
 

LDPE (5% 

perforation) 

100 gauge 57.95 108.13 71.49 60.28 45.37 68.64
b
 

150 gauge 57.95 99.00 69.34 54.96 51.78 66.61
c
 

PP 
100 gauge 57.95 74.23 70.81 49.60 41.83 58.89

f
 

150 gauge 57.95 96.60 66.79 65.27 35.18 64.36
d
 

PP (5% 

perforation) 

100 gauge 57.95 102.94 93.48 75.73 40.15 74.05
a
 

150 gauge 57.95 85.61 67.37 64.05 47.27 64.45
d
 

Control 57.95 85.42 64.93 38.84 24.05 54.24
g
 

Mean  57.95
d
 90.16

a
 71.97

b
 60.40

c
 40.19

e
  

LSD (P≤0.05) Treatment (T) = 1.39   Days (D) = 1.03    D x T = 3.10 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 15: Effect of different packaging materials and storage interval on the total flavonoids 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 16: Effect of different packaging materials and storage interval on the total antioxidants (%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT Total antioxidants (%) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

LDPE 100 guage 24.78 23.54 16.00 12.40 8.60 17.06
cde

 28.43 21.99 20.82 14.92 8.42 18.92
d
 

150 gauge  24.78 20.86 18.62 12.38 7.80 16.89
de

 28.43 26.18 18.54 11.89 8.64 18.73
d
 

LDPE 

(5%Perforated) 

100 gauge 24.78 22.44 17.60 14.60 10.55 17.99
ab

 28.43 27.62 19.43 15.00 11.52 20.40
ab

 

150 gauge  24.78 23.60 15.68 12.28 11.24 17.52
bc

 28.43 24.48 18.65 15.57 11.82 19.79
bc

 

PP 

 

100 gauge 24.78 20.60 17.88 11.64 8.50 16.68
e
 28.43 26.15 17.15 12.51 8.76 18.60

d
 

150 gauge  24.78 23.32 16.30 11.10 10.75 17.25
cd

 28.43 27.60 18.26 11.92 11.81 19.60
c
 

PP 

(5% Perforated) 

100 gauge  24.78 22.58 18.48 14.80 11.20 18.37
a
 28.43 27.79 20.15 15.90 12.06 20.92

a
 

150 gauge  24.78 19.72 16.50 15.12 10.80 17.38
cd

 28.43 27.98 15.31 14.75 12.06 19.70
c
 

Control 24.78 17.84 11.40 9.80 6.30 14.02
f
 28.43 21.35 16.23 10.00 6.70 16.54

e
 

Mean  24.78
a
 21.61

b
 16.50

c
 12.68

d
 9.53

e
  28.43

a
 25.68

b
 18.28

c
 13.61

d
 10.23

e
  

LSD (P≤0.05) Treatment (T) = 0.55  Days (D) = 0.41    D x T = 1.22   Treatment (T) = 0.62  Days (D) = 0.46    D x T = 1.40 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 



 

Table 16a:  Effect of different packaging materials and storage interval on the total 

antioxidants (%) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                                           Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 26.60 22.76 18.41 13.66 8.51 17.99

d
 

150 gauge 26.60 23.52 18.58 12.13 8.22 17.81
de

 

LDPE (5% 

perforation) 

100 gauge 26.60 25.03 18.51 14.80 11.03 19.20
b
 

150 gauge 26.60 24.04 17.16 13.92 11.53 18.65
c
 

PP 

100 gauge 26.60 23.37 17.51 12.07 8.63 17.64
e
 

150 gauge 26.60 25.46 17.28 11.51 11.28 18.43
c
 

PP (5% 

perforation) 

 

100 gauge 26.60 25.18 19.31 15.35 11.63 19.62
a
 

150 gauge 26.60 23.85 15.90 14.93 11.43 18.54
c
 

Control 26.60 19.59 13.81 9.90 6.50 15.28
f
 

Mean  26.60
a
 23.65

b
 17.39

c
 13.14

d
 9.86

e
  

LSD (P≤0.05) Treatment (T) =0.33    Days (D) = 0.24    D x T = 0.73 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig.16: Effect of different packaging materials and storage interval on the total antioxidants 

(%) in Kinnow fruit stored at 5-7
0
C and 90-95% RH 
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Table 17: Effect of different packaging materials and storage interval on the protein content (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

TREATMENT Protein content (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean 

LDPE 100 guage 131.54 155.38 152.68 140.00 121.09 140.14
d
 140.64 152.82 151.35 148.42 128.35 144.32

de
 

150 gauge  131.54 161.29 159.22 125.87 119.77 139.54
de

 140.64 164.55 163.87 128.35 121.92 143.87
de

 

LDPE 

(5%Perforated) 

100 gauge 131.54 168.76 183.44 168.76 117.88 156.29
b
 140.64 183.27 182.26 174.92 121.13 160.44

b
 

150 gauge  131.54 186.34 154.23 148.22 110.32 146.13
c
 140.64 188.01 159.92 149.55 113.01 150.23

c
 

PP 

 

100 gauge 131.54 166.44 142.12 122.89 112.81 135.16
e
 140.64 170.98 147.97 125.19 114.59 139.87

e
 

150 gauge  131.54 180.18 138.22 130.20 124.56 140.94
d
 140.64 182.93 141.88 135.79 128.46 145.94

cd
 

PP 

(5% Perforated) 

100 gauge  131.54 224.65 190.19 156.38 104.46 161.44
a
 140.64 231.54 187.44 161.39 107.59 165.72

a
 

150 gauge  131.54 166.67 156.78 144.11 108.34 141.49
d
 140.64 170.86 161.95 149.10 113.46 147.20

cd
 

Control 131.54 134.56 123.39 90.35 78.24 111.62
f
 140.64 140.75 134.10 118.20 80.73 122.88

f
 

Mean  131.54
d
 172.81

a
 155.59

b
 136.31

c
 110.83

e
  140.64

c
 176.19

a
 158.97

b
 143.43

c
 114.36

d
  

LSD (P≤0.05) Treatment (T) = 4.46  Days (D) = 3.33   D x T = 9.98   Treatment (T) = 4.98  Days (D) = 3.71    D x T = 11.14 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 



 

Table 17a:  Effect of different packaging materials and storage interval on the protein content 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH  

                                                                 Protein (mg/100g)           

                                                                 Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 136.09 154.10 152.01 144.21 124.72 142.23

d
 

150 gauge 136.09 162.92 161.54 127.11 120.84 141.70
d
 

LDPE (5% 

perforation) 

100 gauge 136.09 176.01 182.85 171.84 119.50 157.26
b
 

150 gauge 136.09 187.17 157.07 148.88 111.66 148.18
c
 

PP 

100 gauge 136.09 168.71 145.04 124.04 113.70 137.52
e
 

150 gauge 136.09 181.55 140.05 132.99 126.51 143.44
d
 

PP (5% 

perforation) 

 

100 gauge 136.09 228.09 188.81 158.88 106.02 163.58
a
 

150 gauge 136.09 168.76 159.36 146.60 110.90 144.35
d
 

Control 136.09 137.65 128.74 104.27 79.48 117.25
f
 

Mean  136.09
d
 173.89

a
 157.28

b
 139.87

c
 112.59

e
  

LSD (P≤0.05) Treatment (T) =2.85    Days (D) = 2.12   D x T = 6.37 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 17: Effect of different packaging materials and storage interval on the protein content 

(mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Table 18:  Effect of different packaging materials and storage interval on the total free amino acids (mg/100g) in Kinnow fruit stored at 5-7
o
C and 

90-95% RH  

TREATMENT Total free amino acids (mg/100g) 

2016-17 2017-18 

Storage interval (Days) Storage interval (Days) 

0 30 45 60 75 Mean 0 30 45 60 75 Mean  

LDPE 100 guage 81.45 46.48 39.24 60.29 110.31 67.55
e
 86.33 44.45 36.01 58.41 113.79 67.80

e
 

150 gauge  81.45 46.33 38.29 43.31 110.27 63.93
f
 86.33 48.73 37.14 41.62 116.26 66.02

ef
 

LDPE 

(5%Perforated) 

100 gauge 81.45 53.41 46.84 87.38 133.40 80.50
b
 86.33 51.20 48.94 86.18 135.99 81.73

b
 

150 gauge  81.45 58.14 44.56 70.18 141.28 79.12
b
 86.33 59.50 40.38 69.39 148.61 80.84

b
 

PP 

 

100 gauge 81.45 50.38 44.21 55.22 84.21 63.09
f
 86.33 52.49 42.60 52.95 89.78 64.83

f
 

150 gauge  81.45 54.31 50.16 64.66 104.02 70.92
d
 86.33 58.21 58.10 60.83 102.40 73.17

d
 

PP 

(5% Perforated) 

100 gauge  81.45 61.22 48.08 108.78 114.21 82.75
a
 86.33 59.50 47.13 111.93 118.99 84.78

a
 

150 gauge  81.45 68.19 38.11 70.65 119.88 75.66
c
 86.33 67.17 36.52 72.37 124.45 77.37

c
 

Control 81.45 42.12 26.00 60.00 48.98 51.70
g
 86.33 44.61 28.28 62.33 52.08 54.73

g
 

Mean  81.45
b
 53.40

d
 41.72

e
 68.94

c
 107.40

a
  86.33

b
 53.98

d
 41.68

e
 68.45

c
 111.37

a
  

LSD (P≤0.05) Treatment (T) = 2.09  Days (D) = 1.56   D x T = 4.67   Treatment (T) = 2.61  Days (D) = 1.94    D x T = 5.83 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 
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Table 18a:  Effect of different packaging materials and storage interval on the total free 

amino acids (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 

                                                          Total free amino acids (mg/100g) 

                                                                Storage interval (Days) 

TREATMENT 0 30 45 60 75 Mean 

LDPE 
100 gauge 83.89 45.46 37.62 59.35 112.05 67.68

e
 

150 gauge 83.89 47.53 37.71 42.46 113.26 64.97
f
 

LDPE (5% 

perforation) 

100 gauge 83.89 52.30 47.89 86.78 134.69 81.11
b
 

150 gauge 83.89 58.82 42.47 69.78 144.94 79.98
b
 

PP 
100 gauge 83.89 51.43 43.40 54.08 86.99 63.96

f
 

150 gauge 83.89 56.26 54.13 62.74 103.21 72.05
d
 

PP (5% 

perforation) 

100 gauge 83.89 60.36 47.60 110.35 116.60 83.76
a
 

150 gauge 83.89 67.68 37.31 71.51 122.16 76.51
c
 

Control 83.89 43.36 27.14 61.16 50.53 53.22
g
 

Mean  83.89
b
 53.69

d
 41.70

e
 68.69

c
 109.38

a
  

LSD (P≤0.05) Treatment (T) =1.42    Days (D) =1.06     D x T = 3.17 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15 fruits/replication) 

 

 

 

The vertical bar represents standard error (SE) mean of three replicates 

 

Fig 18: Effect of different packaging materials and storage interval on the total free 

amino acids (mg/100g) in Kinnow fruit stored at 5-7
o
C and 90-95% RH 
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Abstract

Freshly-harvested mature Kinnow fruits were packed into different commercially available packaging 

films viz. low density polyethylene (LDPE) 100 and 150 gauge film with 5% perforation and without 

perforation and polypropylene (PP) 100 gauge and 150 gauge film with 5% perforation and without 

perforation. The packed and unpacked fruits were stored under cold storage conditions (5-70C and 90-

95% RH) to study the efficacy of MAP films and storage conditions to enhance the storage-life and 

quality of Kinnow fruit. Changes in fruit quality attributes were assessed periodically. Fruits packed 

in perforated PP 100 and perforated LDPE 100 gauge film minimized the loss in spoilage despite 

maintaining organoleptic sensory attributes, juice content and various physico-chemical attributes like 

titratable acidity, vitamin C, TSS, sugars, protein and total free amino acids content effectively over 

unpacked fruits. The data revealed that perforated PP 100 gauge film emerged as best with respect to 

prolonging and maintaining shelf-life and quality of Kinnow mandarin up to 60 days in contrast to 

control i.e. 45 days.

Practical application

According to previous investigations done by various workers; Kinnow fruits can be successfully 

stored up to 45 days by using different modified atmospheric packaging conditions. Results in the 

present study suggests that shelf-life of the fruits packed in perforated PP 100 and perforated LDPE 

100 gauge films can be extended successfully up to 60 days at 5-70C and 90-95% RH, without much 

of change in physical and biochemical attributes.  

Keywords: Kinnow, Packaging films, Storage conditions and Quality

1 | INTRODUCTION

Kinnow mandarin, a hybrid of King (Citrus nobilis L.) and Willow leaf (Citrus deliciosa L) 

leading fruit among citrus fruits grown in India. It is commercially grown in Punjab, Haryana, south 

western part of Rajasthan, foot hills of Himachal Pradesh and western Uttar Pradesh. Kinnow 

mandarins are cherished around the globe due to their nutritional value, pleasant flavor and refreshing 

taste. Due to these quality traits, Kinnow is in high demand not only in Indian markets but also in 
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abroad (Dhatt and Mahajan 2011). In India, Punjab ranks first with respect to area and production 

under Kinnow mandarin (Anonymous 2018). The Kinnow fruits matures during mid January for 

commercial harvesting and these months often witness arrival of large number truck loads of Kinnow 

fruits at major wholesale market of India, which lead to glut and huge post-harvest losses due to 

inadequate post-harvest facilities. Hence, to enhance the storage-life, introduction of an ideal storage 

method is required to achieve the goals for better transportation. Modified atmospheric packaging 

(MAP) is an ideal tool to enhance the post-harvest life of horticultural commodities (Mangaraj and 

Goswami 2009). In spite of maintaining a desirable high humidity atmosphere around fruits, MAP 

films delayed the ripening of banana fruits cv. Mas and Sucrier (Tan et al 1990 and Romphophaket al 

2004). However, commercial exploitation of MAP films is yet to be done (Thompson 1998). 

Information on effectiveness of MAP (PP and LDPE) to extend the post-harvest life of Kinnow 

mandarin is limited. In the present investigation, effectiveness of perforated and non perforated PP 

and LDPE films on Kinnow fruit was evaluated under cold storage conditions (5-70C and 90-95% 

RH).

2 | MATERIALS AND METHODS 

The present investigations was conducted in the Department of Fruit Science and Punjab  

Horticultural Postharvest Technology Centre, Ludhiana during the consecutive seasons of 2016-17 

and 2017-18. In the experiment, uniform sized, quality kinnow fruits were harvested with the help of 

clipper by retaining a small button of the stalk from uniform and healthy plants selected and 

maintained under recommended cultural practices at Regional Fruit Research Station, Abohar. The 

fruits were packed in cushioned crated and transported to the Postharvest laboratory of Department of 

Fruit Science, PAU, Ludhiana. The fruits were sorted, graded and washed with chlorine solution (100 

ppm). Thereafter fruits were packed in commercially available packaging films in the market i.e Low 

density polyethylene 100 and 150 gauge film (Model LD, Sol Pack system) with 5% perforation and 

without perforation and Polypropylene 100 gauge and 150 gauge (Model PP, Sol Pack Syestem) with 

5% perforation and without perforation. Each packaging material was labelled before sealing it with 

sealing machine and kept inside cold rooms maintained at 5-70C and 90-95% RH.

2.1 |  Evaluation of physical attributes 

Spoilage loss was calculated from the number of fruits infected at each storage interval of 

observation to the number of fruits initially taken. Then per cent of spoilage loss was worked out by 

the following formula, 

                                                    Number of spoiled fruits

                      Spoilage (%) =    x 100

                                                     Total number of fruits

 The overall organoleptic sensory rating of the fruits was done by a panel of ten judges on the basis of 

external appearance of fruits, texture, taste and flavor and calculated making use of nine-point 
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Hedonic scale (Amerine et al 1965). The fruit Juice was extracted with the help of screw type 

extractor and was strained through mesh (32 mm) and weighed. The percentage of juice was 

calculated on fresh weight basis.

                                              Juice weight

           Juice percentage = × 100

                                Weight of fruit

2.2 | Evaluation of physico-chemical attributes

The total soluble solids (TSS) of the fruit juice were determined using a hand refractometer 

and expressed as percent TSS after making the temperature correction at 200C. The titratable acidity, 

vitamin C, reducing sugars and total sugars content were determined as per standard procedure 

(AOAC 2005). Protein content and total free amino acid content was determined with slight 

modifications as per according to the method given by Lowry et al (1951) and Yemm and Cocking 

(1954), respectively. 

3 | Experimental design and statistical analysis
The experiment consisted of 9 treatments and 4 storage intervals i.e. 30, 45, 60 and 75 days. 

Experiment was laid out in completely randomized block design with three replication for each 

treatment (n=15) and each storage interval. Data were analyzed for variance by using the SAS (V 9.3, 

SAS Institute Inc., and Cary, NC, USA) package.

4 | Results and Discussion

4.1 | Spoilage (%) 

Fruit decay incidence occurred due to a rise in rotting with an advancement in storage 

period irrespective of treatments (Table 1). In general, an abrupt loss in spoilage was noticed after 

60 days of storage which further increased till end of the storage i.e. 75 days. Among all the 

packaging films, fruits packed in perforated PP 100 gauge film registered the lowest spoilage 

(12.49%) after 75 days of storage whereas, the non perforated PP 100 gauge packed fruits 

resulted the highest incidence of spoilage (91.66%) even higher than that of unpacked fruits; this 

might be due to accumulation of excessive moisture inside non perforated packaging film because 

of non permeability of Co2, O2 and water through the film (Tijskens and Vollebregt 2003; Soliva 

and Martin 2003 and Mahajan et al 2015). The interaction between packaging films and storage 

interval was found to be significant. These results are in conformity to the findings of Nath et al 

(2012) who observed a lowest cumulative decay loss in pear fruits packed in perforated PP film in 

contrast to non perforated film and unpacked. Similar findings were also reported in pear (Kaur et 

al 2013; Geason et al 1991 and Sandhu et al 2000).  
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Table 1 Effect of packaging materials and storage intervals on the spoilage per cent of Kinnow fruit 

stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)

MAP films 0 30 45 60 75 Mean ±SE

LDPE 100 gauge 0.00 (0.00) 8.33 (2.04) 12.50 (2.50) 33.33 (5.77) 83.33 (9.11) 3.88c ± 0.65

LDPE 150 gauge 0.00 (0.00) 8.33 (2.04) 12.50 (2.50) 49.99 (6.97) 79.16 (8.87) 4.07b ± 0.68

LDPE 100 gauge 
with 5% 
perforation

0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 20.83 (4.54) 0.91g ± 0.34

LDPE 150 gauge 
with 5% 
perforation

0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 4.33 (1.47) 50.00 (7.07) 1.71f ± 0.52

PP 100 gauge 0.00 (0.00) 16.66 (4.08) 20.83 (4.54) 33.33 (5.77) 91.66 (9.57) 4.79a ± 0.57

PP 150 gauge 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 12.50 (2.50) 91.66 (9.57) 2.41d ± 0.72

PP 100 gauge 
with 5% 
perforation

0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 12.49 (3.48) 0.70h ± 0.26

PP 150 gauge 
with 5% 
perforation

0.00 (0.00 0.00 (0.00) 0.00 (0.00) 12.49 (3.48) 75.00 (8.66) 2.43d ± 0.63

Control 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 20.83 (4.54) 33.33 (5.77) 2.06e ± 0.48

Mean ±SE 0.00d±0.00 0.91d±0.23 1.06c ± 0.27 3.39b ± 0.36 7.40a ±  0.30  

LSD (P≤0.05) Treatment (MAP) = 0.059     Days (SI) = 0.043         SI x MAP = 0.13

F value ((P≤0.05) Treatment (MAP) = 1136.05  Days (SI) = 10123.28  SI x MAP = 348.12
Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Figures in parenthesis are square 
root transformation values. Each value represents pooled mean of 2 years (2017 and 2018)

4.2 | Organoleptic sensory attributes (Hedonic scale 1-9)

The data on sensory rating of Kinnow fruit influenced by different packaging films 

followed an identical trend during storage (Table 2). In general, the sensory attributes increased till 

30 days of storage thereafter a gradual decline was noticed till end of the storage. Among all the 

packaging films, fruits packed in perforated PP 100 and LDPE 100 gauge remained fit for 

consumption by retaining acceptable sensory rating (8.35 and 7.95, respectively) after 60 days of 

storage. On the other hand, fruits packed in non perforated LDPE 150 gauge film registered the 

highest sensory score (8.32) after 30 days of storage; thereafter followed by a rapid decline thereby 

declared unfit to eat and rated as extremely undesirable after 75 days of storage. Highest sensory 

rating by the fruits packed in perforated PP 100 gauge and perforated LDPE 100 gauge films might 

be due to better retention of the quality parameter viz TSS and sugars during storage may be to 

delayed ripening and senescence processes; which simultaneously delayed the conversion of starch 
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into sugars. However, fruits packed in non perforated LDPE 150 gauge and non perforated PP 100 

gauge film showed an unpleasant appearance due to creation of an anaerobic environment inside 

packaging film led to development of off flavors and volatile compounds. The interaction between 

packaging film and storage interval was found to be significant. These results are however, 

interestingly are contrary to the findings of Ramaya et al (2012) who reported that mango fruits 

packed in non perforated OPP film maintained higher sensory rating in contrast to perforated OPP 

film. Similarly, Mahajan and Singh (2014) also reported that Kinnow fruits wrapped in shrink films 

maintained higher sensory score in contrast to control (unpacked). Similar findings were also reported 

in peach (Mahajan et al 2015) and apple cv. ‘Red delicious’ (Sharma et al 2013). 

Table 2 Effect of packaging films and storage periods on the organoleptic sensory attributes (Hedonic 

scale 1-9) of Kinnow fruit stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)
MAP films 0 30 45 60 75 Mean ±SE
LDPE 100 
gauge

7.50 (2.74) 8.34 (2.89) 7.75 (2.78) 6.94 (2.63) 4.97 (2.22) 2.65e±0.046

LDPE 150 
gauge

7.50 (2.74) 8.32 (2.88) 7.70 (2.77) 6.83 (2.61) 0.00 (0.00) 2.20g±0.20

LDPE 100 
gauge with 5% 
perforation

7.50 (2.74) 8.57 (2.93) 8.25 (2.87) 7.95 (2.82) 6.68 (2.58) 2.79b±0.024

LDPE 150 
gauge with 5% 
perforation

7.50 (2.74) 8.72 (2.95) 8.07 (2.84) 7.74 (2.78) 6.04 (2.45) 2.75c±0.034

PP 100 gauge 7.50 (2.74) 8.45 (2.91) 7.55 (2.75) 7.13 (2.67) 0.00 (0.00) 2.20g±0.21
PP 150 gauge 7.50 (2.74) 8.40 (2.90) 7.61 (2.76) 7.04 (2.65) 0.00 (0.00) 2.21g±0.20
PP 100 gauge 
with 5% 
perforation

7.50 (2.74) 8.72 (2.95) 8.50 (2.92) 8.35 (2.89) 6.63 (2.57) 2.81a±0.028

PP 150 gauge 
with 5% 
perforation

7.50 (2.74) 8.65 (2.94) 7.87 (2.80) 7.17 (2.68) 5.85 (2.42) 2.71d±0.035

Control 7.50 (2.74) 7.20 (2.68) 6.63 (2.57) 6.12 (2.47) 5.80 (2.41) 2.57f±0.03
Mean ±SE 2.74 c±0.013 2.89a±0.014 2.78b±0.015 2.69d±0.018 1.63e±0.16
LSD (P≤0.05) Treatment (MAP) = 0.025   Days (SI) = 0.018   SI x MAP =  0.057 

F value 
((P≤0.05)

Treatment (MAP) = 229.56  Days (SI) = 2120.58  SI x MAP = 145.58

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Figures in parenthesis are square 
root transformation values. Each value represents pooled mean of 2 years (2017 and 2018)

4.3 | Juice (%)

Juice content decreased with prolongation in storage period irrespective of the treatments 

(Table 3). The highest juice (49.00 ± 0.17 per cent) content was registered at the time of harvest (0 
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day) which decline gradually till the end of the storage. Fruits packed in perforated PP 100 gauge film 

maintained the highest juice content (45.40%) after 75 days of storage. By contrast, control 

(unpacked) fruits  followed an abrupt decline in juice content with an advancement in storage period 

thereby retained  the lowest juice (34.48 %) content after 75 days of storage. Fruits packed in 

perforated PP 100 and perforated LDPE 100 gauge film maintained the highest juice content; might 

be due to influence of polymeric packaging films on differential rate of water loss from the fruit 

surface. The interaction between packaging films and storage interval was found to be significant. 

These results are in conformity to the findings of Sharma et al (2013) who reported that fruits of apple 

cv. ‘Royal delicious’ wrapped in cryovac films maintained higher juice recovery.Heat shrinkable 

films are known to influence juice recovery in Mosambi and Kinnow, primarily due to curve on PLW 

over unwrapped fruits (Ladaniya and Singh 2001; Ladaniya 2003). 

Table 3 Effect of packaging conditions and storage periods on the juice percentage (%) of Kinnow 

fruit stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)
MAP films 0 30 45 60 75 Mean ±SE
LDPE 100 
gauge

49.00 (6.99) 45.19 (6.72) 44.71 (6.68) 42.96 (6.55) 41.52 (6.44) 6.68cd±0.039

LDPE 150 
gauge

49.00 (6.99) 44.72 (6.69) 43.83 (6.62) 42.94 (6.55) 40.89 (6.39) 6.65d±0.040

LDPE 100 
gauge with 
5% 
perforation

49.00 (6.99) 48.59 (6.97) 47.79 (6.91) 45.32 (6.73) 42.71 (6.53) 6.83ab±0.036

LDPE 150 
gauge with 
5% 
perforation

49.00 (6.99) 46.79 (6.84) 46.46 (6.82) 45.10 (6.71) 42.77 (6.54) 6.78b±0.032

PP 100 gauge 49.00 (6.99) 44.75 (6.69) 41.93 (6.47) 41.46 (6.44) 38.05 (6.17) 6.55e±0.054
PP 150 gauge 49.00 (6.99) 45.44 (6.74) 44.67 (6.68) 43.31 (6.58) 41.74 (6.46) 6.69cd±0.038
PP 100 gauge 
with 5% 
perforation

49.00 (6.99) 48.41 (6.96) 47.19 (6.87) 45.51 (6.75) 45.40 (6.74) 6.86a±0.025

PP 150 gauge 
with 5% 
perforation

49.00 (6.99) 46.71 (6.83) 44.99 (6.71) 43.43 (6.59) 40.51 (6.36) 6.70c±0.043

Control 49.00 (6.99) 46.37 (6.81) 45.02 (6.71) 38.26 (6.18) 34.48 (5.87) 6.51e±0.080
Mean ±SE 6.99a±0.012 6.80b±0.018 6.72c±0.021 6.56d±0.025 6.39e±0.034
LSD (P≤0.05) Treatment (MAP) = 0.048   Days (SI) =0.036 SI x MAP = 0.11

F value 
((P≤0.05)

Treatment (MAP) = 42.43  Days (SI) = 316.26 SI x MAP = 7.99

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Figures in parenthesis are square 
root transformation values. Each value represents pooled mean of 2 years (2017 and 2018)
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4.4 | Titratable acidity (%)

Irrespective of treatments, the level of acid content of Kinnow fruits followed a decline with 

progress in storage period (Table 4). Among all the packaging films, lowest mean acid content was 

noticed in the unpacked fruits (0.74 ± 0.048 %). However, fruits packed in perforated PP 100 gauge 

film maintained highest mean acidity (0.91 ± 0.05) content followed by perforated LDPE 100 gauge 

film (0.85 ± 0.053%). The decline in acid content during storage might be due to the metabolic 

changes occurs in fruit resulting from the use of organic acids as substrate for respiratory metabolism 

in detached fruits in respiratory process (Diaz-Mulaet al 2012 and Valero and Serrano 2010). Fruits 

packed in perforated PP 100 and perforated LDPE 100 gauge retained higher acid content; might be 

due to lack of oxidation of organic acids participates during respiratory process. The interaction 

between packaging films and storage interval are found to be significant. The results are in 

corroboration with the findings of Azeneet al (2014) who reported that fruits of papaya wrapped in 

HDPE and LDPE maintained higher acid content (0.37 and 0.36%, respectively) over unwrapped 

fruits (0.30%) after 18 days of storage. Similar results were also reported in mango cv. ‘Alphonso and 

‘Banganapalli’ by Rao and shivashankara (2015). Mahajan and Singh (2014) registered that Kinnow 

fruits wrapped in shrink films maintained the higher acid content (0.54%)in contrast to unpacked 

(0.48%) fruits during storage.

Table 4 Effect of packaging films and storage periods on the titratable acidity per cent of Kinnow 

fruit stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)
MAP films 0 30 45 60 75 Mean ±SE
LDPE 100 gauge 1.24 0.86 0.77 0.63 0.44 0.79 f ± 0.051
LDPE 150 gauge 1.24 0.84 0.68 0.62 0.50 0.78f ± 0.049
LDPE 100 gauge 
with 5% 
perforation

1.24 0.96 0.89 0.76 0.39 0.85b ± 0.053

LDPE 150 gauge 
with 5% 
perforation

1.24 0.98 0.78 0.63 0.46 0.82c ± 0.052

PP 100 gauge 1.24 0.76 0.64 0.63 0.51 0.76g ± 0.048
PP 150 gauge 1.24 1.01 0.80 0.55 0.37 0.80de ± 0.060
PP 100 gauge 
with 5% 
perforation

1.24 1.18 0.85 0.79 0.48 0.91a ± 0.05

PP 150 gauge 
with 5% 
perforation

1.24 0.94 0.78 0.63 0.44 0.81cd ± 0.05

Control 1.24 0.71 0.62 0.60 0.53 0.74h ± 0.048
Mean ±SE 1.24a±0.014 0.92b±0.022 0.76c±0.014 0.65d±0.012 0.46e±0.00079
LSD (P≤0.05) Treatment (MAP) =0.017   Days (SI) =0.013       SI x MAP = 0.038
F value ((P≤0.05) Treatment (MAP) = 72.32  Days (SI) = 4277.33  SI x MAP = 34.11
Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean 
of 2 years (2017 and 2018)
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4.5 | Vitamin C (mg/100g)

The data on vitamin C content influenced by various packaging films followed a decline with 

prolongation in storage period (Table 5). In general, the highest ascorbic acid content was registered 

at the time of harvest (0 day data) i.e. 33.92 ± 0.13mg/100g pulp, thereafter a gradual decline was 

noticed till the end of the storage i.e. 75 days of the storage (18.47 ±0.24 mg/100g pulp). Fruits 

packed in perforated PP 100 gauge film maintained the highest mean ascorbic acid content (24.90 ± 

0.89mg/100g pulp) followed by perforated LDPE 100 gauge film (24.59 ± 0.96 mg/100g pulp). 

However, control fruits followed an abrupt decline in ascorbic acid  content at faster pace thereby 

registered the lowest mean ascorbic acid (22.90 ± 1.06 mg/100g pulp) content. The decline in ascorbic 

acid content might be due to conversion of ascorbic acid to dehydroascorbic acid by the action of 

ascorbic acid oxidase (Mapson 1970 and Singh et al 2005). The interaction between packaging films 

and storage interval was found to be significant. The results are in agreement with the findings of 

Nath et al (2012) who observed that pear fruits packed in perforated PP film maintained the higher 

ascorbic acid content in contrast to non perforated and unpacked fruits. Fruits of ‘papaya’ wrapped in 

LDPE retained the maximum ascorbic acid content (45.6 mg/100g) in contrast to control (40.60 

mg/100 g) after 18 days of storage (Azeneet al 2014). Similarly, Mahajan and Singh (2014) reported 

that fruits of Kinnow wrapped in shrink film retained the maximum ascorbic acid content over 

unwrapped fruits during storage. 

Table 5 Effect of packaging films and storage periods on the vitamin C (mg/100g) of Kinnow fruit 

stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)
MAP films 0 30 45 60 75 Mean ±SE
LDPE 100 gauge 33.92 22.83 22.32 20.30 18.60 23.60d±1.03
LDPE 150 gauge 33.92 22.55 21.81 20.13 18.39 23.36de±1.05
LDPE 100 gauge 
with 5% 
perforation

33.92 24.71 24.09 20.47 19.76 24.59ab±0.96

LDPE 150 gauge 
with 5% 
perforation

33.92 25.77 23.06 21.39 18.22 24.47abc±1.01

PP 100 gauge 33.92 22.42 20.75 20.32 17.72 23.03ef±1.07
PP 150 gauge 33.92 28.10 23.45 19.05 16.22 24.15c±1.20
PP 100 gauge 
with 5% 
perforation

33.92 23.38 23.22 22.96 20.99 24.90a±0.89

PP 150 gauge 
with 5% 
perforation

33.92 25.71 23.00 21.28 17.93 24.37bc±1.03

Control 33.92 21.73 20.66 19.76 18.39 22.90f±1.06
Mean ±SE 33.92a±0.13 24.14b±0.33 22.49c±0.23 20.63d±0.23 18.47e±0.24
LSD (P≤0.05) Treatment (MAP) = 0.43   Days (SI) =0.32     SI x MAP =0.97
F value ((P≤0.05) Treatment (MAP) = 21.89  Days (SI) = 2659.17 SI x MAP = 12.74
Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean 
of 2 years (2017 and 2018)
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4.6 | Total Soluble Solids (%)

TSS content followed an identical trend with an advancement in storage period (Table 6). In 

general, a gradual rise in TSS content was observed after 60 days of storage i.e. 11.44 ± 0.11 per cent, 

thereafter a decline was noticed at the end of the storage i.e. 10.86 ± 0.07 per cent. Among the various 

packaging films, fruits packed in perforated PP 100 gauge film registered the highest mean TSS 

(10.73 ± 0.22%) content followed by perforated LDPE 100 gauge film 10.63 ± 0.26 per cent). 

However, the lowest TSS (9.67 ± 0.18%) content was recorded in unwrapped fruits. An increase and 

decrease in TSS content during storage; might be due to conversion of starch into sugars further no 

increase  and on the completion of starch hydrolysis, no further increase occurred thereafter; and 

subsequently the TSS content declined as the sugars act as substrate during respiration (Wills et al 

1980). The interaction between packaging films and storage interval was found to be significant. The 

results are in conformity to the findings of Azene et al (2014) who reported that fruits of papaya 

wrapped in LDPE maintained higher TSS content during storage. Similar findings were also reported 

in mango (Rao and shivashankara 2015). Mahajan and Singh (2014) observed that shrink film resulted 

the maximum TSS content in Kinnow. Similar findings were also reported in peach fruit (Mahajan et 

al 2015).

Table 6 Effect of packaging films and storage periods on the total soluble solids (TSS) per cent of 

Kinnow fruit stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)
MAP films 0 30 45 60 75 Mean ±SE
LDPE 100 
gauge

8.60 9.90 10.27 11.72 10.62 10.22h±0.21

LDPE 150 
gauge

8.60 9.20 10.40 10.77 10.67 9.93c±0.17

LDPE 100 
gauge with 5% 
perforation

8.60 10.27 10.67 12.80 10.82 10.63a±0.26

LDPE 150 
gauge with 5% 
perforation

8.60 10.55 10.75 11.10 10.85 10.37b±0.18

PP 100 gauge 8.60 9.27 9.87 10.90 10.45 9.82cd±0.16
PP 150 gauge 8.60 10.00 10.55 11.10 11.00 10.25b±0.18
PP 100 gauge 
with 5% 
perforation

8.60 10.57 11.10 12.00 11.37 10.73a±0.22

PP 150 gauge 
with 5% 
perforation

8.60 9.55 10.80 11.62 11.48 10.41b±0.23

Control 8.60 8.70 9.67 10.95 10.45 9.67d±0.18
Mean ±SE 8.60e±0.04 9.78d±0.096 10.46c±0.080 11.44a±0.11 10.86b±0.07
LSD (P≤0.05) Treatment (MAP) =0.19    Days (SI) =0.14     SI x MAP =  0.43
F value 
((P≤0.05)

Treatment (MAP) = 27.65  Days (SI) = 459.94SI x MAP = 5.92
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Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean 

of 2 years (2017 and 2018). 

4.7 | Reducing sugars (%)

The reducing sugars followed an increase till 60 days of storage and thereafter a decline was 

noticed till end of the storage (Table 7). Among different packaging films, fruits packed in perforated 

PP 100 gauge film maintained the highest mean reducing sugars (3.17 ± 0.23%) content followed by 

perforated LDPE 100 gauge film (3.09 ± 0.24%). On the other hand, unpacked fruits recorded the 

lowest mean reducing sugars (2.35%) content. The progressive increase in sugars during storage 

period up to 60 days followed by a gradual decrease decline; might be due to breakdown of starch into 

sugars, as on complete hydrolysis of starch no further increase in sugars occurs and subsequently a 

decline in these parameter is predictable as they along with other organic acids are primary substrate 

for respiration (Wills et al 1980).The interaction between packaging films and storage interval was 

found to be significant.

Table 7 Effect of packaging films and storage periods on the reducing sugars per cent of Kinnow fruit 

stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)
MAP films 0 30 45 60 75 Mean ±SE
LDPE 100 
gauge

1.68 2.20 2.36 4.06 2.82 2.63e±0.15

LDPE 150 
gauge

1.68 1.90 2.38 4.29 3.05 2.66de±0.18

LDPE 100 
gauge with 
5% 
perforation

1.68 2.37 2.59 5.35 3.47 3.09b±0.24

LDPE 150 
gauge with 
5% 
perforation

1.68 2.34 2.83 5.22 3.09 3.04c±0.23

PP 100 gauge 1.68 1.81 2.82 3.25 3.18 2.55f±0.12
PP 150 gauge 1.68 2.05 2.40 4.12 3.21 2.70d±0.17
PP 100 gauge 
with 5% 
perforation

1.68 2.54 2.85 5.44 3.32 3.17a±0.23

PP 150 gauge 
with 5% 
perforation

1.68 2.39 2.75 4.88 3.51 3.04bc±0.21

Control 1.68 2.29 2.32 3.04 2.43 2.35g±0.081
Mean ±SE 1.68e±0.00070 2.21d±0.038 2.59c±0.034 4.41a±0.12 3.12b±0.056
LSD (P≤0.05) Treatment (MAP) = 0.053   Days (SI) = 0.039    SI x MAP = 0.12
F value 
((P≤0.05)

Treatment (MAP) = 231.58  Days (SI) = 5473.61 SI x MAP = 83.96

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean 

of 2 years (2017 and 2018)
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4.8 | Total sugars (%)

A progressive rise in total sugars content was noticed till 60 days of storage; thereafter a decline 

was noticed at the end of the storage (Table 8). In general, the maximum total sugars (7.60 ±0.13%) 

content was noticed after 60 days of storage. Among different packaging films, fruits packed in 

perforated PP 100 gauge film registered the maximum total sugars (7.06 ± 0.22%) content followed by 

perforated LDPE 100 gauge film (6.80 ± 0.31%). However, unpacked fruits recorded the lowest total 

sugars (5.45 ± 0.083%) content. The initial increase in total sugars content of fruits under different 

packaging conditions might be due to loss of moisture from the fruit surface and conversion of 

polysaccharides and pectic substances into sugars. The increase in total sugars with the storage interval 

up to 60 days might be due to the hydrolysis of starch into mono and disaccharides. Thereafter, decline 

can be attributed to metabolic breakdown and senescence of fruits as a result of moisture and firmness 

loss during storage (Ryall and Pentzer 1982). The higher total sugars content in perforated PP 100 and 

perforated LDPE 100 gauge film might be due to delayed hydrolysis of starch and other polysaccharides 

to soluble form of sugars at slower rate. The interaction between packaging films and storage interval 

was found to be significant. These results are in conformity to the findings of Nath et al (2012) recorded 

higher sugar content in the pear fruits packed in PP films in contrast to unpacked fruits  Similarly, Azene 

et al (2014) reported that papaya fruits wrapped in LDPE registered higher reducing sugar and total 

sugars content in contrast to unpacked fruits. Mahajan et al (2015) also noticed that peach fruits 

wrapped in shrink film maintained the maximum sugars content during storage. 

Table 8 Effect of packaging films and storage periods on the total sugars per cent of Kinnow fruit 

stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)
MAP films 0 30 45 60 75 Mean±SE
LDPE 100 gauge 4.89 5.59 6.03 7.95 6.57 6.21e±0.21
LDPE 150 gauge 4.89 5.64 6.09 7.91 6.58 6.22de±0.21
LDPE 100 gauge 
with 5% 
perforation

4.89 5.41 6.23 8.78 8.65 6.80b±0.31

LDPE 150 gauge 
with 5% 
perforation

4.89 5.62 6.84 8.30 7.85 6.70b±0.24

PP 100 gauge 4.89 5.41 5.93 6.44 6.28 5.79f±0.11
PP 150 gauge 4.89 5.76 6.56 7.51 7.02 6.35cd±0.18
PP 100 gauge 
with 5% 
perforation

4.89 6.97 7.54 8.20 7.70 7.06a±0.22

PP 150 gauge 
with 5% 
perforation

4.89 6.29 6.80 7.33 6.82 6.43c±0.16

Control 4.89 5.12 5.77 5.94 5.53 5.45g±0.083
Mean±SE 4.89e±0.036 5.76d±0.077 6.42c±0.092 7.60a±0.13 7.00b±0.13
LSD (P≤0.05) Treatment (MAP) = 0.14  Days (SI) = 0.10    SI x MAP = 0.31
F value ((P≤0.05) Treatment (MAP) = 100.06  Days (SI) = 807.75 SI x MAP = 21.98
Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean 
of 2 years (2017 and 2018) 
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4.9 | Protein (mg/100g)

The protein content decreased with prolongation in storage period (Fig 1). In general, the 

maximum protein content was noticed after 30 days of storage i.e.173.89 ± 3.37mg/100g pulp, which 

thereafter declined to 112.59± 1.91 mg/100g pulp after 75 days of storage. Fruits packed in perforated 

PP 100 gauge film maintained highest mean protein (163.58± 7.91 mg/100g pulp) content followed 

by perforated LDPE 100 gauge film (157.26± 4.77 mg/100g pulp). On the other hand, unpacked fruits 

followed a decline in protein content at faster pace thereby registered the lowest mean protein 

(117.25± 4.41 mg/100g) content. The higher protein content of fruits packed in perforated PP 100 and 

perforated LDPE 100 gauge film might be due to changes in metabolic pathways of maturation that 

involve synthesis of protein; hydrolytic enzymes—e.g. α-amylase, β-amylase, starch phosphorylase 

accumulate inverted sugars and polygalacturonase involved in fruit softening, and promote and 

accelerate the changes during ripening. The interaction between packaging films and storage interval 

was found to be significant during both the season of investigation. The results are in conformity to 

the findings of Tejacal et al (2005) who reported 82 mg kg-1 protein content at physiological maturity 

and 950 mg kg-1 during ripening and 299.1 mg kg-1 during senescence for zapotemamey 

(PouteriasapotaJacq.). Similar findings were also reported b Duenas-Gonmezet al (2008) and Baxter 

and Waters (1991). 

The vertical bar represents standard error (SE) mean of three replicates

FIGURE 1 Effect of packaging fims and storage periods on the protein content (mg/100g) of Kinnow fruits 

stored at 5-70C and 90-95% RH. Data are from pooled results of two seasons and represented as the Mean ± 

Standard Error (S.E.) of the Mean of three replicates.

4.10 | Total free amino acids (mg/100g)

The total free amino acids content followed an identical trendwith prolongation in storage period (Fig 

2). In general, total free amino acids content was decreased till 45 days of storage; thereafter followed 
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a gradual rise till the end of the storage i.e. 75 days of the storage. Among all the packaging films, 

fruits packed in perforated PP 100 gauge film registered the highest mean total free amino acids 

(83.76± 5.04 mg/100g pulp) content followed by perforated LDPE 100 gauge film (81.11± 

5.81mg/100g pulp). However, unpacked fruits retained the lowest mean total free amino acids (53.22± 

3.54mg/100g) content. The higher total free amino acids content of fruits packed in perforated PP 100 

and perforated LDPE 100 gauge film might be due to with progress in storage period;changes occurs 

in metabolic pathways of maturation that involve synthesis of amino acids due to protein degradation 

advances with the beginning of senescence process (Backer 1987 and Tulioet al 2002). At senescence, 

the rate of protein degradation is higher than the rate of protein synthesis. The results are in 

conformity to the findings of Simoeset al (2009) who reported that minimally processed leaves of 

collard stored at 50C showed the highest contents of soluble amino acids after twelve days of storage. 

The interaction between treatments and storage interval was found to be significant.
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The vertical bar represents standard error (SE) mean of three replicates

FIGURE 2 Effect of packaging films and storage periods on the total free amino acids (mg/100g) of Kinnow 

fruits stored at 5-70C and 90-95% RH. Data are from pooled results of two seasons and represented as the Mean 

± Standard Error (S.E.) of the Mean of three replicates.

5 | Conclusion

Kinnow fruits harvested in 3rd week of January can be successfully stored for 60 days at 5-70C 

and 90-95% RH packed in perforated (5%) PP 100 gauge and LDPE 100 gauge films. 
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Table 1 Effect of packaging materials and storage intervals on the spoilage per cent of Kinnow fruit 
stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)

MAP films 0 30 45 60 75 Mean ±SE

LDPE 100 gauge 0.00 (0.00) 8.33 (2.04) 12.50 (2.50) 33.33 (5.77) 83.33 
(9.11)

3.88c ± 0.65

LDPE 150 gauge 0.00 (0.00) 8.33 (2.04) 12.50 (2.50) 49.99 (6.97) 79.16 
(8.87)

4.07b ± 0.68

LDPE 100 gauge 
with 5% perforation

0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 20.83 
(4.54)

0.91g ± 0.34

LDPE 150 gauge 
with 5% perforation

0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 4.33 (1.47) 50.00 
(7.07)

1.71f ± 0.52

PP 100 gauge 0.00 (0.00) 16.66 (4.08) 20.83 (4.54) 33.33 (5.77) 91.66 
(9.57)

4.79a ± 0.57

PP 150 gauge 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 12.50 (2.50) 91.66 
(9.57)

2.41d ± 0.72

PP 100 gauge with 
5% perforation

0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 12.49 
(3.48)

0.70h ± 0.26

PP 150 gauge with 
5% perforation

0.00 (0.00 0.00 (0.00) 0.00 (0.00) 12.49 (3.48) 75.00 
(8.66)

2.43d ± 0.63

Control 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 20.83 (4.54) 33.33 
(5.77)

2.06e ± 0.48

Mean ±SE 0.00d ± 0.00 0.91d ± 0.23 1.06c ± 0.27 3.39b ± 0.36 7.40a ±  
0.30

 

LSD (P≤0.05) Treatment (MAP) = 0.059     Days (SI) = 0.043         SI x MAP = 0.13

F value ((P≤0.05) Treatment (MAP) = 1136.05  Days (SI) = 10123.28  SI x MAP = 348.12

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Figures in parenthesis are square root 
transformation values. Each value represents pooled mean of 2 years (2017 and 2018)

Table 2 Effect of packaging films and storage periods on the organoleptic sensory attributes (Hedonic 
scale 1-9) of Kinnow fruit stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)

MAP films 0 30 45 60 75 Mean ±SE

LDPE 100 gauge 7.50 (2.74) 8.34 (2.89) 7.75 (2.78) 6.94 (2.63) 4.97 (2.22) 2.65e ±0.046

LDPE 150 gauge 7.50 (2.74) 8.32 (2.88) 7.70 (2.77) 6.83 (2.61) 0.00 (0.00) 2.20g ± 0.20

LDPE 100 gauge 7.50 (2.74) 8.57 (2.93) 8.25 (2.87) 7.95 (2.82) 6.68 (2.58) 2.79b ± 0.024
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with 5% perforation

LDPE 150 gauge 
with 5% perforation

7.50 (2.74) 8.72 (2.95) 8.07 (2.84) 7.74 (2.78) 6.04 (2.45) 2.75c ± 0.034

PP 100 gauge 7.50 (2.74) 8.45 (2.91) 7.55 (2.75) 7.13 (2.67) 0.00 (0.00) 2.20g ± 0.21

PP 150 gauge 7.50 (2.74) 8.40 (2.90) 7.61 (2.76) 7.04 (2.65) 0.00 (0.00) 2.21g ± 0.20

PP 100 gauge with 
5% perforation

7.50 (2.74) 8.72 (2.95) 8.50 (2.92) 8.35 (2.89) 6.63 (2.57) 2.81a ± 0.028

PP 150 gauge with 
5% perforation

7.50 (2.74) 8.65 (2.94) 7.87 (2.80) 7.17 (2.68) 5.85 (2.42) 2.71d ± 0.035

Control 7.50 (2.74) 7.20 (2.68) 6.63 (2.57) 6.12 (2.47) 5.80 (2.41) 2.57f ± 0.03

Mean ±SE 2.74 c ± 0.013 2.89a ± 0.014 2.78b ± 0.015 2.69d ±0.018 1.63e ±0.16

LSD (P≤0.05) Treatment (MAP) = 0.025   Days (SI) = 0.018   SI x MAP =  0.057 

F value ((P≤0.05) Treatment (MAP) = 229.56  Days (SI) = 2120.58  SI x MAP = 145.58

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Figures in parenthesis are square root 
transformation values. Each value represents pooled mean of 2 years (2017 and 2018)

Table 3 Effect of packaging conditions and storage periods on the juice percentage (%) of Kinnow fruit 
stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)

MAP films 0 30 45 60 75 Mean ±SE

LDPE 100 gauge 49.00 (6.99) 45.19 (6.72) 44.71 (6.68) 42.96 (6.55) 41.52 (6.44) 6.68cd ±0.039

LDPE 150 gauge 49.00 (6.99) 44.72 (6.69) 43.83 (6.62) 42.94 (6.55) 40.89 (6.39) 6.65d ± 0.040

LDPE 100 gauge 
with 5% 
perforation

49.00 (6.99) 48.59 (6.97) 47.79 (6.91) 45.32 (6.73) 42.71 (6.53) 6.83ab ± 0.036

LDPE 150 gauge 
with 5% 
perforation

49.00 (6.99) 46.79 (6.84) 46.46 (6.82) 45.10 (6.71) 42.77 (6.54) 6.78b ± 0.032

PP 100 gauge 49.00 (6.99) 44.75 (6.69) 41.93 (6.47) 41.46 (6.44) 38.05 (6.17) 6.55e ± 0.054

PP 150 gauge 49.00 (6.99) 45.44 (6.74) 44.67 (6.68) 43.31 (6.58) 41.74 (6.46) 6.69cd ± 0.038

PP 100 gauge 
with 5% 
perforation

49.00 (6.99) 48.41 (6.96) 47.19 (6.87) 45.51 (6.75) 45.40 (6.74) 6.86a ± 0.025

PP 150 gauge 
with 5% 
perforation

49.00 (6.99) 46.71 (6.83) 44.99 (6.71) 43.43 (6.59) 40.51 (6.36) 6.70c ± 0.043
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Control 49.00 (6.99) 46.37 (6.81) 45.02 (6.71) 38.26 (6.18) 34.48 (5.87) 6.51e ± 0.080

Mean ±SE 6.99a ± 0.012 6.80b ± 0.018 6.72c ± 0.021 6.56d ± 0.025 6.39e ± 0.034

LSD (P≤0.05) Treatment (MAP) = 0.048   Days (SI) =0.036 SI x MAP = 0.11

F value ((P≤0.05) Treatment (MAP) = 42.43  Days (SI) = 316.26 SI x MAP = 7.99

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Figures in parenthesis are square root 
transformation values. Each value represents pooled mean of 2 years (2017 and 2018)

Table 4 Effect of packaging films and storage periods on the titratable acidity per cent of Kinnow fruit 
stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)

MAP films 0 30 45 60 75 Mean ±SE

LDPE 100 
gauge

1.24 0.86 0.77 0.63 0.44 0.79 f ± 0.051

LDPE 150 
gauge

1.24 0.84 0.68 0.62 0.50 0.78f ± 0.049

LDPE 100 
gauge with 5% 
perforation

1.24 0.96 0.89 0.76 0.39 0.85b ± 0.053

LDPE 150 
gauge with 5% 
perforation

1.24 0.98 0.78 0.63 0.46 0.82c ± 0.052

PP 100 gauge 1.24 0.76 0.64 0.63 0.51 0.76g ± 0.048

PP 150 gauge 1.24 1.01 0.80 0.55 0.37 0.80de ± 0.060

PP 100 gauge 
with 5% 
perforation

1.24 1.18 0.85 0.79 0.48 0.91a ± 0.05

PP 150 gauge 
with 5% 
perforation

1.24 0.94 0.78 0.63 0.44 0.81cd ± 0.05

Control 1.24 0.71 0.62 0.60 0.53 0.74h ± 0.048

Mean ±SE 1.24a ± 0.014 0.92b ±0.022 0.76c ± 0.014 0.65d ±0.012 0.46e 
±0.00079

LSD (P≤0.05) Treatment (MAP) =0.017   Days (SI) =0.013       SI x MAP = 0.038

F value ((P≤0.05) Treatment (MAP) = 72.32  Days (SI) = 4277.33  SI x MAP = 34.11

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean of 
2 years (2017 and 2018)
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Table 5 Effect of packaging films and storage periods on the vitamin C (mg/100g) of Kinnow fruit stored 
at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)

MAP films 0 30 45 60 75 Mean ±SE

LDPE 100 gauge 33.92 22.83 22.32 20.30 18.60 23.60d ±1.03

LDPE 150 gauge 33.92 22.55 21.81 20.13 18.39 23.36de ± 1.05

LDPE 100 gauge 
with 5% perforation

33.92 24.71 24.09 20.47 19.76 24.59ab ± 0.96

LDPE 150 gauge 
with 5% perforation

33.92 25.77 23.06 21.39 18.22 24.47abc ± 1.01

PP 100 gauge 33.92 22.42 20.75 20.32 17.72 23.03ef ± 1.07

PP 150 gauge 33.92 28.10 23.45 19.05 16.22 24.15c ± 1.20

PP 100 gauge with 
5% perforation

33.92 23.38 23.22 22.96 20.99 24.90a ± 0.89

PP 150 gauge with 
5% perforation

33.92 25.71 23.00 21.28 17.93 24.37bc ±1.03

Control 33.92 21.73 20.66 19.76 18.39 22.90f ±1.06

Mean ±SE 33.92a ± 0.13 24.14b ± 0.33 22.49c ± 0.23 20.63d ±0.23 18.47e ±0.24

LSD (P≤0.05) Treatment (MAP) = 0.43   Days (SI) =0.32     SI x MAP =0.97

F value ((P≤0.05) Treatment (MAP) = 21.89  Days (SI) = 2659.17 SI x MAP = 12.74

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean of 
2 years (2017 and 2018)

Table 6 Effect of packaging films and storage periods on the total soluble solids (TSS) per cent of 
Kinnow fruit stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)

MAP films 0 30 45 60 75 Mean ±SE

LDPE 100 gauge 8.60 9.90 10.27 11.72 10.62 10.22h ±0.21

LDPE 150 gauge 8.60 9.20 10.40 10.77 10.67 9.93c ± 0.17

LDPE 100 gauge 
with 5% perforation

8.60 10.27 10.67 12.80 10.82 10.63a ± 0.26

LDPE 150 gauge 
with 5% perforation

8.60 10.55 10.75 11.10 10.85 10.37b ± 0.18

PP 100 gauge 8.60 9.27 9.87 10.90 10.45 9.82cd ± 0.16
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PP 150 gauge 8.60 10.00 10.55 11.10 11.00 10.25b ± 0.18

PP 100 gauge with 
5% perforation

8.60 10.57 11.10 12.00 11.37 10.73a ± 0.22

PP 150 gauge with 
5% perforation

8.60 9.55 10.80 11.62 11.48 10.41b ± 0.23

Control 8.60 8.70 9.67 10.95 10.45 9.67d ± 0.18

Mean ±SE 8.60e ± 0.04 9.78d ± 0.096 10.46c ± 
0.080

11.44a ± 0.11 10.86b ±0.07

LSD (P≤0.05) Treatment (MAP) =0.19    Days (SI) =0.14     SI x MAP =  0.43

F value ((P≤0.05) Treatment (MAP) = 27.65  Days (SI) = 459.94SI x MAP = 5.92

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean of 
2 years (2017 and 2018). 

Table 7 Effect of packaging films and storage periods on the reducing sugars per cent of Kinnow fruit 
stored at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)

MAP films 0 30 45 60 75 Mean ±SE

LDPE 100 gauge 1.68 2.20 2.36 4.06 2.82 2.63e ±0.15

LDPE 150 gauge 1.68 1.90 2.38 4.29 3.05 2.66de ± 0.18

LDPE 100 gauge 
with 5% 
perforation

1.68 2.37 2.59 5.35 3.47 3.09b ± 0.24

LDPE 150 gauge 
with 5% 
perforation

1.68 2.34 2.83 5.22 3.09 3.04c ± 0.23

PP 100 gauge 1.68 1.81 2.82 3.25 3.18 2.55f ± 0.12

PP 150 gauge 1.68 2.05 2.40 4.12 3.21 2.70d ± 0.17

PP 100 gauge with 
5% perforation

1.68 2.54 2.85 5.44 3.32 3.17a ± 0.23

PP 150 gauge with 
5% perforation

1.68 2.39 2.75 4.88 3.51 3.04bc ± 0.21

Control 1.68 2.29 2.32 3.04 2.43 2.35g ± 0.081

Mean ±SE 1.68e ± 
0.00070

2.21d ± 0.038 2.59c ± 0.034 4.41a ± 0.12 3.12b ± 0.056

LSD (P≤0.05) Treatment (MAP) = 0.053   Days (SI) = 0.039    SI x MAP = 0.12

F value ((P≤0.05) Treatment (MAP) = 231.58  Days (SI) = 5473.61 SI x MAP = 83.96
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Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean of 
2 years (2017 and 2018)

Table 8 Effect of packaging films and storage periods on the total sugars per cent of Kinnow fruit stored 
at 5-70C and 90-95% RH

                                                                                              Storage interval (Days)

MAP films 0 30 45 60 75 Mean ±SE

LDPE 100 gauge 4.89 5.59 6.03 7.95 6.57 6.21e ±0.21

LDPE 150 gauge 4.89 5.64 6.09 7.91 6.58 6.22de ± 0.21

LDPE 100 gauge 
with 5% perforation

4.89 5.41 6.23 8.78 8.65 6.80b ± 0.31

LDPE 150 gauge 
with 5% perforation

4.89 5.62 6.84 8.30 7.85 6.70b ± 0.24

PP 100 gauge 4.89 5.41 5.93 6.44 6.28 5.79f ± 0.11

PP 150 gauge 4.89 5.76 6.56 7.51 7.02 6.35cd ± 0.18

PP 100 gauge with 
5% perforation

4.89 6.97 7.54 8.20 7.70 7.06a ± 0.22

PP 150 gauge with 
5% perforation

4.89 6.29 6.80 7.33 6.82 6.43c ± 0.16

Control 4.89 5.12 5.77 5.94 5.53 5.45g ± 0.083

Mean ±SE 4.89e ± 0.036 5.76d ± 0.077 6.42c ± 0.092 7.60a ± 0.13 7.00b ± 0.13

LSD (P≤0.05) Treatment (MAP) = 0.14  Days (SI) = 0.10    SI x MAP = 0.31

F value ((P≤0.05) Treatment (MAP) = 100.06  Days (SI) = 807.75 SI x MAP = 21.98

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean of 
2 years (2017 and 2018) 
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The vertical bar represents standard error (SE) mean of three replicates

FIGURE 1 Effect of packaging fims and storage periods on the protein content (mg/100g) of Kinnow fruits stored 
at 5-70C and 90-95% RH. Data are from pooled results of two seasons and represented as the Mean ± Standard Error 
(S.E.) of the Mean of three replicates.

The vertical bar represents standard error (SE) mean of three replicates

FIGURE 2 Effect of packaging films and storage periods on the total free amino acids (mg/100g) of Kinnow fruits 
stored at 5-70C and 90-95% RH. Data are from pooled results of two seasons and represented as the Mean ± 
Standard Error (S.E.) of the Mean of three replicates.
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Abstract The comparative efficacy of packaging films i.e. polypropylene (PP) and low density 

polyethylene (LDPE) was evaluated for retaining the bioactive compounds and antioxidants in 

Kinnow fruits during storage. Uniform and physiologically mature kinnow fruits were packed in PP 

and LDPE films of 100 and 150gauge thickness, with or without 5 per cent perforation. The control 

fruits were kept unpacked. The fruits were stored under cold storage conditions at 5-70C and 90-95% 

RH for 75 days. The stored fruits were periodically assessed for attributes like firmness, pectin, total 

phenolics, total flavonoids, total carotenoids and total antioxidant activity from the edible portion of 

Kinnow fruit. Results revealed that fruits packed in PP 100 and LDPE100 gauge films (both 

perforated) maintained higher firmness, pectin,total phenolics, total flavonoids, total antioxidant 

activity and total carotenoids content during storage. 

Keywords Kinnow. Firmness. Total phenolics. Total antioxidant activity. Total carotenoids. MAP 

films 

Introduction 

Kinnow mandarin(Citrus nobilisL.xCitrus deliciosaL. is known for its health friendly bioactive 

compounds viz.hesperidins, vitamin C, carotenoids, antioxidants,naringin,ferulic acid, hydrocinnamic 

acid and cyaniding glucoside.When consumed kinnow fruit help in boosting the human immune 

system against coronary heart diseases, cancer, infections and alsoaidthe absorption of iron and zinc. 

Being so nutritionally rich,Kinnowis highly sought after fruit inIndian as well as international 

markets.Kinnow gets matured and harvested during a short span of time ranging from December to 

February and these months often witnessglut and contribute to huge post-harvest losses of about 35-

40 per cent of the produce (Rajput and Haribabu 1995). The viable option to reduce the post-harvest 

losses under Indian scenario is by extending the marketable period through noble approaches of shelf-

life enhancement. Modified atmospheric Packaging (MAP) is an important intervention in post-

harvest handling of produce, which not only enhances the shelf life but also maintains the quality and 

add value to the produce during marketing (Hardenberg 1971; Mangaraj and Goswami 2011) 

Blinded Manuscript

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



In previous studies, MAP has shown the positive effects on extending shelf-life and maintaining 

quality of certain horticultural produce. For instance, table grape (Martinez-Romero et al 2003), broccoli 

(Serrano et al 2006) and sweet cherry (Serrano et al 2005. MAP consists of sealing a certain amount of 

fruit or vegetable by using a polymeric plastic films with selective permeability to CO2, O2 and water 

vapour diffusion. Inside packaging materialalteration in CO2 and O2 levels occurs due to respiration by 

commodity placed inside packaging film. These modifications minimize the loss in physiological weight 

of weight, respiration rate and ethylene production and thereby delay in the senescence process (Arteset 

al 2006). Information on the effect of MAP on the changing behavior of bioactive compounds and 

nutritive valueof Kinnowfruit during storage is scanty. In the present study an attempt was made to 

assess the changes in bioactive compounds of Kinnowmandarin using various MAP conditions under 

cold storage conditions (5-70C and 90-95% RH). 

Materials and Methods  

Plant materials 

The present study was conducted in the Department of Fruit Science, Punjab Agricultural University, 

Ludhiana during the consecutive years of 2016-17 and 2017-18. Uniform sized, disease and bruise 

free kinnow fruits were harvested at optimum maturity in third week of January. The experimental 

fruits were obtained from uniform and healthy plants selected and maintained under recommended 

cultural practices at Regional Fruit Research Station, Abohar (Anonymous 2018). The fruits were 

transported in cushioned crates to the Postharvest laboratory of Department of Fruit Science, Punjab 

Agricultural University, Ludhiana. The fruits were sorted, graded and washed with chlorine solution 

(100 ppm). Thereafter fruits were divided into requisite lots (50kg per treatment) for further handling. 

Packaging 

The experimental fruits was packed in LDPE (Model LD, Sol Pack system) and PP (Model PP, Sol 

Pack System) of 100 and 150 gauge thickness with or without perforation (5%). Both LDPE and PP 

bags (41.60cm x 30.8cm and 46.30cm x 30.50cm, respectively) of holding capacity of 12 fruits (250g) 

were used. For 5 % perforation holes were made in the bags after calculating the exact volume of the 

bag. The experimental packages were duly labelled before sealing and kept inside cold rooms 

maintained at 5-70C and 90-95% RH. 

Observations recorded 

Disease and bruise free Kinnow fruits of uniform sized were subjected to physico-chemical analysis 

immediately after harvest (for 0-day data).  A representative sample of fruits were taken out 

periodically to assess the changes in stored fruits from the cold storage at 30, 45, 60 and 75 days. 

2.4 Physical and Bioactive compounds determination 

Firmness 
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Firmness of randomly selected fruits (15 from each replication) was measured with the help of a 

‘Penetrometer’ (Tr di turonil Co. Snc. Italy). Fruits were firmly held in the left hand; by holding the 

fruit tester between thumb and forefinger of right hand, place the plunger (with diameter 7.9 mm) 

against the fruit press with increasing strength until the plunger tip is penetrated into the Kinnow fruit 

up to the notch to obtain uniform application of force was recorded in terms Kg force (Kg f). 

 

Pectin, total phenolics, toral flavonoids, total carotenoids and total antioxidant activity 

Pectin content determined with slight modifications by gravimetric method described by Ruck (1961). 

Precipitated pectin was obtained from an acidic solution by adding calcium chloride. The precipitate 

was thoroughly washed with boiling water to make it chlorine free. Results were expressed as per cent 

calcium pectate. 

Total phenolics were estimated with slight modifications byFolin-Ciocalteu (FC) reagent as described 

by Bray and Thorpe (1954) and expressed as mg/100g of edible portion. 

 

 For the estimation of total flavanoids, 1 ml of methanolic extract of Kinnow pulp was taken in 4 ml 

of distilled water, 0.5 ml of 5% sodium nitrite (NaNO2) and 0.5 ml of 10% aluminium chloride 

(AlCl3·6H2O). The mixture was allowed to stand for 6 min at room temperature. After adding 2 ml of 

1 N NaOH; solution was diluted to 10 ml by using distilled water. Finally, the absorbance of the 

solution was recorded at 510 nm using spectrophotometer against a reagent blank. The results were 

expressed as mg catechin equivalent per 100g−1FW (Zhishenet al 1999). 

 

Total carotenoids was determined as described by Gao and Wu (2005). Fruit juice was pulverized in 

glass mortar, 2 ml of fruit juice was taken in a 25 ml test tube then 7ml solution (petroleum ether : 

acetone, 1:1) was added , with shaking (100rpm) test tube was soaked in dark for 6 hours. Then 

absorbance was measured at 445 nmby discarding the lower layer of extract. Total carotenoid content 

was estimated by using following formula and expressed as mg/100 of edible portion.   

                  A.y(ml) X 106   

               Total carotenoids (mg/100g) =  

                                                                     A%
1cm x 1000 x g 

A- The highest absorbency value of 445nm  

       y - Quantity of extracting solution 

      A%
1 cm- Average absorption coefficient 2500 of carotenoid molecule  

      g- Weight of sample  

The total antioxidant activity (TAA) towards the DPPH (2,2-diphenyl-1-picrylhydrazyl) was 

estimated following method by adding 0.1 ml of Kinnow pulp extract in 3.9 ml aliquot of DPPH 

solution (0.0780 mM) made in 100 ml of 95% methanol. The mixture was incubated for 30 mins in a 

dark room. The change in absorbance of the sample was recorded at 517 nm for 30 min against 95% 
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methanol as reagent blank. Total antioxidant activity was expressed as the percentage inhibition of 

DPPH radical (Brand-Williams et al 1995). 

Statistical analysis 

Experimetal data were subjected to analysis of variance. The treatment means were compared using 

the least significant difference (LSD) values at a significance level of P < 0.05. The data are analyzed 

statistically according to completely randomized block design using procedures of the Statistical 

Analysis System 9.3 (S.A.S. Institute Inc., Cary, NC, USA). Linear regression were performed 

between total antioxidants and the other bioactive compounds taking into account all sampling data.  

Results and Discussion 

Firmness 

The data on firmness influenced by various packaging films followed a decline with an advancement 

in storage period (Table 1). The maximum firmness was recorded immediate after harvest (0 day data) 

i.e. 6.19 ± 0.027kg force which declined with further prolongation in storage period thereby retained 

the lowest firmness after 75 days of storage (3.06 ±0.056 kg f). The highest mean firmness was 

maintained in the fruits packed in perforated PP 100 gauge film (5.44 ± 0.27 kg force) followed by 

perforated LDPE 100 gauge film (5.43 ± 0.20kg force) while, control fruits retained the lowest mean 

firmness (4.21 ± 0.21kg force). The interaction between packaging films and storage interval was 

found to be significant. The softening of fruits during storage attributed to degradation of soluble 

pectin due to high activity of endo-polygalacturonase enzyme in fruits (Martin-Cabrejaset al 1994). 

Higher firmness maintained by the fruits packed in perforated PP 100 and perforated LDPE 100 gauge 

films might be due to maintenance of high humidity inside the packaging films, helps in reducing the 

transpiration loss and respiratory activity thus maintained  turgidity of the cells. These results are in 

corroboration with the findings of Nath et al (2012) who recorded the highest firmness in pear fruits 

packed in perforated PP followed by non-perforated LDPE film after 12 days of storage. Similar 

findings were reported in mango cv. ‘Alphonso and Banganapalli’ (Rao and Shivashankara 2015). 

Likewise, Mahajan and Singh (2014) reported that fruits of Kinnow wrapped in shrink film 

maintained the higher firmness than that of unpacked ones during storage. Similar results were 

obtained in apple (Sharma et al 2013).  

Table 1 Effect of packaging conditions and storage intervals on the firmness (kg f) per cent of 

Kinnow fruit stored at 5-70C and 90-95% RH 
                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean±SE 

LDPE 100 gauge 6.19 5.19 4.84 4.19 3.25 4.73±0.18e 

LDPE 150 gauge 6.19 5.95 4.94 3.59 2.70 4.68±0.25e 

LDPE 100 gauge 

with 5% 

perforation 

6.19 6.50 6.10 4.58 3.78 5.43±0.20a 

LDPE 150 gauge 

with 5% 

perforation 

6.19 6.50 6.30 4.17 3.37 5.31±0.24b 

PP 100 gauge 6.19 4.83 4.57 4.49 2.80 4.58±0.20f 
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PP 150 gauge 6.19 6.01 5.06 4.44 2.72 4.88±0.23d 

PP 100 gauge 

with 5% 

perforation 

6.19 7.29 6.21 4.19 3.33 5.44±0.27a 

PP 150 gauge 

with 5% 

perforation 

6.19 7.07 5.67 4.25 2.57 5.15±0.29c 

Control 6.19 4.54 3.93 3.39 3.01 4.21±0.21g 

Mean±SE 6.19±0.027a 5.99±1.13b 5.29±0.11c 4.14±0.055d 3.06±0.056e  

LSD (P≤0.05) Treatment (MAP) = 0.096  Days (SI) = 0.072        SI x MAP = 0.21 

F value ((P≤0.05) Treatment (MAP) = 152.78  Days (SI) = 2640.58  SI x MAP = 43.33 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean 

of 2 years (2017 and 2018) 

Pectin (Ca pectate %) 

Irrespective of all the treatments, pectin content followed a decline with prolongation in storage 

period (Table 2). In general, the highest pectin content was noticed immediate after harvest (0 days 

data) i.e.0.65 ±0.021 per cent thereafter; a gradual decline in pectin was noticed till the end of the 

storage i.e. 0.16± 0.00043 per cent after 75 days of storage. However, the highest mean pectin 

(0.41±0.037 per cent) content was maintained in the fruits packed in perforated PP 100 gauge film 

followed by perforated LDPE 100 gauge film (0.40 ± 0.039 per cent). On the other hand, control fruits 

followed an abrupt decline in pectin content thereby retained the lowest mean pectin (0.34 ±0.040%) 

content. All the packaging films significantly maintained the higher pectin content in contrast to 

unpacked fruits. The interaction between packaging films and storage interval was found to be 

significant. The decline in pectin content may be attributed to degree of fruit ripening particularly 

affected the pectin contents, which supports the hypothesis that softening is closely related to pectin 

solubilisation and depolymerization (Kurzet al 2008 and Rosliet al 2004).These results are in 

conformity to the findings of Mohammed et al (1996) who reported that fruits of ‘sapota’ wrapped in 

LDPE films maintained higher insoluble pectin content over wrapped in shrink film and unwrapped 

fruits. Similar findings were also reported in apple (Tavakoli and Wiley 1968). Likewise, Schreiner et 

al (2003) also noticed higher soluble pectin content in radish wrapped in OPP-Coex-film packaging 

film (Antifog film). 

Table 2 Effect of packaging conditions and storage intervals on the pectin (Ca pectate %) content of 

Kinnow fruit stored at 5-70C and 90-95% RH 

                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean±SE 

LDPE 100 gauge 0.65 0.49 0.35 0.21 0.16 0.37±0.038d 

LDPE 150 gauge 0.65 0.48 0.26 0.22 0.18 0.36±0.040e 

LDPE 100 gauge 

with 5% 

perforation 

0.65 0.57 0.34 0.27 0.16 0.40±0.039a 

LDPE 150 gauge 

with 5% 

perforation 

0.65 0.54 0.34 0.28 0.15 0.39±0.039b 

PP 100 gauge 0.65 0.46 0.30 0.23 0.12 0.35±0.039e 

PP 150 gauge 0.65 0.54 0.34 0.23 0.15 0.38±0.041c 

PP 100 gauge 0.65 0.53 0.36 0.32 0.19 0.41±0.037a 
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with 5% 

perforation 

PP 150 gauge 

with 5% 

perforation 

0.65 0.52 0.34 0.28 0.16 0.39±0.038bc 

Control 0.65 0.44 0.25 0.21 0.13 0.34±0.040f 

Mean±SE 0.65±0.021a 0.51±0.024b 0.32±0.011c 0.25±0.00071d 0.16±0.00043e  

LSD (P≤0.05) Treatment (MAP) = 0.00091   Days (SI) = 0.00068    SI x MAP =0.020 

F value ((P≤0.05) Treatment (MAP) = 53.53       Days (SI) = 6658.41    SI x MAP = 11.89 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean 

of 2 years (2017 and 2018) 

 

Total phenolics (mg/100g) 

Total phenolics content decreased with an advancement in storage period (Table 3). In general, total 

phenolics content ranged from 129.98 ± 0.63to30.77 ± 1.30 mg/100g pulp from the day of harvest to till 

75 days of storage. Fruits packed in perforated PP 100 gauge film maintained the highest mean total 

phenolics (126.39 ± 10.40mg/100g pulp) content followed by perforated LDPE 100 gauge film (121.91 

±11.15mg/100g pulp).The lowest mean total phenolics content was retained in the unpacked fruits 

(89.65 ±7.15mg/100g pulp). The interaction between different packaging films and storage conditions 

was found to be significant. MAP films coupled with low temperature storage conditions delayed a 

decrease in total  phenolics content; might be due to MAP conditions (low O2 and high CO2) retards the 

postharvest ripening by low ethylene production, fruit softening, colour change and acidity loss (Diaz-

Mula et al 2011). The results are in agreement with the findings of Mohebbiet al (2015) who reported 

that cherry fruits cv. Comalian packed in perforated LDPE and PP polymeric films delayed an 

increase in total phenolics content  than that of unpacked. Likewise,Ranaet al (2015) found that guava 

fruits wrapped in cling and shrink films delayed a decline in total phenolics content. an advancement 

in storage period. Similar results were also noticed in stonefruit such sweet cherry, peach and 

nacterine (Di Vaioet al 2008; Diaz-Mulaet al 2009 and Serrano et al 2009). 

Table 3 Effect of packaging conditions and storage intervals on the total phenolics (mg/100g) content 

of Kinnow fruit stored at 5-70C and 90-95% RH 

                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean ±SE 

LDPE 100 

gauge 

129.98 212.96 110.48 80.89 42.90 115.45 ±10.79d 

LDPE 150 

gauge 

129.98 165.32 153.80 90.77 20.56 112.09 ±9.76e 

LDPE 100 

gauge with 5% 

perforation 

129.98 185.05 180.41 89.04 25.08 121.91 ±11.15b 

LDPE 150 

gauge with 5% 

perforation 

129.98 196.03 146.56 89.75 38.25 120.12±10.04bc 

PP 100 gauge 129.98 158.77 94.72 71.56 18.68 94.74 ±9.00f 

PP 150 gauge 129.98 211.18 115.21 82.52 40.63 115.91±10.74d 

PP 100 gauge 

with 5% 

perforation 

129.98 191.15 163.90 120.19 26.74 126.39 ±10.40a 

PP 150 gauge 129.98 193.33 148.57 87.23 36.92 119.21±10.06c 
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with 5% 

perforation 

Control 129.98 126.93 93.94 70.27 27.11 89.65 ±7.15g 

Mean ±SE 129.98±0.63c 182.30±3.96a 134.18±4.22b 86.91±2.03d 30.77±1.30e  

LSD (P≤0.05) Treatment (MAP) =2.53      Days (SI) = 1.88          SI x MAP = 5.66 

F value 

((P≤0.05) 

Treatment (MAP) = 188.77  Days (SI) = 7106.22   SI x MAP = 76.69 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean 

of 2 years (2017 and 2018) 

 

Total flavonoids (mg/100g) 

During storage total flavonoids content increased till 30 days of storage; thereafter a gradual decline 

was noticed till the end of the storage i.e. 75 days of storage (Table 4). The highest mean flavonoids 

(74.05 ± 4.33mg/100g pulp) content was maintained in the fruits packed in perforated PP 100 gauge 

film followed by perforated LDPE 100 gauge film (68.64 ± 4.02mg/100g pulp). However, unpacked 

(control) fruits retained the lowest mean flavonoids (54.24 ± 3.99mg/100g pulp) content). It was 

noticed that all the MAP delayed a decline in flavonoids content. The interaction between packaging 

films and storage interval was found to be significant. The results are in conformity with the findings of 

Rao and Shivshankara (2015) who found that mango fruits cv Alphonso and Banganapalli maintained 

the higher content of flavonoids in contrast to unwrapped fruits.  

Table 4 Effect of packaging conditions and storage intervals on the total flavonoids (mg/100g) of 

Kinnow fruits stored at 5-70C and 90-95% RH 
                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean±SE 

LDPE 100 gauge 57.95 83.90 71.51 63.90 38.06 63.07±2.89de 

LDPE 150 gauge 57.95 75.62 72.02 70.92 37.96 62.90 ±2.62e 

LDPE 100 gauge 

with 5% 

perforation 

57.95 108.13 71.49 60.28 45.37 68.64±4.02b 

LDPE 150 gauge 

with 5% 

perforation 

57.95 99.00 69.34 54.96 51.78 66.61 ±3.27c 

PP 100 gauge 57.95 74.23 70.81 49.60 41.83 58.89 ±2.33f 

PP 150 gauge 57.95 96.60 66.79 65.27 35.18 64.36±3.71d 

PP 100 gauge 

with 5% 

perforation 

57.95 102.94 93.48 75.73 40.15 74.05 ±4.33a 

PP 150 gauge 

with 5% 

perforation 

57.95 85.61 67.37 64.05 47.27 64.45 ±2.42d 

Control 57.95 85.42 64.93 38.84 24.05 54.24 ±3.99g 

Mean±SE  57.95 ±0.44d 90.16 ±1.70a 71.97±1.17b 60.40±1.51c 40.19±1.07e  

LSD (P≤0.05) Treatment (MAP) = 1.39   Days (SI) = 1.03    SI x MAP = 3.10 

F value ((P≤0.05) Treatment (MAP) = 128.03  Days (SI) = 2485.44 SI x MAP = 49.88 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean 

of 2 years (2017 and 2018) 

 

Total carotenoids (mg/100g)  

Total carotenoids increased initially thereafter; followed a gradual decline with further prolongation in 

storage period (Table 5). Among all the storage intervals, the highest carotenoid (0.61± 0.011mg/100g 
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pulp) content was recorded after 30 days of storage whereas, the lowest accumulation of carotenoids 

(0.24 ± 0.00098mg/100g) content was registered after 75 days of storage. However, fruits packed in 

perforated PP 100 gauge film maintained  the highest mean carotenoids (0.53 ± 0.024mg/100g pulp) 

content followed by perforated LDPE 100 gauge film (0.45 ± 0.031mg/100g pulp). On the other hand, 

unpacked fruits maintained the lowest carotenoids (0.35 ± 0.029 mg/100g) content. All the MAP films 

delayed a decline in total carotenoids content. The interaction between packaging films and storage 

interval was found to be significant. The results are in conformity to the findings of Mahajan and 

Singh (2014) who reported that shrink wrapped Kinnow fruits registered an increase in carotenoid 

content up to 15 days of storage. Similar findings were also noticed in mango cv. ‘Alphonso and 

‘Banganapalli’ (Rao and Shivshankara 2015). Muftuoglu et al (2012) who, however, registered no 

significant effects of packaging atmosphere and packaging material on total carotenoid content in 

apricot. 

Table 5 Effect of packaging conditions and storage intervals on the total carotenoids (mg/100g) 

content of Kinnow fruit stored at 5-70C and 90-95% RH 
                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean±SE 

LDPE 100 gauge 0.42 0.52 0.48 0.30 0.19 0.38 ±0.023f 

LDPE 150 gauge 0.42 0.57 0.36 0.26 0.24 0.37±0.024ef 

LDPE 100 gauge 

with 5% perforation 

0.42 0.64 0.61 0.31 0.23 0.45 ±0.031b 

LDPE 150 gauge 

with 5% perforation 

0.42 0.60 0.52 0.35 0.25 0.43±0.023c 

PP 100 gauge 0.42 0.53 0.35 0.27 0.26 0.37 ±0.021g 

PP 150 gauge 0.42 0.56 0.45 0.35 0.18 0.40 ±0.024e 

PP 100 gauge with 

5% perforation 

0.42 0.76 0.53 0.49 0.41 0.53 ±0.024a 

PP 150 gauge with 

5% perforation 

0.42 0.71 0.47 0.23 0.22 0.41±0.034d 

Control 0.42 0.59 0.35 0.23 0.15 0.35±0.029h 

Mean ±SE 0.42±0.00078c 0.61±0.011a 0.46±0.012b 0.31±0.011d 0.24 

±0.00098e 

 

LSD (P≤0.05) Treatment (MAP) =0.00091    Days (SI) = 0.00068    SI x MAP = 0.020 

F value (P≤0.05) Treatment (MAP) = 266.23     Days (SI) = 3493.20    SI x MAP = 60.84 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean 

of 2 years (2017 and 2018) 

 

Total Antioxidant activity (%)  

TAA followed a gradual decline with an advancement in storage period (Table 6). At harvest (0 day 

data) highest TAA (26.60 ±0.27 per cent) was recorded which declined thereafter with an 

advancement in storage period thereby registered lowest carotenoid content at the end of the storage 

i.e. 75 days of storage (9.86 ±0.25 per cent). Among different MAP films, fruits packed in perforated 

PP 100 gauge maintained the highest mean TAA (19.62 ± 1.10%) followed by perforated LDPE 100 

gauge (19.20 ± 1.14 per cent). On the other hand, unwrapped fruits retained the lowest mean TAA 

(15.28 ± 1.36%). During storage unpacked fruits followed an abrupt decline in TAA at faster pace in 

contrast to fruits packed into MAP films. Thus all the MAP films delayed the decline in TAA during 
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storage. The interaction between packaging films and storage was found to be significant. These 

results are in conformity to the findings of Rao and Shivshankara (2015) who reported that mango 

fruits cv Alphonso and Banganapalli wrapped in D-955 and LD-935 films maintained higher FRAP 

and DPPH values, respectively than that of LDPE film.  

Table 6 Effect of packaging conditions and storage intervals on the total antioxidants (%) of Kinnow 

fruits stored at 5-70C and 90-95% RH 

                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean ±SE 

LDPE 100 gauge 26.60 22.76 18.41 13.66 8.51 17.99 ±1.23d 

LDPE 150 gauge 26.60 23.52 18.58 12.13 8.22 17.81 ±1.30de 

LDPE 100 gauge 

with 5% perforation 

26.60 25.03 18.51 14.80 11.03 19.20 ±1.14b 

LDPE 150 gauge 

with 5% perforation 

26.60 24.04 17.16 13.92 11.53 18.65 ±1.11c 

PP 100 gauge 26.60 23.37 17.51 12.07 8.63 17.64±1.28e 

PP 150 gauge 26.60 25.46 17.28 11.51 11.28 18.43 ±1.25c 

PP 100 gauge with 

5% perforation 

26.60 25.18 19.31 15.35 11.63 19.62 ±1.10a 

PP 150 gauge with 

5% perforation 

26.60 23.85 15.90 14.93 11.43 18.54 ±1.13c 

Control 26.60 19.59 13.81 9.90 6.50 15.28±1.36f 

Mean ±SE  26.60±0.27a 23.65±0.42b 17.39 ±0.29c 13.14±0.26d 9.86±0.25e  

LSD (P≤0.05) Treatment (MAP) =0.33       Days (SI) = 0.24           SI x MAP = 0.73 

F value ((P≤0.05) Treatment (MAP) = 112.22  Days (SI) = 6411.86  SI x MAP = 19.05 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean 

of 2 years (2017 and 2018) 

 

Linear Regression  

Taking into account data for all packaging films and storage intervals, a positive correlation was 

observed between total antioxidants and pectin content (5.12 + 34.527*Pectin; R2 = 0.95) (Fig 1.), 

between total antioxidants and firmness (5.12 + 34.527* Firmness, R2 = 0.80) (Fig 2.) and between 

Total antioxidants and total phenols (5.12 + 34.527* Total phenols, R2 = 0.64) (Fig 3). Similar 

findings on correlation between total phenolics and total antioxidants were also reported in peach, 

plum, nacterine and sweet cherry (Gill et al 2002; Cevallos-Casals et al 2006; Rupasinghe et al 2006; 

Vizzotto et al 2007 and Diaz-Mula et al 2008).   
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             Fig. 1 Linear regression between Total antioxidants and pectin (Ca pectate) content 

 

 

             Fig. 2 Linear regression between Total antioxidants and firmness 
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             Fig. 3 Linear regression between Total antioxidants and total phenolics content 

Conclusion 

Results suggest that MAP films delayed the fruit senescence process despite maintaining physical and 

bioactive attributes. Packaging of Kinnow fruits in different MAP films helped in retaining and 

maintaining higher content of phenolics, total antioxidants and carotenoids content in contrast to 

unpacked fruit  
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Table 1 Effect of packaging conditions and storage intervals on the firmness (kg f) per cent of Kinnow 

fruit stored at 5-70C and 90-95% RH 
                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean±SE 

LDPE 100 gauge 6.19 5.19 4.84 4.19 3.25 4.73±0.18e 

LDPE 150 gauge 6.19 5.95 4.94 3.59 2.70 4.68±0.25e 

LDPE 100 gauge 

with 5% 

perforation 

6.19 6.50 6.10 4.58 3.78 5.43±0.20a 

LDPE 150 gauge 

with 5% 

perforation 

6.19 6.50 6.30 4.17 3.37 5.31±0.24b 

PP 100 gauge 6.19 4.83 4.57 4.49 2.80 4.58±0.20f 

PP 150 gauge 6.19 6.01 5.06 4.44 2.72 4.88±0.23d 

PP 100 gauge with 

5% perforation 

6.19 7.29 6.21 4.19 3.33 5.44±0.27a 

PP 150 gauge with 

5% perforation 

6.19 7.07 5.67 4.25 2.57 5.15±0.29c 

Control 6.19 4.54 3.93 3.39 3.01 4.21±0.21g 

Mean±SE 6.19±0.027a 5.99±1.13b 5.29±0.11c 4.14±0.055d 3.06±0.056e  

LSD (P≤0.05) Treatment (MAP) = 0.096  Days (SI) = 0.072        SI x MAP = 0.21 

F value ((P≤0.05) Treatment (MAP) = 152.78  Days (SI) = 2640.58  SI x MAP = 43.33 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean of 

2 years (2017 and 2018) 

Table 2 Effect of packaging conditions and storage intervals on the pectin (Ca pectate %) content of 

Kinnow fruit stored at 5-70C and 90-95% RH 

                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean±SE 

LDPE 100 gauge 0.65 0.49 0.35 0.21 0.16 0.37±0.038d 

LDPE 150 gauge 0.65 0.48 0.26 0.22 0.18 0.36±0.040e 

LDPE 100 gauge 

with 5% perforation 

0.65 0.57 0.34 0.27 0.16 0.40±0.039a 

LDPE 150 gauge 

with 5% perforation 

0.65 0.54 0.34 0.28 0.15 0.39±0.039b 

PP 100 gauge 0.65 0.46 0.30 0.23 0.12 0.35±0.039e 

PP 150 gauge 0.65 0.54 0.34 0.23 0.15 0.38±0.041c 

PP 100 gauge with 

5% perforation 

0.65 0.53 0.36 0.32 0.19 0.41±0.037a 

PP 150 gauge with 

5% perforation 

0.65 0.52 0.34 0.28 0.16 0.39±0.038bc 

Control 0.65 0.44 0.25 0.21 0.13 0.34±0.040f 

Mean±SE 0.65±0.021a 0.51±0.024b 0.32±0.011c 0.25±0.00071d 0.16±0.00043e  

LSD (P≤0.05) Treatment (MAP) = 0.00091   Days (SI) = 0.00068    SI x MAP =0.020 

F value ((P≤0.05) Treatment (MAP) = 53.53       Days (SI) = 6658.41    SI x MAP = 11.89 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean of 

2 years (2017 and 2018) 

Table 3 Effect of packaging conditions and storage intervals on the total phenolics (mg/100g) content of 

Kinnow fruit stored at 5-70C and 90-95% RH 

                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean ±SE 

LDPE 100 gauge 129.98 212.96 110.48 80.89 42.90 115.45 ±10.79d 

LDPE 150 gauge 129.98 165.32 153.80 90.77 20.56 112.09 ±9.76e 

Table



LDPE 100 gauge 

with 5% 

perforation 

129.98 185.05 180.41 89.04 25.08 121.91 ±11.15b 

LDPE 150 gauge 

with 5% 

perforation 

129.98 196.03 146.56 89.75 38.25 120.12±10.04bc 

PP 100 gauge 129.98 158.77 94.72 71.56 18.68 94.74 ±9.00f 

PP 150 gauge 129.98 211.18 115.21 82.52 40.63 115.91±10.74d 

PP 100 gauge with 

5% perforation 

129.98 191.15 163.90 120.19 26.74 126.39 ±10.40a 

PP 150 gauge with 

5% perforation 

129.98 193.33 148.57 87.23 36.92 119.21±10.06c 

Control 129.98 126.93 93.94 70.27 27.11 89.65 ±7.15g 

Mean ±SE 129.98±0.63c 182.30±3.96a 134.18±4.22b 86.91±2.03d 30.77±1.30e  

LSD (P≤0.05) Treatment (MAP) =2.53      Days (SI) = 1.88          SI x MAP = 5.66 

F value ((P≤0.05) Treatment (MAP) = 188.77  Days (SI) = 7106.22   SI x MAP = 76.69 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean of 

2 years (2017 and 2018) 

Table 4 Effect of packaging conditions and storage intervals on the total flavonoids (mg/100g) of Kinnow 

fruits stored at 5-70C and 90-95% RH 
                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean±SE 

LDPE 100 gauge 57.95 83.90 71.51 63.90 38.06 63.07±2.89de 

LDPE 150 gauge 57.95 75.62 72.02 70.92 37.96 62.90 ±2.62e 

LDPE 100 gauge 

with 5% 

perforation 

57.95 108.13 71.49 60.28 45.37 68.64±4.02b 

LDPE 150 gauge 

with 5% 

perforation 

57.95 99.00 69.34 54.96 51.78 66.61 ±3.27c 

PP 100 gauge 57.95 74.23 70.81 49.60 41.83 58.89 ±2.33f 

PP 150 gauge 57.95 96.60 66.79 65.27 35.18 64.36±3.71d 

PP 100 gauge with 

5% perforation 

57.95 102.94 93.48 75.73 40.15 74.05 ±4.33a 

PP 150 gauge with 

5% perforation 

57.95 85.61 67.37 64.05 47.27 64.45 ±2.42d 

Control 57.95 85.42 64.93 38.84 24.05 54.24 ±3.99g 

Mean±SE  57.95 ±0.44d 90.16 ±1.70a 71.97±1.17b 60.40±1.51c 40.19±1.07e  

LSD (P≤0.05) Treatment (MAP) = 1.39   Days (SI) = 1.03    SI x MAP = 3.10 

F value ((P≤0.05) Treatment (MAP) = 128.03  Days (SI) = 2485.44 SI x MAP = 49.88 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean of 

2 years (2017 and 2018) 

Table 5 Effect of packaging conditions and storage intervals on the total carotenoids (mg/100g) content 

of Kinnow fruit stored at 5-70C and 90-95% RH 
                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean±SE 

LDPE 100 gauge 0.42 0.52 0.48 0.30 0.19 0.38 ±0.023f 

LDPE 150 gauge 0.42 0.57 0.36 0.26 0.24 0.37±0.024ef 

LDPE 100 gauge with 

5% perforation 

0.42 0.64 0.61 0.31 0.23 0.45 ±0.031b 

LDPE 150 gauge with 

5% perforation 

0.42 0.60 0.52 0.35 0.25 0.43±0.023c 

PP 100 gauge 0.42 0.53 0.35 0.27 0.26 0.37 ±0.021g 



PP 150 gauge 0.42 0.56 0.45 0.35 0.18 0.40 ±0.024e 

PP 100 gauge with 5% 

perforation 

0.42 0.76 0.53 0.49 0.41 0.53 ±0.024a 

PP 150 gauge with 5% 

perforation 

0.42 0.71 0.47 0.23 0.22 0.41±0.034d 

Control 0.42 0.59 0.35 0.23 0.15 0.35±0.029h 

Mean ±SE 0.42±0.00078c 0.61±0.011a 0.46±0.012b 0.31±0.011d 0.24 

±0.00098e 

 

LSD (P≤0.05) Treatment (MAP) =0.00091    Days (SI) = 0.00068    SI x MAP = 0.020 

F value (P≤0.05) Treatment (MAP) = 266.23     Days (SI) = 3493.20    SI x MAP = 60.84 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean of 

2 years (2017 and 2018) 

Table 6 Effect of packaging conditions and storage intervals on the total antioxidants (%) of Kinnow 

fruits stored at 5-70C and 90-95% RH 

                                                                                              Storage interval (Days) 

MAP films 0 30 45 60 75 Mean ±SE 

LDPE 100 gauge 26.60 22.76 18.41 13.66 8.51 17.99 ±1.23d 

LDPE 150 gauge 26.60 23.52 18.58 12.13 8.22 17.81 ±1.30de 

LDPE 100 gauge 

with 5% perforation 

26.60 25.03 18.51 14.80 11.03 19.20 ±1.14b 

LDPE 150 gauge 

with 5% perforation 

26.60 24.04 17.16 13.92 11.53 18.65 ±1.11c 

PP 100 gauge 26.60 23.37 17.51 12.07 8.63 17.64±1.28e 

PP 150 gauge 26.60 25.46 17.28 11.51 11.28 18.43 ±1.25c 

PP 100 gauge with 

5% perforation 

26.60 25.18 19.31 15.35 11.63 19.62 ±1.10a 

PP 150 gauge with 

5% perforation 

26.60 23.85 15.90 14.93 11.43 18.54 ±1.13c 

Control 26.60 19.59 13.81 9.90 6.50 15.28±1.36f 

Mean ±SE  26.60±0.27a 23.65±0.42b 17.39 ±0.29c 13.14±0.26d 9.86±0.25e  

LSD (P≤0.05) Treatment (MAP) =0.33       Days (SI) = 0.24           SI x MAP = 0.73 

F value ((P≤0.05) Treatment (MAP) = 112.22  Days (SI) = 6411.86  SI x MAP = 19.05 

Mean values with same alphabets are statistically similar at p ≤ 0.05 (n =15). Each value represents pooled mean of 

2 years (2017 and 2018) 

 

 



 

             Fig. 1 Linear regression between Total antioxidants and pectin (Ca pectate) content 

 

 

             Fig. 2 Linear regression between Total antioxidants and firmness 
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             Fig. 3 Linear regression between Total antioxidants and total phenolics content 

 

 

0 60 120 180 240

5

12

19

26

33

T
o

ta
l 
A

n
ti
o

x
id

a
n

ts

Total Phenolics
Total Antioxidant = 5.1213 + 34.527 * Total Phenolics



Powered by TCPDF (www.tcpdf.org)

Copyright Transfer Statement

http://www.tcpdf.org


VITA 

 

Name of the student  :  Arvind Kumar Baswal 

Father’s name  :  Sh. Lala Ram Raswal 

Mother’s name  :  Smt. Shakuntla devi 

Nationality  :  Indian 

Date of birth  :  21
st
 August, 1989 

Permanent home address  :  Old Bus Stand, Todabhim,  

  Distt. Karauli-321611, Rajasthan 

Mobile Number : 9592414593 

 

EDUCATIONAL QUALIFICATION 

Bachelor degree  :  B.Sc. (Horticulture) 

University and year of award  :  TNAU, Coimbatore, 2012 

OCPA  :  7.5/10.0 

Master’s degree  :  M.Sc. Horticulture (Fruit Science) 

University and year of award  :  Punjab Agricultural University,  

  Ludhiana, 2015 

OCPA  :  7.75/10.00 

Title of Master’s Thesis  :  Studies on morphological characterization 

on sweet orange, grapefruit and pummelo 

varieties 

Title of Ph.D Dissertation  :  Effect of postharvest treatments and 

packagings on storage life and quality of 

Kinnow fruit 

OCPA  :  7.77/10.00 

Awards/Distinction/Fellowship/  

Scholarship:  :  ICAR Senior Research Fellow (SRF) and 

UGC fellowship during  Ph.D. (2015-2018)  

   ICAR Junior Research Fellow (JRF) during 

2013-2015  

   DAAD fellowship to attend a training 

program in Germany  

 


	Arvind FInal Dissertation CD.pdf
	Ack Paper 1.pdf
	Paper 1.pdf
	Ack Paper 2.pdf
	Paper 2.pdf
	Vita.pdf

