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Chapter I 

Introduction  

 Fruits along with vegetables play a very important role in our life.  They 

are important source of carbohydrates, proteins, organic acids, vitamins and 

minerals for human nutrition.  The total production of fruits and vegetables in the 

world is around 370 MT (Anonymous, 2011).  India ranks first in the World with 

an annual output of 32 MT fruits (Anonymous, 2011), about 8% of the world’s 

fruit production; also is the second largest producer of vegetables and accounts for 

about 15% of the World’s production of vegetables. 

 Though, India is the largest producer, the postharvest losses are 20-30% 

due to lack of proper harvesting, processing and storage facilities, which is valued 

at ` 230 billion (Anonymous, 2008).  It is evident that the only way to cope with 

the present situation is to give a massive thrust to reduction of post harvest losses 

in order to make available more food from the existing level of production 

(Pulamte, 2008).   

 In general, after harvest, foods (e.g. fruits, vegetables, milk, meat, and 

fish) are liable to accelerated physiological, chemical and microbial processes that 

invariably lead to deterioration and loss of wholesomeness.  It is then necessary to 

institute some measure of processing such as reduction in moisture content, 

denaturation of endogenous enzymes and microorganisms, or packaging in order 

to curtail perishability.  In the absence of such processing, massive post harvest 

losses can ensue.   

 The causes of postharvest losses are improper harvesting, inadequate 

packaging, handling, storage and transportation facilities (Fallik and Aharoni, 

2004).  Poor drying facilities and marketing opportunities further aggravate the 

situation.  

 There is a wide range of postharvest technologies that can be adopted to 

reduce losses throughout the process.  Internationally, several postharvest 

technologies have been introduced to control fruit disorders, maintain optimum 
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quality, freshness and minimize the losses (Krochta, 1997; Hagenmaier, 2002; 

Bajwa and Anjum, 2007).  The most common technologies used commercially are 

low temperature storage, film packaging and emulsion applications as wax 

coatings (Perez et al., 2002; Thakur et al., 2002).   

 Temperature is the most important determinant of fresh produce 

deterioration rate.  An important supplement to temperature and relative humidity 

management is the use of controlled atmosphere (CA) or modified atmosphere 

storage (MAS) and other technologies.  The low temperature storage helps to 

increase the shelf life and reduce weight loss in fruits.  

 Fruits and vegetables coated with wax look better and exhibit improved 

shrivelling control (McGuire et al., 1995).  Application of physical barrier such as 

wax coating regulates permeability of water vapour and other gases, retards 

ripening and restricts insect infestation and microbial growth.  The wax emulsion 

application is employed to control the weight loss (Kaushal and Thakur, 1996; 

Alam and Paul, 2001).  The wax application will be an effective method for 

increasing shelf life and ultimately to get more income from their production.   

 The application of wax can be carried out either by dipping the fruits in the 

wax emulsion or by spraying the wax solution as a mist over the fruits or 

vegetable surface.  It has been realized that the normal method of application 

(dipping, drenching etc.) had definite limitations such as excessive consumption 

of wax, labour intensive.  Hence, wax application will be effective by the use of 

wax coating machine.   

 The benefits of film packaging include easy to handle (consumer 

package); protection from injuries; reduction of water loss, shrinkage, wilting; 

reduction of decay by modified atmosphere (MA); reduction of physiological 

disorders (chilling injury); retardation of ripening and senescence processes; 

retardation of regrowth and sprouting (green-onion radishes) and control of insect 

in some commodities (Aharoni, 2004).  Storage in plastic films in all kinds of 

combinations (different materials, perforation, inclusions, individual seal packing 

– shrunken and non-shrunken) are types of MA storage (Irtwange, 2006). 
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 Plastic films and waxes increase post-harvest life because fruit respiration 

occurs inside the coating and consequently there is a reduction in the 

concentration of O2 and an increase in CO2, and an atmosphere with high relative 

humidity is formed, thus reducing water loss by transpiration (Moleyar et al., 

1994; McGuire et al., 1995; Fonesca et al., 2000).  In all these methods, the shelf 

life is extended by reducing the respiration rate and moisture loss from the fruits.   

 Most of the tropical fruits have a short shelf life.  Passion fruit is one such 

fruit, which rapidly looses moisture once detached from the vine, leading to 

excessive wrinkling, internal fermentation and drying out within 7-10 days under 

ambient conditions (Pruthi, 1963).  Commercially matured fruit are ground-

harvested after natural drop.  Fruit that abscise from the vine begin dehydrating 

immediately and are frequently contaminated with soil-borne pathogens.   

 The total global supply of passion fruit is estimated at 8.52 lakh tonnes, 

with major producing countries comprising of Brazil, Mexico, Ecuador, Australia, 

Zimbabwe, Kenya and Columbia.  In India, passion fruit cultivation is confined to 

Kerala, Tamil Nadu (Nilgiri hills and Kodai Kanal), Karnataka (Coorg) and north-

eastern states (Mizoram, Nagaland, Manipur and Sikkim) with an area and 

production of 9,000 ha and 45,000 tonnes (Kundan, 2009) respectively.  The 

average productivity comes to 5.02 T.ha
-1

, abysmally low to 30-35 T.ha
-1

 

harvested in the countries like Brazil, Australia, Colombia etc (Joy, 2010).  This is 

due to the high perishability of the fruit and utmost care must be taken in the post 

harvest handling and processing to reduce the post harvest losses.   

 Incompetent handling of fruits results in injury to the surface layer making 

them more susceptible to attack by spoilage organisms with consequent reduction 

in consumer appeal in the market.  These conditions further aggravate to the 

development of physiological disorders such as, weight loss during marketing and 

storage, fruit rot etc.  Hence, post harvest loss reduction technologies are 

necessary to extend the shelf life of passion fruit.  The passion fruit cultivation is 

an important source of income for small to medium producers.  Thus, the 

technologies must be cheap for them to adopt.  
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 Considering the facts and situations, study was undertaken to investigate 

the effects of extension of post harvest shelf life of passion fruit with the 

following objectives: 

i. To develop a wax applicator for passion fruit. 

ii. To standardise the pre-treatment for the passion fruit. 

iii. To standardise a Modified Atmosphere Packaging (MAP) by 

understanding the quality parameters of passion fruit. 

iv. To evaluate the post harvest behaviour of passion fruit during storage 

and handling by measuring the quality parameters. 
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Chapter II 

Review of Literature 

 A critical comprehensive review of literature is inevitable for any 

scientific investigation.  A brief report of research works carried on the shelf life 

studies of passion fruit are presented in this chapter.  This chapter provides the 

background information on the issues to be considered in the present research 

work and to focus the relevance of the present study.  The purpose is also to 

present a thorough understanding of the storage of fruits. 

2.1. History  

 Passion fruit has a long and colourful history of popularity and extensive 

cultivation, starting in the late 19
th

 century, when it was introduced to Hawaii in 

1880.  It quickly became a “household word” and, at the turn of the 21
st
 century, 

Hawaii is the state with the highest per-capita consumption of passion fruit juice 

in North America.  Today, passion fruit is grown nearly everywhere in the tropical 

belt of South America to Australia, Asia and Africa and plantations are found in 

California (USA) (Joy, 2010).  

2.1.1. World production and trade 

 South America is currently the largest producer of passion fruit 

worldwide.  Native to Brazil, it is immensely popular there.   Ecuador, having  

comparative advantage for the growth of passion fruit, is one of the largest 

producers in the world with a dominant share in the world export market.  It is 

followed by Australia and New Zealand in export of the fruit to other countries.  

Kenya and South Africa also have a decent production of passion fruit and its area 

under cultivation is growing rapidly (Beninca et al., 2007).   

 India, too, has its place in passion fruit history.  In India it is found to be 

growing wild in many parts of Western Ghats such as Nilgiris, Waynad, 

Kodaikanal, Shevroys, Coorg and Malabar as well as Himachal Pradesh and 

North Eastern States like Manipur, Nagaland and Mizoram. 
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2.1.2. Varieties 

 It belongs to a genus Passiflora (Passifloraceae) of woody perennial vines 

with 400 known species, 40-60 of which bear edible fruit (Montanher et al., 2007; 

Beninca et al., 2007).  But of these only two are cultivated widely: the passion 

fruit (P.edulis) and the giant granadilla (P.quadrangularis) (Souza et al., 2004).   

 The species Passiflora edulis is a vigorous liana, with stems 20, 50 or even 

80 m long (Joy, 2010).  The different varieties of passion fruit are: 

 Purple passion fruit has small, globular to ovoid fruits 4 to 9 cm long and 

4 to 7 cm in diameter with a moderately brittle pericarp and strongly 

aromatic dark yellow pulp forming 35 to 50% of fruit weight.   This is 

suited to tropical and subtropical regions and hence most commonly 

cultivated in high latitudes or elevations. 

 The yellow passion fruit Passiflora edulis f. flavicarpa is more vigorous 

than the purple variety.  Its fruits are round to oval with a smooth, yellow 

surface and also more attractive than purple.  The pericarp is harder and 

the fruit is larger-from 6 to 12 cm long and 4 to 7 cm in diameter and 

weighing 60 to 150 g.  They are less aromatic and slightly more acid.  

Yellow passion fruit requires high temperatures (20 to 34ºC) and grows 

better at a low elevation.  The juice yield is 30-46%.    

 Sweet passion fruit or sweet granadilla (Passiflora liqularis) is a vigorous 

liana.  The fruits are round to ovoid and measure 5 to 9 cm long by 4 to 7 

cm in diameter.  The pericarp is thin and brittle.  The pale grey pulp is 

aromatic and slightly acidulous.  The juice yield is 30%. 

 Giant granadilla (P.quadrangularis) is 20-30 cm long and to 18 cm in 

diameter.  The fruit is yellowish green, sometimes pinkish and ovoid to 

oblong.  It weighs an average of 2.8 kg and can reach 4 kg.  The pulp is 

pale, white to orangey and sweet and acidulous.   

 Banana passion fruit (P.mollissima) is an oblong fruit 6 to 10 cm long 

and 3 to 5 cm in diameter, with more or less rounded extremities.  It 

weighs 50 to 150 g.  The pericarp is pale yellow, green in rare cases, more 
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or less pubescent, thin and flexible but leathery.  The pulp forms 60% of 

fruit weight and is salmon pink to dark orange.  It has low acidity and is 

very pleasantly aromatic but usually astringent. 

2.1.3. Morphological and physiological characteristics 

 Passion fruit exhibits a typical climacteric pattern of respiration.  Akamine 

et al., (1957) found that when stored in air at 25ºC the fruit reached its climacteric 

peak after 13-14 days and attained a peak ethylene production of 370 µLkg
-1

hr
-1

 

after another 7 days.  When stored under applied ethylene (500 ppm), the 

climacteric peak was reached within 2 days.  Oxygen uptake increased with the 

level of ethylene applied indicating an interaction between ambient ethylene and 

respiration rate.  However, the level of ethylene applied was far in excess of 

normal physiological levels. 

 When stored at 6.5ºC, Pruthi (1963) found that the climacteric peak was 

delayed for up to 2-3 weeks and the respiratory activity was found to range 

between 101-272 mg CO2kg
-1

hr
-1

 over the storage period of 4 weeks. 

 Externally the tough purple rind is smooth, glossy and is covered with a 

thin layer of wax.  The edible portion of the fruit is 86% water (Chan, 1980) and 

30-40% of the fruit weight can be recovered as juice (Purseglove, 1980). 

 The fruit is a round or oval berry, deep purple when ripe, dotted and 

glabrous.  It averages 40-70 mm in diameter, 40-90 mm in length and 25-38 g in 

weight.  The pericarp is 3-6 mm thick, moderately hard and the pulp yellow to 

orange in colour with a pleasant aroma, having 100-150 black edible seeds 

embedded in it (Knight and Sauls, 2009). 
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Table 2.1 Nutritive value of 

passion fruit per 100 gram of 

the pulp (National Nutrient 

Database, 2012)  

Nutrient Unit Value 

per 

100.0g 

Proximates 

Water  g 84.21 

Energy Kcal 60 

Protein g 0.67 

Total lipid 

(fat) 

g 0.18 

Carbohydrate g 14.45 

Fibre g 0.2 

Sugar g 14.25 

Minerals 

Iron mg 0.36 

Magnesium mg 17 

Phosphorus mg 25 

Potassium mg 278 

Sodium mg 6 

Zinc mg 0.06 

Calcium mg 4 

Vitamins 

Vitamin C mg 18.2 

Vitamin A IU 1000-

2000 

Niacin  mg 2.24 

 

2.2. Nutritive and medicinal value 

 Passion fruit is rich in phosphorus, 

calcium, and vitamin A and particularly rich in 

easily digestive carbohydrate (Pruthi, 1963; 

Arjona and Matta, 1991).  Several species are 

also of ornamental interest, and some are used 

for their sedative, antispasmodic, antibacterial 

and anti-insect properties. 

 The purple passion fruit has a very 

attractive flavour and is versatile in its culinary 

utilization (Heal and Allsop, 1986; Werkhoff, 

1998) giving it a big potential to grow as a 

major fresh fruit line in the UK. 

 The pulp may be eaten directly from 

the shell or used in fruit salads, ice creams, 

sorbets, tropical punches and various other 

recipes (crepes, crème patisserie, etc) (ITC 

Newsletter,1989).  The nutritive values of 

passion fruit are listed in Table 2.1.  

2.3. Engineering properties of fruits 

 Harmond et al., (1965) reported that, 

the size refers to characteristic of an object, 

which determines how much space it occupies 

and within limits, can be described in terms of 

length, width and thickness.  Mohsenin (1970) 

reported that the physical properties of any 

material such as shape, volume and surface area are important in many problems 

associated with design or development of specific machine.  Pappas et al., (1988) 



9 

 

 

used multiple regression analysis to describe the shape of cowpeas using the three 

principle dimensions i.e. length, width and thickness.   

 Ibrahim (1992) indicated that the processed materials vary considerably in 

their physical properties such as size, shape, density, volume, specific gravity, and 

surface texture. These characteristics are very important in many problems 

associated with design or development of specific machine, analysis of the 

behaviour of the product and handling.  Kaleem et al., (1993) stated that, the angle 

of repose is very important in the determination of the inclination angle of the 

machine.  Hatem et al., (2005) found that the olive fruit length, diameter and 

weight were directly proportional to its pit for the investigated varieties.   

2.4. Factors affecting storage life and quality of passion fruit 

2.4.1. Harvest maturity 

 Passion fruit is climacteric, and the climacteric rise occurs while the fruit 

is still attached to the plant (Biale, 1975). When it ages, the epiderm wrinkles but 

this does not affect the quality of the pulp.  It keeps well for 4 to 5 weeks at 8 to 

12ºC.  The shelf-life depends on the stage of maturity but is generally 5 or 6 days. 

 A passion fruit orchard may have a life span of 3-5 years.  There are two 

major seasons of production, June to August and November to January.  Fruits are 

harvested when they have dropped to the ground.  Green or immature fruits 

should not be picked off the vine as they will not ripen; they will also be off 

flavoured and have a higher concentration of cyanogenic glycosides (a toxin 

produced by the vine).  Fruits should be collected 2 to 3 times per week. 

 Pruthi (1963) found that out of fruit picked at 4 different stages, viz., 

 Pale greenish-yellow; 

 Partially purple; 

 Just ripe purple and  

 Deep purple, plant-ripened, slightly shrivelled, fruits allowed to fall from 

the plant. 
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 Fruits allowed to fall from the plant are stored at 6.5ºC, 85-90% RH, 

maximum weight loss occurred at the first and fourth stages was found to possess 

good physicochemical properties, but the deep purple fruit had juice with better 

aroma. 

 Akamine et al., (1957), Hall (1958) and Chan et al., (1988) stated that 

green-ripe fruit, even if allowed to ripen off the vine, possess a woody off-flavour.  

However, for the fresh market Pruthi (1963) and Chan et al., (1988) recommend 

that fruit must be picked off the vine, rather than allowing them to drop off 

naturally to avoid excessive shrivelling. 

 Hall (1958) on the other hand stated that passion fruit, once detached from 

the vine, would never ripen and recommended that fruit for the fresh market must 

not have any green showing on the skin at harvest. 

 Because ripe passion fruit loses moisture rapidly once detached from the 

vine, marketing must be done immediately if losses of up to 10-20% in weight are 

to be avoided (Akamine et al., 1957). 

2.4.2. Method of harvest 

 Fruit can be picked with the stalk intact, pulled from its stalk, or allowed 

to drop to the ground after ripening naturally.  Pruthi (1963) reported minimum 

physiological weight loss and less attack from moulds during storage when fruit 

was picked with stalks clipped down to about 0.7 cm. 

2.4.3. Storage of fruits 

 The basic concept of storage is to extend the shelf life of products by 

storing them in appropriate conditions to maintain their availability to consumers 

and processing industries in their usable form.  They can either be stored naturally 

in the field, or in built storages (Pantastico et al., 1975; Raghavan and Gariepy, 

1985).  In natural storage the product is left in the field and harvesting is delayed, 

while in artificial storage favourable conditions are provided which help to 

maintain product freshness and nutritional quality for a longer period.  During 

storage, the passion fruit physiology and its ripening involves many 
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physiochemical activities, such as cumulative physiological loss in weight 

(CPLW), acidity, loss in firmness, increase in total solids. 

 The total yield of fresh passion fruit can be increased by improving the 

storage conditions.  There are various techniques, which have been developed to 

improve the storage life and maintain the quality of fresh horticultural 

commodities.  

2.4.3.1. Controlled and modified atmosphere storage 

 In recent years much focus has been laid down on internal gas composition 

of storage.    MAP of fresh fruits and vegetables refers to the technique of sealing 

actively respiring produce in polymeric film packages to modify the O2 and CO2 

levels within the package atmosphere (Jobling, 2001).  In addition to atmosphere 

modification, MAP vastly improves moisture retention, which can have a greater 

influence on preserving quality than O2 and CO2 levels.  Furthermore, packaging 

isolates the product from the external environment and helps to ensure conditions 

that, if not sterile, at least reduce exposure to pathogens and contaminants (Mir 

and Beaudry,2000).  

 MA storage technique can also be used to maintain the postharvest quality 

of different fruits (Meir et al.,1998 ; Ding et al.,2002 ; Rodov et al.,2002 ; 

Illeperuma and Jayasuriya, 2002).  MA storage has been found to be effective in 

controlling the rate of metabolic activities (Singh et al., 1998).   

 The storage life of unripe fruit was increased from 3 to 6 weeks (Huelin, 

1962) by storage in an atmosphere containing 5% CO2 and 5% O2.  Response to 

hot wax treatment and CAS reduced with maturity of fruits (Huelin, 1962). 

 Studies on MAP of horticultural commodities show that highly permeable 

films such as polyvinyl chloride (PVC) overwraps can maintain postharvest 

quality by reducing transpiration and respiration (Kader, 1986). 

 The basic idea of Controlled Atmosphere Storage (CAS) is to maintain the 

best product quality.  This can be accomplished by keeping CO2, O2 and ethylene 

gases at predetermined levels (gas levels differ depending on the type of fruit 
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being stored).  Usually decreased O2 and increased CO2 levels at a low 

temperature with high RH are suitable for stored commodities.  CA can provide 

an effective storage environment for different fruits and vegetables (Bender et al., 

2000; Raghavan et al., 2003). 

2.4.3.2. Storage at low temperature 

 While storing fruits the first priority is to maintain the quality of the 

product.  Low temperature storage is one of the most commonly adopted methods 

to maintain the fruit quality.  For successful storage it is necessary to efficiently 

control the temperature throughout the storage period.  The principle behind cold 

storage is to delay the period of ripening of a product by slowing down its 

physiological activities.   

 Passion fruit is a tropical climacteric fruit (Biale, 1975; Wills, et al., 1982) 

subject to chilling injury when stored below 6.5°C (Pruthi, 1963).  Recommended 

storage temperatures are 5-7°C (Pruthi, 1963), 3-5°C (Wills et al., 1982) and 7-

10°C (McGregor, 1987).   

 At tropical ambient temperatures (24-33ºC), passion fruit rapidly loses 

moisture, shrivels and the pulp ferments, leading to off-flavours within 7-10 days.  

Fungal attack will be manifest at any temperatures above 7ºC (Pruthi, 1963).  

 At 6.7-7ºC the fruit can be stored for 4-5 weeks (Pruthi, 1963), although 

much of the flavour is lost during this storage period (Kefford, 1954; Chan et al., 

1988).  Hall (1958) reported that fruit could be kept in the warmer part of a 

refrigerator for up to 2 weeks after which they will chill, the skin will become soft 

and papery and rots will develop.  Pantastico et al., (1975) also recommended 

storage temperatures of 5.6-7.2ºC and 85-90% RH, but stated that under such 

conditions fruit could be stored for 3 weeks only.  Low temperature injury takes 

the form of a blood-red discolouration of the skin followed by mould attack 

(C.S.I.R.O, 1934).  
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 Cantwell (2001) recommended the storage temperature for passion fruit as 

10°C with 85-90% RH.  The fruits stored under this condition have a shelf-life of 

3-4 weeks.  

 Passion fruit stored at 5°C and 85% RH lost moisture rapidly: 80% of the 

fruit surface was shrivelled after 3 days of storage (Arjona et al., 1992).  While 

passion fruit juice remained wholesome for 7 days, fruit began shrivelling soon 

after abscission (Knight and Sauls, 2009).  The rind accounted for most of the 

dehydration in the first 15 days of storage (Arjona, 1990).   

2.4.3.3. Plastic packaging 

 Plastic packaging is also one of the factors that increase the post-harvest 

life by reducing the transpiration and respiration rates of the fruits (Silva et al., 

1999; Fonesca et al., 2000). 

 Pruthi and Lal (1955) found that packaging fruit in plastic films reduced 

weight losses to within 0.1% in four weeks of storage at 6.5ºC, but found that 

mould attack was more than in control fruit due to high relative humidity.   Fruits 

packed in plastic bags treated with a fungicide had less mould attack.  Better 

results were obtained when plastic bags had side windows to permit gaseous 

exchange.  They did not state whether the flavour was affected by storage in 

plastic bags. 

 Cereda et al., (1976) reported that passion fruit stored in polyethylene bags 

at 7.2°C and 85% to 90% RH remained marketable up to 30 days.  Storing passion 

fruit in sealed polyethylene bags at 6°C to 10°C can protect them from shrivelling 

for 3 to 4 weeks (Campbell and Knight, 1983).  However, moisture condenses on 

the fruit surface under consistently high RH, creating conditions favourable for 

pathogen growth (Zagory and Kader, 1988).  For fresh fruit use, water loss that 

results in wilting and shrivelling must be minimized. 

 Mota et al., (2003) evaluated the influence of a MA – wax emulsions and 

plastic film – on the shelf life of the yellow passion fruit.  Plastic film (Cryovac 

D-955, 15µm thickness) reduced fresh weight loss and fruit wilting, kept higher 
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fruit and rind weight and higher pulp osmotic potential over the storage period.  

Also, he found that among the tested waxes, fruit wax (18-21% carnauba wax) 

was the best, promoting reduced weight loss, wilting and rottenness. 

 Akath et al., (2007) studied the shelf life and quality of passion fruit with 

polyethylene packaging under specific temperature.  The fully ripened fruits were 

packed in perforated and non-perforated HDPE (0.03, 0.05, 0.08mm) and LDPE 

(0.025mm) and stored at ambient temperature.  Fruits packed in perforated HDPE 

of 0.03 mm thickness showed a shelf-life of 28 days at 5°C as against 4 days for 

control.  Quality and nutritional value of fruit were better preserved, but there was 

slight reduction in flavour and colour of juice.  The quality parameters, TSS, TA, 

sugars and ascorbic acid contents were at par with initial value even after 28 days 

of storage. 

 Randhawa et al., (2009) showed the effect of HDPE packaging with edible 

oil and wax coating on storage quality of ‘Kinnow’ mandarin.  The shelf-life of 

‘Kinnow’ mandarin was enhanced by the use of HDPE packaging, followed by 

edible oils (neem, mustard, coconut and olive oils) and wax (Citrashine) coating.  

Results revealed that highest palatability rating after 45 days of ambient storage 

was recorded in the fruits which were only HDPE packed.  The fruits treated with 

neem oil+HDPE packaging recorded highest juice content and minimum spoilage 

during storage.   Maximum TSS content and physiological losses in weight were 

found in control fruits. 

 Hailu et al., (2011) studied the effect of packaging material on the quality 

of banana fruits.  They found that fruits packed in flexible bags remind marketable 

for over 4 weeks where as unpackaged fruits remind marketable only for 15 days.  

Also, the chemical qualities were maintained in packed fruits. 

 Santana et al., (2011) evaluated the effect of MAP and cold storage on 

quality and storage life of the peaches.  In their study, the fruits were packed in PP 

trays and placed inside LDPE bags (30, 50, 60, 75µm thickness) with active MA 

(10 kPa CO2 + 1.5 kPa O2, balance N2).  The control was made with peaches held 

in unwrapped PP trays.  Fruits were kept at 1±1°C and 90±5% RH for 28 days and 
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CO2 and O2 within packages was monitored every two days.  The fruits wrapped 

in bags maintained its quality. 

2.4.3.4. Storage by use of coating 

 Films and coatings have received much attention in recent years because 

they extend shelf-life and improve food quality by providing a barrier to mass 

transfer, carry food ingredients and improve mechanical integrity or handling 

characteristics of a food (Krochta, 1997).  Waxing is one of the coating 

technologies suitable for preservation of fruits and vegetables.  By this method we 

can increase the shelf-life of agro-produce by more than 2 weeks.  This gives 

breathing time for marketing.  This will also increase the market (Anonymous, 

2004).  Some of the benefits of waxing include improved appearance, less 

moisture loss, less economic loss, reduced postharvest decay, longer postharvest 

life and less susceptibility to chilling injury.   

 Trout et al., (1953) defines surface coating as a very thin film of wax, oil, 

emulsion, or other suitable material applied to the surface of a fruit as an addition 

to or a replacement of the natural protective waxy layer on the fruit. 

 Mollenhauer (1954) reported that fruit dipped in hot paraffin wax was in 

good condition after 2-3 months of storage, although the flavour had deteriorated.  

Dipping in hot paraffin wax apparently sterilised the skin preventing mould 

attacks and prevented shrivelling.  He also suggested that it caused quick 

evaporation of volatiles from the fruit through the layer of wax, leading to poor 

flavour.  Pruthi and Lal (1955) recommended that waxed fruit should be stored for 

only 4-5 weeks at 6.5ºC.  Huelin (1962) reported that dipping fruits in molten wax 

extended storage life from 3 to 6 weeks. 

 Nyambati (1984) reported that passion fruit treated with 2% and 2.5% Pro-

long had lower respiration rate, better flavour, less wrinkled and lost less weight 

than untreated fruit after 28 days at 24ºC and 85% relative humidity.  At 8ºC he 

did not find any significant effect of Pro-long on these parameters.  Pro-long is an 
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edible mixture of lipids and a polysaccharide, which is semi-permeable to carbon 

dioxide and oxygen (Kader et al., 1986). 

 According to Petracek et al., (1998) internal O2 concentrations in fruit 

should always be higher than 12%.  He reported that the use of carnauba or 

polyethylene waxes often results in less shine, but allows greater O2 and CO2 gas 

exchange than shellac wax.  Candelilla wax has low shine, low melting point and 

low water vapour permeability.  This wax is usually mixed with other waxes to 

maximize its coating effect on fruit quality (Dou et al., 1999).  Recently the use of 

various types of oil applications to coat oranges is gaining popularity. 

 Ladaniya (2001) found that wax coating reduced respiration rate of 

‘Mosambi’ fruits.  The change of colour from green to yellow was quite slow in 

wax coated fruit as compared to non-coated fruit.  After 30 days of storage, 

yellow colour intensity was more in degreened + non-waxed fruit as compared 

with non-degreened + non-waxed fruit.  He also found that fruits packed without 

polyethylene liner lost more juice and ascorbic acid and had more firmness, TSS 

and acidity content.  

 Nanda et al., (2001) studied the effects of individual shrink film wrapping 

with two polyolefin films (BDF-2001 and D-955) and skin coating with a sucrose 

polyester (SPE) Semperfresh
TM

 on the shelf life and quality of soft-seeded 

‘Ganesh’ pomegranates (Punica granatum L.) stored at 8,15 and 25°C.  The 

shrink-wrapped pomegranates could be stored for 12,9 and 4 weeks as compared 

to 8,6 and 2 weeks by SPE coating at 8,15 and 25°C respectively, whereas non-

wrapped fruits could be kept for 7,5 and 1 week under similar storage conditions.  

Peel thickness and freshness and firmness of the fruit were retained and weight 

loss greatly reduced by shrink wrapping.  The weight loss in shrink-wrapped fruits 

was 1.2-1.3% after 12 weeks of storage at 8°C and 2.2-3.7% after 10 weeks at 

15°C.  During the same period non-wrapped fruits lost 20.4 and 30.7% at 8 and 

15°C, respectively.  Changes in acidity, sugars and vitamin C of the shrink-

wrapped fruits were lower than that of non-wrapped fruits during 12 weeks of 
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storage at 8°C.  Shrink wrapping also reduced the respiration rate of the fruit.  No 

detectable levels of ethylene were produced during storage of pomegranates. 

 In passion fruit, the outer surface is shiny.  This shining comes because of 

natural waxes.  When this wax evaporates, the fruit become dry.  Wax prevents 

evaporation of water in the produce.  So by increasing the layer of wax, shelf life 

can be increased.  When we see a fruit under microscope we can see small holes 

like those on our skin.  By applying wax these holes are blocked so water in the 

produce cannot come out.  So the shelf life is increased (Thirupathi et al., 2006). 

 Silva et al., (2009) evaluated the shelf life of the yellow passion fruit 

coated with different substances (carnauba’s wax, rubber tree latex, solution of 

calcium chloride and cassava starch) stored under temperature atmosphere.  He 

found that the weight of the fruit, titrable acidity (TA), soluble solids (SS), ratio 

SS/TA and ascorbic acid of the fruit was not affected by the coating with fruit 

wax, rubber tree latex, calcium chloride and cassava starch.  Also, the rubber tree 

latex was found to be the most effective coating as the mass loss was very much 

reduced. 

2.5. Wax application methods 

 Waxes may be applied in several different ways, ranging from manual 

rubbing of the product surface to automated roller brush application (Anonymous, 

2004). 

2.5.1. Manual rubbing 

 Liquid waxes can be applied manually by rubbing the commodity and 

smearing the wax evenly over the surface using a soft absorbent cloth or fine 

bristled brush.  After which, the products should be left to air dry for about 15 

minutes before packing (Anonymous, 2004). 
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Table 2.2 Classification of waxes 

Animal waxes 

 Bee wax  Spermaceti wax 

 Shellac wax  Chinese insect wax 

Vegetable wax 

 Carnauba wax  Candelilla wax 

 Sugarcane wax  Palm wax 

 Esparto wax  Japan wax 

 Oricury wax  Waxol 0.12 

Mineral and Synthetic waxes 

 Ozocerite  Montan wax 

 Synthetic wax  Semperfresh  

 

2.5.2. Dipping / Submergence 

 In dipping, the wax is applied as a brief dip or submergence of the product 

in a bath of melted wax for about one second or less.  It is very important the 

product surface be completely dry before dipping.  If not dry, the high 

temperature of the melted wax converts the surface moisture on the product into 

steam and forms pockets or blisters under the wax coating.  The wax will then 

loosen and drop off (Anonymous, 2004). 

2.5.3. Roller Brushing 

 Liquid waxes can also be applied automatically to the surface of the 

commodity by pump through low pressure nozzles.  Irrigation drippers can also be 

used to apply the wax.  (Anonymous, 2004). 

 Fitzgerald (1958) developed a wax coating machine for fruits and 

vegetables.  In his applicator, the melted wax is deposited on an applicator brush 

or buffer in order to apply wax uniformly over the surface of the fruit.   
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 Gillespie (1980) developed a wax applicator for citrus fruits.  In this 

applicator, the wax is dispensed through two travelling nozzles over the fruit 

passing through roller brushes. 

 Rajkumar et al., (2007) fabricated a hand operated wax applicator.  It 

consists of a feed hopper, cylindrical drum known as wax vat, impeller fitted with 

four paddles mounted on a shaft and outlet chute.  A handle is provided at one end 

of the shaft to rotate the impeller.  The vanes are made up of perforated sheets 

with oblong perforations.  The vanes are positioned at an angle of 45° to the 

tangent.  The impeller is housed inside a casing which is split into two halves.  

The bottom half of the casing is used to hold the wax, also known as wax vat.  

The successive vanes of the impeller along with the casing form four packets.  

These packets receive the fruits from the feed hopper, conveying them through the 

wax emulsion contained in the wax vat and also deliver the fruits due to gravity 

through the outlet chute; the entire unit is supported on an L angle frame of 

convenient height. 

2.6. Physicochemical changes during the storage of fruits 

 There is an inverse relationship between the fruit growth rate, its quality 

and extended storage on the tree and postharvest life.  It has been observed that 

the juice content decreases with delayed harvest and so the fruit keeping quality.   

2.6.1. Physiological Loss in Weight (PLW) 

 Physiological loss in weight (PLW) commonly designated as weigh loss is 

transpiration of water from the rind epidermal cells, resulting in concentration of 

existing carbohydrates, particularly total sugars and reduction in fruit weight.  The 

loss in weight can range from 1.5 to 34% depending upon storage conditions and 

fruit coatings (Kaushal and Thakur, 1996). 

 A minimum weight loss (1.5%) in fruits is the result of coatings that are 

applied on the fruit surface to protect postharvest loss in weight, while uncoated 

fruit may lose its 33.23% weight (Alam and Paul, 2001; Thakur et al., 2002).  

Sharp increase in PLW of fruit occurs at room temperature, while it is 
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significantly lesser when fruit is waxed and stored in cold chamber (Shellhammer 

and Krochta, 1997). 

 An increasing trend in the PLW of fruit during storage is a major factor 

contributing to deterioration in the fruit quality.  The loss in weight in passion 

fruit has resulted in the incorporation of different applications in the form of 

waxing, polyethylene packaging and low temperature storage.  PLW can be 

significantly controlled when fruits are packed in polyethylene bags and kept 

under cool conditions (Kaushal and Thakur, 1996).  Film wrapping has a positive 

impact on the water loss from the fruit surface. 

 Arjona et al., (1994) placed vine-ripened yellow passion fruit in Styrofoam 

trays and wrapped with VF-60 plastic film and stored for 15 and 30 days.  He 

found that wrapping prevented fruit weight loss while maintaining external 

appearance. 

 Studies on different mandarin varieties have shown positive effects of film 

wrapping on the quality of mandarins (Aquino and Palma, 2003).  Film wrapped 

fruit completely inhibits transpiration thereby reducing the loss in weight at the 

end of storage.  Changes in the fruit composition are dependent on internal 

atmosphere of the fruit, which usually alters once harvesting has been done and is 

dependent on storage conditions.  Most commonly employed technique is low 

temperature storage which slows down respiration rate and minimizes the rate of 

metabolic processes.   

 Matuska et al., (2006) found strawberries when coated with edible coating 

had reduced weight loss than non-coated fruits.  There was roughly a 30% 

difference in rates of water loss between the different treatments. 

2.6.2. Firmness   

 Firmness is defined, as specific force required to deform a fruit.  Firmness 

is frequently used as a quality index for fruits and vegetables and is related to the 

product’s maturity, freshness and extent of bruising or compressive damage 

(Hahn, 2004).  Loss of firmness can be an indicator of the end of shelf-life and a 
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key factor that influences the consumer’s acceptance of the product (De Ketelaere 

et al., 2006).  The fruit, which is more firmed, shows less deformation from a 

given applied force.   

 Hagenmaier (2000) and Rojas et al., (2002) reported that firmness and 

strength of citrus improved when fruit was coated, while uncoated fruits turn soft 

with the passage of storage time.  In initial storage periods there is not much 

difference in the firmness of coated and uncoated fruit, but under prolonged 

storage conditions coated fruits stay firm as compared to uncoated ones (Perez et 

al., 2003). 

 Besides loss in firmness, fruits after harvesting undergo different chemical 

and biological phenomenon such as decay, deformation of original structure, 

weight and changes in firmness and reduction in overall appearance (Aquino and 

Palma, 2003). 

2.6.3. Ascorbic acid 

 Ascorbic acid is a water-soluble vitamin that is commonly found in 

relatively high concentrations in many fruits (Kays and Paull, 2004).  It rapidly 

oxidizes by the action of light and heat and by the action of ascorbic acid oxidase.  

Prolonged storage of fruits results in losses in vitamin C.  Changes under cold 

conditions are less as compared to room temperature (Pal et al., 1997).  Fruits 

treated with coatings contain significantly higher ascorbic acid as compared to 

uncoated fruits.  Similarly, fruit stored at lower temperatures (7°C, 10°C and 

12°C) has significantly higher ascorbic acid as compared to fruits stored under 

ambient conditions (Thakur et al., 2002).  The decline in ascorbic acid content 

depends upon the harvesting period.   

2.6.4. Titrable acidity 

 Acids are one of the energy reserves of the fruit; therefore these are used 

in the respiration process and converted to more simple molecules such as CO2 

and water (Wills et al., 1998). As a result of respiration, acids decrease, but water 

loss in the fruit increases its concentration. 
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 El-Anany et al., (2009) evaluated the effect of edible coating on the shelf-

life and quality of Anna apple during cold storage (0°C, 90-95% RH).  The results 

indicated that coated apples showed a significant delay in the change of weight 

loss, firmness, titrable acidity, TSS, decay and colour compared to uncoated ones.  

Sensory evaluations results showed that coatings maintained the visual quality of 

the Anna apple during the storage time. 

 Marupadi et al., (2011) studied the enhancement of storage life and quality 

maintenance of papaya fruits using Aloe Vera based antimicrobial coating.  The 

results showed that the titrable acidity in the fruit samples decreased with storage 

time in both control and treated fruits.  However, the difference was to a lesser 

extent in coated fruit compared to control.   

2.6.5. Moisture content of pulp and peel 

 According to Ssemwanga (1990), passion fruit loses moisture mainly from 

its skin and loss is more rapid during the first 1-2 weeks after harvest.   Also, he 

found that moisture loses as the fruit shrivels.  Hence, he concluded that fruits 

coated with semperfresh didn’t lose moisture. 

 Banks et al., (1997) stated that surface coatings can reduce moisture loss 

and retard ripening of avocados without adversely affecting the other aspects of 

fruit quality.  The avocados can lose 1% of its moisture each day at 20°C, 60% 

RH.  Surface coatings like wax act as a good barriers to water vapour.  This 

reduces the rate at which water evaporates from the fruit surface and thereby 

slows loss of saleable weight.  Thus, he found that waxing reduced moisture loss 

by up to 50%.    

2.6.6. Total Soluble Solids 

 Hayat et al., (2003) investigated the effect of different concentrations of 

CaCl2 (1%, 1.5%, 2%), paraffin wax coating and different wrapping materials 

(polyethylene, carton paper) in order to increase the shelf life and to avoid the 

postharvest losses of apple.  In this study, the minimum weight loss was observed 

in the samples treated with CaCl2.  The possible reason may be that CaCl2 served 
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as a semi permeable membrane around fruit surface which resulted in reduction of 

evapo-transpiration and rate of respiration.  The chemical characteristics, TSS, 

pH, acidity, total sugar, reducing sugar and vitamin C were analyzed after 15, 30, 

45 and 60 days of storage.  All the treatments had significant effect on the shelf 

life of fruits.   

2.6.7. Colour analysis 

 Colour of fruits plays an important role in fruit consumption and is one of 

the most important quality attributes in the selection process.  Sometime colour 

influences flavour recognition and it affects consumer perception.   

 Akamine et al., (1956) reported a delay in the colour development of 

quarter-to-half purple fruits stored at 25ºC compared to those at 20ºC.  Ethylene 

treated fruits at both temperatures coloured more rapidly and evenly than fruits 

stored in air.  Further, he found that even the half-coloured fruits were internally 

fully ripe at the end of the experiment, suggesting that colour was not a reliable 

maturity index.  However, Pruthi (1963) found colour to be a fair index of 

maturity. 

2.6.8. Appearance 

 Impairment of fruit appearance due to loss in weight starts after the second 

week of storage, turning the fruit unattractive owing to formation of wrinkles on 

the skin (Raghav and Gupta, 2000) as well as leathery and unacceptable condition 

of the peel (Aquino et al., 2001). 

 Matta et al., (2006) studied the shelf-life of yellow passion fruit which 

were placed in polystyrene tray and overwrapped with a plasticized PVC film.  In 

his experiment he stored the wrapped and non-wrapped fruit at 10°C for 15 or 30 

days at 85% RH in a commercial ripening banana chamber.    The fruits were 

analyzed after 15 and 30 days of storage.  Film-wrapped fruit had a better 

appearance, than non-wrapped fruit.  Also, non-wrapped fruit had the highest 

weight loss, and weight loss increased with storage time.   In these experiments, 

wrapping fruit with plasticized film minimized fruit weight loss and maintained 
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the external appearance of stored fruit.  RH under the wrapped treatments was not 

measured, but condensation, which may have contributed to the mold growth, 

formed in the packages after 25 days of storage. 

 Kundan et al., (2011) stated that the maximum weight loss in purple 

passion fruit was recorded under room temperature (25 ± 1°C) than under cold 

storage (8 ± 1°C).  He reported that the physico-chemical and the appearance of 

the fruit remained as such for only 5 days at 25°C and it was upto 21 days at 8°C. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials & Methods



 

 

Chapter III 

Materials and Methods 

 This chapter deals with the details of the materials and the methodology 

followed during the course of the present investigations.   

3.1. Experimental Materials 

3.1.1. Fruit sources 

 Yellow variety of passion fruits were harvested from the commercial 

orange and vegetable farm of Nelliyampathy, located at geographic coordinates;  

10°18’52’’N and 76°24’43’’E and 610 m altitude. Fruits with 70-80% of green 

rind colour were selected for the study.  After harvesting, the fruits were placed 

inside cartons and transported at 18 - 20
o
C to the postharvest technology 

laboratory of K.C.A.E.T within 4 h after harvest. The fruits were further sorted 

washed and air dried before subjected to treatments. 

 At the beginning of the experiments, an attempt was made to sort the fruit 

based only on size and degree of shrivelling by visual assessment.  The fruits 

found to be excessively shrivelled, too large or small, or with obvious infection or 

deformities and damages, were discarded.   

3.1.2. Bee wax, description and preparation 

 Bee wax, a natural wax of animal origin was used.  It has a melting point 

62 to 64°C.  It was never subjected to a temperature more than 64°C, so as to 

avoid a chance of discolouration at an extreme of 85°C. 

 Bee wax maintains the quality and freshness of the fruit.  Also, it prevents 

evaporation of water, inhibits respiration rate and polishes the skin to increase the 

attractiveness of fruit for consumers.    

 The bee wax cannot be used as such.  A vegetable oil was required as a 

base to prepare the wax emulsion.  Hence, a formulation of bee wax with rice bran 

oil was made.  Various concentrations of bee wax in rice bran oil were tested to 

obtain a solution which remained at room temperature without solidification. Of 
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the trails conducted, the best result was obtained when the wax to oil ratio was 

taken as 1:100 (Alfiya et al., 2010). This standardized wax was applied over the 

passion fruits.  

3.1.3. Commercial wax, description and preparation 

 Commercial wax used in the present investigation was Semperfresh 

collected from M/s. AgriCoat Industries, UK.  This was a powder formulation of 

sucrose esters, sodium carboxy methyl cellulose and a mixture of mono- and di-

glycerides of fatty acids, all of which are derived from plant sources. 

 This edible formulation is designed to create a MA inside the fruit, 

reducing its physiological activity through restricted gaseous exchange between 

the interior of the crop and the environment.  Commercial wax coatings create an 

invisible, edible protective film around the fruit.  They are effective in delaying 

ripening and reducing spoilage of a wide range of fresh produce.  In addition, 

commercial wax fruit coatings function by modifying the rate of respiration of the 

produce.  Also, commercial wax treatment can help to maintain the freshness and 

firmness of fruits by minimising weight loss (dehydration). 

 The experiment is carried out using 2% solution (1% active commercial 

wax) i.e. 20 g/litre of water.   This was prepared as follows: 

 Liquid commercial wax concentrate is poured slowly into the water flow 

while filling the container with water to the correct volume.  In order to minimise 

foaming during this procedure the water inlet should be kept below the water 

level.  The resulting dispersion should be left for 30 minutes with occasional 

stirring to use. 

3.1.4. Plastic bags 

 Low density polyethylene (LDPE) bags of 200 gauge (50 µm) and 400 

gauge (100 µm) thickness were used.  

 Different sets of perforations viz., 0.5%, 1% and 2% were used for packing 

the fruits.  Also, a set of fruits were kept in the bags that weren’t perforated 

(Akath et al., 2007; Santana et al., 2011).  As they were impermeable to moisture 
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migration and low temperature, the problem of moisture loss from fruits were 

solved to some extent by them. 

3.2. Properties of passion fruit 

 The engineering properties are important in designing a machine.  A 

sample of 20 fruits were selected at random for determining the physical 

characteristics, 10 of it were the bigger-sized fruits while another 10 were the 

small-sized fruits.  The length, width and thickness were measured using a 

standard vernier calliper with an accuracy of 0.01mm.  The fruit shape was 

expressed in terms of its sphericity and aspect ratio.   

 Sphericity is a yardstick to measure the roundness or spherical nature of an 

object.  This parameter was responsible for movement of fruits from the feed 

hopper to the wax coating unit.  For the sphericity (S), the dimensions obtained in 

size above were used to compute the index based on the recommendation as 

follows (Sahay and Singh, 1994): 

                                           
(abc)

1 3 

a
                                                                  

where a is length (cm), b is width (cm) and c is thickness (cm).  The aspect ratio 

(Rc) was calculated as recommended (Owolarafe and Shotonde, 2004):  

                                        c 
b

a
x100                                                           3.2 

 The surface area (S) of fruits were obtained by the formula (Mohsenin,  

1970), 

                                            π D
2
                                                              3.3 

 The angle of repose of fruits was found using the tilting top drafting table.  

The table top is tilted till the fruit starts moving over the inclined surface.  The 

angle of inclination is measured which is the angle of repose of the fruits (Sahay 

and Singh, 1994). 

3.2. Development of a wax applicator 

 Based on the physical properties of passion fruit, a wax applicator was 

designed with a principal objective to apply a uniform and complete impervious 
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coating to each fruit in a continuously moving stream of fruits.  The designed wax 

coating machine has the following components: 

1. Feed hopper. 

2. Tank. 

3. Power source. 

4. Rollers and brushes. 

5. Collecting tray. 

6. Wax supply system. 

7. Main frame. 

3.2.1. Feed hopper 

 A hopper made of 16 gauge MS sheet was designed.   

3.2.2. Tank 

 A circular stainless steel vessel was taken as a tank for storing the wax 

necessary for the coating on fruits.  The tank was considered to keep in bottom in 

order to collect the excess wax.  

3.2.3 Power source 

 A single-phase electric motor (12 V) was used to drive the main shaft.  

Power is transmitted from the motor to the flywheel by means of a chain.  The 

flywheel which was attached to the main shaft of the rollers and brushes moves 

the fruits forwardly.   

3.2.4. Rollers and brushes 

 The rollers are necessary for conveying the fruits from the hopper to the 

collecting tray.  In addition, it also helps in the uniform application of wax.  The 

rollers were made of MS mesh sheet.  The sheets are then welded cylindrically.  

From these six cylinders, 4 were covered with bristles made of nylon.   

3.2.5. Collecting tray 

 A rectangular collecting tray made of MS steel is kept next to the brushes, 

in order to collect the coated fruits.   
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3.2.6. Wax supply system 

 A pump (2800 rpm) is welded on the bottom of the frame.  The inlet of the 

pump is connected to the tank containing wax and the outlet is connected to the 

sprayer having numerous nozzles.  

3.2.7. Main frame 

 A MS hollow square was used for making the frame of the wax applicator.     

3.3. Working 

 The fruits to be waxed were fed from a hopper.  The wax stored in the 

bottom tank was pumped and sprayed from above through a pipe having 

numerous holes. The brushes were saturated with wax and spin the product, 

smearing the wax evenly over the product surface.  The fruits are collected in the 

collecting tray and then dried using a blower.   The dried fruits are then subjected 

to the different treatments. 

3.4. Evaluation of wax applicator 

3.4.1. Capacity 

 Five sets of fruits (each having 10 kg) are fed into the hopper and its 

respective time for coating is noted using a stop watch.  The average time taken 

for coating all the five passes of fruits is calculated.  From the average time, the 

quantity of fruits required for coating in 1hr is calculated.  Thus, the capacity of 

the applicator is determined. 

3.4.2. Mechanical damage 

 One by-product of mechanization in handling of fruits and vegetables is 

mechanical damage.  The damage is mainly due to the impact, compression and 

abrasion.  This may result in mechanical injuries such as cuts, punctures, bruises 

or abrasions.  The wax coated fruits were visually examined for any damage in its 

surface. 
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3.4.3. Coating efficiency 

 The coating efficiency of the applicator was determined manually on a 5 

point scale (full cover (100%) - 5, 90-100% - 4, 80-90% - 3, 70-80% - 2, 60-70% 

- 1) by observing the percentage of wax cover on fruit surface.   

3.5. MAP of passion fruit and its quality evaluation 

 The experiment was Completely Randomised Design (CRD) with 21 

treatments and each having 3 replications.   

3.5.1. Preparation of samples 

 Different samples prepared were: 

1. Bee wax (T0): In this sample the passion fruits were coated with the bee 

wax emulsion alone. 

2. Bee wax + LDPE 400 gauge + 2% perforation (T1):  This sample was 

prepared by coating the fruits with bee wax and packed in LDPE bags of 

400 gauge with 2% perforations. 

3. Bee wax + LDPE 400 gauge + 1% perforation (T2): In this sample the 

fruits are coated with bee wax and packed in LDPE bags of 400 gauge 

with 1% perforation. 

4. Bee wax + LDPE 200 gauge + 2% perforation (T3): In this treatment, 

the fruits are coated with bee wax and packed in LDPE bags of 200 gauge 

with 2% perforation. 

5. Bee wax + LDPE 200 gauge + 1% perforation (T4): The fruits coated 

with bee wax are packed in LDPE bags of 200 gauge with 1% perforation. 

6. Bee wax + LDPE 200 gauge + 0.5% perforation (T5): In this treatment, 

bee wax coated fruits are packed in LDPE bags of 200 gauge with 0.5% 

perforation. 

7. Bee wax + LDPE 200 gauge + without perforation (T6): In this one, 

fruits coated with bee wax are packed in LDPE bags of 200 gauge without 

any perforation. 
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 Similarly, a study was conducted in the fruits without using any coatings 

and the samples are as follows: 

1. LDPE 400 gauge + 2% perforation (T7): In this sample, the fruits are 

placed in LDPE 400 gauge bags having 2% perforation. 

2. LDPE 400 gauge + 1% perforation (T8): The fruits are placed in LDPE 

400 gauge bags having 1% perforation. 

3. LDPE 200 gauge + 2% perforation (T9): In this treatment, the fruits are 

packed in LDPE 200 gauge bags with 2% perforation. 

4. LDPE 200 gauge + 1% perforation (T10): In this sample, the fruits are 

packed in LDPE 200 gauge bags with 1% perforation. 

5. LDPE 200 gauge + 0.5% perforation (T11): In this sample, the fruits are 

placed in LDPE 200 gauge bags having 0.5% perforation. 

6. LDPE 200 gauge + without perforation (T12): In this one, the fruits are 

packed in LDPE 200 gauge bags having no perforation. 

 Apart from these, a similar study was conducted in the fruits using 

Commercial wax and the samples are as follows: 

1. Commercial wax alone (T13): In this sample, the fruits are coated with 

commercial wax coating alone. 

2. Commercial wax + LDPE 400 gauge + 2% perforation (T14): In this 

sample, the fruits coated with commercial wax are packed in LDPE bags 

of 400 gauge with 2% perforation. 

3. Commercial wax + LDPE 400 gauge + 1% perforation (T15): The 

fruits coated with commercial wax are packed in LDPE bags of 400 gauge 

with 1% perforation. 

4. Commercial wax + LDPE 200 gauge + 2% perforation (T16): In this 

treatment, the coated fruits are packed in LDPE bags of 200 gauge with 

2% perforation. 

5. Commercial wax + LDPE 200 gauge + 1% perforation (T17): In this 

sample, the coated fruits are packed in LDPE bags of 200 gauge with 1% 

perforation. 
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6. Commercial wax + LDPE 200 gauge + 0.5% perforation (T18): In this 

one, the fruits coated with commercial wax are packed in LDPE bags of 

200 gauge with 0.5% perforation. 

7. Commercial wax + LDPE 200 gauge + without perforation (T19): In 

this one, the fruits coated with commercial wax are packed in LDPE bags 

of 200 gauge without any perforation. 

8. Control (T20): A sample was kept as such without any treatments, as 

controlled sample.  This was to compare the performance of other samples 

with respect to this sample. 

3.5.2. Storage conditions 

 The samples were held in ambient temperature (35ºC) and in a cold 

storage room whose temperature was maintained at 7°C with an automatic 

refrigeration unit (Pruthi, 1963).  

3.5.3. Quality parameters evaluation 

3.5.3.1. Physiological loss in weight (PLW) (%) 

 The physiological loss in weight in passion fruit was calculated according 

to the method of Thakur et al. (2002).  For determining the PLW, fruits were 

weighed after imposing the treatment which served as the initial fruit weight.  The 

loss in weight was recorded at 7 days interval until 30 days which served as the 

final weight.  The PLW was determined by the following formula and expressed 

as percentage. 

P    %  
A  

A
x100 

where A – Original fruit weight (g). 

B – Final fruit weight in the day of observation (g). 

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

 The TSS in passion fruit was determined from each treatment.  The fruits 

were cut and the pulp was taken.  The juice was extracted from the pulp.  TSS was 

    3.4 
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determined in filtered juice by using Erma hand refractometer (0-32) according to 

the method described in AOAC (2000).  The results were expressed as ° Brix. 

3.5.3.3. Titrable acidity (%Acid) 

 The acidity in passion Fruit was determined as citric acid by titrating 

against 0.1N NaOH by following the method given in AOAC (2000).  The percent 

acidity was calculated according to the expression given below: 

Acidity,% 
0.1 equivalent weight of acid 0.1N Na H Titre value

 eight of sample
 100    3.5 

3.5.3.4. Ascorbic acid (mg/100 ml) 

 The ascorbic acid in Passion fruit was estimated by using the detective dye 

2, 6 dichlorophenol indophenol (DCPIP) by standardizing 0.1% standard, 2,6 

DCPIP dye solution against 0.1% ascorbic acid solution according to the method 

described in AOAC (2000).  The per cent ascorbic acid was computed according 

to the expression given below: 

                      scorbic acid,  mg 100ml   
   V

    V1

 100                          3.6 

R – ml of dye used in titration against one ml standard Ascorbic acid solution 

(1mg ascorbic acid/ml). 

RL – ml of dye used in titration against V1 ml of aliquot. 

V – Volume of aliquot made by 0.4% ascorbic acid. 

W – ml sample. 

V1 – ml aliquot taken for titration. 

3.5.3.5. Colour analysis 

 Colour of fruits plays an important role in fruit consumption and is one of 

the most important quality attributes in the selection process.  Sometime colour 

influences flavour recognition and it affects consumer perception.  Hunter lab 

colour flex meter (made by Hunter Associates Laboratory, Reston, Virginia, 

USA) was used for the measurement of colour. It works on the principle of 
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focusing the light and measuring the energy reflected from the sample across the 

entire visible spectrum. The colour meter has filters that rely on “standard 

observation curves” which defined the amount of red, yellow and blue colours. It 

provide readings in terms of parameters L, a, and b indicating degree of 

brightness, degree of redness (+a) or greenness (-a) and the degree of yellowness 

(+b) or blueness (-b) respectively (McGuire, 1992). 

 

 

 

 

 

 

 

          Plate 3. 1 Hunter lab colour flex meter 

3.5.3.6. Texture analysis  

 Firmness is defined, as specific force required to deforming a fruit.  The 

fruit, which is more firmed, shows less deformation from a given applied force.  

The measurement of texture is an important criteria and it can be measured with 

the help of TA.XT plus texture analyser (Stable micro systems Ltd.).  

 

 

 

 

                                

 

Plate 3. 2 Texture Analyser 
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The texture analyser is a microprocessor controlled texture analysis system.  It 

measures force, distance and time, thus providing three dimensional product 

analysis.  The probe carrier contains a very sensitive load cell. Compression 

platens were used for conducting the test. Size of the probe used was 5 mm at test 

speed of 2 mm/s. 

3.5.3.7. Moisture content of juice and peel (m.c) 

 The moisture content of the pulp and peel is determined by oven dry 

method.  The pulp and peel are weighed separately and kept in hot oven at a 

temperature of 70°C (Ssemwanga, 1994).  The samples are weighed after 24 hrs.  

Then the samples are again kept in hot oven and again the samples are weighed 

after 48 hrs.  If both the weights (i.e.) the weight after 24 hrs and the weight after 

48 hrs are same, the weight is taken as final weights of the samples.  The moisture 

content (m.c) is determined by the following method: 

Moisture content       
 eight of water

 eight of water  eight of dry sample
x100           3.7 

3.5.3.8. Appearance 

 Surface characteristics of food products contribute to appearance. Sight 

plays an important role in the assessment of fresh fruits.  The fruits are visually 

assessed for shrivelling, decay and fungal growth. 

3.5.4. Statistical Analysis 

 The results obtained during the course of experiment were subjected to the 

one-way Analysis of Variance (ANOVA).  The statistical analysis of data was 

carried out by using software SPSS. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results & Discussion 



 

 

Chapter IV 

Results and Discussion 

 The results of an experiment to develop a wax applicator for passion fruit 

are detailed in this chapter.  The evaluation of wax applicator and postharvest 

behaviour of wax coated passion fruits during its storage period are also 

discussed. 

4.1. Properties of passion fruit 

 The properties of passion fruit were determined by using the methodology 

described in section 3.2.   

4.1.1. Sphericity 

 Sphericity (Sc) and aspect ratio ranged from 0.90 to 0.99 and 0.86 to 0.98 

with mean values of 0.95 and 0.92 respectively.  This was determined for 

designing the conveying equipment and the capacity of the feed hopper.   

4.1.2. Surface area 

 The surface area is another important parameter for calculating the amount 

of wax required for coating the fruits and it was found to be 137.61 ± 1.89 cm
2
.  

4.1.3. Angle of repose 

 The angle of repose determines the angle of inclination of the machine. 

The angle of repose of the fruits was found to be 4 ± 2º.  It should be less than the 

angle of inclination so that the movement of fruits from the feed hopper to the 

collecting tray will be smooth. 

4.2. Development of wax applicator 

 Based on the properties of passion fruit, a wax applicator was designed 

and developed (Plate 4.1 & 4.2).  The developed wax coating machine had the 

following components: 

1. Feed hopper 

2. Tank 
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3. Power source 

4. Brushes 

5. Collecting tray 

6. Wax supply system 

7. Main frame 

4.2.1. Feed hopper 

 A feed hopper of size 36 x 18 x 33 cm was designed according to the 

dimensions of the fruit.  The hopper was inclined slightly at an angle of 10º.  The 

inclination was designed based on the sphericity and the angle of repose of the 

fruits.      

4.2.2. Tank 

 A tank of capacity 5 litres was fixed at the bottom of the main frame.  This 

was designed in such a way, to collect the excess wax after the application.  The 

tank was also provided with a pipe at the bottom for collecting the remaining wax 

after the entire application. 

4.2.3. Power source 

 Power was transmitted from the motor to the flywheel by means of a 

chain.  The flywheel which was attached to the main shaft of the rollers and 

brushes rotated them in the clockwise direction so that the fruits were forwarded 

to the collecting tray.   

4.2.4. Rollers and brushes 

 Three perforated rollers were used to transfer the excess wax sprayed over 

the fruit to the tank.  There were followed by 3 roller brushes to ensure uniform 

application of wax and to avoid bruising of fruits. 

4.2.5. Collecting tray 

 A rectangular collecting tray was kept next to the brushes, in order to 

collect the coated fruits.   
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4.2.6. Wax supply system 

 It consists of a centrifugal pump which transferred the wax from the tank 

to the spraying tube through a nylon hose.  The spraying tube has a number of 

holes through which the wax was sprayed. 

4.2.7. Main frame 

 The entire wax coating machine, rollers and brushes were fixed to an iron 

frame of size 57 x 52 x 75 cm.  The frame was inclined at an angle of 12º which 

should be less than the angle of repose of the fruits for free movement of fruits.  

 

Plate 4. 1 Side view of wax applicator 

4.3. Evaluation of wax applicator 

4.3.1. Capacity 

 The capacity of wax applicator was determined as per the method 

described in section 3.3.1.  The average time taken for coating all the set of fruits 

was found to be 2.48 min and thus, the capacity of the applicator was found to be 

250 kg/hr.  
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4.3.2. Mechanical damage 

 The mechanical damage of the fruits after coating was noted from the 

method mentioned in section 3.3.2.  The fruits collected in the collecting tray after 

coating, were not damaged.  This may be due to the absence of bruising between 

the fruits due to the presence of rollers covered with nylon bristles which provided 

a cushion effect. 

 

Figure 4. 1 Schematic diagram of wax applicator 

4.3.3. Coating efficiency 

 The fruits after the application of wax were examined for finding the 

coating efficiency (section 3.3.3).  The coated fruits were found to be fully 

covered with wax.  This high coating efficiency was due to the presence of nylon 

brushes which uniformly spreads the wax over the surface of the fruits.   
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Plate 4.2 Top view of wax applicator 

4.4. Postharvest behaviour of passion fruit during its storage period 

 The postharvest behaviour during storage of passion fruit in cold storage 

(7°C, 90% RH) and ambient conditions (32-35°C, 70-80% RH) were evaluated by 

finding the quality parameters as described in section 3.4.3.  In the case of 

ambient storage conditions, the fruits kept for analysis shrivelled after the 10
th

 day 

of analysis and hence they were discarded.  At the same time, the fruits kept in 

cold conditions shrivelled after the fourth week of analysis and hence they were 

also discarded.    However, the fruits kept as control cannot last for 2 days in the 

ambient condition and two weeks in cold conditions. 

4.4.1. Physiological loss in weight (PLW) 

 The PLW of passion fruit occurs due to the reduction in moisture content.  

This leads to the formation of wrinkles on the rind and eventually increases the 

rate of shrinkage.  The PLW increased consistently as a function of storage.  The 

statistical results regarding the effect of different coating on PLW (%) have been 
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presented in Appendix I.  Their respective values of PLW for each sample were 

plotted against the weeks to obtain the trend as shown in Fig. 4.1 and 4.2.  The 

results indicated that the fruits showed significant variation (P < 0.05) in the PLW 

during storage.    

4.4.1.1. Change in PLW of bee wax coated fruits under MAP 

 From the Fig. 4.1, the lowest PLW was observed for T6 (bee wax + LDPE 

200 without perforation) i.e. 0.34% preceded by T2 (bee wax + LDPE 400 with 

1% perforation) which was 4.42%, T5 (bee wax + LDPE 200 with 0.5% 

perforation) with 5.93% and so on in an increasing order, after the fourth week of 

storage.  This minimum loss may be due to the combination of barrier properties 

of bee wax and LDPE bags (Kore and Kabir, 2012).  From the above results, as 

the LDPE 200 bags were not perforated, the PLW was less.  In the case of LDPE 

400 bags, the perforations increased the rate of respiration.  The increasing PLW 

trend was explained by the equation PLW = 0.054x + 0.09 (R
2
 = 0.7881), where x 

is storage period (weeks).  The highest PLW (11.13%) observed for T0 (bee wax 

alone), after the fourth week of storage may be due to the absence of LDPE bags, 

which enhanced the moisture migration and respiration rate.   Similar results were 

reported by Hailu et al.,(2011).   

 

Fig. 4.2 Change in PLW of bee wax coated fruits 
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4.4.1.2. Change in PLW of uncoated fruits under MAP 

 The table 4.1 shows that the minimum weight loss after fourth week of 

storage was observed in T12 (LDPE 200 without perforation) with a mean of 

1.82%.  This was due to the property of LDPE to reduce water loss which was in 

accordance with the results of Aharoni, (2004).  The mean PLW of uncoated fruits 

increased from 3.29% to a maximum of 19.56%.  However, the maximum PLW 

was observed in control (T20) with 52.32% after the fourth week of storage.  It 

was also noted that the PLW of the control exceeded 12% after the second week 

of storage, thus reducing its consumer acceptability (Wills et al., 1998). 

Table 4.1 Change in PLW of uncoated fruits 

Treatments 
Storage period (weeks) Mean 

(%) 1 2 3 4 

T7 3.27
e
 8.72

e
 14.43

e
 19.36

e
 11.45 

T8 1.40
b
 3.03

b
 5.44

b
 9.59

b
 4.86 

T9 4.02
f
 10.67

f
 18.65

f
 26.43

f
 14.94 

T10 2.57
d
 4.01

d
 8.84

d
 14.33

d
 7.44 

T11 1.96
c
 3.91

c
 6.81

c
 11.07

c
 5.94 

T12 0.12
a
 0.86

a
 2.47

a
 3.81

a
 1.82 

T20 9.66
g
 14.58

g
 31.75

g
 52.32

g
 27.07 

Mean (%) 3.29 6.54 12.63 19.56  

 

4.4.1.3. Change in PLW of commercial wax coated fruits under MAP 

 From the Fig. 4.2, an increase in trend with the equation  

   PLW = 0.264x – 0.035 (R
2
 = 0.9852),         ---------4.1 

where x is storage period (weeks) was observed with the minimum deviation in 

T19 (commercial wax + LDPE 200 without perforation) with 0.99%.  This 

significant variation may be due to the combined action of commercial wax and 
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LDPE bags in which the coating plugs the opening of the fruit skin surface 

thereby lowering the rate of respiration and transpiration and the LDPE bags 

offers some resistance to the exchange of gases.  This was in conformity with the 

results of Claypool, (1939) and Silva et al.,(2009).    

 

Fig. 4.3 Change in PLW of commercial wax coated fruits 

 Comparison of treatment means showed that maximum weight loss 

(52.32%) was observed in T20 (control) whereas the lowest (0.34%) was noted in 

T6 (Bee wax + LDPE 200 without perforation), which was close to that of T19 

(commercial wax + LDPE 200 without perforation) with a PLW of 0.99%.  The 

possible reason may be that bee wax and commercial wax served as a semi 

permeable membrane around fruit surface which resulted in reduction of water 

loss and rate of respiration, thereby reducing the moisture loss and hence the 

PLW.  Among the bee wax and commercial wax, bee wax was found to be 

effective as the PLW of the bee wax coated fruits (0.5%) was less than that of 

commercial wax coated fruits (1%).  These results were similar to the findings of 

Kaushal and Thakur (1996) who found that minimum weight loss can range upto 

1.5% depending upon storage conditions and fruit coatings.  
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Table 4.2 Change PLW of 

fruits in ambient storage 

Treatment 
Days of storage 

5 10 

T0 2.67
i
 - 

T1 1.50
c
 3.41

e
 

T2 1.34
b
 3.25

c
 

T3 1.82
e
 - 

T4 1.70
d
 - 

T5 1.40
b
 3.31

d
 

T6 0.85
a 

2.76
b
 

T7 3.95
l
 - 

T8 2.08
f
 4.01

f
 

T9 4.70
m

 - 

T10 3.25
k
 - 

T11 2.64
i
 4.55

i
 

T12 0.80
a 

2.71
a
 

T13 4.94
n
 - 

T14 2.56
h
 4.47

h
 

T15 2.27
g
 4.18

g
 

T16 2.96
j
 - 

T17 2.66
i
 - 

T18 1.37
b
 3.28

cd
 

T19 0.87
a
 2.78

b
 

T20 10.34
n
 - 

 

4.4.1.4. MAP of passion fruit in ambient storage condition 

 In ambient condition, the PLW of fruits were 

significant.  The fruits kept in bags with more number 

of perforations started shrivelling after the 5
th

 day of 

analysis itself and hence were discarded as was 

reported Shellhammer and Krochta (1997).  From 

table 4.2, the minimum PLW (2.71%) was found in 

T12 followed by T6 (2.76%), T19 (2.78%) and so on.  

From the results, it was clear that LDPE bags without 

perforation and both bee wax and commercial wax in 

combination with LDPE bags were effective in acting 

as a barrier in controlling the respiration rate 

(Mollenhauer, 1954; Trout et al., 1953).  However, 

the maximum loss (10.34%) was noted in control 

after the 5
th

 day of analysis.  This sample showed 

maximum shrinkage and was discarded.   

4.4.2. Total soluble solids 

 As expected, the TSS concentrations 

increased during ripening.  The TSS during different 

storage periods was found to be significantly 

different.  The ANOVA showing the variation of TSS 

with storage period have been presented in Appendix 

II.    

4.4.2.1. Change in TSS of bee wax coated fruits 

under MAP 

 At the end of the storage period, the TSS of 

fruits in T0 (bee wax alone) was the highest i.e., 17.8º 

Brix.  The lowest of 15.1º Brix was observed for T6 

(bee wax + LDPE 200 without perforation) (Fig. 4.3).  
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The increasing trend was found to be closely related to each other with an 

equation TSS = 0.27x + 13.8   (R
2
 = 0.8526), where x is storage period (weeks).  

The lowest TSS may be attributed to retarded respiration due to the modified 

atmosphere effect of the wax and LDPE (Mota et al., 2003). 

 

Fig. 4.4 Change in TSS of bee wax coated fruits 

4.4.2.2. Change in TSS of uncoated fruits under MAP 

 The ANOVA pertaining to the effect of different sets of perforations on 

TSS of passion fruits presented in Table 4.3 indicated that the TSS significantly 

varied among the storage period.  During the storage period, the fruits in T20 

(control) was found to have the highest TSS (19.4º Brix).  The treatments T12 

(LDPE 200 without perforation) and T11 (LDPE with 0.5% perforation) had the 

lowest TSS (15.7° Brix).  The lowest TSS may be due to the absence of 

perforation in T12 and less number of perforations (0.5%) in T11.  This was in 

sequence with the findings of Cereda et al., (1976).  The mean TSS of uncoated 

fruits increased from a minimum of 15.34º Brix to a maximum of 16.25º Brix. 
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Table 4.3 Change in TSS of uncoated fruits 

 

4.4.2.3. Change in TSS of commercial wax coated fruits under MAP 

  The Fig. 4.4 clearly revealed that the lowest TSS was noted in T19 

(commercial wax + LDPE without perforation) with 14.06°Brix after the fourth 

week of storage.  This is perhaps due to the lowered respiration rate.  Kader et al., 

(1986) with pears, plums and nectarines and Nyambati (1984) with passion fruit 

found similar results.  The increase in trend was explained by an equation  

  TSS = 0.18x + 13.6 (R
2
 = 0.8526),                                  ----------4.2 

where x – storage period (weeks). 

 The comparison of the effect of different types of waxes on TSS of fruits 

and uncoated fruits during its entire period of storage was plotted in Fig. 4.5.  Fig. 

4.5 showed that fruits kept in T19 yielded lowest TSS when compared to the fruits 

in T20 which exhibited highest TSS (19.4%) when tested after 4 weeks of storage.  

Control fruits showed maximum TSS from the first week of analysis.  This higher 

TSS of fruits in T20 might be due to higher rate of respiration and evaporation 

(Thakur et al., 2002).  The graph clearly shows that T6, T12 and T19 have lower 

values when compared to that of controlled storage condition.  The lower values 

Treatments 
Storage period (weeks) Mean 

(°Brix) 1 2 3 4 

T7 16.17
e
 16.40

d
 16.50

e
 16.60

d
 16.42 

T8 15.23
c
 15.63

b
 15.93

c
 15.93

b
 15.68 

T9 15.80
d
 16.00

c
 16.43

d
 16.50

c
 16.18 

T10 16.47
f
 16.80

e
 16.80

f
 17.07

e
 16.78 

T11 14.43
b
 15.50

b
 15.50

b
 15.70

a
 15.28 

T12 14.23
a
 14.80

a
 15.00

a
 15.70

a
 14.87 

T20 16.93
g
 17.00

f
 17.80

g
 19.40

f
 17.78 

Mean (° Brix) 15.34 15.85 16.03 16.25  
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of TSS could be due to the low respiration rate of fruits which was in line with 

observation made by Hayat et al., (2003).   

 

Fig. 4.5 Change in TSS of commercial wax coated fruits 

 

Fig. 4. 6 Change in TSS of coated/uncoated samples 

4.4.2.4. MAP of passion fruit in ambient storage condition 

  The fruits kept in bags with more number of perforations started 

shrivelling after the 5
th

 day of analysis itself and hence were discarded.  As per the 

results presented in table 4.4, the minimum TSS was found to be in T19 with 14º 
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Brix.  The TSS of fruits kept in non-perforated bags was found to be constant in 

the entire period of study.  This may be due to the controlled rate of respiration.  

Thakur et al., (2002); Alam and Paul, (2001) and Dou et al., (1999) had reported 

similarly.  

Table 4. 4 Change in TSS of fruits in ambient storage 

Treatments 
Days of storage 

5 10 

T0 16.00
j
 - 

T1 15.20
f
 15.40

d
 

T2 15.63
h
 15.63

e
 

T3 14.97
e
 - 

T4 15.17
f
 - 

T5 14.77
d
 14.88

c
 

T6 14.43
c
 14.43

b
 

T7 15.43
g
 - 

T8 16.37
l
 16.77

g
 

T9 16.00
j
 - 

T10 14.17
b
 - 

T11 14.63
d
 16.83

c
 

T12 16.77
m

 16.77
g
 

T13 16.20
k
 - 

T14 15.57
gh

 15.77
e
 

T15 15.80
i
 16.00

f
 

T16 16.03
j
 - 

T17 15.17
f
 - 

T18 14.77
d
 14.97

c
 

T19 13.97
a
 13.97

a
 

T20 17.17
n
 - 
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4.4.3. Titrable acidity 

 The titrable acidity in the control as well as in the coated fruits decreased 

with storage.  This could be accounted for the degree of ripening of the fruits.  

However, the difference was to a lesser extent in coated fruit compared to control.  

 The effect of different coatings on acidity of fruits is shown in Appendix 

III.  It is obvious from the statistical results that storage days, different wax 

treatments and different percent of perforations significantly affected the acidity 

of passion fruits.   

4.4.3.1. Change in titrable acidity of bee wax coated fruits under MAP 

 The fruits in T6 (bee wax + LDPE without perforation) had high acidity 

(6.4%) and that in T0 (bee wax alone) showed least acidity (5.05%) (Fig.4.6).  

This maximum value of acidity may be due to the wax coating and non-perforated 

LDPE bags, which caused a delay in ripening of fruits (Marupadi et al., 2011).  

The decreasing trend in acidity was expressed by the equation  

   Acidity = -0.58x + 8.56 (R
2
 = 0.9225),         ---------4.3 

where x – storage period (weeks). 

 

Fig. 4.7 Change in acidity of bee wax coated fruits 

y = -0.58x + 8.56 
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4.4.3.2. Change in titrable acidity of uncoated fruits under MAP 

 The uncoated fruits in T12 (LDPE 200 without perforation) showed the 

highest acidity (4.95%) with a maximum mean value of 5.74% (Table 4.5).  This 

is due to the delayed ripening in CO2 enriched MAP.  The lowest acidity was 

found in control with 4.02% due to the enhanced ripening in the normal 

atmosphere (Raghavan et al., 2003; Bender et al., 2000).  The mean acidity of 

uncoated fruits decreased from a maximum of 5.87% to a minimum of 4.6% 

during the period of storage.     

Table 4.5 Change in acidity of uncoated fruits 

Treatments 
Storage period (weeks) Mean 

(%) 1 2 3 4 

T7 5.37
g
 5.37

e
 4.87

d
 4.23

e
 4.96 

T8 5.62
d
 5.56

c
 5.00

c
 4.43

d
 5.15 

T9 6.03
c
 5.56

c
 5.06

b
 4.75

c
 5.35 

T10 5.49
e
 5.48

d
 4.89

d
 4.41

d
 5.07 

T11 6.13
b
 5.64

b
 5.09

b
 4.87

b
 5.43 

T12 6.57
a
 5.96

a
 5.51

a
 4.95

a
 5.74 

T20 5.13
f
 4.99

f
 4.67

e
 4.02

f
 4.7 

Mean (%) 5.87 5.59 5.07 4.6  

 

4.4.3.3. Change in titrable acidity of commercial wax coated fruits under 

MAP 

 The Fig. 4.7, clearly revealed that the minimum decrease in acidity (5.4%) 

was noted in T19 (commercial wax + LDPE 200 without perforation) followed by 

T18 (LDPE 200 with 0.5% perforation) with 5.23, T15 (LDPE 400 with 1% 

peforation) having 4.78 and so on.  The decrease in trend can be explained by the 

equation Acidity = -0.1867x + 6.18 (R
2
 = 0.954), where x is storage period 

(weeks).  The acidity in T19 was lower because of the retarded ripening due to the 
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MA created by the wax and the LDPE bags which was in accordance with the 

Silva et al., (2009); Akath et al.,(2007). 

 

Fig. 4.8 Change in acidity of commercial wax coated fruits  

 

Fig. 4.9 Change in acidity of coated/uncoated samples 

 The interactive effects between storage days and treatments were shown in 

Fig. 4.8.  There was a steep decrease in the case of T6 and T12.  But in the case of 

T19 the variation was very less from the first week of analysis, till the fourth week 

of experimentation.  The acidity in T6 was found to be the highest with 6.4%.  
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Table 4. 6 Change in acidity 

of fruits kept in ambient 

storage 

Treatments 
Days of storage 

5 10 

T0 5.35
g
 - 

T1 6.38
c
 5.06

d
 

T2 6.63
b
 5.31

b
 

T3 5.92
f
 - 

T4 6.11
d
 - 

T5 6.00
e
 5.23

c
 

T6 6.76
a
 5.78

a
 

T7 4.90
h
 - 

T8 5.34
g
 4.28

e
 

T9 4.80
i
 - 

T10 4.38
l
 - 

T11 4.14
o
 3.96

i
 

T12 4.39
l
 4.02

g
 

T13 4.67
k
 - 

T14 4.38
l
 4.01

gh
 

T15 4.02
q
 3.75

j
 

T16 4.08
p
 - 

T17 4.03
q
 - 

T18 4.17
n
 5.00

h
 

T19 4.71
j
 4.17

f
 

T20 3.90
r
 - 

 

Among the treatments, T19 shows only slight 

deviation in acidity from the first week to the 

fourth week of study.  But there was traces of 

fungal growth in the surface of bee wax coated 

fruits and hence T19 i.e., commercial wax 

coated fruits was found to be the best with the 

maximum value of 5.4%.  This was in line with 

the observation made by El-Anany et al., 

(2009). He stated that the wax coating fruits acts 

as a barrier and caused delay in ripening of 

fruits.   

4.4.3.4. MAP of passion fruit in ambient 

storage condition 

 The fruits kept in bags with more 

number of perforations, started shrivelling after 

the 5
th

 day of analysis and hence were 

discarded.  The table 4.6 shows the acidity of 

fruits kept in ambient condition.  The maximum 

acidity (5.78%) was found in T6 (bee wax + 

LDPE 200 without perforation) and the 

minimum acidity (3.75%) was found in T15 

(commercial wax + LDPE 400 with 1% 

perforation) after the 10
th

 day of analysis.  The 

maximum acidity may be due to the retardation 

in ripening caused by the combination of both 

bee wax and LDPE bags (Wills et al., 1998). 

4.4.4. Colour 

 A significant change in colour was 

observed during the storage period of passion 

fruits.  The degree of brightness (+L), greenness 

(-a) and yellowness (+b) increased during the period of storage irrespective of the 
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treatments.  Results and ANOVA for colour evaluation of L, a and b were 

presented in Appendix IV.   

4.4.4.1. Change in colour of bee wax coated fruits under MAP  

4.4.4.1.1. Effect of MAP and bee wax coating on lightness ‘L’ of passion fruits 

 Fig. 4.9 indicates the increase in L during the storage period of MA 

packed fruits.  Among the treatments, T6 (bee wax + LDPE 200 without 

perforation), T2 (bee wax + LDPE 400 with 1% perforation) and T5 (bee wax + 

LDPE 200, 0.5% perforation) showed minimum change in L value.  This was due 

to the coating and the presence of less number of perforations.  The minimum 

value (54.52) was found in T6 and the maximum (73.08) was found in T0 after 

the fourth week of analysis.  The trend in Fig. 4.9 also shows that there was a 

sharp increase in ΔL in the case of fruits in treatment T0 (bee wax alone) and T3 

(bee wax + LDPE 200 with 2% perforation).  This was due to the fast ripening of 

fruits.  This was similar to the findings of Nanda et al., (2001) and Ladaniya, 

(2001).      

 

Fig. 4.10 Variation in lightness ‘L’ of bee wax coated fruits 

4.4.4.1.2. Effect of MAP and bee wax coating on greeness ‘a’ of passion fruits 

 From the statistical analysis of bee wax coated fruits, most of the 

treatments were found to be on par as shown in Table 4.7.  The mean a of T6 (bee 

wax + LDPE 200 without perforation) was found to be minimum (-10.59) and the 
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maximum (-6.92) was found in T0 (bee wax alone) after the fourth week of 

storage.  This may be due to the delay in ripening caused by MAP & wax coating.  

This was in concordance with the findings of Randhawa et al., (2009) and Dau et 

al., (1999).   

Table 4.7 Variation in greenness ‘a’ of bee wax coated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T0 -8.56
c
 -7.16

g
 -6.82

d
 -5.15

ab
 -6.92 

T1 -10.35
ab

 -8.69
a
 -8.07

bcd
 -7.03

a
 -8.53 

T2 -10.74
a
 -9.55

c
 -9.17

ab
 -8.07

a
 -9.38 

T3 -9.87
b
 -8.14

f
 -7.12

cd
 -6.36

ab
 -7.87 

T4 -10.39
ab

 -9.09
d
 -8.68

bc
 -7.79

a
 -8.99 

T5 -11.04
a
 -10.05

b
 -9.51

ab
 -8.28

a
 -9.72 

T6 -11.11
a
 -10.58

a
 -10.53

a
 -10.14

a
 -10.59 

T20 -6.39
d
 -4.14

h
 -2.57

e
 -1.39

b
 -3.62 

Mean -10.29 -9.04 -8.56 -7.55  

 

4.4.4.1.3. Effect of MAP and bee wax coating on yellowness ‘b’ of passion 

fruits 

  From the Fig. 4.10, it is clearly understandable that all the b values are 

positive which shows the yellowness of stored fruits.  The minimum value of b 

was found in T6 (29.68) with the increasing trend  

      b = 1.578x + 23.44 (R
2
 = 0.9948)         ---------4.4 

where x is storage period (weeks) and the maximum value (47.0) was observed in 

T0.  Low value of yellowness shows that the fruits were not still ripened after the 

fourth week of analysis.  This may be due to the retarded ripening of fruits kept in 

LDPE bags (Akath et al., 2007).   Plate 4.3 shows the change in colour in fruits 

after the first week of analysis. 
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Fig. 4.11 Variation in yellowness ‘b’ of bee wax coated fruits 

 

Plate 4.3 Fruits after first week of storage 

4.4.4.2. Change in colour of uncoated fruits under MAP  

4.4.4.2.1. Effect of MAP on lightness ‘L’ of fruits 

 The table 4.8 revealed that the fruits kept in T12 (LDPE without 

perforation) gave the lowest mean L i.e., 67.05.  The lower value of T12 was due 

to the modification in the levels of O2 and CO2 as reported by Jobling, (2001). The 

maximum mean L (72.63) was found in T20 (control).  The mean L of uncoated 

fruits increased from a minimum of 63.54 to a maximum of 75.53.   
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Table 4.8 Variation in lightness ‘L’ of uncoated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T7 65.27
d
 70.55

cd
 73.57

ef
 78.90

d
 72.07 

T8 63.72
bc

 67.23
abc

 71.05
bc

 74.55
b
 69.14 

T9 64.83
cd

 69.95
bcd

 72.74
de

 76.86
c
 71.10 

T10 63.86
bc

 67.59
abcd

 71.86
cd

 75.11
b
 69.60 

T11 62.64
b
 66.86

ab
 70.34

ab
 74.88

b
 68.68 

T12 60.90
a
 65.24

a
 69.19

a
 72.85

a
 67.05 

T20 66.14
e
 70.79

cd
 74.31

f
 79.27

d
 72.63 

Mean 63.54 67.90 71.46 75.53  

 

4.4.4.2.2. Effect of MAP on greeness ‘a’ of passion fruit 

 Fig. 4.11 shows a regular increase in trend of a with the equation               

a = 1.369x – 11.455 (R
2
 = 0.9615), where x is storage period (weeks).  The 

interactive effect between the different sets of perforations showed that the lowest 

mean value of a (-8.03) was found in T12 (LDPE without perforation), whereas 

the highest mean value (-3.62) was found in T20 (control) after fourth week of 

storage.  The lowest value indicates the greenness which was due to the creation 

of MA around the fruits (Mir and Beaudry, 2009).  

4.4.4.2.3. Effect of MAP on yellowness ‘b’ of uncoated passion fruits 

  The statistical results regarding the effect of MAP on b of fruits indicated 

that b was significantly affected by the storage period (Table 4.9).  The values of 

T12 (LDPE without perforation) and T11 (LDPE with 0.5% perforation) were 

found to be minimum (35.15 & 40.09) and was on par.  This was due to the 

controlled rate of respiration of fruits generated by the MA around the fruits.  

Similar results were observed by Singh et al., 1998).  The minimum mean (35.59) 

found to be T12 whereas the maximum (47.95) was found to be in T20 (control).   
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Fig. 4.12 Variation in greeness ‘a’ of uncoated fruits 

 

Plate 4.4 Fruits after second week of storage 

4.4.4.3. Change in colour of commercial wax coated fruits under MAP 

4.4.4.3.1. Effect of MAP and commercial wax on lightness ‘L’ of passion 

fruits 

 The deviation of L during the storage period in commercial wax coated 

fruits was indicated in Fig. 4.12.  During the first 3 weeks of study, the degree of 

brightness of T19 (commercial wax + LDPE without perforation) was found to be 

on par with T18 (commercial wax + LDPE 200, 0.5% perforation) and T15 (c.w + 

LDPE 400, 1% perforation).  This was due to the controlled transpiration rate of 
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wax and LDPE bags (Santana et al., 2011; Petracek et al., 1998).  After the fourth 

week of storage, the minimum value was found to be in T19 with 68.05 followed 

by T18 with 69.89.  However, the higher value was found in T13 (commercial 

wax alone) with 77.71.  Plate 4.4 shows variation in colour of fruits after second 

week of analysis. 

Table 4. 9 Variation in yellowness ‘b’ of uncoated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T7 36.53
d
 40.45

cd
 43.15

c
 44.11

c
 41.06 

T8 33.96
bc

 36.84
ab

 39.78
b
 41.98

b
 38.14 

T9 37.81
e
 42.00

de
 45.57

d
 46.90

d
 43.07 

T10 35.16
c
 37.79

bc
 41.72

c
 42.87

bc
 39.38 

T11 32.83
b
 35.71

ab
 38.05

ab
 40.09

a
 36.67 

T12 30.92
a
 34.60

a
 37.72

a
 39.15

a
 35.59 

T20 39.49
f
 43.94

e
 46.72

d
 47.95

d
 44.53 

Mean 34.54 37.90 40.99 42.52  
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Fig. 4.13 Variation in lightness ‘L’ of commercial wax coated fruits 

4.4.4.3.2. Effect of MAP and commercial wax on greeness ‘a’ of passion fruits 

 The statistical results for ANOVA regarding the effect of different 

treatments shown in Table 4.10 indicated that a was affected significantly by 

storage days and different sets of perforations.  The minimum mean (-9.68) was 

found to be in T19 and the maximum (-4.61) was found in T13.  This shows that 

the greenness was high in T19 after the fourth week of analysis.  This was due to 

the delayed ripening caused by the MA of commercial wax and LDPE bags which 

was in accordance with the findings of Krochta (1997). 

Table 4.10 Variation in greeness ‘a’ of commercial wax coated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T13 -8.56
d
 -4.75

e
 -3.13

ef
 -2.00

fg
 -4.61 

T14 -10.02
ab

 -8.73
b
 -7.31

b
 -6.60

b
 -8.16 

T15 -9.15
cd

 -5.94
d
 -3.62

e
 -3.15

ef
 -5.46 

T16 -9.45
bcd

 -7.49
c
 -5.91

d
 -4.99

cd
 -6.95 

T17 -9.98
abc

 -8.05
bc

 -7.08
c
 -6.17

bc
 -7.82 

T18 -9.11
d
 -6.97

cd
 -4.97

d
 -4.50

de
 -6.39 

T19 -10.67
a
 -9.94

a
 -9.85

a
 -8.28

a
 -9.68 

T20 -6.39
e
 -4.14

e
 -2.57

f
 -1.39

g
 -3.62 

Mean -9.55 -7.41 -5.98 -5.10  

 

4.4.4.3.3. Effect of MAP and commercial wax on yellowness ‘b’ of passion 

fruit 

 The results of different sets of treatments on b of passion fruits have been 

presented in Fig. 4.13.  The lowest b (37.09) was found to be in T19 (LDPE 

without perforation) followed by T18 (LDPE 200 gauge, 0.5% perforation), T15 

(LDPE 400 gauge, 1% perforation) and so on.  The highest b (42.75) was found in 

T13 (without LDPE) after the period of study.  The increase in trend was shown 
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by the equation b = 1.607x + 33.07 (R
2
 = 0.9862), where x is storage period in 

weeks.  Silva et al., (2009) obtained the same result on yellow passion fruit coated 

with fruit wax.  The variation in colour of fruits after third week of analysis was 

shown in Plate 4.5. 

 

Fig. 4.14 Variation in yellowness ‘b’ of commercial wax coated fruit   

 

Plate 4.5 Fruits after third week of storage 

4.4.4.4. MAP of passion fruit in ambient storage condition 

 The results pertaining to the interactive effect of different treatments on 

colour parameters of fruits kept in ambient condition was shown in Table 4.11.  

The minimum of L was found to be in T6 (bee wax + LDPE without perforation)  
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Table 4.11 Variation in colour parameters of fruits kept in ambient storage 

Treatments 

Days of storage 

L a b 

5 10 5 10 5 10 

T0 61.04
def

 - -7.29
h
 - 36.53

abc
 - 

T1 57.61
abcd

 58.93
b
 -9.08

abcd
 -7.19

ab
 29.49

abc
 32.05

b
 

T2 54.44
ab

 55.76
a
 -9.47

ab
 -7.58

ab
 27.64

ab
 30.20

a
 

T3 59.00
cde

 - -8.60
cdef

 - 34.31
abc

 - 

T4 58.29
bcde

 - -9.12
abcd

 - 31.83
abc

 - 

T5 56.48
abc

 57.80
ab

 -9.77
a
 -7.88

a
 27.40

ab
 29.96

a
 

T6 54.11
a
 55.43

a
 -9.84

a
 -7.95

a
 26.34

a
 28.90

a
 

T7 66.56
gh

 - -5.94
i
 - 37.80

abc
 - 

T8 65.00
gh

 69.89
cd

 -7.28
h
 -5.39

c
 35.23

abc
 37.79

c
 

T9 66.11
gh

 - -7.67
gh

 - 39.08
bc

 - 

T10 65.14
gh

 - -8.51
def

 - 36.43
abc

 - 

T11 63.92
gh

 68.81
cd

 -6.20
i
 -4.31

d
 34.13

abc
 36.66

c
 

T12 62.18
efg

 67.07
c
 -9.14

abcd
 -7.25

ab
 32.19

abc
 34.75

b
 

T13 67.00
h
 - -7.29

h
 - 39.48

bc
 - 

T14 65.81
gh

 70.70
d
 -8.75

bcde
 -6.86

b
 39.47

bc
 42.03

d
 

T15 64.46
gh

 69.35
cd

 -7.88
fgh

 -5.99
c
 38.13

abc
 40.69

d
 

T16 66.52
gh

 - -8.14
efg

 - 39.45
bc

 - 

T17 64.80
gh

 - -8.71
bcde

 - 39.14
bc

 - 

T18 64.39
gh

 69.28
cd

 -7.84
fgh

 -5.95
c
 37.18

abc
 39.74

c
 

T19 63.74
gh

 68.63
cd

 -9.40
abc

 -7.51
ab

 35.76
abc

 38.32
c
 

T20 67.42
h
 - -5.12

j
 - 40.76

c
 - 
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with a value of 55.43 followed by T2 (bee wax + LDPE 400 gauge with 1% 

perforation) with a value of 55.76 after the 10
th

 day of analysis.  Similarly, the 

minimum value of a and b were found to be in T6 with a values of -7.95 and 28.9 

respectively followed by T5 (bee wax + LDPE 200 gauge with 0.5% perforation) 

with values of -7.88 and 28.96 respectively.  This shows that there was a delay in 

ripening due to the MA created by the combination of bee wax and LDPE bags 

(Nanda et al., 2001). 

4.4.5 Pulp moisture content 

 The m.c of pulp showed significant difference during the period of study 

(Appendix V).  The m.c of the pulp decreases during the entire storage period.  

There was a slight increase in the initial analysis and this was due to the 

penetration of moisture from the peel to the pulp.   

4.4.5.1. Change in pulp m.c of bee wax coated fruits under MAP 

 Table 4.12 shows the statistical values of m.c of bee wax coated fruits.  T6 

(without perforation) showed highest m.c of 71.52% followed by T5 (LDPE with 

0.5% perforation) (70.14%), T4 (LDPE with 1% perforation) (69%) and so on.   

Table 4.12 Change in pulp m.c of bee wax coated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T0 67.27
g
 68.64

g
 66.39

g
 64.97

g
 66.82 

T1 70.06
f
 71.18

f
 67.21

f
 65.80

f
 68.56 

T2 71.03
e
 72.39

e
 67.77

e
 65.99

e
 69.30 

T3 72.03
d
 73.30

d
 68.20

d
 66.95

d
 70.12 

T4 72.78
c
 73.90

c
 69.59

c
 69.00

c
 71.32 

T5 74.59
b
 75.53

b
 71.19

b
 70.14

b
 72.86 

T6 75.98
a
 76.69

a
 72.99

a
 71.52

a
 74.29 

T20 65.99
h
 66.60

h
 62.99

h
 60.81

h
 64.10 
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Mean 71.96 73.09 69.05 67.76  

 

The mean m.c of pulp initially increased from 71.96% to 73.09% and then it 

decreased to 67.76%.  The highest m.c was due to the retention of moisture by the 

coating and LDPE bags (Santana et al., 2011; Thirupathi et al., 2006).  The 

minimum mean m.c was observed in T0 (bee wax alone) (66.82%).   

4.4.5.2. Change in pulp m.c of uncoated fruits under MAP 

 Fig. 4.14 shows that minimum decrease in trend was found to be in T12 

(without perforation) during the period of study and it was indicated by the 

equation m.c = -1.928x + 78.435 (R
2
 = 0.9812), where x is storage period 

(weeks). The maximum mean m.c (73.61%) was found in T12 (without 

perforation) while the minimum mean m.c (64.10) was found in T20 (control) 

with (Appendix V).  The mean decrease in m.c was found to be from 74.24% to 

65.28% during the period of experimentation.  This result was an effect of greater 

dehydration of the fruit (Echeverria et al., 2009). 

 

Fig. 4.15 Change in pulp m.c of uncoated fruits 

4.4.5.3. Change in pulp m.c of commercial wax coated fruits under MAP 
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 The effect of MAP and commercial wax coating on the m.c (pulp) was 

presented in Table 4.13.  The highest mean of m.c (73.60%) was observed in T19 

(without perforation).  The minimum mean (67.47%) was found in T13 

(commercial wax alone).  This minimum value may be due to the absence of 

packaging material whereas, in T19 both commercial wax and LDPE bags acts as 

a barrier in controlling evapo-transpiration and thus retaining the moisture.  

Similar results were reported by Ding et al., (2002) and Meir et al., (1992).   

Table 4.13 Change in pulp m.c of commercial wax coated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T13 70.59
g
 69.15

g
 67.40

g
 62.74

f
 67.47 

T14 73.06
e
 72.99

e
 69.80

e
 63.60

e
 69.86 

T15 75.59
a
 73.40

d
 70.60

d
 63.72

d
 70.82 

T16 72.47
f
 71.57

f
 68.19

f
 63.59

e
 68.95 

T17 74.60
d
 73.95

c
 71.79

c
 65.98

c
 71.58 

T18 75.19
c
 74.52

b
 72.19

b
 68.39

b
 72.57 

T19 75.38
b
 75.42

a
 73.79

a
 69.81

a
 73.60 

T20 65.99
h
 66.60

h
 62.99

h
 60.81

g
 64.10 

Mean 73.84 73.00 70.54 65.40  

 

 The change in pulp m.c of both the coated and uncoated fruits was nearly 

same and this was due to the presence of the peel which acts as the natural barrier 

to control the moisture loss. 

4.4.5.4. MAP of passion fruit in ambient storage condition 

 The results regarding the effect of different treatments in ambient 

condition have been presented in Table 4.14.  The maximum m.c was observed in 

T6 (70.29%) followed by T19 (70.19%) after the 10
th

 day of analysis.  This 

maximum m.c of the coated fruits was due to the reduced rate of water loss (Ding 

et al., 2002).  These results were found to be similar to that of fruits kept in cold 
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condition.  However, after the first stage of analysis, the fruits kept in bags with 

more number of perforations were discarded as they lost its consumer’s appeal.     

Table 4. 14 Change in pulp m.c of fruits kept in ambient storage  

 

 

 

 

Treatments 
Days of storage 

5 10 

T0 65.04
r
 - 

T1 67.83
q
 64.37

k
 

T2 68.80
o
 65.34

j
 

T3 69.80
m

 - 

T4 70.55
k
 - 

T5 72.36
f
 68.90

e
 

T6 73.75
b
 70.29

a
 

T7 69.56
n
 - 

T8 71.38
i
 66.92

i
 

T9 71.56
h
 - 

T10 72.84
e
 - 

T11 72.16
g
 67.70

g
 

T12 74.56
a
 70.10

b
 

T13 68.36
p
 - 

T14 70.83
j
 67.37

h
 

T15 71.36
i
 67.90

f
 

T16 70.24
l
 - 

T17 72.37
f
 - 

T18 72.96
d
 69.50

d
 

T19 73.15
c
 69.69

c
 

T20 63.76
s
 - 
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4.4.6 Peel moisture content 

 There was a decrease in m.c of the peel during the duration of storage.  

The results obtained statistically, clearly shows that there was a significant 

variation in m.c among the treatments.  

4.4.6.1. Change in peel m.c of bee wax coated fruits under MAP 

 Table 4.15 shows the variation of peel m.c of bee wax coated fruits.  From 

the table it is clear that during first two weeks of analysis, there was only a slight 

decrease in m.c which later decreased drastically with a mean decrease of 84.69% 

to 84.27% finally to 82.97%.  The higher peel m.c was found in T6 (without 

perforation) with a mean of 86.36% after the period of study.  Similarly, the lower 

peel m.c was found in T0 (bee wax alone) with a mean of 81.50%.  The variation 

was due to the development of MAP around the fruits kept in T6 (Singh et al., 

1998). 

Table 4. 15 Change in peel m.c of bee coated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T0 82.99
g
 82.03

g
 81.68

g
 79.30

g
 81.50 

T1 83.77
e
 83.20

e
 83.01

e
 82.88

e
 83.22 

T2 85.27
c
 85.09

c
 84.65

c
 83.90

c
 84.73 

T3 84.32
d
 84.66

d
 83.67

d
 83.49

d
 84.03 

T4 83.18
f
 82.26

f
 81.96

f
 80.45

f
 81.96 

T5 86.37
b
 86.09

b
 84.92

b
 84.79

b
 85.54 

T6 86.93
a
 86.54

a
 85.98

a
 85.98

a
 86.36 

T20 80.12
h
 79.76

h
 78.74

h
 72.46

h
 77.77 

Mean 84.69 84.27 83.69 82.97  

 

 



67 

 

 

4.4.6.2. Change in peel m.c of uncoated fruits under MAP 

 Fig. 4.15 shows the deviation of m.c during the entire period of study of 

uncoated fruits.  The mean m.c decreased from a maximum of 82.91% to a 

minimum of 78.05% (Appendix V).  The m.c increased initially and this may be 

due to the absorption of moisture from the surrounding.  Then drastic decrease in 

m.c was observed after the second week of analysis.  The maximum mean 

(84.51%)  m.c was found to be in T12 (without perforation).  This was due to the 

controlled rate of evaporation.  These results were comparable with that of Hailu 

et al., (2011).  However, the minimum m.c was obtained in T20 (control) with 

72.46%.  The decreasing trend can be shown by the equation  

  m.c = -1.268x + 82.55 (R
2
 = 0.7164)           ----------4.5 

where x – storage period (weeks) 

 

Fig. 4.16 Change in peel m.c of uncoated fruits 

4.4.6.3. Change in peel m.c of commercial wax coated fruits under MAP 

 The peel m.c of commercial wax coated fruits has been shown in table 

4.16.  The mean decrease in m.c was from 85.73% to 78.88% with the maximum 

mean (85.04%) observed in T19 (without perforation).  The highest value was due 

to the moisture retention property of wax coating and plastic packaging on fruits 
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(Silva et al., (2011); Fonesca et al., (2000)).  Conversely, the minimum mean was 

noted in T13 (commercial wax alone) (79.65%).   

Table 4.16 Change in peel m.c of commercial wax coated fruits 

Treatments 
Storage period (weeks) Mean 

(%) 1 2 3 4 

T13 81.34
g
 80.73

g
 79.45

g
 77.09

g
 79.65 

T14 86.10
d
 83.95

d
 82.36

d
 78.75

d
 82.79 

T15 85.67
e
 82.09

e
 81.25

e
 78.60

e
 81.90 

T16 85.02
f
 81.11

f
 80.66

f
 78.11

f
 81.22 

T17 87.04
c
 84.09

c
 82.71

c
 78.82

c
 83.16 

T18 87.16
b
 85.95

b
 84.16

b
 79.82

b
 84.27 

T19 87.77
a
 86.97

a
 84.46

a
 80.95

a
 85.04 

T20 80.12
h
 79.76

h
 78.74

h
 72.46

h
 77.77 

Mean (%) 85.73 83.55 82.15 78.88  

 

4.4.6.4. MAP of passion fruit in ambient storage condition 

 Similar results regarding the effect of different treatments in ambient 

condition have been revealed in Table 4.17.  The maximum M.C was observed in 

T19 with 83.04% followed by T6 with 82.2% after the 10
th

 day of analysis 

(Ladaniya, 2001).  However, the fruits kept in bags with more number of 

perforations were discarded, as the rate of shrinkage was more after the 5
th

 day of 

analysis.  Also, the fruits kept as control cannot last for more than 2 days.   

4.4.7 Ascorbic acid 

 Concentration of ascorbic acid decreases as the fruit ripens.  The statistical 

results for ascorbic acid content of passion fruits presented in Appendix VI 

indicated that ascorbic acid was significantly affected by the storage days and 

different treatments (P<0.05).  
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Table 4.17 Change in peel m.c of fruits kept in ambient storage 

Treatments 
Days of storage 

5 10 

T0 81.72
q
 - 

T1 82.50
m

 79.04
h
 

T2 84.00
h
 80.54

g
 

T3 83.05
k
 - 

T4 81.91
o
 - 

T5 85.10
e
 81.64

d
 

T6 85.66
d
 82.20

c
 

T7 79.23
t
 - 

T8 82.93
l
 78.47

j
 

T9 80.38
r
 - 

T10 82.02
n
 - 

T11 81.87
p
 77.41

k
 

T12 83.43
j
 78.97

i
 

T13 80.07
s
 - 

T14 84.84
f
 81.38

e
 

T15 84.40
g
 80.94

f
 

T16 83.75
i
 - 

T17 85.77
c
 - 

T18 85.89
b
 82.44

b
 

T19 86.51
a
 83.04

a
 

T20 78.85
u
 - 
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4.4.7.1. Change in ascorbic acid of bee wax coated fruits under MAP 

 Table 4.18 shows the effect of bee wax coated fruits on ascorbic acid.  The 

mean ascorbic acid varies from 29mg/100ml to 32.57mg/100ml.  The minimum 

mean was observed in T6 (bee wax wax + LDPE 200 without perforation) with a 

value of 29.18mg/100ml.  The mean of all other treatments except T0 (without 

LDPE bags) were found to be around 30-31mg/100ml.  The minimum value was 

due to the inhibited respiration rate of fruits.  Mahajan et al., (2005) also reported 

similar results in ‘Kinnows’. 

Table 4.18 Change in ascorbic acid of bee wax coated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T0 40.58
f
 38.51

e
 30.00

c
 21.19

e
 32.57 

T1 37.79
d
 37.51

d
 27.39

b
 19.99

c
 30.67 

T2 37.58
c
 37.51

d
 27.40

b
 19.99

c
 30.62 

T3 38.95
e
 37.50

d
 27.40

b
 20.00

c
 30.96 

T4 37.53
b
 37.45

c
 27.66

b
 20.13

d
 30.69 

T5 37.75
d
 36.14

b
 27.29

b
 19.00

b
 30.04 

T6 36.78
a
 36.06

a
 25.01

a
 18.89

a
 29.18 

T20 42.57
g
 40.51

f
 32.00

d
 24.91

f
 35.00 

Mean 38.14 37.24 27.45 19.88  

 

4.4.7.2. Change in ascorbic acid of uncoated fruits under MAP 

 The trend obtained from the change in ascorbic acid values of uncoated 

fruits were shown in Fig. 4.16.  The decrease in trend can be depicted by the 

equation Ascorbic acid = -5.719x + 45.602 (R
2
 = 0.9085), where x is storage 

period (weeks).  The ascorbic acid of T12 (without perforation) was found to be 

lower with 31.30 mg/100 ml and it was found to be decreasing from 38.34 mg/100 

ml to 23.61 mg/100 ml.  This was due to the controlled rate of metabolic activities 

of non-perforated bags (Thakur et al., 1996).  On the other hand, the higher 

ascorbic acid was found in T20 (control) with 24.91mg/100ml.   
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Fig. 4.17 Change in ascorbic acid of uncoated fruits 

4.4.7.3. Change in ascorbic acid of commercial wax coated fruits under MAP 

 Table 4.19 revealed the ascorbic acid content of commercial wax coated 

fruits.  The mean ascorbic acid content was found to be lower (24.77 mg/100 ml) 

in T19 (without perforation) yet the higher (32.09 mg/100 ml) was observed in 

T13 (commercial wax alone).   The variation in ascorbic acid may be due to the 

slow down in respiration created by the MA of the commercial wax and the 

plastic packaging fruits.  In the present study the ascorbic acid content have 

demonstrated a slight reduction during storage which has also been reported by 

Ladaniya (2006) i.e., 33.3 mg/100 ml at 15 days storage and 33.00 mg/100 ml at 

30 days of storage.  

4.4.7.4. MAP of passion fruit in ambient storage condition 

 The interactive results regarding the effect of different treatments in 

ambient condition have been shown in Table 4.20.  The lower value of ascorbic 

acid was found in T19 (23.91 mg/100 ml) followed by T18 (24.33 mg/100 ml).   

On the other hand, the fruits kept in bags with more number of perforations were 

discarded after the 5
th

 day of analysis due to its reduction in consumer’s appeal.   
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Table 4.19 Change in ascorbic acid of commercial wax coated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T13 38.59
f
 34.99

f
 30.40

f
 24.40

f
 32.09 

T14 34.58
d
 29.99

d
 27.50

d
 23.38

d
 28.86 

T15 33.38
c
 28.50

c
 27.00

c
 22.89

c
 27.94 

T16 36.14
e
 34.26

e
 28.99

e
 23.91

e
 30.82 

T17 34.57
d
 30.00

d
 27.49

d
 23.91

e
 28.99 

T18 30.59
b
 27.51

b
 24.99

b
 21.90

b
 26.25 

T19 30.17
a
 26.50

a
 22.01

a
 20.39

a
 24.77 

T20 42.57
g
 40.51

g
 32.00

g
 24.91

g
 35.00 

Mean 34.00 30.25 26.91 22.97  

 

4.4.8 Firmness 

 As the fruit ripens the flesh becomes softer.  At the peak of ripening the 

fruit firmness of fruit decreases and softening of the fruit is associated with an 

increased solubility of cell wall pectins.   

 The results regarding the effect of different treatments on firmness have 

been shown in Appendix VII. The statistical results indicated that the fruits 

showed significant variation (P< 0.05) in the firmness during storage. 

4.4.8.1. Change in firmness of bee wax coated fruits under MAP 

 Data in Fig. 4.27 indicated that a gradual decrease in firmness occured 

towards the end of the storage period.  Fruits in T6 (bee wax + LDPE 200 without 

perforation) recorded the highest significant value of firmness (60.84 N).  This 

was due to the retardation in ripening of fruits because of the combined barrier 

properties of both wax and LDPE bags (Mota et al., 2003; Hagenmaier, 2000).  

The decrease in trend was indicated by, Firmness = -4.45x + 78.5 (R
2
 = 0.9968), 

where x is the storage period (weeks).  However, the lowest value of firmness 

(47.73 N) was noted in T0 (only bee wax).   
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Table 4.20 Change in ascorbic acid content of fruits kept in ambient storage   

Treatments 
Days of storage 

5 10 

T0 37.93
o
 - 

T1 35.14
i
 34.08

i
 

T2 34.94
h
 33.92

g
 

T3 36.28
n
 - 

T4 34.88
g
 - 

T5 35.14
i
 34.01

i
 

T6 34.15
f
 33.09

e
 

T7 35.51
j
 - 

T8 35.94
l
 33.97

h
 

T9 35.71
k
 - 

T10 35.16
i
 - 

T11 35.73
k
 33.76

f
 

T12 36.16
m

 34.19
j
 

T13 35.95
l
 - 

T14 31.94
d
 28.32

d
 

T15 30.74
c
 27.12

c
 

T16 33.50
e
 - 

T17 31.93
d
 - 

T18 27.95
b
 24.33

b
 

T19 27.53
a
 23.91

a
 

T20 39.94
p
 - 
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Fig. 4.18 Change in firmness of bee wax coated fruits 

4.4.8.2. Change in firmness of uncoated fruits under MAP 

 The results pertaining to firmness of MAP passion fruits showed that 

different sets of perforation affected the firmness.  There were consistently 

significant differences in firmness between T12 (LDPE 200 without perforation) 

(57.87 N) and their equivalent control fruit (31.51 N).   The mean firmness of T12 

was also found to be more (63.94 N).  This was due to the absence of gaseous 

exchange in T12.  Reduced rate of firmness as a result of MA have been reported 

by Golding et al., (2005).  The mean value of firmness was found to be decrease 

from 62.03 to a minimum of 45.37. 

4.4.8.3. Change in firmness of commercial wax coated fruits under MAP  

 Fig. 4.18 shows that there was a drastic reduction in firmness of 

commercial wax coated fruits.  The maximum firmness (69.32 N) was observed in 

T19 (commercial wax + LDPE 200 gauge without perforation).  The maximum 

firmness may be due to the creation of MAP by both wax and LDPE bags.  This 

study was in line with observations made by Hagenmaier (2000) and Rojas et al., 

(2002), who reported that firmness and strength of citrus improved when fruit was 

y = -4.45x + 78.5 
R² = 0.9968 
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coated, while uncoated fruits turn soft upon storage.  The trend was decreasing 

with the equation,  

 Firmness = -6.3x + 94.22 (R
2
 = 0.9878),                ----------4.6 

where x is storage period (weeks).      

Table 4.21 Change in firmness of uncoated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T7 54.38
f
 48.38

f
 41.38

f
 36.68

f
 45.21 

T8 61.39
d
 58.39

d
 55.09

d
 43.59

d
 54.62 

T9 65.38
b
 63.38

b
 59.38

b
 47.48

b
 58.91 

T10 54.79
e
 53.19

e
 52.29

e
 41.59

e
 50.46 

T11 63.80
c
 58.50

c
 55.20

c
 45.00

c
 55.62 

T12 72.47
a
 65.27

a
 60.17

a
 57.87

a
 63.94 

T20 50.81
g
 47.61

g
 41.21

g
 31.51

g
 42.78 

Mean 62.03 57.85 53.92 45.37  

 

 

Fig. 4.19 Change in firmness of commercial wax fruits 
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Table 4.22 Change in firmness 

of fruits kept in ambient 

storage 

Treatments 
Days of storage 

5 10 

T0 58.09
o
 - 

T1 61.43
k
 57.97

i
 

T2 65.42
i
 61.96

h
 

T3 58.95
n
 - 

T4 59.43
m

 - 

T5 68.57
g
 65.11

f
 

T6 70.38
f
 66.92

e
 

T7 50.81
p
 - 

T8 57.82
o
 53.36

k
 

T9 61.81
k
 - 

T10 51.22
p
 - 

T11 60.23
l
 55.77

j
 

T12 68.90
c
 64.44

c
 

T13 64.24
j
 - 

T14 78.82
c
 75.36

b
 

T15 66.17
h
 62.72

g
 

T16 76.03
d
 - 

T17 80.02
b
 - 

T18 73.08
e
 69.62

d
 

T19 85.15
a
 81.69

a
 

T20 47.24
q
 - 

 

4.4.8.4. MAP of passion fruit in ambient 

storage condition 

 The results in table 4.22 showed the 

higher firmness of 81.69 N was recorded in 

T19, while lower firmness of 53.36 N was 

observed in T8 after the 10
th

 day of analysis.  

This was also due to the combined action of 

coating and plastic bags (Randhawa et al., 

2009).  However, the fruits kept in bags 

with more number of perforation lost its 

consumer’s appeal immediately, after the 5
th

 

day of analysis and hence they were 

discarded.   

4.4.9. Gas analysis 

4.4.9.1. MAP of fruits in cold storage 

 The percentage of O2 and CO2 

present in the non-perforated bags were 

showed in Table 4.23 and 4.24.  The mean 

of both tables (4.23 & 4.24) clearly shows 

that O2 decreases and CO2 increases from a 

9.33% to 2.54% and from 4.61% to 7.9% 

respectively, during the entire storage 

period.  Among the treatments, T19 

(commercial wax coated) has the minimum 

percentage of both CO2 (4.1%) and O2 (0.98%) when compared to that of T6 (bee 

wax coated).  This may be due to the commercial wax coating which acts as a 

barrier against respiration, thus controlling the respiration rate (Dou, 2009).   
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 In T12 (without coating), the percentage of both CO2 (12.3%) and O2 

(3.66%) was found to be maximum, confirming the results of Gonzalez et al., 

(1990), who wrapped ‘Keitt’ mangoes in  DPE film.  This may be due to the 

metabolic activity of the fruits, as these fruits lacked surface coatings.  This result 

corresponds to that of Singh et al., (1998) who found MA storage to be effective 

in controlling the rate of metabolic activities.   

Table 4.23 Depletion of O2 (%) in MAP of passion fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T6 10.66
b
 7.30

b
 4.66

b
 2.98

b
 6.40 

T12 15.20
c
 10.40

c
 6.13

c
 3.66

c
 8.85 

T19 2.13
a
 2.10

a
 1.72

a
 0.98

a
 1.73 

Mean 9.33 6.60 4.17 2.54  

 

Table 4.24 Enrichment of CO2 (%) in MAP of passion fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T6 5.80
b
 6.70

b
 7.20

b
 7.30

b
 6.75 

T12 6.70
c
 7.60

c
 10.70

c
 12.30

c
 9.32 

T19 1.35
a
 2.80

a
 3.60

a
 4.10

a
 2.96 

Mean 4.61 5.70 7.16 7.9  

 

4.4.9.2. MAP of fruits in ambient condition 

 The result of gas analysis done in fruits kept in ambient condition is 

presented in Table 4.25.  The composition of O2 (%) decreases and CO2 (%) 

increases which was similar as in the case of fruits kept in cold storage conditions.  

The the rate of decrease and increase was comparatively more.  The changes in 



78 

 

 

internal gas composition were due to the modification of the natural permeability 

of the fruit skin caused by coating (Rodov et al., 2002).  

Table 4.25 Gas composition of fruits kept in ambient condition 

Treatments 

Days of storage 

O2 (%) CO2 (%) 

5 10 5 10 

T6 11.73
b
 9.48

b
 6.50

b
 7.42

b
 

T12 14.70
c
 10.21

c
 7.63

c
 9.74

c
 

T19 3.64
a
 2.97

a
 3.01

a
 4.65

a
 

 

4.4.10. Appearance 

 The external appearance of the fruits declined linearly with storage time.  

This may be due to the loss of moisture, which in turn affected the quality of 

fruits.  However, shrivelling was less at T6, T19 and T12, as previously reported 

for purple passion fruit (Pruthi, 1963).  Water loss may have contributed to the 

higher rates of fruit deterioration in T20 (control). T6, T19 and T12 showed better 

results as compared to the other treatments without any shrivelling even after 30 

days of storage.  The bee wax and commercial wax coated fruits were greenish 

even after 30 days of storage.  This may be due to the delayed ripening process of 

coating.  At the same time, the fruits in T12 ripened as the fruits were not treated 

with coatings. 

 In the first week of analysis, there was no change in appearance of fruits.  

In the second week, the fruits packed in perforated bags started shrivelling.  In the 

third week of storage, the fruits that were packed in bags without coating 

shrivelled more which lost the consumer’s appeal.  This shrivelling may be due to 

the loss of moisture (Arjona et al., 1994).   The shrivelling was also found in the 

fruits that were coated but not packed in bag.   After the fourth week of storage, 

the fruits in all the treatments were shrivelled and the fruits coated with bee wax 

were attacked by fungus.   
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Plate 4.6 Fruits after fourth week of storage 

 Plate 4.6 shows the appearance of fruits after the fourth week of 

experimentation. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Summary & Conclusions



 

CHAPTER V 

SUMMARY AND CONCLUSION 
 Passion fruit (Passiflora edulis), a tropical fruit species has become a 

popular supplement to some diets and are especially used for juice processing, 

which is often added to other fruit juices to enhance aroma.  The fruit is highly 

perishable which losses its moisture immediately after the second day of harvest 

and affects the consumer’s appeal.   urface coating with wax enhances the shelf 

life of passion fruit by reducing its PLW and also by retarding ripening.  The 

objective of the present study was to develop a wax applicator and to evaluate the 

post harvest behaviour of passion fruit during modified atmosphere packed fruits 

during storage by measuring the quality parameters. 

 The properties of the fruits like sphericity, surface area and angle of repose 

were determined for designing the wax coating machine. The major components 

of the wax applicator included a 12 V motor, a stainless steel tank having a 

capacity of 5 litres, a pump, a sprayer, two perforated rollers and four flexible 

bristle roller brushes.  The wax stored in the bottom tank was pumped and sprayed 

from above through a pipe having numerous holes of diameter 0.5 mm.  The 

brushes which rotate @ 100 rpm would be saturated with wax and spin the 

product, smearing the wax evenly over the product surface.  This ensured a 

uniform and complete impervious coating to each fruit in a continuously moving 

stream of fruits.  The machine was found to be simple, economic and efficient in 

design.  The capacity of the applicator was 250 kg/hr.  The consumption of wax 

and its application time was significantly less.  However, the coating efficiency 

was high without any mechanical damage.  After waxing, the fruits were air dried 

using a blower.   

 The effects of MAP and edible natural wax (bee wax) and commercial 

wax coating on extending the shelf life of yellow passion fruits were studied 

under cold (7
0
C and 90% RH) and ambient conditions (32 - 35°C, 70 - 80% RH) 

and were standardised. The bee wax was emulsified with rice bran oil and 

standardised in the ratio of 1:100.  In addition, commercial wax coating was used 
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at dilution in water.  Twenty one samples with three replications each were 

prepared based on treatment of wax coating (bee wax and commercial wax), 

perforated LDPE bags of 200 and 400 gauge (0%, 0.5%, 1% and 2% levels of 

perforations) and their combination for use on fruits for the purpose of study 

under cold and ambient conditions.   Their initial weight, TSS, acidity, ascorbic 

acid, moisture content of pulp and peel were noted. 

 The postharvest behaviour of the fruits kept in all the treatments were 

evaluated in an interval of 7 and 5 days for fruits kept in cold storage and in 

ambient conditions respectively.  The results obtained for different parameters are 

summarized below. 

 Among all the treatments, wax coating in combination with the use of non-

perforated LDPE 200 gauge bags were found to be effective.  The passion fruits 

coated with bee wax and commercial wax showed minimum PLW of 0.23% and 

0.63% respectively when compared to that of uncoated fruits (1.82%).  The fruits 

kept as control exhibited higher PLW of 27.07%. 

 The chemical characteristics i.e., TSS, acidity and ascorbic acid were 

significantly affected by different treatments.  The passion fruits coated with 

commercial wax and bee wax showed lower TSS concentration of 14.4º Brix and 

15.1º Brix respectively.  The higher TSS concentration was found in control 

(19.4º Brix). 

 The results revealed that maximum acidity (6.4%) was recorded in bee 

wax coated fruits when compared to that of commercial wax coated fruits (5.4%).  

The minimum acidity was recorded in control (4%). 

 The ascorbic acid content of passion fruits varied significantly with respect 

to the different treatments and their interactions.  The ascorbic acid content of bee 

wax coated fruits were found to be lower (18.89 mg/100 ml) when compared to 

that of commercial wax coated fruits (20.39 mg/100 ml).  The highest ascorbic 

acid content was recorded in fruits that were kept as control. 
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 After 30 days of storage, noticeable changes in skin colour occurred.  

Passion fruits coated with bee wax was darker (lower ‘ ’ value), slightly green 

(lower ‘a’ value) and less yellow (lower ‘b’ value) when compared to that of 

control.   

 The maximum pulp moisture content was observed in bee wax coated 

fruits with LDPE (without perforation) (71.52%) when compared to that of 

control (60.81%).  There was only a slight variation of peel moisture content 

during the entire period of storage and it was found to be higher in the case of bee 

wax coated fruits with LDPE (without perforation) (85.98%). 

 The commercial wax coated fruits were found to be firm when compared 

to that of bee wax coated fruits.  After the 30 days of storage, the fruits kept 

without coating became softer, due to ripening. 

 The concentration of O2 and CO2 was found to be lower in the case of 

commercial wax coated fruits when compared to that of bee wax coated fruits.  

Regarding the appearance, the fruits coated with bee wax and commercial wax 

were remaining as such as it was found at the time of harvest.  The fruits kept as 

control shrivelled and it lost the consumer’s appeal. 

 The samples kept as control did not last longer than 15 days whereas the 

wax coated fruits store for a period of 40 days at cold condition. However the 

quality analysis were done only up to 28 days as the fruits kept under perforated 

LDPE bags also lost their commercial value after 4 weeks of storage.  In the case 

of ambient condition, the coated fruits had a shelf life of 10 days.   However, the 

fruits kept under control could not store beyond two days. 

 Observing the results of various analysis conducted, it was concluded that 

the sample of fruits coated with bee wax and commercial wax coated fruits kept in 

LDPE 200 gauge bags without perforation proved to be the best in terms of 

physiochemical characteristics.  But some traces of fungal growth was obtained in 

the case of bee wax coated fruits and so commercial wax coated fruits were found 

to be effective in increasing the shelf life of passion fruits.   
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 Thus by modifying the respiration rate, the coating delayed the ripening 

process, thereby extending the shelf life and maintaining the quality of the fruits.  

The retardation of the ripening process in the present study may be due to the 

modified atmosphere.  Surface coating has been reported to increase resistance of 

fruit skin to gas permeability, creating a modified internal atmosphere and 

reducing the respiration rate.  
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Appendices



 

Appendix I 

a. Effect of bee wax coating on PLW of passion fruit 

Treatments 
Storage period (weeks) Mean 

(%) 1 2 3 4 

T0 1.99
f
 5.72

g
 8.86

g
 11.14

g
 6.93 

T1 0.82
c
 2.73

d
 5.18

c
 6.04

d
 3.69 

T2 0.66
b
 1.78

b
 5.38

d
 4.42

b
 3.06 

T3 1.13
e
 3.18

f
 6.08

f
 6.76

f
 4.29 

T4 1.00
d
 3.05

e
 5.47

e
 6.36

e
 3.97 

T5 0.70
b
 2.54

c
 5.04

b
 5.93

c
 3.55 

T6 0.17
a
 0.18

a
 0.21

a
 0.34

a
 0.23 

T20 9.66
g
 14.58

h
 31.75

h
 52.32

h
 27.07 

Mean (%) 2.02 4.22 8.5 11.66   

 

b. Effect of commercial wax coating on PLW of passion fruit 

Treatments 
Storage period (weeks) Mean 

(%) 1 2 3 4 

T13 4.26
g
 12.67

g
 20.68

g
 28.20

g
 16.45 

T14 1.88
d
 9.49

e
 16.89

e
 23.09

e
 12.84 

T15 1.59
c
 6.27

c
 10.49

c
 16.17

c
 8.63 

T16 2.28
f
 11.46

f
 18.95

f
 25.04

f
 14.43 

T17 1.98
e
 7.22

d
 12.61

d
 19.90

d
 10.43 

T18 0.69
b
 5.65

b
 9.96

b
 12.46

b
 7.19 

T19 0.19
a
 0.54

a
 0.78

a
 0.99

a
 0.63 

T20 9.66
h
 14.58

h
 31.75

h
 52.32

h
 27.07 

Mean (%) 2.82 8.48 15.26 22.27  
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Appendix II 

a. Change in TSS during storage of bee wax coated fruits  

Treatments 
Storage period (weeks) Mean 

(° Brix) 1 2 3 4 

T0 15.80
f
 16.00

g
 17.13

f
 17.80

g
 16.68 

T1 15.00
d
 15.50

e
 16.20

d
 17.00

e
 15.92 

T2 15.43
e
 15.90

f
 16.50

e
 17.53

f
 16.34 

T3 14.77
c
 15.00

c
 16.00

c
 16.20

c
 15.49 

T4 14.87
cd

 15.40
d
 16.07

c
 16.400

d
 15.68 

T5 14.47
b
 14.80

b
 15.80

b
 16.00

b
 15.27 

T6 13.97
a
 14.17

a
 14.50

a
 15.07

a
 14.49 

T20 16.93
g
 17.00

h
 17.80

g
 19.40

h
 17.78 

Mean (° Brix) 14.93 15.25 16.02 16.57  

 

b. Change in TSS during storage of commercial wax coated fruits  

Treatments 
Storage period (weeks) Mean 

(° Brix) 1 2 3 4 

T13 16.00
f
 16.07

f
 16.20

f
 16.40

e
 16.17 

T14 15.37
d
 15.60

d
 15.80

d
 16.07

d
 15.71 

T15 15.60
e
 15.80

e
 15.87

d
 15.93

c
 15.8 

T16 15.70
e
 16.00

f
 16.10

e
 16.40

e
 16.05 

T17 14.97
c
 15.40

c
 15.53

c
 16.00

cd
 15.48 

T18 14.57
b
 15.000

b
 15.00

b
 15.60

b
 15.04 

T19 13.77
a
 14.07

a
 14.00

a
 14.40

a
 14.06 

T20 16.93
g
 16.93

g
 17.80

g
 19.40

f
 17.78 

Mean (° Brix) 15.14 15.42 15.5 15.83  
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Appendix III 

a. Variation in acidity during storage of bee wax coated fruits 

Treatments 
Storage period (weeks) Mean 

(%) 1 2 3 4 

T0 6.58
g
 6.26

g
 5.07

g
 5.05

g
 5.74 

T1 7.61
c
 7.18

c
 5.77

c
 5.77

c
 6.58 

T2 7.86
b
 7.25

b
 5.94

b
 5.87

b
 6.72 

T3 7.15
f
 6.87

f
 5.15

f
 5.15

f
 6.08 

T4 7.34
d
 6.94

e
 5.30

e
 5.29

e
 6.22 

T5 7.23
e
 7.05

d
 5.66

d
 5.49

d
 6.36 

T6 7.99
a
 7.54

a
 6.51

a
 6.40

a
 7.12 

T20 5.13
h
 4.99

h
 4.67

h
 4.02

h
 4.7 

Mean (%) 7.39 7.01 5.63 5.57  

 

b. Variation in acidity during storage of commercial wax coated fruits 

Treatments 
Storage period (weeks)  Mean 

(%) 1 2 3 4 

T13 5.25
f
 5.00

f
 4.72

f
 4.15

g
 4.15 

T14 5.40
d
 5.25

d
 4.96

d
 4.61

d
 4.61 

T15 5.61
c
 5.37

c
 5.05

c
 4.78

c
 4.78 

T16 5.31
e
 5.09

e
 4.79

e
 4.41

e
 4.41 

T17 5.26
f
 5.08

e
 4.77

e
 4.36

f
 4.36 

T18 5.90
b
 5.78

b
 5.40

b
 5.23

b
 5.23 

T19 5.94
a
 5.88

a
 5.63

a
 5.40

a
 5.4 

T20 5.13
g
 4.99

f
 4.67

g
 4.02

h
 4.02 

Mean (%) 5.52 5.35 5.05 4.71  
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Appendix IV 

a. Effect of MAP and bee wax coating on lightness ‘L’ of passion fruit 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T0 59.76
d
 60.53

g
 65.57

f
 73.08

d
 64.74 

T1 56.33
bc

 56.92
d
 57.34

c
 66.98

c
 59.40 

T2 53.16
a
 53.99

b
 53.69

ab
 55.54

a
 54.10 

T3 57.72
c
 58.81

f
 62.68

e
 72.06

d
 62.82 

T4 57.01
c
 57.86

e
 58.85

d
 68.02

c
 60.44 

T5 55.20
b
 55.35

c
 54.66

b
 58.10

b
 55.83 

T6 52.83
a
 53.11

a
 53.46

a
 54.52

a
 53.48 

T20 66.14
e
 70.78

h
 74.31

g
 79.26

e
 72.63 

Mean 56.00 56.65 58.04 64.05  

 

b. Effect of MAP and bee wax coating on yellowness ‘b’ of passion fruit 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T0 35.26
f
 41.61

ef
 45.49

fg
 46.99

f
 42.34 

T1 28.22
c
 30.00

c
 33.81

c
 35.41

d
 31.86 

T2 26.37
b
 28.52

bc
 31.63

b
 34.11

c
 30.16 

T3 33.04
e
 39.69

e
 43.94

e
 46.84

f
 40.88 

T4 30.56
d
 35.91

d
 38.98

d
 40.33

e
 36.45 

T5 26.12
b
 27.39

b
 30.01

ab
 32.23

b
 28.94 

T6 25.07
a
 26.42

a
 28.34

a
 29.68

a
 27.38 

T20 39.49
g
 43.94

g
 46.72

g
 47.94

g
 44.53 

Mean 29.24 32.79 36.03 37.94  

 

 

 



98 

 

 

c. Effect of MAP on greeness ‘a’ of uncoated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T7 -7.21
d
 -5.82

b
 -4.12

d
 -2.36

bc
 -4.88 

T8 -8.55
c
 -6.38

b
 -5.38

bc
 -3.21

abc
 -5.88 

T9 -8.94
c
 -6.61

ab
 -6.43

ab
 -4.66

abc
 -6.66 

T10 -9.78
b
 -7.16

ab
 -6.44

ab
 -5.39

ab
 -7.19 

T11 -7.47
d
 -5.94

b
 -4.82

cd
 -2.92

abc
 -5.29 

T12 -10.41
a
 -8.22

a
 -7.37

a
 -6.13

a
 -8.03 

T20 -6.39
e
 -4.14

c
 -2.570

c
 -1.39

c
 -3.62 

Mean -8.73 -6.69 -5.76 -4.11  

 

d. Effect of MAP and commercial wax coating on lightness ‘L’ of passion 

fruit 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T13 65.72
bc

 69.60
c
 73.13

de
 77.71

f
 71.54 

T14 63.11
abc

 67.07
ab

 71.23
bc

 73.85
d
 68.82 

T15 64.53
ab

 66.23
a
 68.27

a
 70.20

bc
 67.31 

T16 63.18
bc

 68.97
bc

 72.28
cd

 75.78
e
 70.05 

T17 65.24
ab

 66.69
a
 70.14

b
 70.88

c
 68.24 

T18 63.52
ab

 65.53
a
 67.57

a
 69.89

b
 66.63 

T19 62.46
a
 65.17

a
 66.97

a
 68.05

a
 65.66 

T20 66.14
c
 70.79

c
 74.31

e
 79.27

g
 72.63 

Mean 63.97 67.04 69.94 72.34  
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e. Effect of MAP and commercial wax coating on yellowness ‘b’ of 

passion fruit 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T13 38.21
c
 41.77

c
 44.86

de
 46.17

de
 42.75 

T14 38.20
cd

 40.16
bc

 42.71
cd

 44.69
cd

 41.44 

T15 36.86
bc

 39.67
bc

 40.97
bc

 41.74
b
 39.81 

T16 38.18
cd

 39.98
bc

 41.04
bc

 42.76
bc

 40.49 

T17 37.87
cd

 40.42
bc

 41.17
bc

 42.98
bc

 40.61 

T18 35.91
ab

 39.14
a
 40.09

ab
 41.01

ab
 39.03 

T19 34.49
a
 36.43

a
 38.16

a
 39.27

a
 37.09 

T20 39.49
d
 43.94

d
 46.72

e
 47.95

e
 44.53 

Mean 37.10 39.65 41.28 42.66  
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Appendix V 

a. Variation in pulp m.c of uncoated fruits 

Treatments 
Storage period (weeks) Mean 

(%) 1 2 3 4 

T7 71.79
f
 71.39

f
 64.79

f
 61.64

f
 67.40 

T8 73.61
e
 72.29

e
 68.35

e
 63.01

e
 69.31 

T9 73.79
d
 72.38

d
 68.81

d
 64.38

d
 69.84 

T10 75.07
b
 73.65

b
 70.39

b
 66.47

b
 71.40 

T11 74.39
c
 73.48

c
 69.60

c
 65.38

c
 70.71 

T12 76.79
a
 74.08

a
 72.80

a
 70.79

a
 73.61 

T20 65.99
g
 66. 60

g
 62.99

g
 60.81

g
 64.10 

Mean (%) 74.24 72.88 69.12 65.28  

 

b. Variation in peel m.c of uncoated fruits 

Treatments 
Storage period (weeks) Mean 

(%) 1 2 3 4 

T7 80.51
f
 80.62

f
 79.88

f
 76.52

f
 79.38 

T8 84.20
b
 87.51

b
 84.09

b
 78.91

b
 83.67 

T9 81.65
e
 84.58

e
 80.17

e
 77.20

e
 80.90 

T10 83.29
c
 85.36

d
 80.89

d
 77.45

d
 81.74 

T11 83.14
d
 86.90

c
 83.54

c
 77.82

c
 82.85 

T12 84.70
a
 88.75

a
 84.16

a
 80.43

a
 84.51 

T20 80.12
g
 79.76

g
 78.74

g
 72.46

g
 77.77 

Mean (%) 82.91 85.62 82.12 78.05  
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Appendix VI 

Change in ascorbic acid of uncoated fruits during storage period 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T7 38.15
b
 37.50

a
 29.99

b
 24.65

d
 32.57 

T8 38.58
d
 37.49

a
 29.99

b
 24.65

d
 32.67 

T9 38.80
e
 37.50

a
 29.99

b
 23.40

b
 32.42 

T10 38.35
c
 37.50

a
 29.99

b
 23.40

b
 32.31 

T11 38.37
c
 37.49

a
 27.99

a
 23.65

c
 31.87 

T12 37.80
a
 37.52

a
 28.00

a
 21.91

a
 31.30 

T20 42.57
f
 40.51

b
 32.00

c
 24.91

e
 34.99 

Mean 38.34 37.50 29.33 23.61  
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Appendix VII 

a. Change in firmness of bee wax coated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T0 61.66
f
 57.00

g
 51.52

g
 47.73

g
 54.47 

T1 65.00
d
 62.80

d
 57.60

d
 55.24

d
 60.16 

T2 66.99
c
 63.49

c
 58.69

c
 56.02

c
 61.30 

T3 62.52
e
 57.52

f
 52.61

f
 48.95

f
 55.40 

T4 63.00
e
 59.00

e
 53.27

e
 49.69

e
 56.24 

T5 72.14
b
 67.14

b
 60.44

b
 58.22

b
 64.48 

T6 73.95
a
 69.95

a
 64.75

a
 60.84

a
 67.37 

T20 50.81
g
 47.61

h
 41.21

h
 31.51

h
 42.78 

Mean 64.51 60.56 55.00 51.02  

 

b. Change in firmness of commercial wax coated fruits 

Treatments 
Storage period (weeks) 

Mean 
1 2 3 4 

T13 67.82
g
 60.32

g
 52.91

g
 46.11

g
 56.79 

T14 82.39
c
 75.20

c
 70.90

c
 64.30

c
 73.20 

T15 69.74
f
 61.44

f
 53.93

f
 46.34

f
 57.86 

T16 79.60
d
 72.89

d
 61.19

d
 60.09

d
 68.44 

T17 83.59
b
 79.59

b
 73.19

b
 67.64

b
 76.00 

T18 76.65
e
 67.26

e
 57.98

e
 50.88

e
 63.19 

T19 88.72
a
 80.03

a
 75.52

a
 69.32

a
 78.40 

T20 50.81
h
 47.61

h
 41.21

h
 31.51

h
 42.78 

Mean 78.36 70.96 63.66 57.81  
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ABSTRACT 

 Passion fruit is a tropical fruit which is extensively used in juice 

processing. The fruit is highly perishable and losses its quality immediately after 

the second day of harvest.  The postharvest loss in quality and commercial value 

is due to the intense respiratory activity and significant moisture loss.  Hence a 

study was undertaken to develop a wax applicator to extend the shelf life of 

passion fruit by adopting the postharvest technologies.  A simple and efficient 

wax applicator with a capacity of 250 kg.hr
-1

 was developed based on the physical 

properties of the fruits.  Various samples of the passion fruits were treated with 

bee wax and commercial wax packed in LDPE bags of 200 and 400 gauge.  The 

effect on the shelf life extension of fruits was investigated individually and in 

combination of wax and LDPE bags.  In the case of LDPE bags, different levels 

of perforations such as 0%, 0.5%, 1% and 2% were used.  The samples were kept 

in ambient condition viz., 32 - 35°C and 70 - 80% RH and at cold conditions as 

7ºC and 90% RH.   

 The physicochemical characteristics of samples were tested periodically at 

an interval of 5 and 7 days, under ambient and cold storage conditions, 

respectively.  The results obtained were subjected to statistical analysis.  From the 

results it was revealed that the samples kept in non-perforated polythene covers 

were found to be better than those kept in perforated bags and in normal 

atmosphere.  A maximum shelf life of 40 days was obtained for passion fruits at 

7
o
C coated with commercial wax emulsion.  Thus, commercial wax coating in 

combination with LDPE bags acted as a barrier against moisture loss and 

respiration rate of fruits.  However, the fruits kept as control had lost consumer 

acceptability after the tenth day of study at cold condition and within two days at 

ambient storage conditions.  

 

 


