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ABSTRACT 

  An investigation was conducted at post harvest laboratory, Department of 

Horticulture, Lovely Professional University, Punjab during the academic year 2016-17 

to study the effect of various packaging materials on fruit quality and shelf life of 

Kinnow. The packaging films include LDPE (25 micron), HDPE (15 micron), 

Polypropylene (25 micron), Shrink film (15 micron) and Cling film (15 micron) were 

used for experimentation. Liquid paraffin wax (10%) was used as a coating material. For 

various packaging treatments, the fruits under the treatments T2, T5, T6, T8, T9 and T11 

retained maximum „Fruit length‟ which were on par with each other including T4 at 5 days 

after storage. Observations at 25
 
days after storage revealed that the fruits under treatment 

T6 (Cling film at 15 micron) expressed better value for „Fruit length‟ and „Fruit girth‟. 

Packaging and post harvest treatments significantly influenced certain other physical 

traits viz., „Fruit shape index‟ and „Fruit specific gravity‟, In both the cases, the fruits under 

treatment T3 (HDPE at 15 micron) registered maximum value at 25
th
 day after storage.  

  Regarding the status for spoilage percentage, the minimum „Spoilage percentage‟ 

was recorded in T6 (Cling film at 15 micron) which was found to be on par with T11 

(Cling film at 15 micron + wax at 10%) at 25
th
 day after storage. The packaging and post 

harvest treatments exhibited the minimum value for „Physiological loss in weight‟ in the 

treatment T11 (Cling film at 15 micron + wax at 10%) at 25
th
 day after storage. In case of 

quality related traits, the fruits under treatment T11 (Cling film at 15 micron + wax at 

10%) recorded the maximum value for „TSS‟ when compared with other packaging 

treatments including control at 25
th
 day after storage. 

  With regard to remaining quality related traits, the fruits under treatment T11 

(Cling film at 15 micron + wax at 10%) expressed the maximum value for „TSS: acid 

ratio‟, „Total sugars‟, „Non-reducing sugars‟ and „Sugar: acid ratio‟ at 25
th
 day after storage. 

 

 

 



 

Chapter I 

INTRODUCTION 

Citrus fruits are grown commercially in tropics and subtropic regions of the 

world. Kinnow, a mandarin hybrid (King x Willow leaf) occupies the prime position 

amongst the citrus fruits grown in India. In subtropical regions of Punjab, it occupies 

around 50% area of fruit growing regions. It is precocious, prolific bearer and has 

excellent fruit quality with high juice content (Jawandha, 2015). Kinnow fruits are deep 

orange yellow in colour and very juicy (Gangwar et al., 2005) and have lot of market 

potential, which help in increasing the farm income. Due to these quality traits, kinnow is 

in high demand not only in Indian markets, but also in other countries viz., Sri Lanka, 

Thailand, Bahrain, Kuwait and Saudi Arabia (Dhatt and Mahajan, 2011).  

In Kinnow, improper post-harvest handling practices lead to quality deterioration 

and fetch poor market price. In mandarin, loss of 20-25% has been estimated due with 

transportation of fruits from field to market (PHLRD, 2005). Qualitative losses, in sense 

of caloric and nutritive value, non acceptability by consumers, and poor edibility are 

more difficult to measure than quantitative losses of fresh fruits (Kader, 2005). 

Post harvest treatments play a significant role in extending shelf life of the fruits 

(Deka et. al., 2006). In harvested fruits, loss in water vapour, results in peel shrinkage, 

reduction of turgidity and decrease in resistance to gas diffusion, results in negative 

consequences on the  flavour and taste (D‟Aquino et al., 2001). Many facts have been 

studied in order to overcome these problems and extend the shelf life of fresh produce. 

According to Panhwar (2006), worldwide post-harvest losses in fruits are as high as 30-

40 percent and it seems to be more in some developing countries. Reducing post harvest 

losses ensures food safety, both in quantity as well as quality, that prefers to every 

inhabitant in our planet. In developed countries like, Japan, Korea and Taiwan, it has 

been reported that the post-harvest losses for fruits to be 10 percent (FAO, 2010). India is 

the world‟s second largest producer of fruits stands next to China and has good potential 

of being the biggest among others. In total, 60 to 70 percent of fruits produced in India 

are consumed domestically and 2% of fruits are being processed. Out of the total 



 

production, only 1% is being exported. Among for stored fruits, post-harvest losses 

account to 20-30%. In post harvest losses, qualitative losses rather than quantitative 

losses are more difficult to measure (Kader, 2005).  

In most of the storability studies for fruits, it is found to be observed that the 

levels of CO2 and O2 inside package altered due to fruit respiration and permeability of 

the film, resulted in recommendation of modified atmosphere packaging (MAP) for fresh 

fruit storage (Geeson et al., 1981). Impart of reduced O2 and increased CO2 levels on fruit 

varies with gas concentration, exposure time and varietal character, generally lowering 

respiration rate and results in softening of fruits. Apart, any fungal infection on fruit gets 

retarded inhibit ethylene expression, results in quality deterioration (Thompson, 1995). 

MAP also tends to cause saturated atmosphere around the fruit, that reduces water loss 

and shrinkage. When the rate of oxygen and carbon dioxide transmission through the 

package equal the product‟s respiration rate then desirable equilibrium modified 

atmosphere gets created in the package film at right permeability.  (Day, 1993). 

Edible coatings have long been used for quality retention and shelf life extension 

of several fresh fruits viz., apple, citrus (Baldwin et al., 1996; Li and Barth, 1998).  They 

have been applied directly on fruit surface with several mode of application viz., dipping, 

spraying or brushing to create a modified atmosphere (McHugh and Senesi, 2000). Use 

of edible coating provides a barrier against external elements and hence it increases shelf 

life by reducing gas exchange, water loss, aroma, flavours, and soluble migration towards 

the cuticle (Guilbert et al., 1996). In general any type of material used for coating or 

wrapping various fruits tends to extend storability that may be eaten together with or 

without further removal is considered as an edible film or coating (Pavlath and Orts, 

2009). In kinnow, the impact of coating on fruits depends mainly on temperature, 

alkalinity, thickness and type of coating, varietal nature and condition of fruit (Park et al., 

1994). Basically the usage of food grade wax coatings on fresh fruits and vegetables have 

been approved by the Government of India (FSSA, 2006) and with implementation of 

this technology on with several wax formulations are now-a-days being supplied by 

suppliers in market. So, the impact of these wax coating plays a vital role in monitoring 

the storability of fresh fruits, especially kinnow. However, the role of these waxes alone 



 

or in combination with packaging needed much focus on correlating the positive mode of 

applicability to kinnow. 

Hence, the present investigation was performed to study the effects of various 

packaging materials had undertaken following objectives:- 

 To assess the effect of different packaging materials on quality and storability of 

kinnow fruits, 

 To evaluate the influence of fruits quality parameters with various packaging 

materials, and 

 To standardize a suitable packaging material for kinnow fruits for better 

marketability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter II 

REVIEW OF LITERATURE 

Effect of packaging on physical parameters of fruits 

Farooqi et al., (1988) made a study on effect of wax emulsions Fruitex, Britex-

561 and SB65 on oranges, Kinnow, lemons and grape fruits. It was found to be observed 

that wax coating improved external appearance of fruits and reduced weight loss, retained 

fruit firmer, and fresh look. 

Dhatt et al., (1991) reported that in the treatment of kinnow fruits wrapped with 

shrink wrap films with 25 micron thickness registered lesser weight loss (2%) and fruits 

also tasted better. 

 Dhatt and Randhawa (1991) observed the average weight loss was minimum 

(6.1%) in the treatment with polymeric wrapped film and maximum (23.4%) in 

unwrapped. It was also observed, in individually wrapped kinnow fruits with high density 

polyethylene (HDPE) film, storability extended for about 8 weeks at ambient condition. 

According to Dhatt et al., (1995) the maximum weight loss of 25.57 and 45.31 

percent was observed in unwrapped fruits after 30 and 60 days. But in other packaging 

treatments, the weight loss in individually wrapped fruit was 1.54 (Imazalil 500ppm), 

3.85 (Imazalil 1000 ppm) and 6.33 per cent (2,4-D 200 ppm) after 30, 60 and 90 days. 

Ladaniya et al. (1997) reported that the minimum weight loss in fruits of Nagpur 

mandarin observed in the treatment of fruits wrapped with heat shrinkable film 

individually. In vice versa, the weight loss in fruits increased with extended storage 

period. 

According to Sonkar and Ladaniya (1998) the technique of tray-over wrapping of 

Nagpur mandarin with linear low density polyethylene (LLDPE) stretch cling film 

extended the shelf life upto 2 months. The individual film wrapping of Nagpur mandarin 

fruit using stretch cling film after carbendazim treatment extended the storability to 60 

days under refrigerated condition and possessed minimum weight loss. 

 



 

Randhawa et al., (1999) reported that, the wrapping of Nagpur mandarin fruits 

reduced water loss drastically (1-2%) as compared with non-wrapped fruits (13.29%) 

after 60 days of storage under refrigerated condition. 

Perez-Guzman (1999) studied the effect of individual seal packaging of „Dancy‟ 

mandarin (Citrus reticulata) with polyolefin (0.019 mm) and PVC (0.025 mm) and 

reported that the minimum weight loss was observed under refrigeration storage. 

Deshmukh et al., (1999) observed the effect of film wrapping and low 

temperature (5-6
0
C) on storage quality of sweet orange cv. Mosambi and reported that, 

both the treatments were found to be positive with the parameters viz., minimized weight 

loss and fruit diameter. 

Ladaniya (2003) reported that packing of „Mosambi‟ orange with stretchable cling 

with shrinkable cryovac and shrinkable LDPE registered minimum weight loss and 

spoilage upto 40 days, under 20 to 25° C storage. 

 In an investigation made by Hussain et al., (2004) on citrus by using Uni-

Packaging with polyethylene, it was found to be observed that the treatments tends to 

have significant effect in prolonging the shelf life and maintenance of external 

appearance, taste, and texture. 

  Ramin and Khoshbakhat (2008) accesed the impact of packaging with high 

density polyethylene (HDPE) bags of thickness 30µm on acid lime. The film found to 

have microperforations and the storage of fruits @ 20°C and 10°C minimized the weight 

loss of acid lime fruits. 

Jadhao et  al.,  (2008)  observed  that  storage  of  kagzi  lime in 200 gauge 

perforated polypropylene bags registered the minimum in physiological  loss  in weight 

and diameter at the end of 70 days of cold storage. 

 Nasciment et al., (2011) evaluated the effect of cold storage of Murcott mandarins 

subjected to treatment with modified atmosphere and observed that the fruits treated with 

wax and/or packed in flexible packaging material extended shelf life for 30 days. 

Observations on physico-chemical traits and disease incidence on fruits revealed that 

observation of fruits at thirty days of storage at 10±1°C, retained greater intensity of skin 



 

colour than that of control. The fruits (with or without wax) packed in flexible bags 

showed lower weight loss (<10%) and extended shelf life up to sixty days at 10±1°C 

followed by seven days at 25°C.  

Hassan et. al., (2013) accessed the impact of wax coating on fruit quality of 

tangerine citrus (Citrus reticulata). Fruits were coated with 3 different concentrations of 

wax emulsion (10, 12 and 15%) and gets stored at two temperature levels (5 and 25°C) 

with 85-90% RH. The results revealed that the combination of 12% wax coating and 

storage at 5°C was found to be most effective.  

 Mahajan et al., (2013) investigated the effect of surface coating on fruit quality of 

kinnow. The fruits coated with „Nipro Fresh SS 40T and SS 50‟ formulations, air dried, 

and packed in CFB boxes, showed significant effect in delaying weight loss. 

Dhillon et. al., (2016) reported that the fruits of Daisy mandarin were packed in 

paper moulded trays followed by wrapping with different packaging films, viz., heat 

shrinkable film (15 μ), cling (15 μ) and low density polyethylene (25 μ LDPE) film. The 

results revealed that, shrink film helped in reducing the loss in weight (1.12%) and decay 

incidence (0%), for 15 days under storage. 

Effect of packaging on physiological parameters of fruits 

According to Raghav and Gupta (2003), the individually wrapped fruits could be 

stored for 84 days with acceptable eating quality and less PLW (4.0%). It was found to be 

at nominal level upto 40 days in unwrapped control (37.0%) of fruits at ambient 

condition. Apart, the waxing treatments were quite effective in extending the shelf life 

and diminishing PLW even after 21 days of storage. 

Upadhayaya and Sanghavi (2006) made a study with different treatment of 

kinnow mandarin as 4 %CaCl2 and packed the fruits in perforated (0.2%) polythene bags. 

The results revealed that the treatments tends to reduce the physiological weight loss of 

fruits during storage and extended the storability upto 42 days under ambient condition. 

Sharma et al. (2007) reported that kinnow mandarins with 150 gauge polythene 

bag package with bael leaf extract, exhibited the maximum reduction  in PLW as 

compared  to untreated control. 



 

Reddy et al., (2008) evaluated the role of several packing materials on shelf life 

and quality of acid lime. The results showed that the packing of fruits with LDPE 

treatment found to be most effective in preventing the physiological loss in weight of acid 

lime. 

According to Sonkar et al., (2009) kinnow fruits packed with cling film, 

registered better performance in respect of PLW under ambient conditions. 

 Jawandha et al., (2012) examined the impact of low density polyethylene 

packaging and several chemicals on ambient storage of kinnow. The results revealed that 

the kinnow fruit treated with boric acid @3 % + LDPE packaging without perforation 

recorded minimum physiological loss in weight. 

Mandal (2015) studied the role of lac-wax, citrashine and shrink wrapping of 

fruits on storability of kinnow. The fruits treated with waxes and individually shrink 

wrapped in LDPE (19μ) and packed in 4 kg CFB boxes and stored under ambient 

condition. The results revealed that the maximum PLW was observed in control, 

whereas, shrink wrapped and lac-wax treated fruits effectively reduced PLW. 

Effect of packaging on quality parameters of fruits 

 Ahmad et al., (1979) examined the impact of waxing and lining material on 

storability of kinnow and observed the treatment recorded better impact with quality 

traits. The results revealed ascorbic acid and citric acid content tend to decreased in vice 

versa sugars and sugar/acid ratio increased under storage. 

 According to Albert (1983), the major change in internal quality observed for 

oranges and grapefruit due to the reduction in acidity level with consequent increase in 

brix: acid ratio under storage. 

 Farooqi et al., (1988) analyzed the impact of wax emulsions of fruitex, Britex-561 

and SB65 coating over oranges, kinnow, lemons and grape fruits. No significant changes 

found to be observed with acidity, and sugar contents in all the examined fruits. 

Singh et al., (1988) reported that maximum TSS (11.6%) was observed in non-

sealed fruits after four week of storage. However, it was reversed after eight weeks of 

storage, when higher TSS observed in all type of wrapped fruits.  



 

According to Dhatt et al., (1991), the kinnow fruits which were under storage 

showed slow increase in sugars with to individual shrink wrapped fruits than that of 

unwrapped control. 

Kaushal and Thakur (1996) reported that the fruits under sealed packaging 

treatment registered the decreased level of titrable acidity under cool chamber storage. 

The fruits treated with 1% bavistin and packed in polyethylene bags exposed decreased 

ascorbic acid under storage. However, the fruits in sealed packaging exhibited gradual 

increase in sugar content than that of those fruits in untreated control. 

  According to Raghav and Gupta (2000) the individual shrink wrapped kinnow 

fruits showed lower sugar content than unwrapped kinnow fruit, with film thickness of 25 

micron. Fruits maintained better flavour and quality (TSS, Acidity, Ascorbic acid, 

Sugars) upto 8 weeks than that of the unwrapped fruits found to get stored at ambient 

conditions. 

  Thakur et al. (2002) reported that the fruits stored after carbendazim treatment 

and packed with 150 gauge thickness LDPE bags observed to be effective in retaining 

better fruit quality under storage. In a vice versa, the total sugar content of fruits 

remained to be increased throughout the period of storage. 

 Juliana et. al., (2004) analyzed the physicochemical and microbiological 

characteristics of minimally processed „Champagne‟ oranges (Citrus reticulata× Citrus 

sinensis) under various packaging treatments. The minimally processed fruit packed in 

lidded polystyrene containers and polyethylene and PVC films retained superiority in 

overall fresh visual appearance with a few physicochemical and microbiological changes 

up to storability for 8 days. 

 Hussain et al., (2004) studied the effects of Uni-Packaging with polyethylene on 

citrus fruits. The result showed uni-packaging had no significant effect on the pH of 

citrus fruit. T.S.S observed to be increased during storage but individual packaging had 

non-significant effect on the T.S.S. In vice versa, ascorbic acid decreased from 1.59-

0.63% under storage condition.  



 

 Kaur et al., (2004) studied the effectiveness of wax in combination with 

fungicides on the storage behaviour of seal packaged kinnow mandarins. The 

observations on physico-chemical characteristics of the fruits recorded after 30 and 60 

days of ambient storage, expressed that the treatment of fruits to Imazalil 1000 ppm with 

HDPE film wrapping registered better fruit appearance, quality and low rate of 

pathological rotting. 

 Ladaniya et al., (2005) conducted an experiment to study the effect of sub-

optimum low temperature storage of „Nagpur‟ mandarin along with wax coating and 

intermittent warming. The results of the study revealed, the intermittent warming and 

wax coating are useful for extending the storability of „Nagpur‟ mandarin up to 75 days. 

Reddy et al., (2008) analyzed the impact of various packing materials on shelf life 

and quality of acid lime. The packing of fruits with LDPE found to be most effective in 

minimizing the pH, ascorbic acid, increase in TSS, and acidity. 

  Jadhao et al., (2008) observed that the kagzi lime stored with 200 gauge 

perforated polypropylene  bags  recorded the minimum loss in TSS, TSS/acid ratio and 

the maximum content of acidity and ascorbic acid at the end of 70 days under cold 

storage. 

Shein et. al., (2008) examined the influence of wax coating over post harvest 

quality of „Sai Nam Peung‟ mandarin orange. The fruits were coated with teva wax (18% 

food grade shellac, polyethylene) and placed under cold storage for 1 month. In the study, 

it was observed that there was no significant difference in T.S.S/ T.A ratio during storage. 

 Randhawa et al., (2009) accessed impact of  high  density  polyethylene  

packaging along with  edible  oil  and  wax  coating on  storage  quality  of  kinnow. The 

results of the study exposed the highest palatability rating after 45 days of ambient 

storage was recorded in HDPE packed. The fruits coated with neem oil with HDPE 

packaging recorded highest juice content and minimum spoilage during storage. 

However, the maximum value for TSS and PLW registered with untreated control. 

  According to Sumanjit Kaur et al., (2010), the kagzi  lime  fruits  wrapped  with 

polyethylene films of high density polyethylene and low density of various thickness 



 

retained better quality traits for 3 weeks at room temperature. 

 Sahid and Abbasi (2011) analyzed the influence of wax coating on sweet orange 

cv. Blood Red. The results of the study revealed that wax treatment (5%) maintained 

positiveness in terms of pH, TSS, titartable acidity, TSS/acid ratio, sugars (total, 

reducing, and non-reducing) and ascorbic acid of fruits. 

 According to Mahajan et al., (2013) the kinnow fruits coated with „Nipro Fresh 

SS 40T or SS 50‟ showed significant delay in the change of TSS, titratable acidity and 

vitamin-C content of kinnow fruits, under storage 

Jawandha et al., (2014) assessed the response of Baramasi lemon under modified 

atmosphere packaging on storage. The healthy fruits after disinfestation with 0.1% 

bavistin solution for 2 minutes and wax coating were packed (four fruits in each pack) in 

high density polyethylene (HDPE) and low density polyethylene (LDPE) bags. The 

results of the study revealed that fruits treated with bavistin @ 0.1% and packed in LDPE 

bags registered betterness in quality with regard to juice content, and acidity during 50 

days of ambient storage. 

  Mahajan and Singh (2014) noticed the shrink film packaging of kinnow fruits 

improved the storage life and better quality retention for 20 days as against 10 days in 

unpacked control. 

 Jhalegar et al., (2015) accessed the role of surface coating with lac based wax, 

Citrashine, P-104 and Niprofresh on quality of kinnow. The results indicated the surface 

coatings extended storability and quality of kinnow fruits even upto 60 days. 

 Mandal (2013) assessed the impact of waxing and shrink wrapping on kinnow 

fruits. The study revealed that individually shrink wrapped, lac-wax and citrashine coated 

fruits expressed better quality traits even under the storability of fruits for 21 days in 

ambient conditions. 

  According to Singh and Yadav (2015) packaging of kinnow fruits with 100 gauge 

LDPE bag packaging combined with evaporative cool chamber plus rice husk ash (RHA) 

maintained superiority in terms of highest overall acceptability. 



 

 Chaudhary et al., (2015) reported that „Star Ruby‟ grapefruits (Citrus paradisi, 

Macf.) stored upto 16 weeks at 10 °C in micro or macro perforated bags did not had 

negative value in terms of ascorbic acid, acidity, and TSS content.  

 Mandal (2015) made a study on role of lac-wax, citrashine and shrink wrapping of 

fruits on storability of kinnow. The results indicated that individually shrink wrapped, 

lac-wax and citrashine coated fruits extended the storability upto 21 days of storage in 

ambient conditions without altering quality. 

 Dhillon et al., (2016) observed the significance of different packaging films on 

shelf-life and quality of Daisy mandarin under ambient conditions. The fruits were 

exposed to various packaging treatments viz., heat shrinkable film (15 μ), cling (15 μ) and 

low density polyethylene (25 μ LDPE) film. The results of the study revealed that shrink 

film proved to be effective in extending the storability and quality retention upto 15 days 

as compared to that of control (5 days). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter III 

MATERIALS AND METHODS 

  The present investigation entitled “Studies on various packaging materials on 

fruit quality and shelf life of Kinnow” was conducted at post harvest laboratory, 

Department of Horticulture, Lovely Professional University, Punjab during the academic 

year 2016-17. 

  The details of materials used during experimentation and methodologies 

followed are furnished as below: 

3.1. MATERIALS  

3.1.1. Selection and harvest of fruits  

The fresh kinnow fruits of uniform size and well matured ones were selected. 

Apart, other traits of healthiness for fruits free from that of disease and bruising on skin 

were also taken in consideration for selection of fruits for harvest. The selected fruits 

were randomly picked from entire direction of the plant with the help of secateurs. The 

act of fruit harvest commenced during the month of February, collected and brought to 

Horticulture laboratory.   

3.1.2. Preparation of fruits  

 Before incorporation of treatments, the fruits were dipped in chlorine solution 

and then washed thoroughly with normal water to remove contaminants. Later, the 

fruits were allowed to dry under electric fan, after spreading over the table.  

3.1.3. Packaging and coating materials for fruits 

  The packaging films used in this experimentation were purchased from Jalandhar 

commercial market area. The materials include LDPE (25 micron), HDPE (15 micron), 

Polypropylene (25 micron), Shrink film (15 micron) and Cling film (15 micron). Liquid 

paraffin wax (10%) was used as a coating material.  

 

 



 

3.2. DETAILS OF EXPERIMENT 

The investigation was conducted from February, 2017 to April, 2017 and was 

laid out in Completely Randomized Design (CRD). A total of 6 fruits were utilized and 

observed in each replication under each treatment for collection of data. Details of the 

experiment are given as follows,    

Treatments Treatment Details 

            T1 Control (Room temperature) 

            T2 LDPE (25 micron) 

            T3 HDPE (15 micron) 

            T4 Polypropylene (25 micron) 

            T5 Shrink film (15 micron) 

            T6 Cling film (15 micron) 

            T7 LDPE (25 micron) + wax (10%) 

            T8 HDPE (15 micron) + wax (10%) 

            T9 Polypropylene (25 micron) + wax (10%) 

            T10 Shrink film (15 micron) + wax (10%) 

            T11 Cling film (15 micron) + wax (10%) 

A total of 27 fruits per treatment were divided into equal lots for all 3 replications 

and each of lot under every replication found to be accumulated with 9 fruits. The treated 

fruits were kept for storage and observed at 5 days interval upto 25 days.   

OBSERVATIONS RECORDED  

3.3. Fruit physical parameters   

3.3.1. Fruit length  

Randomly selected fruits under each replication of every treatment were utilized 

for the measurement of fruit length by using vernier caliper and expressed in centimeter.  

3.3.2. Fruit girth  

Randomly selected fruits under each replication of every treatment were utilized 

for the measurement of fruit girth by using vernier caliper and expressed in centimeter.  



 

3.3.3. Fruit shape index  

Fruit shape index was calculated by dividing fruit length by fruit girth. 

3.3.4. Fruit weight  

Randomly selected fruits under each replication of every treatment were utilized 

for the measurement of fruit weight by using sensitive electronic balance and expressed in 

grams. 

3.3.5. Fruit spoilage percent 

The spoilage percent of fruits under each treatment was calculated by comparing 

the total number of fruits spoiled divided by total number of fruits in the pack and 

converted to percentage value. 

3.3.6. Fruit specific gravity 

  Randomly selected fruits under each replication of every treatment were observed 

for specific gravity. It was obtained by water displacement method by comparing the 

weight in air divided by the weight in water.  

3.4. Physiological Parameters 

3.4.1. Physiological loss in weight (%) 

The per cent loss in weight after each storage interval was calculated by 

subtracting final weight from initial weight of the fruits and then converted into 

percentage value. The cumulative loss in weight was calculated on fresh weight basis. 

Physiological loss in weight (PLW %) = (Initial fruit wt. - Final fruit wt.) / Initial fruit wt. 

X 100 

3.5. Quality Parameters 

Randomly selected fruits in each treatment of the experimentation were used for 

assessing the quality parameters.  

3.5.1. Total soluble solids  

Total Soluble Solids of the juice after squeezing from the fruit were determined 

by using Carl-Zeiss hand refractometer and expressed as degree Brix at 21°C.  



 

3.5.2. Titrable acidity  

Titrable acidity was estimated by adopting the standard method formulated 

through A.O.A.C (Association of Official Analytical Chemists) (1975) by titrating 

against 0.1 N NaOH using phenolphthalein indicator and expressed in terms of 

percentage tartaric acid equivalent. 

3.5.3. Ascorbic acid  

Ascorbic acid content was estimated by using 2,6-dichlorophenol indo phenol dye and 

then expressed in terms of milligrams of ascorbic acid per 100 g
 
of fruit (Freed, 1966). 

3.5.4. pH 

The pH of each fruit sample was determined with the help of digital pH meter 

(HANA 8520, Japan). Kinnow juice of optimal quantity (50mL) was taken in 100mL 

beaker and pH meter was utilized to record the pH value according to standard 

methodology expressed under official methods of analysis.  

3.5.5. TSS: acid ratio  

TSS: acid ratio was calculated by dividing TSS (°Brix) by acidity (%).  

3.5.6. Estimation of Sugars 

The  total,  reducing  and  non-reducing  sugars  were  estimated  as  per  the  

method suggested by Somogyi (1952) in randomly selected fruits under each treatment. 

The value was expressed in terms of percentage.  

3.5.7. Sugar-acid ratio  

The sugar-acid ratio was calculated by dividing total sugar content with acidity.  

3.5.8. Statistical Analysis  

The data were subjected to statistical analysis as outlined by Panse and Sukhatme 

(1985). The various comparisons were made after working out the standard errors and 

critical difference at 5 per cent level of significance.  

 

 



 

Chapter IV 

EXPERIMENTAL RESULTS 

The results of the present study entitled „Studies on various packaging materials 

on fruit quality and shelf life of Kinnow‟ are presented in this chapter.  

4.1. Effect of various packaging materials on physical parameters of Kinnow 

  The treatments with regard to various packaging films viz., LDPE (25 micron), 

HDPE (15 micron), polypropylene (25 micron), shrink film (15 micron) and cling film 

(15 micron) including liquid paraffin wax (10%), as a coating material were utilized as 

per the technical programme.  

  Observations on „physical, physiological and quality traits viz., Fruit length, Fruit 

girth, Fruit shape index, Fruit weight, Fruit spoilage percent and Fruit specific gravity, 

Physiological loss in weight, Total soluble solids, Titrable acidity, Ascorbic acid, pH, 

TSS: acid ratio, total,  reducing, non-reducing  sugars and Sugar-acid ratio  were 

recorded. The observations were statistically analyzed and are presented below.  

4.1.1. Fruit length 

Observations recorded on „Fruit length‟ exhibited significant differences among the 

treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow fruits (Table 1).  

Among the packaging treatments, the fruits under the treatments T2, T5, T6, T8, T9 

and T11 retained maximum „Fruit length‟ (5.10 cm), which were on par with each other 

including T4 (5.0 cm) at 5 days after storage. The minimum „Fruit length‟ was recorded in 

control (4.70 cm). It was found to be on par with T3, T7 and T10 (4.90 cm).  

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T6 retained maximum „Fruit length‟ (4.25 cm). 

The minimum „Fruit length‟ was recorded in T3 (3.90 cm). In rest of the treatments, 

except T11, no fruits were found to be retained for observation. 

 

 

 



 

Table 1. Effect of different packaging materials on „Fruit Length (cm)‟ in Kinnow 

Treatments „Fruit Length (cm)' 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 4.70 4.10 3.10 0.00 0.00 

T2 5.10 5.00 4.85 4.55 0.00 

T3 4.90 4.70 4.45 4.15 3.90 

T4 5.00 4.85 4.55 4.10 0.00 

T5 5.10 4.90 4.60 4.10 0.00 

T6 5.10 5.00 4.85 4.60 4.25 

T7 4.90 4.80 4.70 4.40 0.00 

T8 5.10 5.00 4.80 4.30 0.00 

T9 5.10 5.00 4.70 4.20 0.00 

T10 4.90 4.75 4.60 4.30 0.00 

T11 5.10 5.00 4.75 4.40 4.10 

SEd 0.10 0.10 0.09 0.08 0.04 

CD (0.05%) 0.21 0.21 0.20 0.17 0.08 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

             

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

4.1.2. Fruit Girth 

Observations recorded on „Fruit girth‟ exhibited significant differences among the 

treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow fruits (Table 2).  

Among the packaging treatments, the fruits under the treatments T6 retained 

maximum „Fruit girth‟ (6.00 cm), which was on par with each other including T2 (5.90 cm), 

T8 (5.95 cm), T9 (5.85 cm) at 5 days after storage. The minimum „Fruit girth‟ was recorded 

in control (5.10 cm).  

At 25
 
days of storage, the observations among various packaging treatments 

revealed that, the fruits under treatment T6 retained maximum „Fruit girth‟ (5.20 cm). The 

minimum „Fruit girth‟ was recorded in T3 (4.50 cm). In rest of the treatments, except T11, 

no fruits were found to be retained for observation. 

4.1.3. Fruit Shape Index 

Observations recorded on „Fruit shape index‟ exhibited significant differences 

among the treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow fruits (Table 3).  

Among the packaging treatments, the fruits under the treatments T1 retained 

maximum „Fruit shape index‟ (0.921), which was on par with each other including T4 (0.909) 

at 5 days after storage. The minimum „Fruit shape index‟ was recorded in T6 (0.850). It 

was found to be on par with T7 (0.852), T8 (0.857) and T10 (0.859).  

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T3 retained maximum „Fruit shape index‟ (0.866). 

The minimum „Fruit shape index‟ was recorded in T6 (0.817). It was found to be on par 

with T11. In rest of the treatments, no fruits were found to be retained for observation. 

4.1.4. Fruit Specific Gravity 

Observations recorded on „Fruit specific gravity‟ exhibited significant differences 

among the treatments in 10, 15, 20 and 25 days after storage of Kinnow fruits. No 

significant difference was observed among the treatments in 5 days after storage (Table 4).  

Among the packaging treatments, the fruits under the treatments T10 retained 

maximum „Fruit specific gravity‟ (0.938), which was on par with each other including T3  



 

Table 2. Effect of different packaging materials on „Fruit Girth (cm)‟ in Kinnow 

Treatments „Fruit Girth (cm)‟ 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 5.10 4.50 3.40 0.00 0.00 

T2 5.90 5.80 5.50 5.00 0.00 

T3 5.70 5.50 5.25 4.85 4.50 

T4 5.50 5.30 5.00 4.60 0.00 

T5 5.80 5.60 5.30 5.00 0.00 

T6 6.00 5.90 5.80 5.60 5.20 

T7 5.75 5.65 5.45 5.10 0.00 

T8 5.95 5.85 5.70 4.70 0.00 

T9 5.85 5.70 5.40 4.80 0.00 

T10 5.70 5.60 5.40 5.00 0.00 

T11 5.80 5.70 5.55 5.30 5.00 

SEd 0.12 0.12 0.11 0.10 0.05 

CD (0.05%) 0.25 0.24 0.23 0.20 0.10 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 

 



 

Table 3. Effect of different packaging materials on „Fruit Shape Index‟ in Kinnow 

Treatments „Fruit Shape Index‟ 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 0.921 0.911 0.911 0.000 0.000 

T2 0.864 0.862 0.881 0.910 0.000 

T3 0.859 0.854 0.847 0.855 0.866 

T4 0.909 0.915 0.910 0.891 0.000 

T5 0.879 0.875 0.867 0.820 0.000 

T6 0.850 0.847 0.836 0.821 0.817 

T7 0.852 0.849 0.862 0.862 0.000 

T8 0.857 0.850 0.842 0.912 0.000 

T9 0.871 0.877 0.870 0.875 0.000 

T10 0.859 0.848 0.851 0.860 0.000 

T11 0.879 0.877 0.855 0.830 0.820 

SEd 0.018 0.018 0.018 0.017 0.008 

CD (0.05%) 0.038 0.037 0.037 0.036 0.017 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 

 



 

Table 4. Effect of different packaging materials on „Fruit Specific Gravity‟ in 

Kinnow 

Treatments „Fruit Specific Gravity‟ 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 0.870 0.847 0.826 0.000 0.000 

T2 0.922 0.917 0.906 0.882 0.000 

T3 0.926 0.918 0.902 0.876 0.851 

T4 0.911 0.904 0.875 0.860 0.000 

T5 0.912 0.895 0.897 0.874 0.000 

T6 0.924 0.905 0.883 0.851 0.803 

T7 0.920 0.911 0.894 0.868 0.000 

T8 0.928 0.913 0.886 0.871 0.000 

T9 0.917 0.877 0.884 0.820 0.000 

T10 0.926 0.938 0.928 0.824 0.000 

T11 0.944 0.846 0.850 0.817 0.796 

SEd 0.019 0.018 0.019 0.017 0.008 

CD (0.05%) NS 0.038 0.038 0.035 0.016 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

           NS : Non Significant  

            DAS:  Days after storage           

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

(0.918) and T2 (0.917) at 10 days after storage. The minimum „Fruit specific gravity‟ was 

recorded in T11 (0.846). It was found to be on par with control (0.847).  

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T3 retained maximum „Fruit specific gravity‟ 

(0.851). The minimum „Fruit specific gravity‟ was recorded in T11 (0.796), which is found 

to be on par with T6 (0.803). In rest of the treatments, no fruits were found to be retained 

for observation. 

4.1.5. Spoilage Percentage 

Observations recorded on „Spoilage percentage‟ exhibited significant differences 

among the treatments in 10, 15, 20 and 25 days after storage of Kinnow fruits. No 

significant difference was observed among the treatments in 5 days after storage (Table 5).  

Among the packaging treatments, the fruits under the treatment T1 recorded 

maximum „Spoilage percentage‟ (7.40%) at 5 days after storage. In rest of the treatments, no 

spoilage was found to be observed.  

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T1 retained maximum „Spoilage percentage‟ 

(100%). The minimum „Spoilage percentage‟ was recorded in T6 (44.42%), which is 

found to be on par with T11 (48.11%), T7 (48.12%), T2 (48.14%), T3 (48.14%). In rest of 

the treatments, no fruits were found to be retained for observation. 

4.2. Effect of various packaging materials on physiological parameters of Kinnow 

 In the treatments with regard to various packaging films, observations on 

Physiological loss in weight was recorded and analyzed statistically. The results are 

presented as below.  

4.2.1. Physiological loss in weight 

Observations recorded on „Physiological loss in weight‟ exhibited significant 

differences among the treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow 

fruits (Table 6).  

 



 

Table 5. Effect of different packaging materials on „Spoilage Percentage‟ in Kinnow 

Treatments „Spoilage Percentage‟ 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 7.40 18.51 37.03 70.37 100.00 

T2 0.00 3.70 14.81 29.62 48.14 

T3 0.00 3.70 11.11 29.62 48.14 

T4 0.00 7.40 22.22 40.73 59.24 

T5 0.00 11.11 22.22 37.02 55.53 

T6 0.00 3.70 11.11 25.91 44.42 

T7 0.00 3.70 18.50 37.01 48.12 

T8 0.00 7.40 14.80 33.31 55.53 

T9 0.00 11.11 22.22 37.02 62.94 

T10 0.00 11.11 22.22 37.02 55.53 

T11 0.00 7.40 14.80 29.60 48.11 

SEd 0.05 0.20 0.44 0.82 1.06 

CD (0.05%) 0.10 0.41 0.90 1.71 2.19 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

Table 6. Effect of different packaging materials on „PLW (%)‟ in Kinnow 

Treatments PLW (%) 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 8.16 14.21 22.90 0.00 0.00 

T2 0.66 1.16 2.21 3.62 0.00 

T3 0.66 1.46 2.39 3.23 4.55 

T4 1.19 2.09 3.25 4.81 0.00 

T5 0.96 1.17 2.53 3.85 0.00 

T6 0.72 1.02 2.32 3.28 4.42 

T7 0.61 1.31 2.54 3.45 0.00 

T8 0.89 1.68 2.42 3.33 0.00 

T9 0.85 1.87 2.67 3.98 0.00 

T10 0.67 2.05 2.15 3.83 0.00 

T11 0.51 1.29 2.47 3.72 4.13 

SEd 0.05 0.10 0.16 0.07 0.04 

CD (0.05%) 0.11 0.20 0.33 0.15 0.09 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

 

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

  Among the packaging treatments, the fruits under the treatment T1 retained 

maximum „Physiological loss in weight‟ (8.16%), at 5 days after storage. The minimum 

„Physiological loss in weight‟ was recorded in T11 (0.51%). It was found to be on par with 

T7 (0.61%), T2 (0.66%), T3 (0.66%) and T10 (0.67%).  

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T3 retained maximum „Physiological loss in weight‟ 

(4.55%). The minimum „Physiological loss in weight‟ was recorded in T11 (4.13%). In rest 

of the treatments, except T6, no fruits were found to be retained for observation. 

4.3. Effect of various packaging materials on quality parameters of Kinnow 

  In the treatments with regard to various packaging films, observations on Total 

soluble solids (TSS), Titrable acidity, Ascorbic acid, pH, TSS: acid ratio, total,  reducing, 

non-reducing sugars and Sugar-acid ratio were recorded and analyzed statistically. The 

results are presented as below.  

4.3.1. Total Soluble Solids 

Observations recorded on „TSS‟ exhibited significant differences among the 

treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow (Table 7).  

Among the packaging treatments, the fruits under the treatment T1 retained 

maximum „TSS‟ (11.56˚B), which were on par with each other including T3 (11.10˚B)  at        

5 days after storage. The minimum „TSS‟ was recorded in T7 (10.20˚B). It was found to be 

on par with T9 (10.50˚B) and T10 (10.60˚B).  

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T11 retained maximum „TSS‟ (12.20˚B). The 

minimum „TSS‟ was recorded in T6 (11.95˚B), which was on par with T3 (12.00˚B). In 

rest of the treatments, no fruits were found to be retained for observation. 

4.3.2. Titrable acidity 

Observations recorded on „Titrable acidity‟ exhibited significant differences among 

the treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow fruits (Table 8).  

 



 

Table 7. Effect of different packaging materials on „TSS (ºB)‟ in Kinnow 

Treatments TSS (ºB) 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 11.56 12.57 14.13 0.00 0.00 

T2 10.85 11.20 11.50 12.30 0.00 

T3 11.10 11.40 11.65 12.25 12.00 

T4 10.67 10.82 11.05  11.26 0.00 

T5 10.70 10.95 11.35  11.55 0.00 

T6 10.80 11.20 11.39 11.61 11.95 

T7 10.20 10.60 11.26  11.50 0.00 

T8 10.80 11.70 11.90 12.30 0.00 

T9 10.50 10.70 11.10 12.00 0.00 

T10 10.60 10.81 11.40  11.80 0.00 

T11 10.90 11.35 11.50 11.90 12.20 

SEd 0.22 0.23 0.24 0.24 0.12 

CD (0.05%) 0.47 0.48 0.50 0.49 0.24 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

 

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

Table 8. Effect of different packaging materials on „Titrable Acidity (%)‟ in Kinnow 

Treatments Titrable Acidity (%) 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 1.33 1.19 0.93 0.00 0.00 

T2 1.29 1.14 0.98 0.96 0.00 

T3 1.21 1.15 1.03 0.95 0.78 

T4 1.32 1.16 1.05 0.98 0.00 

T5 1.25 1.10 0.99 0.91 0.00 

T6 1.22 1.13 1.04 0.97 0.81 

T7 1.17 1.12 1.03 0.96 0.00 

T8 1.24 1.17 1.09 0.98 0.00 

T9 1.22 1.06 0.94 0.91 0.00 

T10 1.26 1.11 1.01 0.95 0.00 

T11 1.23 1.09 0.99 0.92 0.76 

SEd 0.03 0.02 0.02 0.02 0.01 

CD (0.05%) 0.06 0.05 0.04 0.04 0.02 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

 

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

Among the packaging treatments, the fruits under the treatment T1 retained 

maximum „Titrable acidity‟ (1.33%), which were on par with each other including T4 

(1.32%) and T2 (1.29%) at 5 days after storage. The minimum „Titrable acidity‟ was 

recorded in T7 (1.17%). It was found to be on par with T3 (1.21%), T6 (1.22%), T9 

(1.22%) and T11 (1.23%).  

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T6 retained maximum „Titrable acidity‟ (0.81%). 

The minimum „Titrable acidity‟ was recorded in T11 (0.76%). In rest of the treatments, 

except T3, no fruits were found to be retained for observation. 

4.3.3. Ascorbic Acid 

Observations recorded on „Ascorbic acid‟ exhibited significant differences among 

the treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow fruits (Table 9).  

Among the packaging treatments, the fruits under the treatment T5 retained 

maximum „Ascorbic acid‟ (25.58 mg/100ml), which were on par with each other including T2 

(25.24 mg/100 ml) and T11 (25.16 mg/100ml) at 5 days after storage. The minimum „Ascorbic 

acid‟ was recorded in T1 (21.33 mg/100ml).  

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T6 retained maximum „Ascorbic acid‟ (16.04 

mg/100ml). The minimum „ascorbic acid‟ was recorded in T11 (15.51 mg/100ml). In rest of 

the treatments, except T3, no fruits were found to be retained for observation. 

4.3.4. pH 

Observations recorded on „pH‟ exhibited significant differences among the 

treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow fruits (Table 10).  

Among the packaging treatments, the fruits under the treatment T1 retained 

maximum „pH‟ (3.90), which were on par with each other including T9 (3.72) and T7 (3.70) at 

5 days after storage. The minimum „pH‟ was recorded in T5 (3.42), which was on par with 

T2 (3.46) and T11 (3.47).  

 



 

Table 9. Effect of different packaging materials on „Ascorbic Acid (mg/100ml)‟ in 

Kinnow 

Treatments Ascorbic Acid (mg/100ml) 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 21.33 17.52 12.49 0.00 0.00 

T2 25.24 22.17 19.02 17.36 0.00 

T3 23.74 21.87 19.62 17.42 15.75 

T4 23.85 21.9 19.48  17.74 0.00 

T5 25.58 22.24 19.2  17.86 0.00 

T6 24.37 21.71 19.89 18.11 16.04 

T7 23.33 21.2 18.43  17.13 0.00 

T8 24.51 22.08 18.77 17.83 0.00 

T9 23.15 21.43 18.17 16.82 0.00 

T10 24.83 22.39 19.25  17.08 0.00 

T11 25.16 22.89 19.41 17.24 15.51 

SEd 0.50 0.45 0.38 0.34 0.15 

CD (0.05%) 1.04 0.93 0.80 0.71 0.31 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

          DAS:  Days after storage 

           SEd:  Standard error deviation  

           CD (0.05%): Critical difference @ 0.05% level 



 

Table 10. Effect of different packaging materials on „pH‟ in Kinnow 

Treatments pH 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 3.90 4.10 4.30 0.00 0.00 

T2 3.46 3.76 3.87 4.00 0.00 

T3 3.67 3.86 3.83 3.98 4.13 

T4 3.65 3.81 3.91  3.97 0.00 

T5 3.42 3.72 3.97  4.03 0.00 

T6 3.58 3.80 3.86 3.94 4.06 

T7 3.70 3.88 4.00  4.10 0.00 

T8 3.56 3.78 3.96 4.02 0.00 

T9 3.72 3.87 3.98 4.10 0.00 

T10 3.54 3.73 3.90  4.12 0.00 

T11 3.47 3.69 3.91 4.08 4.17 

SEd 0.08 0.08 0.08 0.08 0.04 

CD (0.05%) 0.16 0.17 0.17 0.16 0.08 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

 

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T11 retained maximum pH (4.17). The minimum 

„pH‟ was recorded in T6 (4.06). In rest of the treatments, except T3, no fruits were found to 

be retained for observation. 

4.3.5. TSS: Acid ratio 

Observations recorded on „TSS: Acid ratio‟ exhibited significant differences among 

the treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow fruits (Table 11).  

Among the packaging treatments, the fruits under the treatment T3 retained 

maximum „TSS: Acid ratio‟ (9.17), which were on par with each other including T6 (8.85) 

and T11 (8.86) at 5 days after storage. The minimum „TSS: Acid ratio‟ was recorded in      

T4 (8.08). It was found to be on par with T2 and T10 (8.41).  

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T11 retained maximum „TSS: Acid ratio‟ (16.05). 

The minimum „TSS: Acid ratio‟ was recorded in T6 (14.75). In rest of the treatments, 

except T3, no fruits were found to be retained for observation. 

4.3.6. Total Sugars 

Observations recorded on „Total sugars‟ exhibited significant differences among 

the treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow fruits (Table 12).  

Among the packaging treatments, the fruits under the treatment T1 retained 

maximum „Total sugars‟ (5.82%) at 5 days after storage. The minimum „Total sugars‟ was 

recorded in T7 (5.25%). It was found to be on par with T4 (5.35%) and T9 (5.36%).  

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T11 retained maximum „Total sugars‟ (6.12%). 

The minimum „Total sugars‟ was recorded in T6 (5.88%). In rest of the treatments, except 

T3, no fruits were found to be retained for observation. 

4.3.7. Reducing Sugars 

Observations recorded on „Reducing sugars‟ exhibited significant differences 

among the treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow fruits (Table 13).  



 

Table 11. Effect of different packaging materials on „TSS: Acid ratio‟ in Kinnow 

Treatments TSS: Acid ratio 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 8.69 10.56 15.19 0.00 0.00 

T2 8.41 9.82 11.73 12.81 0.00 

T3 9.17 9.91 11.31 12.89 15.38 

T4 8.08 9.32 10.52 11.48 0.00 

T5 8.56 9.95 11.46 12.69 0.00 

T6 8.85 9.91 10.95 11.96 14.75 

T7 8.71 9.46 10.93 11.97 0.00 

T8 8.70 10 10.91 12.55 0.00 

T9 8.60 10.09 11.80 13.18 0.00 

T10 8.41 9.73 11.28 12.42 0.00 

T11 8.86 10.41 11.61 12.93 16.05 

SEd 0.18 0.21 0.24 0.25 0.15 

CD (0.05%) 0.37 0.43 0.51 0.51 0.31 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

  

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

Table 12. Effect of different packaging materials on „Total Sugars (%)‟ in Kinnow 

Treatments Total Sugars (%) 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 5.82 5.92 6.37 0.00 0.00 

T2 5.39 5.48 5.62 6.25 0.00 

T3 5.51 5.58 5.64 6.19 5.95 

T4 5.35 5.43 5.60 5.71 0.00 

T5 5.37 5.53 5.50 5.69 0.00 

T6 5.40 5.61 5.67 5.78 5.88 

T7 5.25 5.45 5.73 5.75 0.00 

T8 5.41 5.54 5.70 6.21 0.00 

T9 5.36 5.44 5.57 5.90 0.00 

T10 5.43 5.49 5.81 5.92 0.00 

T11 5.40 5.50 5.78 5.85 6.12 

SEd 0.11 0.12 0.12 0.12 0.06 

CD (0.05%) 0.23 0.24 0.25 0.25 0.12 

 

Treatment details  

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

 

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

Table 13. Effect of different packaging materials on „Reducing Sugars (%)‟ in 

Kinnow 

Treatments Reducing Sugars (%) 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 2.93 3.21 3.78 0.00 0.00 

T2 3.31 3.37 3.57 4.09 0.00 

T3 3.20 3.26 3.80 4.27 3.14 

T4 3.27 3.22 3.75 3.80 0.00 

T5 3.41 3.42 3.47 3.61 0.00 

T6 3.35 3.51 3.93 3.10 3.83 

T7 3.51 4.01 3.91 3.80 0.00 

T8 3.19 3.37 3.81 3.54 0.00 

T9 3.25 4.11 3.78 4.11 0.00 

T10 3.11 3.19 3.62 3.70 0.00 

T11 3.35 3.46 4.16 2.93 3.26 

SEd 0.07 0.07 0.08 0.07 0.03 

CD (0.05%) 0.14 0.15 0.16 0.15 0.06 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

 

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

Among the packaging treatments, the fruits under the treatment T7 retained 

maximum „Reducing sugars‟ (3.51%), which was on par with each other including T5 

(3.41%), T6 (3.35%) and T11 (3.35%) at 5 days after storage. The minimum „Reducing 

sugars‟ was recorded in T1 (2.93%). It was found to be on par with T10 (3.11%).  

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T6 retained maximum „Reducing sugars‟ (3.83%). 

The minimum „Reducing sugars‟ was recorded in T3 (3.14%). In rest of the treatments, 

except T11, no fruits were found to be retained for observation. 

4.3.8. Non-reducing Sugars 

Observations recorded on „Non-reducing sugars‟ exhibited significant differences 

among the treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow fruits (Table 14).  

Among the packaging treatments, the fruits under the treatment T1 retained 

maximum „Non-reducing sugars‟ (2.89%) at 5 days after storage. The minimum „Non-

reducing sugars‟ was recorded in T7 (1.74%). It was found to be on par with T5 (1.96%). 

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T11 retained maximum „Non-reducing sugars‟ 

(2.86%), which was on par with each other including T3 (2.81%). The minimum „Non-

reducing sugars‟ was recorded in T6 (2.05%). In rest of the treatments, no fruits were 

found to be retained for observation. 

4.3.9. Sugar: Acid ratio 

Observations recorded on „Sugar: Acid ratio‟ exhibited significant differences 

among the treatments in 5, 10, 15, 20 and 25 days after storage of Kinnow fruits (Table 15).  

Among the packaging treatments, the fruits under the treatment T3 retained 

maximum „Sugar: Acid ratio‟ (4.55), which were on par with each other including T7 (4.48) 

and T6 (4.42) at 5 days after storage. The minimum „Sugar: Acid ratio‟ was recorded in T4 

(4.05). It was found to be on par with T2 (4.17).  

 

 



 

Table 14. Effect of different packaging materials on „Non-Reducing Sugars (%)‟ in 

Kinnow 

Treatments Non-Reducing Sugars (%) 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 2.89 2.71 2.59 0.00 0.00 

T2 2.08 2.11 2.05 2.16 0.00 

T3 2.31 2.32 1.84 1.92 2.81 

T4 2.08 2.21 1.85 1.91 0.00 

T5 1.96 2.11 2.03 2.08 0.00 

T6 2.05 2.10 1.74 2.68 2.05 

T7 1.74 1.44 2.02 1.95 0.00 

T8 2.22 2.17 1.89 2.67 0.00 

T9 2.11 1.33 1.79 1.79 0.00 

T10 2.32 2.30 2.19 2.22 0.00 

T11 2.05 2.04 1.62 2.92 2.86 

SEd 0.04 0.04 0.04 0.04 0.03 

CD (0.05%) 0.09 0.09 0.09 0.09 0.06 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

 

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

Table 15. Effect of different packaging materials on „Sugar: Acid ratio‟ in Kinnow 

Treatments Sugar: Acid ratio 

5 DAS 10 DAS 15 DAS 20 DAS 25 DAS 

T1 4.37 4.97 6.84 0.00 0.00 

T2 4.17 4.80 5.73 6.51 0.00 

T3 4.55 4.85 5.47 6.51 7.62 

T4 4.05 4.68 5.33 5.82 0.00 

T5 4.29 5.02 5.55 6.25 0.00 

T6 4.42 4.96 5.45 5.95 7.25 

T7 4.48 4.86 5.56 5.98 0.00 

T8 4.36 4.73 5.22 6.33 0.00 

T9 4.39 5.13 5.92 6.48 0.00 

T10 4.30 4.94 5.75 6.23 0.00 

T11 4.39 5.04 5.83 6.35 8.05 

SEd 0.09 0.10 0.12 0.12 0.07 

CD (0.05%) 0.19 0.21 0.25 0.26 0.15 

 

Treatment details 

T1 : Control (Room temperature)  T7 : LDPE (25 micron) + wax (10%) 

T2 : LDPE (25 micron)  T8 : HDPE (15 micron) + wax (10%) 

T3 : HDPE (15 micron)  T9 : Polypropylene (25 micron) + wax (10%) 

  T4 : Polypropylene (25 micron)  T10 : Shrink film (15 micron) + wax (10%) 

T5 : Shrink film (15 micron)  T11 : Cling film (15 micron) + wax (10%) 

T6 : Cling film (15 micron)   

 

            DAS:  Days after storage 

            SEd:  Standard error deviation  

            CD (0.05%): Critical difference @ 0.05% level 



 

At 25
 
days after storage, the observations among various packaging treatments 

revealed that the fruits under treatment T11 retained maximum „Sugar-Acid ratio‟ (8.05). 

The minimum „Sugar-Acid ratio‟ was recorded in T6 (7.25). In rest of the treatments, 

except T3, no fruits were found to be retained for observation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

DISCUSSION 

  Kinnow is one among a popular fruit in citrus group having notable delicacy for its 

sweetness and juice, turgid tender skinned, delicious and tasty fruits. It is the first generation 

hybrid having the parentage of „King‟ and „Willow leaf‟ evolved at Regional fruit station, USA, 

University of California by H.B. Frost.  

  Though as a non-climacteric fruit, Kinnow shows no respiratory peak and little ethylene 

production in normal conditions after harvest. However, the demand picks up for kinnow with 

advent of summer, normally it cannot be stored in proper condition for longer time under ambient 

conditions. By promoting proper storability condition for fruits, availability of kinnow can be 

extended in market.  

In citrus fruits, the post-harvest handling losses are estimated to be 5-10 per cent in most 

developed countries, but in developing countries they are over 25-30 per cent (Coursey and 

Booth, 1971). The losses in case of kinnow tends to be ranged from 11.09 to 24.63 per cent which 

might be due to faulty storage techniques, condensation of moisture and heat under high 

temperature condition which permit slow gas exchange leading to spoilage (Verma and Tikoo, 

2004).  

Nowadays, usage of different packaging material for fresh fruit marketing widely a 

common practice that helps in extending storability by reducing shrinkage, weight loss and 

occurrence of various blemishes. The films used are partially permeable to gases and water 

vapour and can also intended to modify fruit‟s micro atmospheric condition and hence, delayed 

the deterioration at room temperature.  

Kinnow generally have relatively a short post harvest life. The film wrapping of fruits 

under ambient condition with certain packaging material along with suitable post harvest 

treatment would have positive fact in reducing the rate of respiration which resulted in extended 

storability. Plastic film tends to be observed as one of the most economic and powerful one in 

minimizing fruit weight loss (Kawada and Kitagawa, 1988).  

By the considering the above facts, the present experimentation was made to standardize 

a appropriate packaging material and post harvest treatment for enhancement of shelf life and 

quality of kinnow. The results obtained are discussed as below.  

 

 



 

5.1. Effect of various packaging materials on physical parameters of Kinnow 

In the present study, the impact of various packaging and post harvest treatment were 

significantly influenced with physical parameters like „Fruit length‟, „Fruit girth‟, „Fruit shape 

index‟, „Fruit specific gravity‟ and „Spoilage percentage‟ and the results were critically discussed as 

below,  

Among different packaging and post harvest treatments, the fruits under the treatment T6 

(Cling film at 15 micron) retained maximum value for „Fruit length‟ and „Fruit girth‟ at 25 days 

after storage (Fig 1 and 2). Kinnow under other treatments were not retained for longer time. This 

might be due to the fact that in ambient condition during storage, the moisture loss through 

respiration and transpiration affects the fruit shape and fruit weight eventually fruit becomes 

unsalable as a result of shrinking (Salunkhe and Desai, 1984). Hence, an increase in fruit shrink 

for all other treatments including control during storage could be attributed to the loss of moisture 

from the fruits through respiration and transpiration processes. The results are in line with Banik 

et al. (1988) in ber fruits. 

Water loss can also be one of the major cause for deterioration, since it not only 

results in indirect quantative losses, but also results losses in appearance (due to wilting 

and shriveling) and nutritional quality. Water stress caused by prolonged storage can 

resulted in an increase and early ethylene production, which in turn may enhance ripening 

processes (Joyce and Shorter, 1992).  

Similarly in other case, the fruits under the treatment T3 (HDPE at 15 micron) 

retained maximum value for „Fruit Shape Index‟ and „Fruit Specific Gravity‟ at 25 days 

after storage. The changes are due to shrinkage of fruits over a period of time under 

extended storage period. The results are in line with Ben Yehoshua et al. (2001) on 

mandarins; Abdel Aziz-Atiat et al. (2002) on Ponkan tangarine; Henriod (2006) on navel 

orange; and Nasciment et al. (2011) on Murcott mandarins. Egwim et al. (2013) revealed 

that the density of fruits decreases with storability. Decrease in specific gravity with 

increase in storage period was due to degradation of structural polysaccharides which 

resulted in decrease of pulp concentration. 

 



 

 

 

Fig.1. Effect of different packaging materials on „Fruit Length (cm)‟ in Kinnow 

 

 

 

Fig.2. Effect of different packaging materials on „Fruit Girth (cm)‟ in Kinnow 



 

For spoilage percentage, the fruits under the treatment T6 (Cling film at 15 

micron) retained minimum value (Fig 3). Higher the spoilage in control might be due to 

weakening of the defense system against fungal attack with the passage of time and due 

to higher rates of respiration that leads to shriveling and wrinkling. Storage in polythene 

bag delayed rotting of fruits and decreased the percentage of rotted fruits compared to 

control. The fruits stored in Cling film at 15 micron polythene bags recorded the 

minimum spoilage might be due to reduced attack of microorganisms on the fruit surface 

and there by maintaining the fruit quality without significant loss. This was in line with 

the findings of Ismail and Menshway (1997) in lemon and Bhullar et al., (1985) in 

mandarin.  

5.2. Effect of various packaging materials on physiological parameters of Kinnow 

  In the treatments with regard to various packaging films, observations on Physiological 

loss in weight (%) was recorded and analyzed statistically. The discussion is presented as below. 

Among different packaging and post harvest treatments, the fruits under the treatment T11 

(Cling film at 15 micron + wax at 10%) retained minimum value for „Physiological loss in 

weight‟ at 25 days after storage (Fig 4). In other treatments, except T3 and T6, the physiological 

loss in weight (PLW) of fruits gradually increased till the end of shelf life. An increase in PLW of 

fruits in all treatments with increasing period of storability was due to moisture loss by evapo-

transpiration and loss of reserved food material by respiration. During respiration process, various 

reserved food materials present in fruits are used. Secondly, the process of transpiration from fruit 

surface also continues even after harvest. Hence, due to the respiration and evapo-transpiration, 

the physiological loss in weight of fruits increased with increasing period of storage. The results 

are in conformity with the results of Aworth et al. (1991) in citrus, Kumar et al. (2000) in kinnow 

and Pandey et al. (2006) in apple. 

In other hand, Haard and Salunkhe (1975) reported that PLW is mainly due to the 

evaporation of water from the fruits, respiration and various degradation processes occurring 

during storage. This might be due to the restriction on diffusion of gasses and feedback 

mechanism resulting into slow rate of evapo-transpiration and respiration. These results are in 

agreement with those observed by Joshua and Sathiamoorthy (1993) in sapota and Venkatesha 

and Reddy (1994) in guava. 

 



 

 

 

Fig.3. Effect of different packaging materials on „Spoilage Percentage‟ in Kinnow 

 

 

Fig.4. Effect of different packaging materials on „PLW (%)‟ in Kinnow 



 

5.3. Effect of various packaging materials on quality parameters of Kinnow 

  In the treatments with regard to various packaging films, observations on Total soluble 

solids, Titrable acidity, Ascorbic acid, pH, TSS: acid ratio, total,  reducing, non-reducing sugars and 

Sugar-acid ratio were recorded and analyzed statistically. The discussion is presented as below.  

5.3.1. Total Soluble Solids 

Among different packaging and post harvest treatments, the fruits under the 

treatment T11 (Cling film at 15 micron + wax at 10%) retained maximum value for „Total 

soluble solids‟ at 25 days after storage (Fig 5). The retention of better TSS value of with 

the increasing storability could be due to the degradation of complex insoluble 

compounds, like starch, to simple soluble compounds, like sugars, which acts as the 

major TSS components. These results are in line with the findings of Efiuvwere and 

Oyelade (1991) on orange; Kumar et al. (1991) on Kinnow mandarin; Kaushal and 

Thakur (1996) on Kinnow mandarin; Ismail and El-Menshawy 1997 on lemon; D‟Aquino 

et al. (1998) on Minneola tangelo; Abdel Aziz-Atiat et al. (2002) on ponkan tangerine. 

In addition, the retention of higher the value for TSS might be due lowering of 

water loss by transpiration during the storage period (Hussein et al. 1998). According to 

Artes-Hernandez et al. (2004), higher the TSS values in fruits may be due to retarding the 

respiration rate, water losses and conversions of polysaccharides into disaccharides and 

monosaccharides (Munoz et al., 2006). 

5.3.2. Titrable Acidity 

Among different packaging and post harvest treatments, the fruits under the 

treatment T11 (Cling film at 15 micron + wax at 10%) retained minimum value for 

„Titrable Acidity (%)‟ at 25 days after storage (Fig 6). The gradual decline in acidity 

content was observed in fruits stored in packaging materials during storage in citrus fruits 

(Hussain et al., 2004). The decline in acidity might be due to conversion of acids into 

sugars and its utility in respiration process. Results are in line with the results of Sonkar 

and Ladaniya (1999) in Nagpur mandarin and Mahajan et al. (2005) in kinnow.  

 

 



 

 

 

Fig.5. Effect of different packaging materials on „TSS (°B)‟ in Kinnow 

 

 

Fig.6. Effect of different packaging materials on „Titrable Acidity (%)‟ in Kinnow 



 

Titrable acidity gradually decreased with the advancement in storage interval. The 

decrease of acid percentage during storage period could be due to the destruction of 

organic acids through oxidation and consumption of these acids, as an organic substrate 

in the respiration processes of the fruit tissues. The progress of storage period was found 

to raise the respiration rate of the fresh fruits (Hussien et al. 1998). The reduction in the 

titrable acid content of Kinnow fruit juice during storage has also been noticed by Kausal 

and Thakur (1996) and reported that that wax coating and film wrapping preserve the 

acid content during prolonged storage. 

5.3.3. Ascorbic Acid 

Among different packaging and post harvest treatments, the fruits under the 

treatment T11 (Cling film at 15 micron + wax at 10%) retained minimum value for 

„Ascorbic acid‟ at 25 days after storage. Ascorbic acid content decreases with the 

increment in shelf life period and retained significantly higher values with packaging 

treatments. These findings were in line with Kumar et al. (1991) on Kinnow mandarin; 

Amarjit and Rajinder (1996) on mandarin; Kaushal and Thakur (1996) on mandarin; 

Singh and Singh (1996) on Kinnow mandarin.  

Ascorbic acid content in fruits is known to decrease during storage possibly due 

to utilization of organic acids during respiration or their conversion to sugars (Kader, 

2002). The trend in case of other treatments might be due to the fact that ascorbic acid is 

very susceptible to oxidative deterioration (Piga et al., 2003), occurred at accelerated rate 

due to the presence of higher concentrations of O2 as compared to polyethylene packages. 

The results of this study are in line with Kohli and Bhambota (1966), who reported that 

ascorbic acid of acid lime and Kinnow decreased respectively with the increase of storage 

period because of oxidation of ascorbic acid.  

In addition, ascorbic acid content in citrus fruits generally declines with enhanced 

storability due to increase in the activity of oxidizing enzymes like ascorbic acid oxidase, 

peroxidase and catalase which might have into dehydro ascorbic acid as reported by 

Mapson (1970); Ladaniya and Shyam Singh (1998). The results are in line with Banik et 

al. (1988) in litchi; Kumar and Chauhan (1990) in mandarin. 

 



 

5.3.4. pH 

Among different packaging and post harvest treatments, the fruits under the 

treatment T11 (Cling film at 15 micron + wax at 10%) registered maximum value for „pH‟ 

at 25 days after storage. The juice pH value was gradually increased with the advance in 

storage period. All treatments recorded lower values compared with the control in all 

stages of observation during storage. These results are in line with the findings of El-

Hefnawi (2002) in mango; El-Hefnawi et al. (2008) in guava; Artés-Hernández et 

al.(2004, 2006) in grapes. 

5.3.5. TSS:Acid ratio 

Among different packaging and post harvest treatments, the fruits under the treatment T11 

(Cling film at 15 micron + wax at 10%) registered maximum value for „TSS:Acid ratio‟ at 25 

days after storage (Fig 7). The higher change in TSS:Acid ratio is straightly related to hydrolytic 

changes in the starch concentration (conversion of starch to sugars). With the passage of time 

degradation of ascorbic acid results to more TSS as structural formula of ascorbic acid is similar 

to glucose therefore decrease in ascorbic acid correlated to increase in TSS:Acid ratio (Carrillo et 

al., 1995; Kays, 1997). Manazano and Diaz (2003) reported that „Valencia‟ oranges fruits 

harvested, sorted, graded and treated with a wax coating found that TSS:Acid ratio was increased 

with the passage of time.  

5.3.6. Sugars 

Among different packaging and post harvest treatments, the fruits under the 

treatment T11 (Cling film at 15 micron + wax at 10%) registered positive value for „Total, 

non-reducing and Sugar:Acid ratio‟ at 25 days after storage (Fig 8). The maximum value 

for sugars might be due to conversion of polysaccharides into soluble sugars, dehydration 

and transformation of certain cell wall materials like hemicelluloses and pectins and also 

due to decrease in ascorbic acid content. The results are in line with the findings of Kumar 

and Chauhan (1990) in mandarin; Haikerwal (2001) in Jaffa sweet orange. The lowest 

percent of sugars in some treatments might be due to delayed transpiration, respiration and 

ripening processes and also delayed activity in the conversion of polysaccharides into 

soluble sugars and ascorbic acid into dehydro ascorbic acid in the fruits. The results are in 

agreement with the findings of Das and Dash (1967) in sweet orange.  



 

 

 

Fig.7. Effect of different packaging materials on „TSS: Acid ratio‟ in Kinnow 

 

 

Fig.8. Effect of different packaging materials on „Total Sugars (%)‟ in Kinnow 



 

Due to packaging and waxing treatments, it was observed that there was a gradual 

increase in sugar content with advancement of storage period (Stahl and Camp, 1971). 

This trend could be due to the hydrolysis of starch during ripening resulting in an 

accumulation of sugars (Laxminarayana and Bazquezalinas, 1978).  

In other aspect, due to the enhancement of storability, several internal fruit physiological 

activities like respiration, transpiration and other metabolic processes enhanced. So, starch gets 

converted to sugars and reducing sugar quantity increased. The results are in line with findings of 

Gul et al., (1990) who observed that the effect of Fruitex (wax emulsion) on blood red oranges 

during room storage found that non-reducing sugars increased during storage. This was in 

agreement with the findings of Ahmad et al., (1986) who reported waxing influences increment in 

non-reducing sugars during storage with enzyme activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter V 

SUMMARY AND CONCLUSION 

 An experimentation on „Studies on various packaging materials on fruit quality and shelf 

life of Kinnow‟ was performed to study the impact of various packaging materials on physical, 

physiological and quality traits of Kinnow. The salient research outcomes of the present 

experiment are summarized as below. 

 For various packaging treatments, the fruits under the treatments T2, T5, T6, T8, T9 and T11 

retained maximum „Fruit length‟ which were on par with each other including T4 at 5 days 

after storage. Observations at 25
 
days after storage revealed that the fruits under treatment 

T6 (Cling film at 15 micron) expressed better value for „Fruit length‟. 

 The results of the experiment conducted with packaging and post harvest treatment in 

Kinnow revealed that the fruits under the treatments T6 (Cling film at 15 micron) retained 

maximum „Fruit girth‟ which was on par with each other including T2, T8 and T9 at 5 days 

after storage. Observations on 25
 
day after storage revealed the fruits under treatment T6 

again retained superiority over other treatments. 

 Packaging and post harvest treatments significantly influenced certain other physical 

traits viz., „Fruit shape index‟ and „Fruit specific gravity‟, In both the cases, the fruits under 

treatment T3 (HDPE at 15 micron) registered maximum value at 25
th
 day after storage. 

 With regard to spoilage percentage, the minimum „Spoilage percentage‟ was recorded in 

T6 (Cling film at 15 micron) which was found to be on par with T11 (Cling film at 15 

micron + wax at 10%) at 25
th
 day after storage.  

 The packaging and post harvest treatments exhibited the minimum value for 

„Physiological loss in weight‟ in the treatment T11 (Cling film at 15 micron + wax at 10%) 

at 25
th
 day after storage. 

 In case of quality related traits, the fruits under treatment T11 (Cling film at 15 micron + 

wax at 10%) recorded the maximum value for „TSS‟ when compared with other 

packaging treatments including control at 25
th
 day after storage. 

 With regard to remaining quality related traits, the fruits under treatment T11 (Cling film 

at 15 micron + wax at 10%) expressed the maximum value for „TSS: acid ratio‟, „Total 

sugars‟, „Non-reducing sugars‟ and „Sugar: acid ratio‟ at 25
th
 day after storage. 



 

From the above research findings, it was concluded that packaging of kinnow with the Cling 

film at 15 micron + wax at 10% combination found to be beneficial on majority of physical, 

physiological and most of quality related traits upto 25
 
days of storage. Therefore, packaging of 

kinnow fruits with Cling film at 15 micron + wax at 10% combination found to be recommended. 
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Plate 1. Collection of freshly harvested Kinnow 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Plate 2. Preparation of Kinnow for packaging 

 

         

         

       Fruit dipping in chlorine solution           Washing of Kinnow with normal water                    Shade drying of Kinnow 

 

 

 



 

Plate 3. Various packaging materials used under experimentation of Kinnow 

           

                              LDPE (25 µ)                                             HDPE (15 µ)                                      Polypropylene (25 µ) 

                          
                        Shrink film (15 µ)                                       Cling film (15 µ)                              Liquid paraffin wax (10%) 



 

Plate 4. View of Kinnow in control condition 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Plate 5. View of spoilage fruits in Kinnow  

 

  

  

  


