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ABSTRACT 

 

This doctoral research plan (2008 to 2010) included comprehensive studies on two 

commercial mango cultivars of Pakistan including Sindhri and Sufaid Chaunsa with 

overall objective of evaluating controlled atmosphere (CA) and modified atmosphere 

(MA) conditions for sea-freighting mangoes to distant markets. The targeted areas 

included: a) Benchmark studies to monitor and document sea freight supply chain 

from farm to market (Germany); b) Evaluating impact of controlled and modified 

atmosphere storage conditions; c) Comparing open top vs. closed top boxes for sea 

freighting mangoes; e) Testing new chemistry fungicides for postharvest disease 

management, especially Stem End Rot (SER) in mango cv. Sufaid Chaunsa during 

long term storage and f) effects of pre-cooling on mango cv. Sufaid Chaunsa. 

Moreover, effect of harvest maturity (mid and late season harvest) on fruit quality 

and shelf life of Sindhri and Sufaid Chaunsa was also evaluated. Benchmarking 

studies showed that mango export supply chain to Europe (Germany) using Maersk 

shipping line requires about 35 days (Farm to retailing). The results revealed that 

poor skin colour development, skin shriveling, firmness retention in cv. Sindhri 

while disease development, mainly SER, (caused by organism: Botryodiplodia 

theobromae and Phomopsis mangiferae) in both cultivars are main issues.. The static 

research trials were conducted side by side to address these issues and to optimize 

the sea shipment protocols. Controlled atmosphere storage had significant impact on 

physico-chemical fruit quality and improved market value and consumer 

acceptability of the two cvs. Exposure to ILOS (Initial low oxygen stress) for one 

week had no significant negative effect; however, a concentration of 10% CO2 was 

found to be too high and inhibited the fruit ripening completely. These studies 

indicated that 1-1.5% O2 and 4-5% CO2as better CA combination for cv. Sindhri and 

Sufaid Chaunsa mangoes, for 4 weeks shipping period, followed by 5-7 days  for 

post arrival handling, ripening and retailing. Mid-season harvested fruit of both 

cultivars showed better response in terms of better fruit marketability, less disease 

development and retention of the firmness of stored fruit under CA and MA 

conditions. Modified atmosphere packaging (MAP) trials showed that X®-tend 

bagging can only suppress the disease development at ripening and can be used for 

sea shipping mangoes to short distance markets; however the fruit with skin bruises 
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and damages must be avoided for bagging. The experiment on packing mangoes in 

different types of corrugated boxes concluded that open top boxes were better option 

for sea shipping of the two mango cvs. since fruit developed good colour in open top 

boxes. Moreover, cv. Sindhri showed better shipping potential with higher 

percentage of marketable fruit than cv. Sufaid Chaunsa, which is more prone to post 

harvest diseases during long term storage. Post-harvest disease study during long 

term storage in cv. Sufaid Chaunsa showed that the combined application of 

Thiabendazole @ 2000 ppm with Prochloraz @0.5ml/L (Tank mix; HWT-52°C; 5 

min) had significant disease control (i.e. stem end rot, side rot and anthracnose). 

Concentrations of Thiabendazole alone (1000, 1500 and 2000 ppm) did not perform 

well in this regard. Postharvest application of new chemistry fungicides including 

Amistar (0.8 ml/L) (A.I. Azoxystrobin), Nativo (0.3 g/L) (A.I. Trifloxystrobin and 

Tebuconazole), Cabrio Top (3 g/L) (A.I. Pyraclostrobin and Metiram) and Scholar 

were also found to be effective against postharvest disease development in mango. 

Best control was achieved by Amistar against anthracnose and stem end rot. 

Moreover, immediate precooling after harvest and processing gave significantly 

improved disease control and less weight loss in cultivar Sufaid Chaunsa. Finally, 

during July 2012, an industry collaborated trial shipment of cv. Sindhri was made to 

a commercial importer in Netherlands in which learning outcomes of these studies 

were intergraded from harvest to maturity  and to marketing. The shipment was 

overall success with positive comments from importer. Some incidence of pulp 

breakdown in mangoes at ripe stage was observed which needs future investigation. 
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CHAPTER 1 

INTRODUCTION 

 

Mango (Mangifera indica L.) has gained a prominent position among tropical and 

subtropical fruit due to its unique taste and diverse range of flavour (Yahia, 2006). 

Mango is a large drupe fruit with fleshy edible mesocarp (Jabbaret al, 2011). The 

shape and size of fruit and pulp varies with the cultivar. The flavour of mangoes falls 

in between turpentine to sweet (Tharanathanet al., 2006).Mango contains amino acids, 

carbohydrates, fatty acids, minerals, organic acids, proteins, antioxidants and vitamins 

(Mukherjee and Litz, 2009). Mango is the second most important fruit crop after 

citrus in Pakistan. Pakistan is regarded as the world’s sixth largest mango producer 

(FAO, 2010) with an area of 170.1 thousand ha and production of 1727.9 thousand 

tones (MINFA, 2010).Punjab and Sindh province contribute 76.7% and 22.6% in total 

mango production respectively, while <2% is shared by Baluchistan and KPK 

(MINFA, 2010). Moreover, Pakistan is ranked as sixth largest exporter of mango with 

export quantity of 84.9 thousand tons with estimated value of 29.3 million US dollars 

(Anonymous, 2010). Over the last decade, world-wide increase in fresh mango trade 

has been observed due to the advancements in postharvest handling technology, 

improvements in logistics and communication. At present, the mango exports from 

Pakistan are predominantly to UAE, Saudi Arabia, Kuwait, Iran, China and UK 

(Hafeez et al., 2012).  

Currently the mango industry in Pakistan is undergoing a tremendous 

development process. The main reasons are the recognition of horticulture potential 

and changes in government policy declaring it a priority. Internationally collaborative 

projects like Australia-Pak Mango Supply Chain Management Project, USAID funded 

FIRMS project have helped in capacity building and on-farm infrastructure 

development along with Global GAP certification in mango sector. Due to these 

interventions, now Pakistani mango has access to the supermarkets of European 

Union and USA. Further impetus has been provided by supermarket chains such as 

METRO Cash and Carry and Hyper Star. METRO aims to export Pakistani mangoes 

(preferably by sea) to its European stores and to its other international stores 

(Anonymous, 2009). With new export opportunities, state and provincial governments 

have geared up their research, development and extension departments to actively 
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engage in improving the mango industry. The Government funded initiative, the Fruit 

and Vegetable Development Project (FVDP) of Punjab has also contributed in 

technology transfer using the Farmer Field School (FFS) approach. 

Pakistan is commercially producing a number of early to late season varieties 

of mango including ‘Anwar Ratole, Malda, Dusheri, Sindhri, Langra, Fajri, Kala 

Chaunsa, Ratole 12 and Sufaid Chaunsa etc. Sindhri (early season) and Samar Bahisht 

Chaunsa (midseason) are major exportable varieties of mangoes, while Sufaid 

Chaunsa (late season) has recently gained more export demand because of its large 

size and sweet taste.  Due to increasing demand of mango in different parts of world, 

exporters are trying to target the distant offshore high-end markets of Europe and 

even North America. At this stage, main challenges being faced by local industry 

include limited mango shelf life, limited air cargo facilities and high air freight cost. 

The market potential and access of mango to distant domestic and offshore markets 

can be realized and enhanced by improving and maintaining the storage potential and 

quality (Simmons et al., 1997). 

Under the perspective of exporting bulk quantity of mangoes to international 

markets, sea freight has gained popularity mainly because of economical advantages 

associated with it and also for the transportation of bulk volumes of fruit (Brecht et 

al., 2003).  

Pakistan is currently exporting a noteworthy quantity of mango fruit by sea to 

the international markets, mainly Middle East (Malik et al., 2010); even though, the 

standard protocols for shipping and post shipment handling of these cultivars are still 

to be optimized (Malik et al., 2010). One of the major factors is potential of shipping 

large volumes (20 tonnes per 40 ft container) at significantly lower cost (Rs. 20/Kg by 

sea to Rs 120/kg by air, to Europe), that certainly can help in marketing mangoes at 

affordable prices and thus supports the commercial viability of sea freighting 

mangoes. However, sea transit requires extended time (22-26 days shipping from 

Karachi to Europe), while storage life of mango is usually limited i.e. two weeks 

under ordinary cold storage conditions/reefer container. 

The normal storage life of mango is limited (up to 2 weeks) mainly because of 

its climacteric nature, sensitivity to chilling injury and disease incidence in long term 

storage (Hafeez et al., 2012).  Currently, time required for sea shipping mangoes from 

Pakistan is less than 10 days for UAE, Oman, Bahrain, Malaysia, Singapore and 

Indonesia, around 12-16 days for China, Thailand, Philippines; around 22-26 days for 
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European countries, while Canada, USA takes even more time (Hussain, 2011). In 

order to deliver best quality fruits with longer shelf life to these distant markets, the 

controlled atmosphere (CA) and modified atmosphere (MA) storage/shipping 

technology potential needs to be explored. Mango has been reported to have good 

response to CA and MA storage at more advanced stage of ripening (Beaudryet al., 

1992, Hafeez et al., 2012), however, response varies with varieties (Ahmad, 2007). 

Under this perspective, optimization of CA/MA conditions, suitable packaging for sea 

freighting mangoes and the use of new chemistry fungicides along with precooling to 

control the postharvest diseases during storage to extend the shelf life are important 

considerations (Simmons et al., 1997). Precooling is known to remove the field heat, 

thereby increasing the shelf life by preventing the stored fruit from diseases and decay 

(Niranjana et al., 2009, Hafeez et al., 2012). 

Due to lack of information on mango sea-freight supply chain from Pakistan to 

Europe, a bench mark study from farm to market was a pre-requisite to understand the 

dynamics and issues in sea-freight supply chains and making overall 

improvements.Moreover, a comprehensive and integrated research study was also 

requiredto evaluate the potential of CA/MA technologies in delivering quality 

mangoes to these markets. This industry, driven study was done in collaboration with 

commercial stakeholders including METRO Cash and Carry, Pakistan, Van 

Amerongen CA-company, Netherlands, mango growers and exporters of Pakistan. 

Further, the experimental studies were aimed at developing supply chain solutions, 

under simulated conditions, as far as possible, according to the physical environment, 

so that the results could be commercially applicable.  

These research studies were focused on exploiting the potential for distant sea 

shipping of two commercial mango cvs. ‘Sindhri’ and ‘Sufaid Chaunsa’. The 

generalized objectives of the current research plan were to: 

• Monitor and document sea freight supply chain (farm to market) 

• Evaluate potential of controlled and modified atmosphere conditions 

• Evaluate different types of packing boxes for sea freighting mangoes 

• To investigate the effect of pre and postharvest application of different 

fungicides on fruit quality and postharvest disease control in  cv. ‘Sufaid 

Chaunsa’ mango 

• To assess the response of mango cv. ‘Sufaid Chaunsa’ to precooling treatment 
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1Prelude 

Mango is highly esteemed and renowned all over the world due to the unique 

diversity in its size, shape, colour, smell, taste, nutritional value and flavour. Mango is 

given a title of King of fruits due to its remarkable features and is known as national 

fruit of Pakistan (Tharanathan et al., 2006; Jabbar et al., 2011).It has been now grown 

in almost all tropical and sub-tropical areas of world for various purposes (Bally, 

2006). Mango has rich intraspecific diversity with about 1600 cultivars worldwide, 

out of which some 350 cultivars are commercially produced and the rest are restricted 

to mixed orchards or home gardens (Pandey, 1998). The genus Mangifera belongs to 

the order Sapindales in the family Anacardiaceae, which comprises of chiefly tropical 

species with 73 genera (850 species), with a small number of representatives in 

temperate regions (Anonymous, 2010).  

 

2.2 Origin 

The origin of mangoes has always been a big question mark for scientists and 

researchers. Malaysia is considered to be a region of diversification, predominantly in 

peninsular Malaya, Borneo and Sumatra. 

The East Caroline Islands are also famous for the natural occurrence of all the 

Mangifera species (Bompard and Schnell, 1997). Malaysia has been considered as the 

phytogeographic region extending from the Malay Peninsula south of the Kangar-

Pattani line to the Bismarck Archipelago east of New Guinea and contains more than 

28 species (Whitmore, 1975). But many scientists believe alloploids to have 

originated from northeast India, Assam, Burma, Myanmar, Srilanka, Southern China 

and Bangladesh after discovering fossil records dating back 25 to 30 million years at 

these places (De Candolle 1884; Popenoe, 1920). The hub of origin and diversity of 

the genus Mangifera is now strongly believed to be Southeast Asia (Mukherjee, 1997; 

Bompard and Schnell, 1997, Ilesanmi et al., 2011). 
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2.3 Distribution 

There is great diversification in the distribution of Mangifera species i.e. the 

species is typically distributed below 300 m but can occur at 600-1900 m above sea 

level. Species can be found in tropical lowland rain forests on well-drained soils, as 

well as periodically flooded soils and species like M. gedebe, M. griffithii and M. 

parvifoliaare native to swamp forests of certain types. Forests in sub-mountaneous 

region contain species like Mangiferabompardii, M. dongnaiensis and M. orophila 

above 1000 m and occasionally up to 1500-1700 m above sea level, whereas few 

species like M. caloneura, M. collina, M timorensis, M. Zeylanicahave adapted 

themselves to seasonally dry climates in deciduous or semideciduous forests. M. 

sylvatica and wild M. indicaare found abundantly in Sikkim the Indian sub-continent 

and southern China at altitudes of 600-1900 m above sea level (Bompard and Schnell, 

1997; Mukherjee & Litz, 2009).  

The cultivation and domestication of mangos most probably started in the Indian 

subcontinent for more than 4000 years ago. Buddhist monks took mango plants on 

voyages to Malaya and eastern Asia in the 4th and 5th centuries BC. By the 10th 

century AD, Persian traders had taken mango to the Middle East and East Africa. 

With the arrival of the Portuguese in India in the 15th century, it was later spread to 

South America, Philippines and to West Africa. Mangos are now cultivated 

commercially throughout the tropics and in subtropical areas (Mukherjee & Litz, 

2009). 

 

2.4 Dietary value  

Mango fruit is an excellent source of flavonoids (alpha and beta-carotene, 

beta-cryptoxanthin, lycopene, lutein-zeaxanthin) vitamins (A, B6, B12, C, D, E, K, 

thiamine, riboflavin, pantothenic acid, niacin, folates, choline and betaine), minerals 

(calcium, copper, iron, manganese, phosphorus, zinc), electrolytes (sodium and 

potassium), acids (oxalic, malonic, succinic, pyruvic, adipic, galacturonic, glucuronic, 

tartaric, glycolic and mucic acids) proteins (tryptophan, threonine, isoleucine, leucine, 

lysine, methionine, cystine, phenylalanine, tyrosine, valine, arginine, histidine, 

alanine, aspartic acid, glutamic acid, glycine, proline, serine, hydroxyproline), sterols 

(cholesterol, polysterols), carbohydrates, fats and biotic dietary fibre (Mukherjee 

&Litz, 2009).  
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2.5 Therapeutic significance 

There are numerous medicinal and nutritional benefits related with mango. 

Mango contains different vitamins having antioxidant properties and are known to 

increase the body immunity, develop resistance in body against various infectious 

agents, scavenge harmful redials of free oxygen, produce GABA hormone in the 

brain, maintain homocystiene levels in the blood,  increase vision, nourish mucus 

membranes and skin (Anonymous, 2008).Presence of carotenoids in mango helps in 

preventing from different cancers of colon, lungs and the breast, leukaemia, prostate, 

lung and oral cavity. Mineral contents in mango such as phosphorus regulate cell and 

body fluids for controlling heart rate and blood pressure. Copper together with 

manganese and zinc not only helps in the production of new red blood cells but also is 

a co-factor for many vital enzymes including cytochrome coxidase and superoxide 

dismutase. Iron content fulfils the deficiency of pregnant women but also a good 

source of iron for anaemic patients (Anonymous, 2009). Due to caloric properties and 

high CHO content it can be used as a good source for gaining weight. Mango is also 

suggested for curing different ailments like in treating acidity, poor digestion, 

bacterial infections, constipation, diarrhoea, dysentery, eye disorders, hair loss, heat 

stroke, leucorrhoea, liver disorders, menstrual disorders, morning sickness, piles, 

prickly heat, scurvy, sinusitis, spleen enlargement, vaginitis and asthma symptoms 

due to its anti-inflammatory properties (Muhammad & Amusa, 2005; Sharma, 2006; 

Masibo & He, 2008; Anonymous, 2011). 

 

2.6 Mango industry and trade out look 

In worldwide fruit production ranking, mango enjoys sixth position (with 

38.67MMT) with 50% share in overall production (Jedele et al., 2003) after bananas, 

apples, oranges and grapes (FAO, 2010). Around 1000 different varieties of mango 

are cultivated around the globe for commercial production in at least 87 different 

countries (Mukherjee 1953; Mukherjee et al., 1983; Parkahs and Khan 2005; Jedele et 

al., 2003; Bally, 2006; Tharanathan et al., 2006). India comes first in top ten ranking 

of mango producers followed by China, Thailand, Indonesia, Mexico, Pakistan, 

Brazil, Nigeria, Bangladesh and Philippines (FAO, 2010). Regarding world mango 

export status, among top ten mango exporting countries, India contributes the largest 

share in exporting mango followed by Mexico, Netherlands (re-export), Brazil, 
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Thailand, Peru, Belgium, Pakistan, EU and Philippines (FAO, 2010). It is necessary to 

mention here that Netherlands and EU are not producers of mango as they export 

repacked mangoes after importing them on commercial scale.  

 Mango is given the status of “National fruit of Pakistan” due to its extreme 

popularity nationwide (Maqbool et al., 2007; Anwar et al., 2008; Maqbool & Malik, 

2008). In Indo-Pak subcontinent, mango cultivation and domestication was most 

likely achieved for more than 4000 years ago. In Pakistan, mango comes at second 

position after citrus in fresh fruit export and foreign exchange earnings. Current 

export markets of Pakistani mangoes include Dubai, Iran, Saudi Arabia, Oman, UK, 

China etc. (Hafeez et al., 2012). Pakistani mangoes are highly cherished and esteemed 

in these countries due to their sweet taste and matchless aroma (Amin et al., 2008; 

Mazhar et al., 2010; Jabbar et al., 2011).  

The diverse agro-climatic conditions of Pakistan enable the production of 

more than 260 mango varieties, while only a few of them are commercially cultivated 

(Elahi & Khan, 1973; Ahmad et al., 2007). Mango is mainly grown between latitudes 

25°-32° N in Pakistan (Malik and Rajwana, 2009).  However, core production areas 

range between 27°-31° N latitude i.e.Punjab(Multan, Muzaffargarh, KabirWala, 

Khanewal, Bahawalpur, Rahim Yar Khan) and Sindh (Tando Allah Yar, MirpurKhas, 

Hyderabad, Khairpur, Sukkur and NoshehroFeroz districts) provinces that contribute 

76.7% and 22.6% to native production respectively. The share of mango production 

from other provinces is less than 2% or negligible (Khan et al., 2008; Hafeez et al., 

2012). Mango market period in Pakistan is lengthened from May to September by the 

availability of various early (Anwar Ratole, Dusehri, Langra, MaldaandSindhri), mid 

(Beganpalli, Fajri, Samar Bahisht Chaunsa and Swarnarika) and late (Kala Chaunsa, 

Sufaid Chaunsa and Ratole 12) season mango cultivars (Rajwana et al., 2011). Apart 

from these indigenous varieties, several exotic cultivars likeKeitt, Maya, Sensation, 

Tommy Atkins, Alphonso and Zill are also grown and found in mango germplasm 

pool of Mango Research Station, Shujabad, Multan (Rajwana et al., 2011). 

Mango exports from Pakistan to outlying markets, including Europe and the 

Far East, are by air freight (PHDEC, 2008). The high rates of air freight and limited 

cargo space that have created an interest in sea freighting mangoes. There has been a 

shift from air to sea freight (60%, reefer to open-top ratio 1:1) for the mango exports 

to markets in close proximity, like the Gulf countries and Saudi Arabia (Malik et al., 

2010). Since sea freight is more cost effective than air freight (4-5 times cheaper) for 
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transporting bulk volumes, funds have become available for marketing, thereby 

increasing the mango sales in many folds. 

The demand for fresh fruits and vegetables including mango has risen in 

international markets, thus increasing prospects for mango growing countries. Mango 

is considered as a luxurious item in importing countries and its consumption can be 

increased by reducing its price but with maintaining quality (Medlicott et al., 1990). 

Moreover, increasing demand of consumers can be fulfilled by supplying bulk 

produce on time. Sea freight is no doubt useful in the distribution of bulk volumes of 

mango at affordable rates; however, the transport of fruit via sea requires enhanced 

storage life of shipped fruit and maintenance of postharvest fruit until it reaches 

consumer end. Sea freight transport and export of mangoes in refrigerated containers 

(reefer) for a reasonable (two weeks) period is increasingly popular. This makes sea 

transport of mangoes commercially viable for nearby markets. (Medlicott et al., 

1990a,b; Paull, 1999; Malik et al., 2010). However, to deliver the mangoes to distant 

markets like Europe, new technologies like CA and MAP need to be exploited using 

the indigenous cultivars. 

 

2.7 Prospects of controlled atmosphere (CA) and modified 

atmosphere (MA) storage/shipping 

As mentioned earlier a large proportion of Pakistani mangoes are being 

exported via sea shipments to nearby countries. Although the economical and 

abundant availability of Pakistani mangoes to European and other offshore markets 

can be made possible by sea freight, there is no assurance of maintaining excellent 

quality during the prolonged storage/shipping period and meeting the required shelf 

life in sea freighted mangoes (Thompson, 2010). So, to make quality Pakistani 

mangoes available in European and other distant off-shore markets, use of modern 

storage technologies is mandatory. CA/MA storage technologies can be successfully 

used during sea transport for extending the storage life of different fruits and 

vegetables to much longer time than alone cold storage (Yahia, 1998; Saltveit, 2003; 

Yahia, 2006). 
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2.8 History of CA and MA storage 

‘Gas storage’ was the first ever name given to altered gases storage system by 

Kidd and West (1917). The term CA storage was coined soon after by Smock Van 

Doren(1941) and was used in Britain after 1960 (Fidler et al., 1973). The basic work 

underpinning controlled and modified atmosphere storage is reported to date back for 

over 200 years (Thompson, 2010). The use of gases (alone or in combination) in order 

to enhance the storage life of horticultural produce has been in practice for centuries 

even though the mechanism of respiration was unknown at that time (Dalrymple, 

1967; Dilley, 2006). Use of burning media to ease the ripening of fruits, utilizing 

limestone in making structures to store fruit for longer periods of time and burying 

fruit for their preservation in old temples was very common in the 2nd century BC 

(Dilley, 1990; Bishop, 1996). The use of enclosed pits, caves and other closed 

structures in tombs to avoid ventilation in order to preserve the horticultural 

commodities and transportation of fruit to distant places in hollow bamboo stems with 

some fresh leaves clearly demonstrates the long-time use of MA storage (Bigelow et 

al., 1905; Dalrymple, 1967; Wang, 1990). CA/MA techniques have been successfully 

used worldwide for addressing the problems regarding shelf life and quality 

maintenance in order to facilitate sea transportation. There is great variation in CA 

requirements of mangoes which depends primarily on cultivar and maturity stage 

(Yahia, 2009). 

 

2.9 Use of CA/MA storage in different countries 

Berard (1821) is considered to be the pioneer in reporting any scientific study 

for CA in France in 1819. He found the mechanism, involvement and relationship of 

oxygen and CO2 during respiration. The fruit fail to ripen in absence of complete 

oxygen which was achieved by placing water, lime and iron sulphate in a jar for 

absorbing O2 and CO2 (Berard, 1821; Dalrymple, 1967). In early 1860s, the first 

experimental CA/MA studies were made by Benjamin Nyce in USA by altering the 

CO2 and O2in airtight stores (Dilley, 1990, 2006; Thompson, 2010). In 1890s non-

refrigerated rail car trials on various fruits including peaches, pears, persimmons and 

grapes etc. paved way for what is now known has MA storage and transportation of 

perishable commodities (Yahia, 2009). In 1903, CA storage of various temperate 

fruits in USA was successfully implemented by using CO2 for delayed ripening and 
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other gases including H2, N2, O2, SO2 and (Dalrymple, 1967). The use of increased 

levels of CO2 for making fruit firm for longer periods of time was reported by various 

scientists (Fulton, 1907; Hill, 1913; Thatcher, 1915; Brooks and Cooley, 1917). Some 

reviewers chose to crown Kidd and West for their work in late 1920s regarding gas 

storage which was later named CA storage (Sharples, 1989). It took at least ten 

consecutive years for Kidd and West to make commercially viable gas stores (Kidd 

and West, 1917, 1925, 1934, 1935a&b, 1938, 1939 and 1949, Anonymous, 1920). 

MA storage was in use since 1930s in ships with elevated CO2 levels for delivering 

the fruits and enhancing their shelf life (Yahia, 2009). 

Some of the earliest documented work on CA storage started in Australia in 

1926 by G.B. Tindale, 1928 in West Indies (Padfield, 1953) & 1930s in Canada 

(Eaves, 1934), 1935 in South Africa (Dilley, 2006), 1937 in New Zealand (Mandeno 

and Padfield, 1953), 1930s in Netherlands (Staden, 1986), late 1970s in India, 1979 in 

Turkey and late 2008 in Pakistan (Malik et al., 2010; Thompson, 2010). 

After the building of first commercial gas store in 1929 in UK, the immense 

expansion started and by the end of 1938 there were over 200 commercial gas storage 

across UK. In USA, the growth in the establishment of commercial CA storage was 

seen in 1940s but the rapid expansion of CA storage in different states of USA 

initiated in 1950s. It was interesting as CA storage were owned mostly by progressive 

growers and farmers (Dalrymple, 1967). Later on, rapid CA expansion has been seen 

and almost more than 75% of apple cold storages have a CA facility in USA (DGCL, 

2004). Commercial CA application started in 1940s in Canada, mid 1950s in 

Netherlands,1962 in France (Bishop, 1996), 1972 in Australia, , late 1980s in Mexico, 

New Zealand, Turkey and South Africa, late 1990s in West Indies and late 2008-09 in 

Pakistan (Malik et al., 2010; Thompson, 2010). 

 

2.10 CA storage of mango 

CA usually means a reduction of O2 and an increase of CO2 partial pressures 

around the commodity (Kader, 2001), and its aim is to extend the useful marketing 

period of fresh produce after harvest. These desired results under CA are achieved 

largely by due to reduced respiration rates and by attenuating the synthesis and action 

of the plant hormone ethylene, which is needed to initiate fruit ripening and plant 

organ senescence. CA storage helps in retention of visual quality (appearance), 
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followed by firmness retention. It also reduces surface scald, pulp browning and 

internal breakdown while, improving taste and shelf life. CA storage is useful in 

storage of fruits like apple, banana, pears, mango, papaya, pineapple, grapefruit, 

lemon, lime, orange etc. and vegetables like cabbage, tomatoes, onion, okra, 

cucumber, cauliflower etc. (Kader, 2001).  

Mangoes can benefit greatly from CA conditions, especially if fruit is 

harvested at more advanced ripeness stages and if a relatively short storage time is 

considered that is consistent with typical marine transport times of 2-3 weeks (Brecht 

et al., 2003). Singh et al. (1937) reported that mango can be stored in CA with 9.2 kPa 

O2 in order to lengthen the ripening period. The CA storage conditions for certain 

mango varieties are as follows: 

Table 2.1.  CA storage conditions for different mango varieties (Thompson, 

2010; Yahia, 2009) 

Variety Storage 

temperature 

(ºC) 

Gaseous 

Combinations 

Storage 

Life 

(Days) 

Reference 

Oxygen 

(%) 

Carbon

dioxide 

(%) 

Alphonso 8 5 5 35 Niranjana et al., 2009 

Alphonso 13 5 5 28-35 Sudhakar and Gopalakrishna, 
2009 

Keitt 13 5 5  Hatton and Reeder, 1966 

Spalding and Reeder,1977 

Keitt 12 3-4 2.5 21 Bender et al., 2000 a,b 

Carola 8 6 10 35 Bleinroth et al., 1977 

Jasmin 8 6 10 35 Bleinroth et al., 1977 

Jasmin 10-11 2 5 42 Medlicott and Jeger, 1987 

San Quirino 8 6 10 35 Bleinroth et al., 1977 

San Quirino 10-11 3 5 42 Medlicott and Jeger, 1987 

Haden 8 6 10 30  Bleinroth et al., 1977 

Haden 14 2 5 21 Fuchs et al., 1978 

Haden 12 3-4 2.5 21 Bender et al., 2000 a,b 

Haden 10-11 2 5 42 Medlicott and Jeger, 1987 
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Caraboa 11 5 5 35 Mendoza, 1978 

Caraboa 10 5 5 28 Gautam and Lizada, 1984 
Nuevo et al., 1984  

Amelie 10-12 5 5 28 Kane and Marcellin, 1979 

Amelie 11-12 5 5 28 Medlicott and Jeger, 1987 

Carlotta 10-11 2 5 42 Medlicott and Jeger, 1987 

Carlotta 8 6 10 35 Bleinroth et al, 1977 

Rad 13 6 4 28 Noomhorn and Tiasuwan, 1988 

Rad 13 6 4 25 Noomhorn and Tiasuwan, 1995 

Irwin 12 5 5 28 Maekawa, 1990 

Tommy Atkins 12 5 5 31 Noomhorn and Tiasuwan, 1995 

Tommy Atkins 12 5 5 31 Antonio Lizana and Ochagavia, 
1997 

Tomy Atkins 12 3-4 2.5 21 Bender et al., 2000 a,b 

Kent 12 5 10 29 Antonio-Lizana and Ochagavia, 
1997 

Kent 12 3-4 2.5 21 Bender et al., 2000 a,b 

Irwin 5-15 5 5-10 30 Nakamura et al., 2004 

Delta R2E2 13 3 6 38 Lalel and Singh, 2006 

Kensington  

Pride 

13 2 3 - Lalel et al., 2004 
Lalel and Singh, 2006 

 
Kensington  

Pride 

10 3 10 32 Kim et al., 2007 

Kensington Pride 3 5 13 28 Yahia, 2009 

Banganpalli 13       5 3 35 Sudhakar and Gopalakrishna, 
2009 

 

Fuchs et al. (1980) reported that CA combination of 5% CO2 + 2% O2at 14 °C helps 

in keeping the fruit green and firm for 3 weeks. CA storage recommendations include: 

5% CO2 + 5% O2 (Pantastico, 1975; Sea Land, 1991), 10 °C with 90% RH in 10% 

CO2 + 5% O2 (Lawton, 1996), 10-15 °C in 5-10% CO2 + 3-5% O, (Bishop, 1996), 10-

15 °C in 5% CO2 + 5% O2 (Kader, 1986), 5-10% CO2 + 3-5% O2 (Kader, 1989, 1992) 

and 13 °C, with a range of 10-15 °C, in 5-10% CO2 + 3-5% O2, or 5-7% O2 for South-

east Asian varieties (Kader, 1993). 
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2.11 MA storage of mangoes 

The packaging of horticultural crops within plastic films creates a modified 

atmosphere (MA) higher in CO2 and H2O and lower in O2 than ambient levels, in 

response to the respiration of and moisture loss from the commodity. Modified 

Atmosphere Packaging (MAP) is a technique used for enhancing the storage and shelf 

life of fresh or processed fruits, vegetables and other perishable commodities (Parry, 

1993). MA storage involves the gas composition which is not actively controlled but 

results from a balance between the plant gas consumption or production and gas 

diffusion through a permeable membrane (Geeson et al., 1994). Modified atmosphere 

(MA) technology is being widely used worldwide to store fresh produce with 

extended shelf life and maintaining quality. In modified atmosphere technology, along 

with traditional cold storage (low temperature and high humidity), the respiration 

process of fruits and vegetables is lowered with lower oxygen and enhanced CO2 

levels. A high respiration rate usually results in shorter storage and shelf life. When 

the rate of packaging film transmission of oxygen and CO2 equals the rate of 

respiration of the product, an equilibrium concentration of both gases is established. 

The equilibrium values attained depend on the respiration rate of the product, weight 

of product and the film surface area which is available for gas exchange.The use of 

polyethylene films or bags are known to almost double the storage life of fruits 

(Thompson, 1971).  The respiration rate of the product is influenced by storage 

temperature, produce variety, growing area and conditions and injury to the produce 

(Day, 1989). The natural deterioration of the product is slowed down in this type of 

storage (Day, 1996). MAP was used for the first time in 1927 for an extension of the 

shelf-life of apples by storing them in atmospheres with reduced oxygen and 

increased CO2 concentrations. In the 1930s, MA storage was used to transport fruit in 

the holds of ships by increasing the CO2 concentration (Davies, 1995). The extension 

of storage and shelf life is one of the most obvious benefits of MAP.  By decreasing 

the amount of available oxygen to the produce, the respiration rate and the rate of all 

metabolic processes are correspondingly decreased. The result is a delay in ripening 

and senescence, which may be seen as chlorophyll retention, delayed softening and 

the prevention of discoloration. Moreover, loss of water vapours from the produce in 

MAP is also reduced.  
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Mango has been reported to have good response to MA storage at more advanced 

stage of ripening (Beaudry et al., 1992). Yahia and Moreno (1993) reported that MA 

jars can delay the ripening of physiologically mature fruit by reducing the colour 

development and retaining the firmness of ‘Keitt’ mangoes without affecting its 

internal or external fruit quality.  

Mango fruit can be stored for 3 weeks at 10°C enfolded in 0.08 mm thick 

polyethylene bags (PE) with normal colour, texture, and flavour development during 

ripening after storage (Esguerra et al., 1978). Stead and Chithambo (1980) reported 

that mango fruit ripening can be postponed,  up to 5 days at 20°C-30°C with no off 

flavours, by sealing in PE bags (0.02 mm thickness) containing potassium 

permanganate. The behaviour of mature Kensington mango fruit packed in 

polyethylene bags at ambient temperature during storage was evaluated by Chaplin et 

al. (1982). The problem in PE bagged mangoes was the less development of 

characteristic normal peel and flesh colour of that particular variety during ripening. 

The exogenous application of ethephon for the improving the skin colour of stored 

mango fruit was successful but it reduced the storage and shelf life of the stored fruit. 

The pH and total soluble solids of mature ripe fruit decreased with extended storage.  

Significant delay in ripening along with reduced water loss with no off-

flavours was observed in packing 'Keitt' mangoes in low density polyethylene LDPE 

and high-density polyethylene (HDPE) films for 4 weeks at 20°C (Gonzalez et al., 

1990). Unperforated PVC (Poly Vinyl Chloride) film used for seal-packaging of 

mango was not sufficiently permeable to O2 exchange required for the proper ripening 

of the flesh and the colour development of the peel. The carotene pigmentation of the 

peel needed a higher level of O2 than the flesh. It has been shown that elevated CO2 

and reduced O2 are beneficial in alleviating chilling injury (CI) symptoms in chilling 

sensitive crops (Forney and Lipton, 1990). Hot dipping in benomyl (1000 ppm) 

solution at 55°C for 5 min followed by seal packaging in 0.01 mm PVC extended the 

storage life of 'Nam Dok Mai' mango at 13°C (Sornsrivichai, et al., 1992). Packaging 

of ‘Tommy Atkins’ mango in perforated polyethylene film delayed fruit spoilage and 

allowed normal ripening together with a weight loss reduction by half and prevention 

of fruit shrivelling. An irreversibly impaired ripening and anaerobic fermentation 

were observed in the fruit sealed in non-perforated film (Kader, 1994). A combination 

of MAP with effective decay-controlling measures can extend the postharvest life of 

mango fruit (Rodov et al., 1997). 
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LDPE MA films of different quality were used to evaluate the quality of 'Keitt' 

mangoes during 6 d storage at 10°C. Studies showed significant delay of ripening 

with good external outlook. It was observed that LPDE films can be used for short 

storage duration (6-7days) of mango with no adverse effect on fruit quality but on 

fruit aroma which was lost with this MA packaging (Gonzalez-Aguilar et al., 1997).  

The effect of fruit coatings (polysaccharide and carnauba wax), known for 

creating MA effect, was checked to evaluate the external and internal mango fruit 

quality at 10°C or 15°C with 90-99% RH followed by simulated marketing conditions 

at 20°C and 56% RH. The two coatings helped in improving and maintaining the 

external look by giving slight glossy look and reducing disease/rot incidence by 

creating MA effect. However, the polysaccharide coatings delayed ripening of stored 

fruit and were helpful also in the increased production and maintenance of flavor 

volatiles. Carnauba wax coating was helpful in significantly reducing the water loss 

(Baldwin et al., 1999). 

 'Tommy Atkins' and 'Keitt' mangoes were individually packed in shrinkable 

Cryovac polyolefin films, either non-perforated or perforated (Rodov et al., 1994). 

The fruit were successfully stored for 3 weeks at 14°C with one additional week for 

ripening at 17°C. Yantarasri et al. (1995) reported that perforated MA packaging can 

be used for ‘Nam Dork Mai' mangoes can be at 20°C for normal ripening and with no 

production of off-flavors.  

Pesis et al. (2000) examined the effect of microperforafed PE or Xtend® film 

(XF) bags on the storage and fruit quality of ‘Tommy Atkins' or 'Keitt' mangoes at 

12°C and 85% RH for 21 days followed by ripening studies and shelf life 

determination at 20°C.Peel colour development was reduced in both packaging than 

compared to the control till final ripening day. Kelnay et al. (2010) also reported that 

MAP can be used for Kent mangoes to inhibit the ripening process and to increase the 

post-harvest storage life of up to 6 weeks. 

Mature 'Karutha colomban' mangoes sealed in LDPE bags were stored at 13°C 

and 94% R.H, with or without potassium permanganate impregnated bricks as 

ethylene scavengers and activated granular charcoal as CO2 scavengers. The MA 

created in LDPE was effective in delaying ripening of mangoes up to 16 d; ripening 

was further delayed up to 21 d in the presence of scavengers. Physico-chemical and 

sensory properties of MA stored mango after ripening were similar to those packaged 

in perforated LDPE bags (Illeperuma and Jayasuriya, 2002). Galvis et al. (2005) 
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reported that MAP of ‘Van Dyke’ mangoes in LDPE films was effective in increasing 

postharvest life by delaying ripening. The use of polymeric films for packaging fresh 

produce and their application in MAP systems at the pallet, shipping container (plastic 

liner), and consumer package levels continues to increase. Use of absorbers of 

ethylene, CO2, oxygen, and/or water vapour as part of MAP is also increasing 

(Anonymous, 2007).The potential of modern MAP in extending the shelf life of 

Pakistani mangoes is yet to be tested.  

 

2.12 Cardboard box packaging 

Cardboard, also known as machine felt board, corrugated fibreboard, or brown 

craft paper, is a paper product made from plant fibre or cellulose. It was invented in 

1871 by Albert Jones and became widely used for shipping and packaging in the 

early-twentieth century. Due to cardboard's structure, it has many useful properties 

that regular paper does not. This allows it to have more uses than just shipping, such 

as insulation, floor underlay, protective packaging, furniture, and even architecture 

(Anonymous, 2007). The size and type of cardboard boxes may vary with the markets 

(Anonymous, 2006).Cardboard boxes are famous for their strength and versatility.  

The flexibility and durability allows them to transport a heavy load of fruit without 

breaking or tearing from farms to markets without bruising or damage. Such 

properties make cardboard packaging an ideal choice for transporters and exporters. 

Cardboard is extremely inexpensive, due to the huge availability of plant fibre. 

Cardboard boxes are cheap, easy to make and environmental friendly due to easiness 

of its recycling.   One more unique property of cardboard boxes is insulation against 

sound, temperature, and vibrations. The inner of cardboard boxes provides a cushion 

against vibration to the produce inside.  Some negative impacts of cardboard boxes 

are flammability and susceptibility to water and decay. However, these problems can 

be overcome by lining the cardboard with different chemicals (Anonymous, 2007). 

The most popular packaging for mangoes is wooden boxes and bamboo baskets in 

Pakistan whereas crates, corrugated fiber board (CFB) boxes are being used 

worldwide (Sawant and Shinde, 2000). The standard packaging materials help the 

fruit to retain their firmness for a reasonable period of time as compared to the fruit 

placed in wooden crates (Nazri, 2003).The size of card board boxes varies with the 

markets. For example in United States, 10-lb. Single-layer cardboard box without tray 
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is common, in Japan: 5.5-kg single-layer cardboard box containing individually 

wrapped and stickered fruit is found, in Canada/Europe; mangoes are packed in a 4-kg 

single-layer cardboard box without tray, in South America: 4-kg single-layer 

cardboard box without tray are used for exporting the mangoes (Anonymous, 2006).     

Corrugated card board boxes are currently being used all over the world including 

Pakistan, both in air and sea-freight in order to export horticultural commodities. 

Usually, the two piece cardboard boxes are used for packaging of produce, however, 

for marine transport; the interest has been increased in the use of open-top fibre board 

boxes due to relative advantage of better air circulation and reduced ethylene 

accumulation, thereby extending the shelf life. There is no scientific data available to 

confirm if open top boxes are more suitable for marine transport of Pakistani 

mangoes. 

 

2.13. Postharvest losses due to fungal diseases 

Considerable postharvest losses of fruit and vegetables are brought about by 

decay caused by fungal plant pathogens. Fruit, due to their low pH, higher moisture 

content and nutrient composition are very susceptible to attack by pathogenic fungi, 

which in addition to causing rots may also make them unfit for consumption by 

producing mycotoxins (Phillips, 1984; Moss, 2002). Eckert and Ratnayake (1983) 

estimated that out of 100,000 species of fungi, less than 10% are plant pathogens and 

more than 100 species of fungi are responsible for the majority of postharvest 

diseases. International agencies that monitor world food resources have acknowledged 

that one of the most feasible options for meeting future food needs is reduction of 

postharvest losses (Kelman, 1984). Although it is very difficult to determine the full 

extent of postharvest losses due to decay, which varies widely with commodity, 

production area and season, it is well known that these losses are significant (Burchill 

and Maude, 1986), and conservative estimates place losses of perishable commodities 

at 50% in under-developing and tropical countries (Coursey and Booth, 1972; Jeffries 

and Jeger, 1990). 

 

2.14. Synthetic chemicals and postharvest diseases 

Fungicides are the primary means of controlling postharvest diseases. Their 

world-wide use is variable, comprising 26% of the plant protection market in Europe 
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and Asia and 6% in the US (Jutsum, 1988). Ragsdale and Sisler (1994) estimated that 

about 23 million kg of fungicides were being applied to fruit and vegetables annually, 

and it is generally accepted that production and marketing of these perishable 

products would not be possible without their use. However, as harvested fruit and 

vegetables are commonly treated with fungicides to retard postharvest diseases, there 

is a greater likelihood of direct human exposure to them than to chemicals that are 

applied solely to protect foliage. Further, the use of synthetic chemicals to control 

postharvest deterioration has been restricted due to their high and acute residual 

toxicity, long degradation period, environmental pollution and their effects on food 

and other side-effects on humans (Lingk, 1991; Unnikrishnan and Nath, 2002). 

Furthermore, phytotoxic and off-odour effects of some prevalent fungicides have 

limited their use. One problem with these synthetic chemicals is that as their potency 

has been enhanced, so have been their side-effects, and also their cost (Sorour and 

Larink, 2001). In addition, synthetic fungicides can leave significant residues in 

treated commodities (Zahida and Masud, 2002). 

 

2.15 Currently registered fungicides for mango 

2.15.1 Preharvest fungicides 

Products currently registered for pre-harvest use include Mancozeb, Benlate, 

Topsin-M, Maneb, copper hydroxide and copper sulfate products – these are routinely 

used from flowering through to harvest.  Prochloraz is used when weather conditions 

favour disease development (McMillan, 1971; Prusky et al., 2004) 

 

2.15.2 Postharvest fungicides 

 Fungicides being used for postharvest application include Prochloraz and TBZ 

(Thiabendazole) in case of mango. These are effective in many postharvest diseases 

(Prakash and Pandey, 2000). Carbendazim had been used extensively in fruit crops 

with good results but concerns over potential health hazards have led to the 

withdrawal of approval for the use of carbendazim on fruit crops (Anonymous, 2009). 

New chemistry fungicides (Cabriotop, Amistar, Nativo etc.) are also being evaluated 

in different countries and some (Amistar) have received registration as well 

(Australia) (Malik et al., 2012).  
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2.16 Major postharvest diseases of mango and their management 

2.16.1 Stem end rot 

Stem end rot (SER) is one of the devastating postharvest problems causing 

heavy losses to the mango industry worldwide. As the orchard age increases, it 

becomes prominent. Losses increase when fruits are stored for prolonged periods at 

low temperatures or when fruits ripen at temperatures > 28°C (Johnson et al., 1992; 

Mitra, 1997; Kobiler et al., 2001). The stem-end rot diseases are caused by a variety 

of fungal pathogens including: D. dominicana, Dothiorella mangiferae, L. 

theobromae (Botryodiplodia theobromae), Phomopsis mangiferae and Pestalotiopsis 

mangiferae, among which Botryodiplodia is the dominant pathogen (Johnson et al., 

1992; Sangchote, 1998). Stem-end rot diseases cause heavy losses in mangoes during 

storage. 

 

2.16.1.1 Management 

2.16.1.1.1 Cultural control 

Johnson et al. (1992) demonstrated that infection of mango fruit before harvest 

occurred through endophytic colonization of pedicel tissue by Botryosphaeria spp. 

present from previous growth flushes, and the possibility of pruning to promote 

growth flushing was tested as a means to reduce inoculum in the stem tissue from 

which new-season inflorescences emerged. Cooke et al. (1998) reported that the levels 

of endophytic organisms such as Botryosphaeria spp. were reduced significantly 

when a pruning was done in mango orchards. Korsten (2006) found that prevention of 

water stress during fruit development and maturation, and avoidance of placing fruit 

on the ground suppressed disease development. He also suggested that harvesting of 

immature fruit should be avoided; fruit should be pre-cooled to 13°C and stored in a 

well-ventilated place. 

2.16.1.1.2 Chemical control 

Postharvest control of Botryosphaeria spp. was achieved by postharvest 

dipping, spraying or ultra-low-volume application of benomyl. Prochloraz or sodium 

hypochlorite also effectively suppressed postharvest stem-end rot of mango (Plan et 

al., 2002; Korsten, 2006). A combined treatment of wax and hot water (55ºC) 

provided very effective control of most postharvest pathogens (Sangchote, 1998), but 

in some cases, partial-vacuum infiltration improved disease control, which suggests 
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that control efficiency may have been reduced because the fungicide did not reach the 

pathogen (Plan et al., 2002). A treatment consisting of hot water brushing and 

prochloraz followed by 2,4-dichloro-phenoxyacetic acid (2,4-D) diluted in wax, 

reduced side and stem-end decay by 50–70%, and improved fruit quality during 

prolonged storage (Kobiler et al., 2001). The best control was obtained by 

concentrations of 2,4-D ranging from 75 to 175 Pg/ml; this efficiently controlled side 

rots caused by A. alternata and the stem-end rots caused by A. alternata,  Phomopsis 

spp. and Lasiodiplodia spp. The combination of hot water treatment (HWT) 

prochloraz application and 2,4-D treatment reduced the incidence of stem-end rot 

after 4 weeks of storage at 14°C and 7 days of shelf life at 20°C from 86 to 10% in 

‘Tommy Atkins’ and from 63 to12% in ‘Keit’ (Kobiler et al., 2001). 

 

2.16.2 Anthracnose 

Anthracnose on mango was first identified in Puerto Rico during 1903 and 

then in USA, Cuba, British Guiana, Philippines, Dominican Republic, Mauritius, Fiji, 

Brazil, Columbia, Guatemala, Mozambique, Pakistan, Trinidad, Peru, Congo, 

Morocco, South Africa, French, Guiana, Taiwan, Uganda, Jamaica, Sri Lanka, 

Malaysia, Australia, Bangladesh, Thailand, Costa Rica and Barbados (Prakash et al., 

1996). In India, the disease was identified by various scientists (Prakash and Pandey, 

2000). Losses due to anthracnose have ranged from 2-39% (Prakash et al., 1996).  

 

2.16.2.1 Management 

2.16.2.1.1 Cultural control 

Diseased leaves, twigs and fruits, lying on the floor of the orchard, should be 

collected and all infected twigs from the tree should be pruned and burnt. Plant vigour 

plays an important role in keeping the plants free from twig infection. Therefore, 

proper irrigation and fertilizer application are essential to maintain the tree vigour.  

 

2.16.2.1.2 Chemical control 

2.16.2.1.2.1   Preharvest 

The disease can be controlled efficiently by sprays of Captan (0.3%) at 

flowering (Aragaki and Ishii, 1960), Zineb (0.2%) or Bordeaux mixture (4:4:50) twice 

at flowering and then at 15 day intervals until harvest (Tandon and Singh, 1968), 

Captan, Blitox and Difolatan (Gadre, 1979) and Copper oxychloride were also found 
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effective. Spraying of Copper oxychloride (0.2%) + Zineb (0.2%) after completion of 

heavy showers followed by wettable Sulphur (0.2%) before flowering (Jadeja and 

Vaishnav, 1984) were also found to be effective. 

2.16.2.1.2.2   Postharvest  

Anthracnose can be controlled by regularly scheduled sprays in the field to 

reduce the latent infection and treatment of the fruit with hot water/fungicides/forced 

air after harvest to eradicate the left over latent infection. Hot water treatment at 51-

51.5oC for 15 min (Pennock and Maldonaldo, 1961), 54.5-55.5oC for 5 min, 50-55oC 

for 15 min (Hatton and Reeder, 1964, Hunter, 1969), and 46oC for 90-115 min 

(Tandon and Singh, 1968) can also help in reducing the disease level. Postharvest dip 

of mangoes in Sportak (AI: Prochloraz) is also very effective in controlling the 

postharvest diseases (Amin, 2012) 

 

2.17 Integrated disease management 

The management strategies recommended to control anthracnose include 

cultural practices and tree management, variety selection and protective fungicide 

spraying as well as using curative fungicide e.g. Prochloraz etc. (Fitzell and Peak, 

1985). 

 

2.18 Pre-Cooling 

Tropical fruits are perishable and they continue to deteriorate right after their 

harvest from tree (USDA, 1986). The various metabolic activities including 

enzymatic oxidation do not stop in the harvested produce due to respiration and other 

related processes resulting in the rapid usage of sugars, starches and moisture 

(Hardenburg et al., 1986). Fruits cannot replace this consumption because they are 

detached from the parent plant. Heat is produced along with CO2 during these 

processes and if the field heat is not removed from harvested fruit, the rate of these 

anabolic and catabolic processes is accelerated resulting in early degradation of the 

produce (Janick, 1986). The fungicidal and other microbial growth along with 

moisture loss also increases in the presence of this field heat. If the fruit is 

mechanically damaged or bruised the degradation process speeds up, resulting in early 

loss of firmness, texture green colour, flavour and overall appearance, freshness and 

quality (Prange, 1994). It is also noted that this early degradation also hampers the 
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nutrition of fruit. If the temperature of fruit and surrounding atmosphere is lowered 

rapidly and maintained for a specific period of time before normal cold storage it 

could help in reducing of enzymatic and other related processes which are involved in 

the losses (Duque and Arrabaca, 1999).  

Pre-cooling can immediately lower the field heat of harvested produce, 

reducing metabolism and thus deterioration of particular produce before storage or 

transportation (Hodges and Forney, 2000). The reduction in temperature has an added 

advantage in reducing the production and sensitivity of the produce to ethylene that 

accelerates ripening and senescence. This method reduces the rate of respiration, 

ethylene production, ripening, senescence, undesirable metabolic changes and further 

decay. Pre-cooling also reduces the cooling demand on any in-transit cooling system. 

Pre-cooling may affect normal biochemical pathways resulting in the oxidative stress. 

Reactive oxygen species (ROS) are produced due to various metabolic activities and 

the production increases under various stress conditions (Bhagyalakshmi et al., 2002; 

Scandalios, 1993). Oxidative stress occurs when the generation of ROS exceeds the 

capacity of the fruit or plant to maintain cellular redox homeostasis (Scandalios, 

1993). Fruits have a self defence mechanism to protect from oxidative stress by the 

activation of many antioxidant defence enzymes like SOD, CAT and POX (Abu-Sarra 

et al., 1992). The development of oxidative stress in the fruits mainly depends upon 

its cellular antioxidant levels, physical atmosphere of the fruit and its post-harvest 

handling (Junge et al., 1986; Sullivan et al., 1996; Niranjana et al., 2009). Pre-cooling 

as quickly as practical is therefore a very important requirement for maintaining 

optimum produce quality, especially for those types with naturally high respiration 

rates (Niranjana et al., 2009). Rapid pre-cooling and storage at a stable temperature 

will extend this shelf life for most produce subject to rapid spoilage (Scandalios, 

1993). Various methods of pre-cooling include room cooling, evaporative cooling, air 

cooling, hydro cooling, forced air cooling, vacuum cooling, packed icing etc.  

(Sullivan, 1996). 

Mango has been reported to benefit from pre-cooling in various studies. 

Niranjana et al., (2009) reported that pre-cooling of mango variety Alphanso at 8ºC 

can be used for removing the field heat and to prevent the fruit from experiencing 

early postharvest losses. Hafeez et al., (2012) also reported that mangoes precooled to 

11ºC had reduced/delayed the disease development during extended storage. 

Waskarand and Dhemre (2005) reported that Kesar mangoes can be stored for 50 days 
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when precooled for 12 hours at 10ºC along with postharvest fungicide application. 

While review suggest the benefits of pre-cooling, the effect of varying durations of 

pre-cooling on local mango cultivars needs to be documented to demonstrate to the 

local industry.  
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CHAPTER 3 

MATERIALSAND METHODS 

 

The studies were conducted on two commercial mango cultivars including 

‘Sindhri’ and ‘Sufaid Chaunsa’. The main objective of this study was to explore the 

potential of controlled and modified atmosphere storage with suitable packaging for 

distant sea shipping of the two selected commercial cultivars. The targeted areas 

during this study were: 

1. Benchmark studies from farm to market 

2. Optimizing CA storage conditions 

3. Optimizing MA storage conditions 

4. Evaluation of packing boxes for sea freighting mangoes 

5. Postharvest disease management of cv. ‘Sufaid Chaunsa’ 
 

3.1 Benchmarking studies: Documenting sea freight supply chains 

(Farm to market) for mango cvs. ‘Sindhri’ and ‘Sufaid Chaunsa’ 

These studies comprised of monitoring of two physical sea-freight shipments 

made by industry collaborators to Germany. The first shipment was of Sindhri 

mangoes from a commercial farm (Asim Agriculture Farm), District Tando Allah 

Yar, Sindh province (24° 52′ 12″ N, 67° 3′ 0″ E), while the second shipment was of 

Sufaid Chaunsa mangoes sourced from another commercial farm (Ali Taren Farm), 

Distt. Lodhran, Punjab province (31° 19′ 48″ N, 74° 12′ 36″ E). Consignments were 

prepared using standard practices (harvesting fruit with pedicels, desapping* in lime 

solution, washing, grading, packing, palletizing etc.). CA container of Maersk 

shipping line was used.  

The complete supply chain was monitored and documented for conditions of 

mango quality at harvest, upon arrival at destination port and at time of distribution to 

retail store. Post-shipment handling procedures and conditions were also documented. 

___________________________________________________________________________ 

*The de-stemming of mango fruit inside the lime solution 
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3.1.1. Harvest and handling procedures used for mango cv. ‘Sindhri’ 

The fruit were harvested from the farm on 07 June 2008. Maturity 

status/conditions at the time of harvest included: 

 TSS: 5.5-6.3(Avg. 5.9°Brix) 

 Pulp colour: Slight yellowish tinge in pulp colour 

Fruit were harvested with 2-3 cm pedicels, transported in clean plastic crates to shed, 

de-stemmed /with button, lime washed (1%), followed by clean water wash, air dried, 

packed in plastic crates with clean newspaper lining. Fruit were then transported in a 

Mazda truck (6 tons capacity), during the evening of 04/06/08 from the farm to a 

commercial processing facility (Iftikhar and Co) in Karachi; arriving on 05/06/08 at 

03:00 hours, transport time: 8-9 h (More time taken compared to normal). After 

making necessary arrangements and briefing to labour, fruit processing was started on 

05 June, 2008 around 12 pm. Fruit were packed in open top corrugated cardboard 

boxes (preferred by MTERO Cash & Carry), palletized and moved to a cool room at 

11ºC. During initial 3-4 hours fruit pulp temperature did not decrease substationally. 

It took almost 16 h to reach around 12ºC since a dedicated pre-cooling facility was 

not available. 

On 06/04/08, fruit were loaded into a 20 feet Maersk CA container; however, 

some area from the back side of container remained empty which was filled by 

placing empty cartons to avoid short air circuit. The container was set at 11ºC, 3%O2 

2%, 5%CO2, and RH 85%, ventilation closed. The ship left port on 07 June, 2008. 

Container was off-loaded at Univeg platform, Antwerp, Belgium on 02 July, 2008. 

 

3.1.2. Harvest and handling procedures used for mango cv. ‘Sufaid Chaunsa’ 

In order to explore the possibility of sea-freighting Sufaid Chaunsa mango 

from Punjab-Pakistan to Germany and to identify areas of future improvement (R&D 

and logistics) to make the technology commercially viable, a trial shipment was made 

during Sep-Oct-2009, with the collaboration of Agriculture Marketing, Department of 

Agriculture, Punjab, Metro MGB, Germany and University of Agriculture Faisalabad. 

Fruit were sourced on 08 September 2009 from a commercial orchard (Ali Khan 

Tareen Farm) located in district Lodhran, Punjab Province. Maturity status/conditions 

at the time of harvest included: 

 Total Soluble Solids: 7-8 °Brix 

 Peel Colour: Green 
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 Pulp Colour: Creamy-white 

 Firmness: Hard 

Fruit for the sea-trial was harvested from a block under METRO supervision. Fruit 

were harvested with pedicels, placed in plastic crates and transported to packing shed. 

After de-sapping in 0.5% lime solution, fruit were air dried, before placing them on 

grading tables. Fruit were graded according to different sizes and packed into open 

top crates, especially designed for sea-freighting mangoes. Fruit with bruises, physical 

injuries and soft pulp were rejected. Fruit were transported by Mazda trucks to 

Iftikhar Ahmad and Co, New F&V market Karachi (20 h travel times) for further 

processing. The processing involved: 

 Washing, hot water fungicidal dip. 

 Hot air drying. 

 Grading/packing/labelling 

After processing at IAC (Iftikhar and Co), mangoes were again loaded on 

Mazda trucks and transported to Al-Rahim CA Facility, Port Qasim, Karachi. Crates 

were palletized and pre-cooled to 12 °C (it took 10-12 hours to cool the fruit), and 

later loaded into a 20 feet CA container. Container was handed over to Maersk for 

shipping to Germany on 13 September, 2009 (container set temperature was 12 °C, 

with 3%O2 and 5%CO2 CA settings along with 85±5% RH.). Container was off-

loaded at Univeg platform, Antwerp, Belgium on 05 October, 2009. CA conditions 

were turned off 24 h before arrival at Belgium sea port. 

Post arrival handling protocols: After clearance from Belgian authorities, 

mangoes were transported (15ºC) to Duisburg platform, where they were sorted out 

(platform temp. 15-16ºC) and subjected to ripening with ethylene (20ºC-100 ppm for 

24 hours). Fruit were sorted for different quality problems like disease, physical 

damage etc before ripening. After ripening fruits were sorted again to remove 

diseased fruit, remaining fruits were repacked as per size. After repacking, fruits were 

then distributed to different Metro stores in Germany for sale with retail display 

temperature of 18-20ºC. A detailed report was compiled by recording necessary 

information. 
 

3.2 Optimizing CA shipping conditions 

Uniform sized and physiologically mature fruit of mango cv. ‘Sindhri’ and 

‘Sufaid Chaunsa’ were collected from a commercial mango orchard located at 
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Lodhran District of Punjab Province, Pakistan. The fruit were subjected to following 

postharvest handling protocols. The fruit were harvested with 4-5 cm long pedicels. 

Just after harvesting, the fruit were desapped in 0.5% lime solution to avoid sap burn 

injury.  After desapping fruit were subjected to cold water fungicidal application 

(Sportak @ 0.5ml/l, a.i.: Prochloraz; 2 min. dip).  The fruit were air dried, packed in 

cardboard boxes and transported to Postharvest Research and Training Centre 

(PRTC), Institute of Horticultural Sciences, University of Agriculture, Faisalabad 

(Pakistan) in an air conditioned van.  

 

Experiment-1:  Effect of CA on mango cv.  Sindhri (Harvest Date: June, 2009) 

At PRTC, the fruit was pre-cooled to 11°C and stored at 11°C in the following 

gaseous combinations in a mobile CA lab (Van Amerongen company, Netherlands): 

T1= 8% CO2 &1.5%O2, T2= 2% CO2 &1.5%O2, T3= 3% CO2 &1.5%O2, T4= 8% CO2 

& 3%O2, T5=2% CO2 & 3%O2, T6=0% CO2 & 1.5%O2, T7= 4% CO2 & 1.5%O2, T8= 

0% CO2 & 21% O2, T9=0 % CO2 & 3%O2 and T10= 4% CO2 & 3% O2. Each treatment 

unit consisted of three replications with eight fruit (approx. 4–4.5 kg/box) in each 

replication.  

Three boxes from every treatment each containing eight fruit were removed 

from low temperature CA storage after three, six and nine week intervals in order to 

check the response of mango cv. ‘Sindhri’ to long term storage. After every removal, 

fruit were placed at 16°C for three days and then placed at 20°C for further ripening. 

Observations regarding bio-chemical and organoleptic characteristics were also made 

on two post storage ripening stages (i.e. at removal day and at ripening) to check the 

effect of treatment combinations and removals on mango quality. 

 

Experiment-2:  Effect of CA on mango cv. Sufaid Chaunsa (H.D. August, 2008) 

Fruit were harvested and were subjected to similar postharvest handling 

protocols as described in experiment 1. After arrival in PRTC lab, the fruit were pre-

cooled to 11°C and stored at 11°C in following gaseous combinations in mobile CA 

lab : T1= 0% CO2 & 1% O2, T2=0% CO2 & 3% O2, T3 = 4% CO2 & 3%O2, T4 = 0% 

CO2& 1.5%O2, T5 = 2% CO2 & 1%O2, T6 = 2% CO2 & 3%O2, T7= 0% CO2 & 21%O2, 

T8 = 4% CO2 & 1% O2, T9 = 2% CO2 & 1.5%O2, T10= 4% CO2 & 1.5% O2. Each 

treatment unit consisted of three replications with eight fruit (approx. 4–4.5 kg/box) in 
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each replication. Fruit removals from storage and post-removal handling and ripening 

protocols were similar to those explained in Experiment 1. 

 
 

Experiment 3:  Effect of CA mango cv Sindhri at different maturity levels  

This was a repeat study based on experiment 1 along with new combinations. 

Uniform sized and physiologically mature fruits of mango cv. Sindhri were harvested 

from a commercial mango orchard, located at Lodhran District of Punjab province 

(29° 15′ 25N; 71° 32′ 60E), Pakistan, during mid (H.D. June 24, 2010) and late  (H.D. 

June 28, 2010) seasons to check the response of harvest maturity towards the mango 

fruit quality. The fruit were harvested along with 4-5 cm long pedicels. Just after 

harvesting, the fruit were de-sapped in 0.5% lime solution to avoid sap burn injury. 

Fruit were then brought to Agriculture Mechanization Research Institute (AMRI), 

Multan for hot water treatment (HWT) at 52ºC for five minutes. The fruit were then 

air dried, packed in card board boxes and transported to Postharvest Research and 

Training Centre (PRTC), Institute of Horticultural Sciences, University of 

Agriculture, Faisalabad (Pakistan) in a reefer van at around 15°C. At PRTC, the fruit 

was pre-cooled to 11°C and stored at 11°C with following gaseous combinations: T1= 

3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 

2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% 

CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. Each treatment 

unit consisted of three replications with eight fruit (approx. 4–4.5 kg/box) in each 

replication.  

Three boxes from every treatment each containing eight fruit were removed 

from low temperature CA storage after three, four and five weeks intervals in order to 

check the response of mango cv. Sindhri to long term storage After every removal, the 

fruit were subjected to ethylene ripening (24°C; 100 ppm; 48h) followed by five days 

of shelf studies at 20°C. Observations were made on three post shipment ripening 

stages (i.e. at removal day, after ethylene treatment and at ripening) to check the 

effect of treatments (CA storage) and removals (shipping durations) on various mango 

physic-chemical quality parameters. 
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Experiment 4: Effect of CA on mango cv Sufaid Chaunsa at different maturity 

levels 

This was a repeat study based on experiment 2 along with new combinations. 

Uniform sized and physiologically mature fruits of mango cv. Sufaid Chaunsa were 

harvested from a commercial mango orchard located at Lodhran District of Punjab 

province (29° 15′ 25N; 71° 32′ 60E), Pakistan, during mid (H.D. August 29, 2010) and 

late (H.D. September 7, 2010) seasons to check the response of harvest maturity 

towards the mango fruit quality. The fruits were harvested along with 4-5 cm long 

pedicels. Just after harvesting, the fruit were de-sapped in 0.5% lime solution to avoid 

sap burn injury. Fruit were then brought to Agriculture Mechanization Research 

Institute (AMRI), Multan for hot water treatment (HWT) at 52ºC for five minutes. 

The fruit were air dried, packed in card board boxes and transported to Postharvest 

Research and Training Centre (PRTC), Institute of Horticultural Sciences, University 

of Agriculture, Faisalabad (Pakistan) in a reefer van at around 15°C. At PRTC, the 

fruit was pre-cooled to 11°C and stored at 11°C with following gaseous combinations: 

T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 

2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% 

CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. Each treatment 

unit consisted of three replications with eight fruit (approx. 4–4.5 kg/box) in each 

replication.Fruit removals from storage and post-removal handling and ripening 

protocols were similar to those explained in Experiment 3. 
 

3.3 Assessing the potential of MA packaging 

Experiment-5:  Performance of mango cv. Sindhri under MA storage conditions at 

different maturity levels  

Uniform sized and physiologically mature fruits of mango cv. Sindhri were 

harvested from a commercial mango orchard located at Lodhran District of Punjab 

province (29° 15′ 25N; 71° 32′ 60E), Pakistan, during mid (H.D. June 24, 2010) and 

late  (H.D. June 28, 2010) seasons to check the response of harvest maturity towards 

the mango fruit quality stored in MA packaging. The fruit were harvested along with 

4-5 cm long pedicels. Just after harvesting, the fruit were de-sapped in 0.5% lime 

solution to avoid sap burn injury. Fruit were then brought to Agriculture 

Mechanization Research Institute (AMRI), Multan for hot water treatment (HWT) at 

52ºC for five minutes to reduce the incidence of disease development during storage. 
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The fruit were air dried, packed in card board boxes and transported to Postharvest 

Research and Training Centre (PRTC), Institute of Horticultural Sciences, University 

of Agriculture, Faisalabad (Pakistan) in a reefer van at around 15°C. At PRTC, the 

fruit were pre-cooled to 11°C and stored at 11°C. Modified atmosphere bags (Xtend® 

bags) were used for bagging the fruit. Two treatments were made: T1: Bagged fruit; 

T2: Un-bagged fruit. Each treatment unit consisted of three replications with eight 

fruit (approx. 4–4.5 kg/box) in each replication.  

Three boxes from every treatment containing eight fruit each were removed 

from low temperature MA storage after two, three and four week interval in order to 

check the response of mango cv. Sindhri to bagging. After every removal, the fruit 

were ripened by subjecting them to gaseous ethylene treatment (24°C; 100ppm; 48h) 

followed by five days shelf studies at 20°C. Observations were made on three post 

storage ripening stage; (i.e. at removal day, after ethylene treatment and at ripening) 

to check the effect of treatments (bagging) and removals (storage durations) on mango 

quality. 

 
 

Experiment 6:  Performance of mango cv. Sufaid Chaunsa under MA shipping 

conditions (August, 2008) 

Uniform sized and physiologically mature fruit of mango cv. ‘Sufaid Chaunsa’ 

were collected from a commercial mango orchard located at Lodhran District of 

Punjab Province, Pakistan. The fruit were subjected to following postharvest handling 

protocols. The fruit were harvested with 4-5 cm long pedicels. Just after harvesting, 

the fruit were desapped in 0.5% lime solution to avoid sap burn injury. After 

desapping fruit were subjected to cold water fungicidal application (Sportak @ 

0.5ml/l, a.i.: Prochloraz + Thiabandazole @ 900 mg/L; 2 min. dip) followed by hot 

water treatment (52ºC for 5 minutes).  The fruit were air dried, packed in cardboard 

boxes and transported to Postharvest Research and Training Centre (PRTC), Institute 

of Horticultural Sciences, University of Agriculture, Faisalabad (Pakistan) in an air 

conditioned van.  

Three boxes from every treatment containing eight fruit each were removed 

from low temperature MA storage after two, three, four and five week intervals. After 

every removal, fruit were placed at 16°C for three days and then placed at 20°C for 

further ripening. Observations regarding bio-chemical and organoleptic characteristics 

were also made on two post storage ripening stages (i.e. at removal day and at 
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ripening) to check the effect of treatments (bagging) and removals (storage durations) 

on mango quality. 

 

3.4 Evaluating different packing materials  

Experiment-7:  Effect of different packing materials on storage life and quality of 

mango cv. Sindhri (H.D. June 24, 2010) 

The  fruit were sourced from a commercial mango orchard in Lodhran, 

Punjab, were packed in two different types of corrugated cardboard boxes i.e. open 

top and closed top (treatments), pre-cooled to a core temperature of 11°C (10-12 hrs) 

followed by storage at 11°C (80-85% RH) up to 5 weeks. The harvest and postharvest 

handling treatments and protocols were similar as explained in experiment 5. Two 

treatments were used: T1: Open top; T2: Closed Top. Each treatment unit consisted of 

three replications with eight fruit (approx. 4–4.5 kg/box) in each replication.  

Three boxes from every treatment containing eight fruit each were removed 

from low temperature storage after three, four and five week intervals in accordance 

with simulated sea shipment studies. After every removal, the fruit were subjected to 

ethylene ripening (24°C; 100ppm; 48h) followed by five days of shelf studies at 20°C. 

Observations were also made on three post; shipment ripening stages (i.e. at removal 

day, after ethylene treatment and at ripening) to check the effect of treatments 

(packaging) and removals (shipping durations) on mango quality. 

 

Experiment-8:  Effect of different packing materials on storage life and quality of 

mango cv Sufaid Chaunsa (H.D. August 29, 2010) 

The  fruit were sourced from a commercial mango orchard in Lodhran, 

Punjab, were packed in two different types of corrugated cardboard boxes i.e. open 

top and closed top (treatments), pre-cooled to a core temperature of 11°C (10-12 hrs) 

followed by storage at 11°C (80-85% RH) up to 5 weeks. The harvest and postharvest 

handling treatments and protocols were similar as explained in experiment 5. Two 

treatments were used: T1: Open top; T2: Closed Top. Each treatment unit consisted of 

three replications with eight fruit (approx. 4–4.5 kg/box) in each replication.  

Fruit removals from storage and post-removal handling and ripening protocols 

were similar to those as explained in Experiment 7. 
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3.5 Postharvest disease management in mango cv. Sufaid Chaunsa  

The disease development issues was more profound in cv. Sufaid Chaunsa; therefore, 

disease management studies were focussed particularly on this cultivar. Following 

experiment were designed to reduce the disease incidence in this cv.  

 

Experiment-9:  Postharvest application of different fungicides 

 Mango fruit (physiologically mature, healthy and free from insect pest and 

disease attacks) of the cultivar Sufaid Chaunsa were sourced from a commercial 

orchard near Lodhran (Ali Tareen Farm). After careful harvesting, the fruit were 

treated with 0.5% lime solution and were packed in corrugated cardboard boxes and 

transported to PRTC, IHS, UAF in reefer van (16°C) immediately. After five hours, 

fruit arrived in the Lab, fruit were treated as follows: T1 =Control-I (Lime, No HWT, 

No fungicide), T2 =Control-II (No Lime, HWT-52°C-5 min, No fungicide), T3 =Tecto 

(Thiabendazole)-1000 ppm (HW), T4 =Tecto-1500 ppm (HW), T5=Tecto-2000 ppm 

(HW). T6 = Sportak(Prochloraz)+Tecto-2000 ppm (HW), T7=Mencozeb 1g/L (HW) 

and T8 = Carbendazim(Benzimidazole) (500 mg/L) (HW). 

  The fruit were stored at 11°C and 80- 85% RH for 6 weeks. During storage, 

three boxes from every treatment each with eight fruit were removed from storage 

after 2, 3, 4, 5 and 6 weeks, then placed at 18-20°C (ripening room) then subjected to 

physical and biochemical analysis upon ripening. 

Experiment-10:  Pre and postharvest application of new chemistry fungicides 

Mango fruit (physiologically mature, healthy and free from insect pest and 

disease attacks) of the cultivar Sufaid Chaunsa were sourced from a commercial 

orchard in Multan. For preharvest application, fungicidal treatment were applied as 

foliar application to selected trees 20 days prior to harvest, one tree as a replicate. The 

preharvest treatments included; T1 = Control; T2 = Nativo (Trifloxystrobin) @ 0.9 

g/L; T3 = Cabrio Top (Pyraclostrobin) (@ 3 g/L; T4 = Scholar (Fludioxonil)@ 0.6 

ml/L; T5 = Amistar @ 0.8 ml/L; T6 = Scholar @ 1.2 ml/L. At physical maturity, the 

fruit were harvested along with 2-4 inches of pedicel and later de-sapped physically. 

For postharvest fungicide application, fruit were harvested from untreated trees, de-

sapped by hand packed in field bins lined with newspaper, transported to PRTC, IHS, 

UAF in reefer van (20°C). Fruit were treated with respective fungicide treatments as 

cold and hot water dip (52°C for 5 min). Fruit harvested from preharvest sprayed trees 
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were also dipped in cold and hot water to balance the effect. The postharvest 

fungicidal treatments in cold (25°C for 5 min) and hot water (52°C for 5 min) dips 

include: T1 = Control; T2 = Nativo @ 0.3 g/L; T3 = Cabrio Top @ 3 g/L; T4 = Scholar 

@ 0.6 g/L; T5 = Amistar @ 0.8 ml/L; T6 = Prochloraz @ 0.5 ml/L. After air drying, 

the fruit were packed into cardboard boxes and placed under low temperature storage 

conditions (11±1°C; 80-85%RH). Fruit were removed after four weeks of low 

temperature storage. These fruit were placed on the shelf for 4-5 days after removal to 

ripe. The fruit quality parameters and postharvest disease development was then 

evaluated at the ripe stage. The flow chart of methodology of this experiment is 

explained in appendix V.  

 

3.6 Pre-Cooling of cv. Sufaid Chaunsa 

Experiment 11: Effect of pre-cooling on fruit quality 

Fruit were harvested and desapped as explained in experiment 9. The pre-cooling 

study included two treatments: 

T1 = Pre-cooling to 18ºC after harvest followed by hot water dipping at 52ºC for 5 

min  

T2 = No pre-cooling; Handling at ambient conditions (±30ºC) followed by hot water 

dipping at 52ºC for 5 min  

After subjecting to treatment combinations, the fruit were stored in low 

temperature storage at 11ºC. After 28 days of storage at 11ºC & 80-85%RH, the fruit 

were removed and kept under ambient conditions. The physical, physiological and 

bio-chemical attribute data were recorded after transport, 48 hour of handling and 28 

days of storage. 
 

3.7 Data recording 

3.7.1 Sea-freight supply chain monitoring studies 

During these studies, the complete process and conditions of mango sea-

shipments from Pakistan to Germany were documented. Observations on shipping 

and shelf life (total no. of days, from farm to market), disease development, 

marketability of fruit, and some quality parameters (TSS, colour and firmness) were 

recorded. 
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3.7.2 Lab /Static studies  

During lab/static trials, comprehensive data on various parameters were recorded as 

per schedule as under: 

1. Physiological parameters: Respiration (CO2 production)by mango fruit was 

recorded following method of Imran (2009). 

2. Physical parameters (Colour, softness, weight loss, disease incidence) 

3. Biochemical parameters (TSS, titratable acidity, Vitamin C) 

4. Organoleptic parameters (Taste, texture, flavour, pulp colour and aroma) 

The data was recorded regarding shelf life (no of days), weight loss, diseases; stem 

end rot (SER), Anthracnose, MF (marketable fruit) and physico-chemical quality 

attributes (peel colour, textural softness, TSS, acidity, ascorbic acid. Fruit gases 

production (CO2) was monitored after removal from storage. 

 

3.7.3 Commercial trial shipments 

After the completion of lab studies, a commercial trial shipment was prepared 

following best protocols and was sent to Europe in a 40 feet Maersk container during 

June- July 2012.  Theoutcomes are given in appendix III.  
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Table 3.7.1. Determination of Weight Loss, Organoleptic and Biochemical 

Characteristics 

Sr. # Parameter 

Category 

Details Method of  

determination 

1 Weight loss 

(% age) 

Based on initial 

weight (before 

storage) and final 

weight (At the end 

of storage) 

Initial wt.-final wt./Initial wt. X 100 

2 Organoleptic 

Characteristics 

Pulp colour, pulp 

texture, aroma, taste 

and flavour 

9 point hedonic scale method of 

Peryam and Pilgrim (1957) 

3 Bio-chemical 

Characteristics 

TSS RX 5000 Digital Refractometer 

(Atago, Japan).  

Titratable acidity Hortwitz (1960) 

Total, reducing and 

non-reducing sugars 

Lane-Eynon Method (1923) 

Ascorbic acid Ruck (1969) 

4 Respiration rate CO2 measurement For the measurement of respiration 

rate, one fruit from each replication 

was randomly selected and placed into 

a sealed plastic jar for one hour. 

Respiration rate was determined by 

measuring CO2 production using a 

CO2analyzer (Vaisala MI 70, Vaisala 

Inc., Helsinki, Finland) and expressed 

as mmol CO2 kg-1h-1 
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Table 3.7.2. External fruit quality ratings (Malik et al., 2007) 

Scale Colour 

(yellow) 

Firmness Sap 

burn 

Lenticel 

spots 

Rots (SER, 

BR) 

Soft 

nose 

Physical 

press/injury 

0 0% Hard Nill Nill Nill Nill Nill 

1 25% Sprung <3 

cm2 

<10% <5% <3 

cm2 

<5% 

2 50% Slightly 

soft 

to 

25% 

10-25% 5-10% to 

25% 

5-10% 

3 75% Eating 

soft (ripe) 

>25% 25-50% 10-25% >25% 10-25% 

4 100% Over ripe - >50% >25% - >25% 

 

Table 3.7.3. Hedonic scale (Peryam and Pilgrim, 1957) for Organoleptic 

Evaluation  

 

Sr. No. Taste Flavour Pulp Colour Texture Aroma 

1      

2      

3      

4      

5      

6      

7      
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Product: ______________ Variety: _________________ Date: ______________ 

Name of Judge: _________________________ Signature: __________________ 

Instructions:        

1. Follow the numerical system for scoring the samples. 

1……………..Dislike extremely 6……………Like slightly 

2…………….Dislike very much 7………..Like moderately 

3……………Dislike moderately 8………...Like very much 

4………………..Dislike slightly 9…………Like extremely 

5……….Neither like nor dislike 

2. Do not alter the samples sequence. 

3. Wash the tongue before testing next sample. 

 

3.7.3 Total phenolic contents (TPC)  

 TPC of mango pulp was determined for CA stored mango fruit of mid season 

harvested Sindhri and Sufaid Chaunsa by using Folin-Ciocalteuregeant method as 

described by Bozin et al. (2008). Mango pulp sample (1g) was ground by motar and 

pestle along with 5 ml of extraction mixture (Methanol 90: Acetone 8: HCl 2). It was 

ground to obtain a homogenize mixture. The mixture was placed into two micro-

centrifuge tubes, and then centrifuge at 10, 000 rpm. Then centrifuged at 10,000 rpm 

for 5 min. The supernatant was saved in another centrifuge tube for further analysis. 

Supernatant (100 µL) was placed in a centrifuge tube 200µl of Folin-Ciocalteuregeant 

was added and mixture was homogenized using a vortex. Then 800 µl Na2CO3 was 

added to micro-centrifuge tube and mixture was vortexed for 2 min. Then incubated 

for 2 h at room temperature. After that it was incubated for 2 h at room temperature. 

Finally absorbance was taken at 765 nm using an of ELISA plate reader (ELX 800 

Microplate reader, Bio-tek Instruments Inc.). TPC was expressed as mg gallic acid 

equivalent (GAE) per ml of and it was calibrated by plotting the standard curve of 

gallic acid. 
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Fig. 3.1. Standard curve of Gallic acid drawn for TPC calculation 

3.7.4 Total antioxidants activity (TOA) 

 Antioxidant activity was determined for CA stored mango fruit of mid season 

harvested Sindhri and Sufaid Chaunsa by scavenging of radical 2,2-diphenyl-1-

picrylhydrazyl (DPPH) as described by  Bozin et al. (2008). A 50 µl aliquot (same 

extraction used for TPC) of various concentration (up to 150 µl) of the sample was 

added to 5 mL of a 0.004% methanol solution of DPHH. After a 30 m incubation 

period at room temperature in dark conditions, the absorbance was read against a 

blank at 517 nm using an ELISA plate reader (ELX 800 Microplate reader, Bio-tek 

Instruments Inc.) in a 96-well plate. TOA was described as IC 50 value i.e. inhibition 

concentration of sample used to 50% DPPH radical scavenging. 

 

3.8 Statistical Analysis 

The data was subjected to analysis of variance using M-StatC statistical 

software and treatment means were compared using Least Significance Difference 

(LSD) Test and Duncan’s New Multiple Range (DMR) Test, depending upon the 

number of treatments (Steel et al., 1997). 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

4.1. Benchmarking studies 

 In order to identify the issues in mango sea freight supply chain (farm to 

market) from Pakistan to Europe (Germany), two benchmark studies on commercially 

exportable varieties i.e. ‘Sindhri’ and ‘Sufaid Chaunsa’ were conducted. The major 

issues faced during sea freighting were abnormal skin colour development, firmness 

retention and disease development. The details of these benchmark studies are given 

as in Appendix I (cv. Sindhri) & II (cv. Sufaid Chaunsa).  

 In order to improve the sea freight supply chains, static research trials were 

conducted and results are presented below. 

 

4.2. Optimizing Controlled Atmosphere (CA) storage conditions 

4.2.1. CA storage conditions for mango cv.  Sindhri (Year-2009) 
 

4.2.1.1. Weight Loss 

The weight loss percentage of stored mango fruit was significantly affected by 

treatment combinations, storage durations and post shipment ripening stages (Table 

4.2.1 & 4.2.2). The fruit stored in normal air i.e.T8 had maximum weight loss while 

minimum fruit weight loss, percentage was observed in fruit stored in T3 (3%CO2 & 

1.5%O2) which was at par with T6 (0%CO2 & 1.5%O2) and T7 (4%CO2 & 1.5%O2) as 

shown in table 4.2.1. The fruit weight loss increased when the storage period was 

extended. Maximum weight loss was observed in fruit removed after nine weeks of 

storage and minimum after three weeks of storage. An increase in weight loss was 

also observed with advancement in ripening process.  

All of the treatment combinations including control had relatively more 

physiological weight loss (PWL) % during ripening. The overall interaction effects of 

treatment combinations, storage durations and post shipment ripening stages affected 

the PWL% significantly except the individual interaction effect of treatment 

combinations and post shipment ripening stages which affected the weight loss 

percentage of stored mango fruit non-significantly. 
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Table 4.2.1. Effect of CA treatments and storage durations on weight loss percentage 

Treatments Wk3 (weight loss %age) Wk6 (weight loss %age) Wk9 (weight loss %age) Mean 
T1 6.95lmno 16.00bc 21.45a 12.16B 
T2 6.71mno 17.20b 13.53de 12.09B 
T3 5.46o 8.35jklm 12.36efg 8.49E 
T4 6.67mno 9.26ijk 11.67efg 9.74CD 
T5 7.48klmn 8.03jklm 13.30def 10.05C 
T6 7.05lmno 8.77jkl 14.66cd 9.09CDE
T7 5.19o 9.59hij 11.44fgh 8.61DE 
T8 12.23efg 11.93efg 11.06ghi 15.21A 
T9 6.51mno 16.49bc 12.55efg 11.85B 
T10 5.76no 16.34bc 12.13efg 11.41B 

Mean 7.00C 12.20B 13.41A 
Means not sharing similar letters are significantly different (P≤0.05); Wk: weeks 
T1= 8% CO2 &1.5%O2, T2= 2% CO2 &1.5%O2, T3= 3% CO2 &1.5%O2, T4= 8% CO2 & 3%O2, T5=2% CO2 & 3%O2, T6=0% CO2 

& 1.5%O2, T7= 4% CO2 & 1.5%O2, T8= 0% CO2 & 21% O2, T9=0 % CO2 & 3%O2 and T10= 4% CO2 & 3% O2 
 

Weight loss of CA stored fruit was overall less than fruit stored in normal air 

i.e. control. This increased weight loss in control fruit could be due to increased 

respiration rate and also due to low humidity around the fruit during mango fruit 

ripening (Ullah et al., 2010a,b). It was observed that fruit placed in T3 (3%CO2 & 

1.5%O2) and T7 (4%CO2 & 1.5%O2) had significantly less weight loss compared to 

weight loss of fruit stored in normal air as shown in table 4.2.2. Ullah et al. (2010a) 

also reported that the reduced weight loss in CA stored mango fruit was due to lower 

respiration and transpiration rates due to low O2 and high CO2 concentrations 

resulting in decreased metabolic activities (Mathur et al., 1953; Noomhorm and 

Tiasuwan, 1995; Bora &Narain, 1997; Abbasi et al., 2009; Hafeez et al., 2012).  
 

Table 4.2.2. Effect of CA treatments and ripening stages on weight loss percentage 

Treatments At removal At ripening Mean 
T1 8.86 15.47 12.16B 
T2 9.06 15.13 12.09B 
T3 6.12 10.87 8.49E 
T4 7.21 12.29 9.74D 
T5 8.25 11.87 10.05C 
T6 6.42 11.77 9.09CDE 
T7 6.46 10.78 8.61DE 
T8 13.24 17.19 15.21A 
T9 8.57 15.13 11.85B 
T10 8.21 14.62 11.41B 

Mean 8.239   B 13.51A 
Means not sharing similar letters are significantly different (P≤0.05) 
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4.2.1.2. Peel colour development and textural softness 

The CA treatment combinations, storage durations and post shipment ripening 

stages significantly affected the fruit peel colour development (Table 4.2.3) and 

textural softness (Table 4.2.5). Higher score for peel colour and textural softness was 

observed in fruit stored in normal air i.e. T8 (0%CO2 & 21%O2). Lower score for fruit 

peel colour was observed in fruit stored in T1 (8%CO2 & 1.5%O2) and T3 which was 

at par with T2 (2%CO2 & 1.5%O2), T6 (0%CO2 & 1.5%O2) and T7 (4%CO2 & 

1.5%O2). While fruit textural softness was experienced minimum in T3 (3%CO2 & 

1.5%O2) which was at par with T1 (8%CO2 & 1.5%O2), T6 (0%CO2 & 1.5%O2) and T7 

(4%CO2 & 1.5%O2). 

Minimum peel colour development was observed in fruit removed after six 

weeks of storage which was found at par with fruit removed after three weeks of 

storage (Table 4.2.3). 
 

Table 4.2.3. Effect of CA treatments and storage durations on fruit peel colour 
development 
Treatments Wk3 Wk6 Wk9 Mean 

T1 2.12kl 2.65defghi 2.09l 2.29B 
T2 2.59efghij 2.56efghijk 2.31hijkl 2.49B 
T3 2.28ijkl 2.47fghijkl 2.12kl 2.29B 
T4 2.90cdef 2.75cdefgh 3.09bcd 2.91A 
T5 3.00bcde 2.90cdef 3.41b 3.10A 
T6 2.47fghijkl 2.78cdefg 2.34ghijkl 2.53B 
T7 2.03l 2.84cdef 2.19jkl 2.35B 
T8 2.34ghijkl 2.98bcde 3.94a 3.09A 
T9 2.91cdef 2.97bcde 3.00bcde 2.96A 
T10 2.78cdefg 2.66defghi 3.19bc 2.87A 

Mean 2.77A 2.75A 2.54B 
Means not sharing similar letters are significantly different (P≤0.05); Wk: weeks 
T1= 8% CO2 &1.5%O2, T2= 2% CO2 &1.5%O2, T3= 3% CO2 &1.5%O2, T4= 8% CO2 & 3%O2, T5=2% CO2 & 3%O2, T6=0% CO2 

& 1.5%O2, T7= 4% CO2 & 1.5%O2, T8= 0% CO2 & 21% O2, T9=0 % CO2 & 3%O2 and T10= 4% CO2 & 3% O2 
 

The minimum score for fruit textural softness was observed in fruit removed after 

three weeks of storage followed by fruit removed after six and nine weeks of storage. 

When fruits were removed from cold storage they were found to be more green and 

firm. As the fruit progressed towards ripening a significant increase in yellow peel 

colour and fruit textural softness was observed (Table 4.2.5 & 4.2.6). 
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Table 4.2.4. Effect of CA treatments and ripening stages on fruit peel colour 
development 

Treatments At Removal At Ripening Mean 
T1 1.12i 3.46f 2.29B 
T2 1.23i 3.75def 2.49B 
T3 1.12i 3.45f 2.29B 
T4 1.66h 4.16bc 2.91A 
T5 1.67h 4.54a 3.10A 
T6 1.23i 3.83cde 2.53B 
T7 1.08i 3.62ef 2.35B 
T8 2.49g 3.69EF 3.09A 
T9 1.62h 4.29AB 2.96A 
T10 1.67h 4.08BCD 2.87A 

Mean 1.49A 3.89B 
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 8% CO2 &1.5%O2, T2= 2% CO2 &1.5%O2, T3= 3% CO2 &1.5%O2, T4= 8% CO2 & 3%O2, T5=2% CO2 & 3%O2, T6=0% CO2 

& 1.5%O2, T7= 4% CO2 & 1.5%O2, T8= 0% CO2 & 21% O2, T9=0 % CO2 & 3%O2 and T10= 4% CO2 & 3% O2 
 

Table 4.2.5. Effect of CA treatments and storage durations on fruit textural softness 

Means not sharing similar letters are significantly different (P≤0.05)):wk: week 

 

All the interaction effects of CA treatment combinations, storage durations and post 

storage ripening stages were found significant regarding peel colour development and 

textural softness in Sindhri mangoes. 

During respiration in normal air, fruit firmness and green colour of fruit is lost 

gradually due to degradation of chlorophyll by the activity of certain enzymes 

showing direct relationship of these quality parameters with respiration (Yahia, 1998; 

Salveit, 1999; Tharanathan et al., 2006; Yahia, 2009). 

 
 
 

Treatments Wk3 Wk6 Wk9 Mean 
T1 2.84ghijkl 3.09fgh 3.15fg 3.03CD 
T2 2.93ghijk 3.03fghi 3.72bcd 3.23B 
T3 2.65jkl 2.59l 3.50de 2.91D 
T4 2.72ijkl 2.79hijkl 3.87bc 3.13BC 
T5 2.62kl 2.97ghij 3.87bc 3.15BC 
T6 2.63kl 2.75ijkl 3.69cd 3.02CD 
T7 2.65jkl 2.81hijkl 3.84bc 3.10BCD 
T8 2.97ghij 3.31ef 4.25a 3.51A 
T9 2.75ijkl 2.94ghijk 3.84bc 3.18BC 
T10 2.72ijkl 2.75ijkl 4.0ab 3.17BC 

Mean 2.75 C 2.90 B 3.78 A 
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Table 4.2.6. Effect of CA treatments and ripening stages on fruit textural softness 

Means not sharing similar letters are significantly different (P≤0.05) 
T1= 8% CO2 &1.5%O2, T2= 2% CO2 &1.5%O2, T3= 3% CO2 &1.5%O2, T4= 8% CO2 & 3%O2, T5=2% CO2 & 3%O2, T6=0% CO2 

& 1.5%O2, T7= 4% CO2 & 1.5%O2, T8= 0% CO2 & 21% O2, T9=0 % CO2 & 3%O2 and T10= 4% CO2 & 3% O2 

 

Fruit stored in T1(8%CO2& 1.5%O2)failed to develop normal yellow colour and were 

firm than the fruit of other combination due to the elevated percentage of CO2 along 

with reduced O2 levels. The conditions might have limited the respiration process by 

the inhibition of some important enzymes of respiratory pathway, such as succinic 

dehydrogenase, thereby causing the succinic acid to accumulate in fruit cells/tissues 

(Knee, 1973; Thompson, 2010). Succinic acid is a known plant toxin responsible for 

hardening of tissues and retarding the metabolic activities inside the fruit (Morales-

Castro et al., 2002). High CO2 at low temperatures solubilizes efficiently in cell 

cytoplasm of fruit making fruit more susceptible to high CO2 levels (Mitz, 1979). 

Moreover, high concentration of CO2 also competes with ethylene for binding sites in 

fruits and reduces the ethylene activity (Burg and Burg, 1967).  

Similarly, low levels of oxygen are also known to hinder the activity of 1-

ACC enzymes required for ethylene biosynthesis (Wang, 1990; Levin et al., 1992; 

Wang et al., 1994). The free solublization of pectins is linked with the softening and 

cell separation in many fruits (Thompson, 2010). The atmospheres with oxygen 

ranging between 1.5-2% decrease the activity of polygalacturonase and pectinesterase 

enzymes which are responsible for fruit cell wall softening (Herregods et al., 1989). In 

this study, the fruit which were stored in lower oxygen level i.e. 1.5% along with 0, 2, 

3 and 4% CO2were more firm with least colour development which was due to 

suppression of chlorophyll degradation and carotenoids synthesis likely due to the 

inhibition of ethylene production (Burg and Burg, 1967; Jeffery et al., 1984; Kader, 

Treatments At Removal At Ripening Mean 
T1 1.98de 4.08 3.03CD 
T2 2.37c 4.08 3.23B 
T3 1.79e 4.04 2.91D 
T4 2.15cd 4.10 3.13BC 
T5 2.27c 4.04 3.15BC 
T6 1.92de 4.12 3.02CD 
T7 2.10cd 4.10 3.10BCD 
T8 2.85b 4.17 3.51A 
T9 2.25c 4.10 3.18BC 
T10 2.285c 4.06 3.17BC 

Mean 2.20B 4.09A 
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1986; Thompson, 1998; Bender et al, 2000). The fruit stored in normal air i.e. 

T8(control) had more softness and less green colour at ripening than the fruit stored in 

CA storage combinations due to the onset of ripening process because of more 

ethylene production (Bora and Narain, 1997). Moreover, the storage/storage durations 

had significant effect on peel colour development, textural softness indicating the 

significant relationship between long-term storage and physiological/metabolic 

processes.  The fruit usually became softer and green colour was lost gradually as the 

ripening process proceeded during extended storage (Yahia, 2006, 2009). The 

physiochemical changes involved in the degradation of chlorophyll and increased 

level of carotenoid pigments could be related to this softening and loss of green colour 

(Wills et al., 1982).  

The inhibition of enzymatic and metabolic activities responsible for earlier 

ripening by low temperature storage have been reported in various scientific studies 

(Campbell and Malo, 1969; Barmore, 1974; Weichmann, 1987; Doreyappy-Gowda 

and Huddar, 2001; Montalvo et al., 2007; Kader & Mitcham, 2008; Hafeez et al., 

2012). The advancement in colour and fruit softness of mango as the ripening process 

proceeds had been reported earlier by various researchers (Montalvo et al., 2007; 

Kader & Mitcham, 2008; Hafeez et al., 2012). 

 

4.2.1.3. Disease Incidence 

Significant results were found regarding the effect of CA treatment 

combination, storage durations and post shipment ripening stages on disease 

development in stored mango fruit (Table 4.2.7 and 4.2.8). Less disease development 

was observed in T1 (8%CO2& 1.5%O2) which was at par with T2 (2%CO2 & 1.5%O2), 

T4 (8%CO2 & 3%O2), T5 (2%CO2 & 3%O2), T6 (0%CO2 & 1.5%O2), T7 (4%CO2 & 

1.5%O2) and T10 (4%CO2 & 3%O2). Maximum disease development was observed in 

T8 (0%CO2 & 21%O2) which was normal air combination. The disease development 

was found to increase with the increase in storage period and ripening process. The 

disease score was minimum after three weeks of storage and at removal from cold 

storage, while the maximum score for disease was observed in fruit removed after 

nine weeks of storage and at final ripening day.  
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Table 4.2.7. Effect of CA treatments and storage durations on disease incidence 
(score) 

Means not sharing similar letters are significantly different (P≤0.05); Wk: weeks 
T1= 8% CO2 &1.5%O2, T2= 2% CO2 &1.5%O2, T3= 3% CO2 &1.5%O2, T4= 8% CO2 & 3%O2, T5=2% CO2 & 3%O2, T6=0% CO2 

& 1.5%O2, T7= 4% CO2 & 1.5%O2, T8= 0% CO2 & 21% O2, T9=0 % CO2 & 3%O2 and T10= 4% CO2 & 3% O2 

 

The interaction effects of treatment combinations, storage durations and post 

shipment ripening stages were found to be significant regarding the disease 

development. 

Storage diseases especially anthracnose and stem end rot are known to 

deteriorate mango fruit quality, limiting their long term storage (El-Goorani and 

Sommer, 1981; Yahia, 1998, 2006). 

 

Table 4.2.8. Effect of CA treatments and ripening stages on disease incidence 
Treatments At removal At ripening Mean 

T1 0.91 2.97 1.94D 
T2 1.88 3.08 2.48CD 
T3 2.08 3.39 2.73BC 
T4 1.40 2.80 2.10CD 
T5 1.40 2.90 2.15CD 
T6 0.88 2.91 1.90D 
T7 1.70 3.34 2.52CD 
T8 3.23 3.88 3.55A 
T9 3.06 3.28 3.17AB 
T10 2.05 2.99 2.52CD 

Mean 1.86   B 3.15A 
Means not sharing similar letters are significantly different (P≤0.05 
T1= 8% CO2 &1.5%O2, T2= 2% CO2 &1.5%O2, T3= 3% CO2 &1.5%O2, T4= 8% CO2 & 3%O2, T5=2% CO2 & 3%O2, T6=0% CO2 

& 1.5%O2, T7= 4% CO2 & 1.5%O2, T8= 0% CO2 & 21% O2, T9=0 % CO2 & 3%O2 and T10= 4% CO2 & 3% O2 

 

 

Treatments Wk3 (score) Wk6 (score) Wk9 (score) Mean 
T1 1.00m 1.83hijklm 2.99defg 1.94D 
T2 1.91ghijklm 2.80defgh 2.75defgh 2.48CD 
T3 1.27klm 2.68defghi 4.25abc 2.73BC 
T4 1.55jklm 1.00m 3.76bcd 2.10CD 
T5 1.50jklm 1.91ghijklm 3.03def 2.15CD 
T6 1.75hijklm 1.11lm 2.83defgh 1.90D 
T7 1.08lm 2.14fghijkl 4.33abc 2.52CD 
T8 2.55efghij 3.25cde 4.86a 3.55A 
T9 2.23efghijk 2.79defgh 4.50ab 3.17AB 
T10 1.65ijklm 1.57jklm 4.34abc 2.52CD 

Mean 1.65C 2.11B 3.76A 
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Low temperature storage along with CA storage conditions was helpful in reducing 

the disease incidence in stored mango (Chambroy et al., 1993; Noomhorm and 

Tiasuwan, 1995). It was observed that fruit stored in high oxygen containing CA 

combinations (3% or above) have more disease incidence than the fruit in CA 

combinations with less than 3 % O2 (Bender, 2000b). But overall, disease incidence 

was less in CA stored fruit. Low O2 and high CO2 seemed to be the main limiting 

factor in inhibiting the disease development, perhaps by acting upon the host 

resistance together with inhibiting the germination of various fungal spores during 

low temperature storage (Woodruff, 1977; Kader and Ben-Yehoshua, 2000; Bakkai-

Golan, 2001; Cossentine et al., 2004; Ben-Yehoshua et al., 2005; Werner and 

Hotchkiss, 2005). Moreover, cold water fungicidal dip (CWFD) followed by HWT 

together with suitable CA combination reduced decay to acceptable level during 

storage and post storage durations (Sive and Resinsky, 1989b; Yahia, 1998; Kim et 

al., 2007). However, it should be kept in consideration that inhibiting effect of low O2 

and high CO2 levels on various pathogens, responsible for storage decay, depends 

upon gas concentration and pathogen type (Yahia, 2009). It was obvious from the 

findings that disease development significantly increased with the increase in storage 

period. Maximum disease was observed in fruit removed after nine weeks of storage 

whereas minimum disease was observed in fruit removed after three weeks of storage. 

Low temperature and CA storage no doubt suppresses the disease development but 

prolonged storage resulted in more disease development.  
 

 

4.2.1.4. Marketable fruit percentage 

The marketable fruit percentage was significantly affected by treatment 

combinations, storage durations and their interaction effect (Table. 4.2.9). The 

marketable fruit percentage was found minimum in fruit stored in normal air i.e. T8 

(0%CO2 & 21%O2). Maximum percentage of marketable fruit was observed in fruit 

stored in T7 (4%CO2 & 1.5%O2) which was at par with T1 (8%CO2 & 1.5%O2) and T2 

(2%CO2 & 1.5%O2). The marketability of fruit was found to decrease with extended 

storage duration. The fruit marketability was found maximum after three weeks of 

storage and minimum after nine weeks of storage.  

Marketable fruit percentage describes the success and profitability. It was 

obvious from the findings that maximum percentage of marketable fruit was observed 

from CA combination T7 (4%CO2 & 1.5%O2) which was at par with T2 and T3, while 
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minimum marketable fruit percentage was observed in fruit stored in normal air i.e. 

T8. Moreover, the marketability of stored fruit decreased by increasing the 

storage/storage duration (Hafeez et al., 2012). During prolonged storage fruit spoilage 

occurs due to expression of various fungal diseases like stem end rot, anthracnose, 

side rots etc. (Amin et al., 2011). These fungal diseases have been reported to cause 

mango fruit decay during storage (Jeffries et al., 1990; Crane & Campbell, 1991; 

Eckert et al., 1996). High relative humidity (85-90%)is maintained in cold stores to 

avoid shrivelling of fruit which on the other hand provides a favourable environmnet 

for disease development (Slaughter, 2009; Anonymous, 2011; Gadgile et al., 2009a; 

Gadgile et al., 2009b). The disease development increases due to advancement in 

various metabolic changes as the storage period is increased, which in turn decreases 

the market and consumer acceptibility of fruit (Chavez, 2007). Minimum disease 

development in T7 favored maximum percentage of marketable fruit. 

 
Table 4.2.9. Effect of CA treatments and storage durations on marketable fruit 
percentage 
Treatments  Wk3 Wk6 Wk9 Means  

T1 75.00ab 50.00def 37.50fg 54.16CDE 
T2 75.00ab 56.25cde 50.00def 60.41ABC 
T3 87.50a 50.00def 50.00def 62.50AB 
T4 62.500bcd 68.75bc 31.25gh 54.16CDE 
T5 75.00ab 56.25cde 37.50fg 56.25BCD 
T6 68.75bc 56.25cde 37.50fg 54.16CDE 
T7 87.50a 62.50bcd 50.00def 66.66A 
T8 62.50bcd 43.75efg 18.75hi 41.66F 
T9 62.50bcd 62.50bcd 18.75hi 47.91EF 
T10 75.00ab 62.50bcd 12.50i 50.00DE 

Means  73.12A 56.87B 34.37C   
Means not sharing similar letters are significantly different (P≤0.05); Wk: weeks 
T1= 8% CO2 &1.5%O2, T2= 2% CO2 &1.5%O2, T3= 3% CO2 &1.5%O2, T4= 8% CO2 & 3%O2, T5=2% CO2 & 3%O2, T6=0% CO2 

& 1.5%O2, T7= 4% CO2 & 1.5%O2, T8= 0% CO2 & 21% O2, T9=0 % CO2 & 3%O2 and T10= 4% CO2 & 3% O2 

 

4.2.1.5. Bio-chemical parameters 

Bio-chemical attributes were significantly affected by CA storage (Table 

4.2.10). TSS was recorded minimum in fruit stored in low oxygen CA combinations 

i.e. T6 (0%CO2 & 1.5%O2) and T7 (4%CO2 & 1.5%O2), while maximum was observed 

in T8 (control) andT10 (4%CO2 & 3%O2) which were at par. The fruit stored in T7 

(4%CO2 & 1.5%O2) had higher acid contents which were at par with T3 and T6, while 

lower TA contents were observed in T9 which was at par withT1, T2, T4, T5, T8 and 
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T10. TSS:TA ratio was found higher in fruit stored in T8(0%CO2 & 21%O2) which was 

at par with T5(2%CO2 & 3%O2), T7 (4%CO2& 1.5%O2) and T10 (4%CO2 & 

3%O2),while lower TSS:TA ratio was found in fruit stored in high CO2 environment 

i.e. T1 (8%CO2 & 1.5%O2)  and T4 (8%CO2 & 3%O2). Ascorbic acid contents 

(Vitamin C) were not significantly affected by treatment combinations. The 

interaction effect of treatment combination and storage duration significantly affected 

the bio-chemical attributes except vitamin C which was not affected significantly. 

TSS was found maximum in fruit stored in T8 which was at par with T10. Least 

TSS was observed in fruit from T1 which was at par with T4.  Higher TSS in fruit 

stored in oxygen containing atmospheres i.e. T8 (0%CO2 & 21%O2) and T10 (4%CO2 

& 3%O2) showed that respiration rate and sugar conversion was relatively higher in 

these fruit (Ullah et al., 2010b). This could be due to the breakdown of 

polysaccharides into water-soluble sugar (Hafeez et al., 2012). The maximum acidity 

contents were found in T9 (0%CO2 & 3%O2) and least acidity contents were observed 

in T7 (4%CO2 & 1.5%O2). Higher acidity contents could be related to delay in sugar 

conversion of carbohydrates due to lower respiration rate, fermentive decarboxylation 

along with interruption in acid metabolism (Goodenough & Thomas, 1981; Batu, 

1995; Yahia, 2009; Ullah et al., 2010a). 

Storage durations also significantly affected the bio-chemical parameters. 

TSS, acidity and vitamin C contents decreased, while TSS:TA ratio increased with 

increase in storage period (Mattoo et al., 1975; Fuchs et al., 1980; Wiley, 1994; Kittur 

et al., 2001; Doreyappa-Gowda and Huddar, 2001; Srinivasa et al., 2002). The 

decreasing trend of acidity with extended storage might be due to the oxidation of 

organic acid and further utilization in metabolic process in the fruit (Hafeez et al., 

2012).  

 
4.2.1.6. Organoleptic parameters 

CA treatment combinations significantly affected the organoleptic 

characteristics i.e. taste, texture, aroma, flavour, pulp colour (Table 4.2.11). The fruit 

from atmospheres in which oxygen was present but at low levels i.e. T3 (3%CO2 & 

1.5%O2), T7 (4%CO2 & 1.5%O2) and T8 (0%CO2 & 21%O2) were better in taste and 

other organoleptic characteristics than any other storage combination. These results 

have been supported by previous researchers that oxygen containing atmosphere are 

helpful in improving and maintaining the taste and aroma of mango (Wang, 1990; 
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Thomposon, 2010). It was observed that fruit which were stored in high CO2 

environments had least score for taste, texture, aroma, flavour and pulp colour. CO2 

enriched atmospheres enable the fruit to undergo low respiration and related processes 

thereby making fruit unable to ripen in a normal way (Bender et al., 2000a). The high 

CO2 atmospheres may lead to fermentation in stored fruit which lead to production of 

ethanol and acetaldehyde responsible for off-flavors in those fruits (Bender et al., 

2000a,b; Lalel and Singh, 2006; Yahia, 2009). The score for all organoleptic 

characteristics decreased as the storage period was extended. Maximum score for 

taste, texture, flavour, pulp colour and aroma was recorded in fruit removed after 

three weeks of storage, while minimum was recorded in fruit removed after six weeks 

of storage. The condition of fruit after nine weeks of storage was not good enough to 

present them for organoleptic evaluation.  
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Table 4.2.10. Effect of CA treatments and storage durations on bio-chemical attributes 

Treatments TSS Titratable Acidity (%) TSS:TA ratio Vit C (mg/100g)

Wk3 Wk6 Wk9 Mean Wk3 Wk6 Wk9 Mean Wk3 Wk6 Wk9 Mean Wk3 Wk6 Wk9 Mean 

T1 8.00o 10.3lm 8.3o 8.8E 0.44cd 0.24i-l 0.23i-m 0.30CD 18.2n 43.3e-i 36.1g-l 32.5E 103.8 68.3 26.7 66.2 

T2 14.3b-d 10.5k-m 11.4h-k 12.1BC 0.43d 0.26f-k 0.18l-n 0.29DE 32.8i-m 40.7f-j 61.9ab 45.2BC 40.0 40.8 50.7 43.8 

T3 15.1b 13.3c-f 11.6h-j 13.3A 0.61a 0.24i-l 0.20k-n 0.35AB 24.6l-n 55.7b-d 56.6b-d 45.6BC 54.7 50.7 39.7 48.4 

T4 8.5no 10.6j-l 8.3o 9.1E 0.29f-i 0.31fg 0.23i-m 0.28D-F 28.9j-n 33.7h-m 35.9g-l 32.8E 33.3 45.3 28.4 35.7 

T5 15.0b 12.3f-i 10.3lm 12.6B 0.28f-j 0.27f-j 0.18l-n 0.24FG 52.6b-e 44.8d-h 55.9b-d 51.1AB 26.7 55.1 28.7 36.8 

T6 13.0e-g 12.0g-i 9.5mn 11.5CD 0.50bc 0.32ef 0.17mn 0.33BC 25.8k-n 36.9g-k 57.0a-c 39.9CD 36.7 59.4 32.8 42.9 

T7 12.5f-h 11.3i-l 10.2lm 11.3D 0.27f-j 0.25g-l 0.15n 0.22G 45.7c-g 45.2c-h 68.7a 53.2A 58.7 37.3 44.2 46.7 

T8 14.37bc 13.67c-e 12.25f-i 13.43A 0.38de 0.24h-l 0.20k-n 0.27D-F 37.5g-k 56.07b-d 61.2ab 51.62AB 32.00 24.0 23.9 26.6 

T9 12.50f-h 10.50k-m 10.50k-m 11.16D 0.55ab 0.40d 0.20k-n 0.38A 23.1mn 26.38k-n 52.50b-f 33.99DE 45.33 50.6 28.4 41.4 

T10 16.29a 13.25d-f 11.25i-l 13.59A 0.31f-h 0.23i-m 0.22j-m 0.25E-G 52.9b-e 59.99ab 51.52b-f 54.82A 53.33 50.5 46.3 50.1 

12.95A 11.77B 10.36C 0.40A 0.27B 0.19C 34.2C 44.27B 53.74A 48.45 48.2 34.9  

Means not sharing similar letters are significantly different (P≤0.05); Wk: weeks 
T1= 8% CO2 &1.5%O2, T2= 2% CO2 &1.5%O2, T3= 3% CO2 &1.5%O2, T4= 8% CO2 & 3%O2, T5=2% CO2 & 3%O2, T6=0% CO2 & 1.5%O2, T7= 4% CO2 & 1.5%O2, T8= 0% CO2 & 21% O2, T9=0 % CO2 & 3%O2 and 
T10= 4% CO2 & 3% O2 
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Table 4.2.11. Effect of CA treatments and storage durations on organoleptic characteristics 

Treatments Taste Texture Aroma Flavour Pulp Colour 

Wk3 Wk6 Mean Wk3 Wk6 Mean Wk3 Wk6 Mean Wk3 Wk6 Mean Wk3 Wk6 Mean 

T1 4.46f 3.42gh 3.94F 4.63efg 3.22h 3.92F 5.75 4.53 5.13BC 5.35 4.19 4.76DE 5.30 4.51 4.90D 

T2 6.00cd 4.46f 5.23CD 6.00c 4.83ef 5.41CD 6.00 5.33 5.66AB 6.25 4.25 5.25BCD 5.88 4.75 5.31BCD 

T3 6.50bc 5.95cd 6.22B 6.87b 5.80cd 6.34B 6.25 4.33 5.29BC 6.25 4.72 5.48BC 6.50 5.18 5.83ABC 

T4 4.71ef 3.43gh 4.07F 5.09de 3.89gh 4.49E 4.78 3.89 4.33D 4.68 3.85 4.26E 4.22 4.07 4.14E 

T5 6.80ab 4.50f 5.65C 6.46bc 5.08de 5.77C 6.39 4.53 5.45BC 6.38 5.08 5.72AB 6.46 5.40 5.92AB 

T6 5.39de 3.36h 4.37EF 5.22de 4.77ef 4.99DE 5.64 4.50 5.07BC 5.56 4.04 4.80CDE 5.47 4.99 5.22CD 

T7 7.49a 6.53bc 7.01A 7.69a 6.78b 7.23A 7.24 5.11 6.17A 7.73 5.11 6.41A 7.36 5.38 6.36A 

T8 7.00ab 5.73cd 6.36B 6.95ab 5.75cd 6.35B 6.88 4.34 5.60AB 6.52 4.48 5.49BC 6.79 4.86 5.82ABC 

T9 5.68d 4.18fg 4.93DE 5.84cd 5.10de 5.47CD 5.69 4.53 5.10BC 5.30 4.47 4.88CDE 5.55 4.60 5.07D 

T10 5.82cd 4.41f 5.11CD 5.82cd 4.13fg 4.97DE 5.50 4.45 4.97C 5.84 4.72 5.27BCD 5.79 3.90 4.84D 

5.98A 4.59B 6.05A 4.93B 6.01A 4.55B 5.98A 4.49B 5.93A 4.76B 

Means not sharing similar letters are significantly different (P≤0.05); Wk: weeks 
T1= 8% CO2 &1.5%O2, T2= 2% CO2 &1.5%O2, T3= 3% CO2 &1.5%O2, T4= 8% CO2 & 3%O2, T5=2% CO2 & 3%O2, T6=0% CO2 & 1.5%O2, T7= 4% CO2 & 1.5%O2, T8= 0% CO2 & 21% O2, T9=0 % CO2 & 3%O2 and 
T10= 4% CO2 & 3% O2 
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4.2.2. CA storage conditions for mid season harvested mango cv. Sindhri (Year-

2010) 

 

The analysis of variance describing the effect of harvest maturity stages and CA 

treatment combinations regarding various physico-chemical parameters on stored 

Sindhri mangoes is shown in table 4.2.12. Regardless of CA treatment combination, 

late harvested Sindhri mangoes developed more colour than mid-season harvested 

mangoes. The interaction between harvest maturity stages i.e. mid-season harvest 

(MH) and late harvest (LH) and different CA treatments were also found to be 

statistically significant. Regardless of harvest maturity stages, different CA treatment 

combinations were also found to be statistically significant. Significantly higher 

colour development was observed in T10 (0% CO2 & 21% O2) which was at par with 

T6 (5% CO2 & 10%O2). Late harvested fruit exhibited more softness as compared to 

mid-season harvested fruit of Sindhri mangoes (Yahia, 2009). CA treatment 

combinations were also to be found significant and results showed that more firm fruit 

were observed in T9 (5% CO2 & 1.5%O2) while least firm fruit were found in  T8 (5% 

CO2 & 3%O2).The disease development was significantly higher in late harvested 

Sindhri mangoes as compared to mid-season harvested mangoes (Sommer, 1981; 

Gadgile et al., 2009b). The interaction between disease development, harvest maturity 

stages and CA treatment combinations was found to be significant. More disease 

incidence was found in T10 (0% CO2 & 21% O2) as compared to other treatments 

(Crane and Campbell, 1991).  

TSS/TA ratio was significantly higher in mid-season harvested Sindhri 

mangoes as compared to late harvested mangoes. Significantly higher TSS/TA ratio 

was recorded in T6 (5% CO2 & 10%O2) and T7 (5% CO2 & 5%O2). The interaction 

between TSS/TA ratio, harvest maturity stages and CA treatment combinations was 

also found to be significant. In case of marketable fruit percentage, significantly 

higher percentage of fruit was found in mid-season harvested mangoes as compared to 

late season harvested mangoes. The interaction was also significant while T9 (5% CO2 

& 1.5%O2) produced significantly higher percentage of marketable fruit.    
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Table 4.2.12. Effect of maturity levels and CA treatment combinations on physico-chemical parameters of mango cv. Sindhri 
 

Treatments 
 

Colour (score) Softness (score) Disease (score) TSS:TA ratio Marketable fruit (% age) 

MH LH Mean MH LH Mean MH LH Mean MH LH Mean MH LH Mean 

T1 2.74l 3.01h-k 2.88E 2.85fgh 3.03def 2.94DE 0.00e 0.18de 0.09D 61.9de 53.52ef 57.74DE 68.38bc 53.70efg 61.04BC 

T2 2.80l 3.10fg-j 2.95E 2.80gh 2.91e-h 2.86E 0.44b-e 0.29cde 0.37CD 40.89g 59.58de 50.23F 60.00cde 57.77def 58.88BCD 

T3 3.01ijk 3.15f-i 3.08D 2.83fgh 3.10cde 2.96CDE 0.16de 0.30cde 0.23CD 62.37de 48.09fg 55.23DEF 65.96cd 55.92ef 60.94BC 

T4 2.98jk 3.21d-g 3.09D 2.84fgh 3.09cde 2.96CDE 0.11de 0.46b-e 0.28CD 58.34de 45.18fg 51.76EF 67.19bcd 49.63fgh 58.41BCD 

T5 3.05ghijk 3.37b-d 3.21C 2.84fgh 3.26bc 3.05BCD 0.14de 0.75bc 0.45BC 64.71cd 47.55fg 56.13DEF 67.07bcd 46.29gh 56.68CD 

T6 3.33bcde 3.42b 3.38AB 2.86fgh 3.40ab 3.13AB 0.57bcd 0.92b 0.74B 78.20ab 75.38b 76.79A 66.22cd 40.74hi 53.485 D 

T7 3.26cdef 3.25c-f 3.25C 2.83fgh 3.22bcd 3.02BCD 0.14de 0.89b 0.52BC 74.62b 76.35ab 75.48A 67.86bc 45.55gh 56.70CD 

T8 3.19efg 3.41bc 3.30BC 2.96efg 3.47a 3.21A 0.07e 0.46b-e 0.27CD 73.14bc 61.86de 67.50B 76.19ab 52.59efg 64.39B 

T9 2.89kl 3.02h-k 2.96E 2.74h 2.96efg 2.85E 0.38cde 0.00e 0.19CD 85.27a 43.91g 64.5BC 78.30a 68.89abc 73.59A 

T10 3.18efgh 3.75a 3.46A 2.86fgh 3.33ab 3.09ABC 1.41a 0.91b 1.16A 57.54de 60.96de 59.25CD 49.47fgh 33.70i 41.58E 

Mean 3.04B 3.27A 2.84B 3.18A 0.34B 0.52A 65.07A 57.24B 66.66A 50.48B  
Means not sharing similar letters are significantly different (P≤0.05); MH: Mid-season Harvest, LH: Late Harvest 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 
0% CO2& 21% O2. 

 
Overall, mid-season harvested Sindhri mangoes showed better response in terms of more marketable fruit percentage with lower disease 

development. Moreover, mid-season harvested Sindhri mangoes stored in CA combinations retained their firmness and green colour as 

compared to late harvested Sindhri mangoes. The complete experimental details of CA stored mid-season harvested Sindhri mangoes are given 

below, while data of late harvested Sindhri mangoes are given in appendix VI.  
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4.2.2.1. Respiration rate 

The treatment combinations, storage durations and post shipment ripening 

stages significantly affected the respiration rate i.e. CO2 production (Table 4.2.13 and 

4.2.14). The fruit stored in T2 (10% CO2& 2%O2) had maximum respiration rate and 

was statistically at par with the respiration rate of fruit from T3 (5% CO2 & 2%O2), T7 

(5% CO2 & 5%O2,), T8 (5% CO2 & 3%O2) and T10 (0% CO2 & 21% O2). Minimum 

respiration rate was observed in fruit from T5 (0% CO2 & 2%O2) and T9 (5% CO2 & 

1.5%O2) which was statistically at par with CO2 production of fruit from T4 (2.5% 

CO2 & 2%O2), T6 (5% CO2 & 10%O2), T7 (5% CO2 & 5%O2), T8 (5% CO2 & 3%O2), 

T10 (0% CO2 & 21% O2) (Table 4.2.13). Rao and Rao (2008) observed respiratory 

peek in CA stored ‘Alphonoso’ and ‘Banganpalli’ mangoes at 20-21 days (3 weeks) 

storage. However, in cv. Sindhri in these studies, regardless of treatments, the 

respiratory peak was observed after 4 weeks under CA storage conditions. This 

difference in climacteric peak may be due to the difference in varietal response and 

conditions of storage. Moreover, the fruit at the time of removal from cold storage had 

minimum CO2 production. The respiration rate increased after ethylene exposure and 

the respiration rate was at its peak at final ripening day under post-storage ambient 

shelf (Table 4.2.14). All the interaction effects of treatment combinations, storage 

durations and post shipment ripening stages significantly affected the respiration rate 

except the overall interaction effect which was found non-significant in this regard. 

 

Table 4.2.13. Effect of CA treatments and storage durations on mean respiration rate 
(mmol kg-1h-1) of mid season harvested ‘Sindhri’ mangoes 

 Treatments Wk3 Wk4 Wk5  Means 
T1 2.20e-j 3.10b-f 1.59j 2.30C 
T2 2.55d-j 3.82ab 2.32d-j 2.90A 
T3 2.08g-j 4.39a 1.92h-j 2.79AB 
T4 1.83ij 3.32bcd 1.79ij 2.32BC 
T5 1.88ij 2.91b-h 1.62j 2.14C 
T6 2.06g-j 2.98b-g 1.85ij 2.30C 
T7 2.55d-j 3.14b-e 2.13f-j 2.60ABC 
T8 2.10f-j 3.58abc 1.90h-j 2.53ABC 
T9 1.98g-j 2.80c-i 1.64j 2.14C 
T10 2.25e-j 3.09b-f 2.01g-j 2.45ABC 

 Means 2.15B 3.31A 1.88C   
Means not sharing similar letters are significantly different (P≤0.05); Wk= weeks 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
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Table 4.2.14. Effect of CA treatments and ripening stages on respiration rate (mmol 
kg-1h-1) of mid season harvested ‘Sindhri’ mangoes 

Treatments At Removal After C2H2 At Final Day Means 
T1 1.49i 2.05e-i 3.34ab 2.30C 
T2 1.98e-i 3.29ab 3.42a 2.90A 
T3 2.13d-i 3.07a-cd 3.18a-c 2.79AB 
T4 1.73f-i 2.42a-i 2.80abcde 2.32BC 
T5 1.56hi 2.37b-i 2.48a-i 2.14C 
T6 1.76f-i 2.48a-i 2.65a-g 2.30C 
T7 2.05e-i 2.62a-g 3.15a-c 2.60ABC 
T8 2.18c-i 2.80a-e 2.60a-g 2.53ABC 
T9 1.68g-i 2.37b-i 2.37b-i 2.14C 
T10 2.09d-i 2.71a-f 2.55a-h 2.45ABC 

Means 1.87C 2.62B 2.85A 
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 

4.2.2.2. Peel colour development and textural softness 

The treatment combination significantly affected fruit peel colour 

development, and fruit textural softness (Table 4.2.15). The maximum score for peel 

colour development in stored mango was recorded in fruit from T6 (5% CO2 & 

10%O2) which was found at par with T7 (5% CO2 & 5%O2), T8 (5% CO2 & 3%O2) 

and T10 (0% CO2 & 21%O2). Minimum fruit peel colour development was observed in 

fruit from T1 (3% CO2 & 3% O2) which was found at par with T2 (10% CO2 & 2%O2) 

followed by T4 (2.5% CO2 & 2%O2) which was at par with T3 (5% CO2 & 2%O2), T5 

(0% CO2 & 2%O2) and T9 (5% CO2 & 1.5%O2). The treatment combinations had non-

significant effect on fruit textural softness. These findings clearly indicate that CA 

storage has significant role in peel colour development and there is need to optimize 

the gaseous combinations CA storage. 

The physical attributes (peel colour, textural softness) were also significantly affected 

by post ripening stages (at removal, after ethylene treatment and at final ripening 

day). It was observed that fruit colour development and textural softness increased 

with the extension in advancement of ripening process as shown in table 4.2.16 

(Knee, 1973; Thompson, 2010). The fruit removed after three weeks of storage got 

minimum score for colour development and textural softness. The fruit removed after 

four weeks of storage got maximum score for peel colour development and was found 

at par with fruit removed after five weeks of storage while more soft fruit were 

observed after five weeks of storage. The scores for peel colour development and 
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textural softness was found minimum at removal day and maximum at final ripening 

day. All the interaction effect of treatment combinations, storage durations and post 

shipment ripening stages significantly affected the fruit peel colour development and 

textural softness except for  the interaction effect of treatment combinations and post 

shipment ripening stages which had non-significant effect on fruit textural softness.  

 
4.2.15. Effect of CA treatments and storage durations on peel colour development and 
textural softness of mid season harvested ‘Sindhri’ mangoes 

Peel colour development Textural softness 
Treatments Wk3 Wk4 Wk5 Means Wk3 Wk4 Wk5 Means

T1 2.62lm 2.64klm 2.98f-k 2.75D 2.83b-e 2.83cde 2.72abc 2.85 
T2 2.78i-m 2.65klm 2.99e-k 2.81D 2.74b-e 2.74cde 2.72a-e 2.8 
T3 2.96f-l 2.96g-l 3.11d-i 3.01BC 2.81b-e 2.81de 2.68abc 2.83 
T4 2.74j-m 3.06e-j 3.15c-h 2.99C 2.76b-e 2.76cde 2.72ab 2.85 
T5 2.91g-l 2.93g-l 3.34c-e 3.06BC 2.72cde 2.72b-e 2.79abc 2.84 
T6 2.84h-m 3.41cd 3.76ab 3.34A 2.74b-e 2.74b-e 2.84abc 2.87 
T7 3.04e-j 3.26c-g 3.48bc 3.26A 2.67de 2.67b-e 2.83a-d 2.83 
T8 3.09d-j 3.17c-h 3.31c-f 3.19AB 2.67e 2.67a 3.25a-e 2.97 
T9 2.84h-m 2.74j-m 3.11d-i 2.9CD 2.68de 2.68e 2.66b-e 2.74 
T10 2.51m 3.19c-h 3.85a 3.18AB 2.76b-e 2.76a-d 2.99b-e 2.86 

Means 2.83C 3.00B 3.31A 2.74C 2.82B 2.98A 
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 
Table 4.2.16. Effect of CA treatments and post shipment ripening stages on peel 
colour development and textural softness of mid season harvested ‘Sindhri’ mangoes 

Peel Colour Development Textural Softness 

Treatmen
ts  

At 
removal 

After 
C2H2 

At 
ripening 

Day 
Means

At 
removal 

After 
C2H2 

At 
ripening 

day 
Means 

T1 1.31h 2.81f 4.13b 2.75d 1.80 2.74 4.02 2.85 
T2 1.28h 2.67f 4.47a 2.81d 1.71 2.66 4.03 2.8 
T3 1.36h 3.16cde 4.52a 3.01bc 1.85 2.63 4.02 2.83 
T4 1.47h 3.12de 4.37ab 2.99c 1.89 2.64 4.01 2.85 
T5 1.47h 3.16cde 4.55a 3.06bc 1.84 2.69 4.00 2.84 
T6 2.12g 3.47c 4.42ab 3.34a 1.92 2.69 4.00 2.87 
T7 1.85g 3.41cd 4.52a 3.26a 1.84 2.66 4.00 2.83 
T8 1.54h 3.4cd 4.64a 3.19ab 2.20 2.70 4.00 2.97 
T9 1.21h 2.93ef 4.56a 2.9cd 1.55 2.67 4.00 2.74 
T10 2.15g 3.24cde 4.16b 3.18ab 1.83 2.74 4.02 2.86 

Means 1.57C 3.14B 4.43A 1.84C 2.68B 4.01A 
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
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4.2.2.3. Disease development 
The maximum score for disease development was observed in fruit which 

were stored in normal air i.e. T10 (0% CO2& 21% O2) followed by T6 (5% CO2& 

10%O2) as shown in table 4.2.17 & 4.2.18. 
 

Table 4.2.17. Effect of CA treatments and storage durations on disease incidence (score) 
 Wk3 Wk4 Wk5 Means 

T1 0.00 0.00 0.00 0.00c 
T2 0.56 0.78 0.00 0.44bc 
T3 0.00 0.00 0.50 0.17bc 
T4 0.00 0.33 0.00 0.11bc 
T5 0.22 0.00 0.22 0.15bc 
T6 0.44 0.00 1.28 0.57b 
T7 0.22 0.00 0.22 0.15bc 
T8 0.00 0.22 0.00 0.07c 
T9 0.22 0.61 0.33 0.39bc 
T10 0.96 1.28 2.00 1.41a 

Means 0.26 0.32 0.46
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 

Minimum disease development was observed in fruit stored in T1 which was found at 

par with T2 (10% CO2& 2%O2), T3 (5% CO2& 2%O2), T4 (2.5% CO2& 2%O2), T5 

(0% CO2& 2%O2), T7 (5% CO2& 5%O2), T8 (5% CO2& 3%O2) and T9 (5% CO2& 

1.5%O2).This indicates that CA storage helps reduce disease development (SER, 

Anthracnose etc.) in mangoes. Significantly less disease development in CA stored 

mangoes with low O2 and higher CO2 indicates the potential of CA storage in reducing 

postharvest disease development as earlier suggested by Coates and Johnson (1997).  

Table 4.2.18. Effect of CA treatments and ripening stages on disease incidence 
 At removal After C2H2 At final ripening day Means 

T1 0.00d 0.00d 0.00d 0.00c 
T2 0.00d 0.00d 1.33b 0.44bc 
T3 0.00d 0.00d 0.5cd 0.17bc 
T4 0.00d 0.00d 0.33cd 0.11bc 
T5 0.00d 0.22cd 0.22cd 0.15bc 
T6 0.22cd 0.5cd 1.00bc 0.57b 
T7 0.22cd 0.00d 0.22cd 0.15bc 
T8 0.22cd 0.00d 0.00d 0.07c 
T9 0.00d 0.28cd 0.89bc 0.39bc 
T10 0.39cd 0.98bc 2.87a 1.41a 

Means 0.11b 0.2b 0.74a 
Means not sharing similar letters are significantly different (P≤0.05) 
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The disease development was observed to proceed with the increase in storage 

duration and ripening process (Table 4.2.19). The disease development was seen 

minimum in fruit removed after three weeks of storage and maximum after five weeks 

of storage. Similarly, the fruit exhibited less disease right after their removal from 

cold storage while disease incidence was more at final ripening day.  
 

4.2.2.4. Marketable fruit 

The marketable fruit percentage was significantly affected by treatment 

combination (Table 4.2.19).  

It was observed that fruit stored in controlled atmospheres storage had more 

marketable fruit percentage than the control ones i.e. fruit stored in normal cold 

storage. Maximum percentage of marketable fruit was recorded in fruit stored in T9 

(5% CO2& 1.5%O2), which was found at par with fruit from T8 (5% CO2& 3%O2). 

The fruit which were stored in T10 (0% CO2& 21%O2) got minimum percentage of 

marketable fruit. The storage durations had non-significantly affected the marketable 

fruit percentage.  
 

Table 4.2.19. Effect of CA treatments and storage durations on marketable fruit 
percentage of mid season harvested ‘Sindhri’ mangoes 
Treatments Wk3 Wk4 Wk5 Mean 

T1 82.55 65.00 57.59 68.38BC 
T2 73.55 60.49 45.96 60.00C 
T3 72.22 64.57 61.11 65.96C 
T4 77.78 57.14 66.67 67.19BC 
T5 66.67 66.67 67.89 67.07BC 
T6 70.64 66.93 61.11 66.22C 
T7 76.19 72.22 55.17 67.86BC 
T8 85.71 76.67 66.20 76.19AB 
T9 90.47 77.78 66.67 78.30A 
T10 66.67 42.86 38.89 49.47D 

Means 76.245 A 65.032 B 58.727 C  
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
 

4.2.2.5. Bio-chemical parameters 

The CA treatment combination significantly affected the bio-chemical 

attributes (TSS, acidity, TSS:TA ratio and Vitamin C)of mango fruit as shown in table 

4.2.20 & 4.2.21. It was observed that maximum TSS was recorded in fruit from T4 

(2.5% CO2 & 2%O2), which was found at par with fruit from T1 (3% CO2 & 3% O2), 

T3 (5% CO2& 2%O2), T4 (2.5% CO2& 2%O2), T5 (5% CO2& 2%O2), T6 (5% CO2 & 
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10%O2), T7 (5% CO2 & 5%O2), T8 (5% CO2 & 3%O2), T9 (5% CO2 & 1.5%O2) and 

T10 (0% CO2 & 21% O2), while minimum TSS was recorded in fruit from T2 (10% 

CO2  & 2%O2). Titratable acidity was found maximum in T5 (5% CO2 & 2%O2) which 

was found at par with T1 (3% CO2 & 3% O2), T2 (10% CO2 & 2%O2) and T4 (2.5% 

CO2 & 2%O2). Minimum acidity was found in fruit from T9 (5% CO2 & 1.5%O2) 

which was found at par with fruit from T6 (5% CO2 & 10%O2). The TSS: TA ratio 

was found higher in fruit from T9 (5% CO2 & 1.5%O2) which was found at par with 

fruit from T6 (5% CO2 & 10%O2). The same ratio was found minimum in fruit from 

T2 (10% CO2 & 2%O2). The vitamin C was found more in fruit from T2 (10% CO2 & 

2%O2) which was at par with fruit from T1 (3% CO2 & 3% O2), T3 (5% CO2 & 2%O2), 

T4 (2.5% CO2 & 2%O2), T6 (5% CO2 & 10%O2) and T7 (5% CO2 & 5%O2), while 

minimum vitamin C contents were found in T5 which was found at par with T1 (3% 

CO2 & 3% O2), T4 (2.5% CO2 & 2%O2), T6 (5% CO2 & 10%O2), T8 (5% CO2 & 

3%O2), T9 (5% CO2 & 1.5%O2) and T10 (0% CO2 & 21% O2).   

Significant change in fruit was observed from removal to ripening regarding 

bio-chemical attributes (TSS, acidity, TSS:TA ratio and Vitamin C). The TSS and 

TSS: TA ratio was found less along with high acidity and vitamin C contents at 

removal day, while increase in TSS and TSS:TA ratio was observed on ripening day 

contrary to vitamin C and acidity contents which decreased on the final ripening day 

(Ullah et al., 2010b).  

The treatment combination had a significant effect on total phenolics contents 

(Table 4.2.22). The fruit from T1 (3% CO2 & 3% O2) had maximum contents of total 

phenolics while minimum phenolics were found in fruit stored in T10 (0% CO2 & 21% 

O2).  The treatment combination had a non-significant effect on antioxidant contents 

of stored mango fruit of Sindhri variety (Table 4.2.22). It was observed that 

storage/storage durations had a significant effect on both antioxidants value and total 

phenolics (Kittur et al., 2001).  Maximum value of antioxidants were found in fruit 

removed from fifth week of storage while minimum was found in fruit removed after 

fourth week of storage which was found at par with fruit removed after third week of 

storage. However, fruit removed after third week of storage had more phenolics 

followed by fruit removed after fourth and fifth week of storage showing an inverse 

relationship of total phenolics with storage/storage durations. The interaction effect 

had a significant effect on antioxidant contents while non-significant effect on total 

phenolics (Table 4.2.22). 
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Table 4.2.20. Effect of CA treatments and storage durations on bio-chemical parameters of mid season harvested ‘Sindhri’ mangoes 

 
TSS (Brix) Acidity (%) TSS:TA ratio Vitamin C (mg/100g) 

 
Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean 

T1 13.4f-l 13.7e-l 15.4ab 14.1A 0.31g-i 0.18jk 0.71ab 0.43A 88.3bc 39.1k-n 58.5g-j 61.9D 112.9c-e 122.6b-e 99.9efg 111.8a-d 

T2 12.7l 12.8kl 13.3g-l 12.9B 0.15k 0.45ef 0.61bc 0.40AB 52.8g-l 32.5mn 37.4k-n 40.9E 126.9a-e 122.6b-e 116.1c-e 121.8a 

T3 14.7a-f 14.1c-j 13.0i-l 13.9A 0.24i-k 0.35f-h 0.49de 0.34C 98.4ab 40.2j-n 48.5h-n 62.4D 108.6c-f 119.3c-e 120.4c-e 116.1a-c 

T4 14.2b-j 14.8a-e 13.9c-l 14.3A 0.15k 0.38fg 0.66bc 0.41AB 87.3b-d 37.0k-n 50.6h-m 58.3D 98.9e-g 132.2a-d 112.9c-e 114.7a-d 

T5 13.5f-l 15.0a-c 13.9c-l 14.2A 0.16jk 0.41e-g 0.77a 0.44A 113.9a 35.8l-n 44.5i-n 64.7CD 63.4h 123.6b-e 112.9c-e 99.9d 

T6 14.2b-i 14.4a-h 13.5f-l 14.1A 0.14k 0.41e-g 0.26h-j 0.19E 92.7bc 64.8e-h 77.1c-f 78.2AB 82.8f-h 104.3d-f 151.6a 112.9a-d 

T7 14.3b-h 14.2b-i 14.0c-k 14.2A 0.15k 0.17jk 0.45ef 0.26D 82.6b-e 54.3g-k 86.9b-d 74.6BC 83.9f-h 126.9a-e 148.4ab 119.7ab 

T8 13.7e-l 15.0a-d 13.7d-l 14.1A 0.17jk 0.17jk 0.40e-g 0.26D 91.3bc 58.8f-i 69.4d-g 73.1BC 82.8f-h 117.2c-e 118.3c-e 106.1b-d 

T9 14.7a-f 14.5a-g 12.9j-l 14.1A 0.15k 0.24i-k 0.18jk 0.17E 85.2b-d 80.0b-e 90.6bc 85.3A 76.3gh 119.3c-e 123.6b-e 106.4b-d 

T10 15.5a 13.2h-l 13.7e-l 14.2A 0.17jk 0.16jk 0.58cd 0.36BC 83.3b-d 31.6n 57.68g-j 57.5D 61.3h 116.1c-e 133.3a-c 103.6cd 

 
14.1AB 14.2A 13.7B 

 
0.17C 0.51A 0.31B 

 
87.6A 47.4C 62.12B 

 
89.8B 120.4A 123.7A 

 
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 
0% CO2& 21% O2. 
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Table 4.2.21. Effect of CA treatments and post shipment ripening stages on bio-chemical parameters of mid season harvested ‘Sindhri’ mangoes 
TSS (Brix) Acidity (%) TSS:TA ratio Vitamin C (mg/100g) 

 At Removal At Ripening Mean At Removal At Ripening Mean At Removal At Ripening Mean At Removal At Ripening Mean 

T1 13.88 b-e 14.49 abc 14.18 A 0.69 a 0.18 e 0.42 A 41.52jk 82.38 a-d 61.95 D 120.42 103.22 111.82A-D 

T2 12.63 f 13.34 def 12.99 B 0.53 b 0.28 d 0.41 AB 32.90 k 48.88hij 40.89 E 127.59 116.12 121.85A 

T3 13.72 b-e 14.19 a-d 13.96 A 0.49 b 0.19 e 0.34 C 48.74hij 75.99 b-e 62.37 D 120.42 111.82 116.12A-C 

T4 14.08 a-e 14.62abc 14.35 A 0.62 a 0.20 de 0.41 AB 43.19jk 73.48 c-f 58.34 D 121.85 107.52 114.69A-D 

T5 14.07 a-e 14.26 a-d 14.16 A 0.68 a 0.22 de 0.45 A 60.99 e-h 68.42 d-g 64.71 CD 112.54 87.45 99.99D 

T6 13.99 a-e 14.14 a-d 14.07 A 0.24 de 0.16 e 0.20 E 68.87 d-g 87.54abc 78.20 AB 116.83 108.95 112.89A-D 

T7 14.13 a-d 14.23 a-d 14.18 A 0.37 c 0.16 e 0.27 D 58.82 f-i 90.43ab 74.62 BC 122.57 116.83 119.7AB 

T8 13.62 c-f 14.68 ab 14.15 A 0.37 c 0.16 e 0.27 D 56.10 g-j 90.19ab 73.15 BC 118.27 93.9 106.08B-D 

T9 13.12 ef 14.99 a 14.06 A 0.18 e 0.16 e 0.17 E 73.99cde 96.56a 85.28 A 118.98 93.9 106.44B-D 

T10 13.42 def 14.89 a 14.16 A 0.49 b 0.22 de 0.36 BC 44.88ijk 70.199 d-g 57.54 D 107.52 99.63 103.57CD 

13.67   B 14.38  A 0.47  A 0.19   B 53.003B 78.41A 118.7A 103.93B 

Means not sharing similar letters are significantly different (P≤0.05) 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 
0% CO2& 21% O2. 
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Table 4.2.22. Effect of CA treatments and storage durations on antioxidants (IC50 value) and total phenolics (mg/100 Gallic acid) of mid season 
harvested ‘Sindhri’ mangoes 

Antioxidants (IC50 value) Total phenolics (mg/100 Gallic acid) 

Treatments Wk3 Wk4 Wk5 Means Wk3 Wk4 Wk5 Means 

T1 249.89 b-f 295.51 a-f 401.19 a-f 315.53 79.53 107.83 108.86 98.74 A 

T2 354.56 a-f 84.97 f 432.07 a-e 290.53 79.59 61.62 71.62 80.18 B 

T3 112.16 ef 379.46 a-f 556.29 ab 349.30 90.47 53.17 88.56 77.40 BC 

T4 449.74 a-d 185.78 c-f 271.09 b-f 302.20 76.99 59.86 76.93 71.25 BC 

T5 529.78 ab 370.43 a-f 320.76 a-f 406.99 54.35 54.68 72.71 70.94 BC 

T6 256.36 b-f 428.07 a-e 417.23 a-e 367.22 84.8 49.47 74.29 70.32 BC 

T7 185.22 c-f 363.05 a-f 477.34 abc 341.87 97.65 51.68 91.22 70.07 BC 

T8 457.37 a-d 448.00 a-d 251.79 b-f 385.72 78.2 39.89 92.89 69.76 BC 

T9 111.39 ef 253.90 b-f 559.01 ab 308.10 70.14 62.26 76.89 69.51 BC 

T10 477.23 abc 143.59 def 607.54 a 409.46 64.14 71.8 74.29 60.58 C 

Means 318.37 B 295.28 B 429.43 A 82.82 A 77.58 A 61.22 B  

Means not sharing similar letters are significantly different (P≤0.05); Wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 
0% CO2& 21% O2. 
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4.2.2.6. Organoleptic parameters 

The treatment combination had significant effect on organoleptic 

characteristics (taste, texture, flavour, pulp colour and aroma) as shown in table 

4.2.23. Maximum score for taste was recorded in fruit stored in T9 (5% CO2 & 

1.5%O2) and minimum was observed in T2 (10% CO2 & 2%O2). The fruit stored in T1 

(3% CO2 & 3% O2) got maximum score for texture and were found at par with fruit 

stored in T3 (5% CO2 & 2%O2), T4 (2.5% CO2 & 2%O2), T5 (0% CO2 & 2%O2), T6 

(5% CO2 & 10%O2), T7 (5% CO2 & 5%O2) and T9 (5% CO2 & 1.5%O2). The fruit 

stored in T2 (10% CO2 & 2%O2) got minimum score for texture and were at par with 

fruit stored in T8 (5% CO2 & 3%O2) and T10 (0% CO2 & 21% O2). The score for fruit 

flavour was found higher in fruit stored in T1 (3% CO2 & 3% O2) which was found at 

par with T3 (5% CO2 & 2%O2), T4 (2.5% CO2 & 2%O2), T5 (0% CO2 & 2%O2), T7 

(5% CO2 & 5%O2) and T8 (5% CO2 & 3%O2) followed by T9 (5% CO2 & 1.5%O2). 

The fruit stored in T2 (10% CO2 & 2%O2) got minimum scores for flavour and were 

found at par with fruit stored in normal air i.e. T10 (0% CO2 & 21% O2). The fruit pulp 

colour was found maximum in fruit stored in T9 (5% CO2 & 1.5%O2) which was at 

par with fruit from T1 (3% CO2 & 3% O2) while minimum score for pulp colour was 

found in T2 (10% CO2 & 2%O2). The aroma of mango fruit stored in T3 (5% CO2 & 

2%O2) was found better and was found at par with fruit from T2 (10% CO2 & 2%O2), 

T5 (0% CO2 & 2%O2) and T7 (5% CO2 & 5%O2). The minimum score for fruit aroma 

was observed in fruit stored in T9 (5% CO2 & 1.5%O2) which was found at par with 

T1 (3% CO2 & 3% O2), T2 (10% CO2 & 2%O2), T4 (2.5% CO2 & 2%O2), T5 (0% CO2 

& 2%O2), T6 (5% CO2 & 10%O2), T7 (5% CO2 & 5%O2), T8 (5% CO2 & 3%O2) and 

T10 (0% CO2 & 21% O2).  

The storage durations also had significant effect on organoleptic 

characteristics in organoleptic score. A decreasing trend was observed as the storage 

period was increased (Wang, 1990; Thomposon, 2010). Maximum scores for all the 

organoleptic characteristics were observed in fruit removed after third week of storage 

and minimum was observed in fruit removed after fifth week of storage.  
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Table 4.2.23. Effect of CA treatments and storage durations on organoleptic parameters (score) of mid season harvested ‘Sindhri’ mangoes 

 
Taste Texture Flavour Pulp Colour Aroma 

 
Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean 

T1 6.0 6.5 5.2 5.9B 7.1ab 6.4b-g 5.2h-l 6.2A 5.5d-h 6.5a-f 6.2b-f 6.1A 6.9abc 6.5c-f 6.2-g 6.5AB 4.94 5.73 4.17 4.9B 

T2 5.1 4.5 3.8 4.5D 6.5a-f 6.1c-h 2.6n 5.0C 5.5c-h 4.6hi 3.2j 4.5E 5.5ghi 5.3hij 2.7l 4.5G 5.44 5.87 4.33 5.2AB 

T3 7.1 6.3 4.8 6.1B 7.3a 6.7a-d 4.7kl 6.2A 4.8ghi 6.7ab 6.5a-f 6.0AB 6.9abc 6.6b-f 5.0ij 6.2BCD 8.50 6.27 4.21 6.3A 

T4 5.8 5.2 4.5 5.2C 6.4a-f 6.7c-h 5.8d-i 6.1A 5.8b-g 5.8b-g 5.7 b-h 5.7ABC 6.5c-f 6.4c-f 5.9fgh 6.3BC 5.61 5.47 4.08 5.1B 

T5 6.2 5.3 4.3 5.3C 7.1ab 5.8d-i 5.5g-k 6.1A 5.8bc-g 6.6a-e 4.8ghi 5.7ABC 6.5bc-f 6.2d-g 5.5ghi 6.1CDE 5.56 6.37 4.58 5.5AB 

T6 6.3 5.7 4.8 5.6BC 6.7abc 5.6f-j 5.1i-l 5.8AB 6.6a-d 5.5e-h 3.9ij 5.3CD 6.8a-e 6.1efg 3.3kl 5.4F 6.11 5.47 3.75 5.1B 

T7 6.0 5.5 3.9 5.1C 6.7a-d 6.3b-g 4.5l 5.8AB 6.6a-d 6.2a-f 3.4j 5.4A-D 6.9a-d 6.4c-f 3.8k 5.7EF 6.39 5.80 3.42 5.2AB 

T8 6.5 6.1 5.2 5.93B 6.6a-e 6.0c-i 3.6m 5.4BC 6.5a-f 6.6a-e 5.0ghi 6.0A 6.6b-f 6.4c-f 4.6j 5.9DE 5.9 6.1 3.3 5.1 B 

T9 7.2 6.8 5.9 6.64A 7.1ab 6.3b-g 4.9jkl 6.1A 7.3a 5.7b-h 3.0j 5.4BCD 7.5a 6.6b-f 5.9fgh 6.7A 6.1 5.6 2.3 4.7B 

T10 6.9 5.9 4.5 5.79B 6.7a-d 5.7e-i 2.9mn 5.1C 6.6abc 5.4fgh 2.9j 4.9DE 7.2ab 6.2d-g 5.0ij 6.1BCD 6.9 4.8 3.2 4.9B 

Mean 6.3A 5.8 B 4.7 C Mean 6.8A 6.1B 4.5C Mean 6.1A 5.9A 4.5B Mean 6.7A 6.2B 4.8C Mean 6.1A 5.7 A 3.7 B 

Means not sharing similar letters are significantly different (P≤0.05); Wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 
0% CO2& 21% O2. 
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4.2.3. CA storage conditions for mango cv.  Sufaid Chaunsa (Year-2008) 

4.2.3.1. Weight loss 

The CA treatment combinations non-significantly affected the weight loss 

percentage of stored mango fruit (Table 4.2.24 & 25). However, storage durations and 

post shipment ripening stages significantly affected the weight loss percentage. 

Minimum weight loss was observed in fruit removed after five weeks of storage while 

maximum weight loss was observed in fruit removed after seven weeks of storage, 

which was at par with weight loss of fruit removed after six weeks of storage.  
 

Table 4.2.24. Effect of CA treatments and storage durations on weight loss percentage 
Treatments Wk5 Wk6 Wk7 Means 

T1 3.95b-e 6.26abc 6.86ab 5.69 
T2 3.89b-e 5.80a-d 7.83a 5.84 
T3 2.92de 4.87a-e 4.82a-e 4.20 
T4 3.08de 4.40b-e 4.89a-e 4.12 
T5 3.18c-e 4.90a-e 5.09a-e 4.39 
T6 3.23c-e 4.33b-e 5.01a-e 4.19 
T7 3.12de 4.79a-e 6.90ab 4.93 
T8 2.54e 4.17b-e 7.87a 4.86 
T9 3.15cde 4.61b-e 4.93a-e 4.23 
T10 2.46e 4.64b-e 4.13b-e 3.74 

Means 3.15B 4.88A 5.83A 
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 0% CO2 & 1% O2, T2=0% CO2 & 3% O2, T3 = 4% CO2 & 3%O2, T4 = 0% CO2& 1.5%O2, T5 = 2% CO2 & 1%O2, T6 = 2% CO2 

& 3%O2, T7= 0% CO2 & 21%O2, T8 = 4% CO2 & 1% O2, T9 = 2% CO2 & 1.5%O2, T10= 4% CO2 & 1.5% O2. 

 

Table 4.2.25. Effect of CA treatments and post shipment ripening stages on weight 
loss percentage 
Treatments At removal At ripening Means 

T1 6.59abc 4.79b-h 5.69 
T2 4.26c-h 7.42a 5.84 
T3 3.08e-h 5.33a-f 4.20 
T4 2.64gh 5.60a-e 4.12 
T5 2.98fgh 5.80a-d 4.39 
T6 3.30d-h 5.08a-g 4.19 
T7 2.73gh 7.14ab 4.93 
T8 2.80fgh 6.93ab 4.86 
T9 2.70gh 5.77a-d 4.23 
T10 2.30h 5.18a-g 3.74 

Means 3.34B 5.90A 
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 0% CO2 & 1% O2, T2=0% CO2 & 3% O2, T3 = 4% CO2 & 3%O2, T4 = 0% CO2& 1.5%O2, T5 = 2% CO2 & 1%O2, T6 = 2% CO2 

& 3%O2, T7= 0% CO2 & 21%O2, T8 = 4% CO2 & 1% O2, T9 = 2% CO2 & 1.5%O2, T10= 4% CO2 & 1.5% O2. 
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The weight loss increased along with advancement in ripening process (Table 4.2.26). 

The stored fruit experienced minimum weight loss at removal from cold store and 

weight loss was observed more at final ripening day (Ullah et al., 2010 a,b). The 

interaction effect of treatment combinations, storage durations and post shipment 

ripening stages non-significantly affected the weight loss percentage.  
 

4.2.3.2. Respiration rate 

The treatment combinations, storage durations and post shipment ripening 

stages significantly affected the respiration rate of stored mango fruit (Table 4.2.27). 

The fruit stored in T7 (0% CO2 & 21%O2) had maximum CO2 production which was 

at par with respiration rate of fruit stored in T2 (0% CO2 & 3% O2), T3 (4% CO2 & 

3%O2) and T8 (4% CO2 & 1% O2) while minimum CO2 production was observed in 

fruit stored in T10 (4% CO2 & 1.5% O2) and T1 (0% CO2 & 1% O2). The respiration 

rate was found to increase with the increase in storage duration and with the 

progression in ripening process. The respiration rate of fruit removed after seven 

weeks of storage was found maximum followed by six and five weeks respectively.  

Moreover, fruit at final ripening day had more CO2 production than the fruit at 

removal day from cold storage (Table 4.2.27) as earlier discussed by Lalel et al., 

2003. The interaction of storage durations with treatment combinations and post 

shipment ripening stages significantly affected the respiration rate while the 

interaction effect of treatment combination with post shipment ripening stages and 

combined interaction of treatment combinations, storage durations and post shipment 

ripening stages remained non-significant. 

Table 4.2.26. Effect of CA treatments and storage durations on mean respiration rate 
(mmol kg-1h-1) 
Treatments Wk5 Wk6 Wk7 Means 

T1 0.95h-k 1.15ghi 0.63k 0.91E 
T2 1.18fghi 1.86a 1.16f-i 1.40ABC 
T3 1.28d-h 1.66a-d 1.39b-g 1.44AB 
T4 1.41b-fg 1.73ab 0.68jk 1.27BCD 
T5 1.19fghi 1.59a-e 0.97h-k 1.25BCD 
T6 1.37b-g 1.29d-h 0.98h-k 1.21CD 
T7 1.54a-f 1.69abc 1.32c-h 1.51A 
T8 1.39b-g 1.03g-j 1.80a 1.41ABC 
T9 1.16fghi 1.16fghi 1.14ghi 1.15D 
T10 0.87ijk 1.24e-i 0.67jk 0.92E 

Means 1.23B 1.44A 1.07C 
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
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Table 4.2.27. Effect of CA treatments and post shipment ripening stages on 
respiration rate (mmol kg-1h-1) 
Treatments At removal At ripening Means 

T1 0.88ij 0.95ghi 0.91E 
T2 1.27b-h 1.42a-f 1.40ABC 
T3 1.27b-h 1.48a-e 1.44AB 
T4 1.10e-i 1.30b-g 1.27BCD 
T5 1.06f-i 1.28b-h 1.25BCD 
T6 1.12d-i 1.24b-i 1.21CD 
T7 1.48a-e 1.54abc 1.51A 
T8 1.07f-i 1.44a-f 1.41ABC 
T9 0.91hi 1.17c-i 1.15D 
T10 0.51j 0.94ghi 0.92E 

Means 1.07C 1.27B 
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 0% CO2 & 1% O2, T2=0% CO2 & 3% O2, T3 = 4% CO2 & 3%O2, T4 = 0% CO2& 1.5%O2, T5 = 2% CO2 & 1%O2, T6 = 2% CO2 

& 3%O2, T7= 0% CO2 & 21%O2, T8 = 4% CO2 & 1% O2, T9 = 2% CO2 & 1.5%O2, T10= 4% CO2 & 1.5% O2. 

 

4.2.3.3. Colour development 

The CA treatment combinations, storage durations and ripening stages 

significantly affected the peel colour development and textural softness (Table 4.2.28 

and 4.2.29). The score for mango fruit peel colour development was found maximum 

in fruit stored in T7 (0% CO2& 21%O2) which was found at par with T1 (0% CO2& 

1% O2), T2 (0% CO2& 3% O2), T3 (4% CO2& 3%O2), T4 (0% CO2& 1.5%O2) and T9 

(2% CO2&1.5%O2) while minimum colour development was observed in fruit from 

T5(2% CO2&1%O2),which was at par with T6 (2% CO2& 3%O2), T8 (4% CO2&1% 

O2) and T10 (4% CO2& 1.5% O2). The fruit textural softness was also found more in 

fruit from T7 (0% CO2& 21%O2), which was found at par with fruit from T3 (4% 

CO2& 3%O2), T5 (2% CO2&1%O2) and T6 (2% CO2& 3%O2). More firm fruit were 

observed in T8 (4% CO2&1% O2) and T10 (4% CO2& 1.5% O2) which were at par 

with T1 (0% CO2& 1%), T2 (0% CO2& 3% O2), T4 (0% CO2& 1.5%O2), T5 (2% 

CO2&1%O2) and T9 (2% CO2&1.5%O2). The fruit developed better colour and lost 

their firmness as the storage durations were increased. A lower score for peel colour 

development and textural softness was observed in fruit removed after five weeks of 

storage followed by fruit removed after six and seven weeks of storage which got 

maximum colour development and least firm fruit. The stored fruit were found to 

develop more colour with decreased firmness as the fruit passed through different post 

shipment ripening stages. Fruit were greener and more firm at removal from cold 

storage, while at final ripening day the green colour was lost and fruit were eating sof 
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(Yahia, 2009). The interaction between treatment combinations, storage durations and 

ripening stages was also significant regarding peel colour development of stored 

Sufaid Chaunsa mangoes whereas it remained non-significant for textural softness.  
 

Table 4.2.28. Effect of CA treatments and storage durations on fruit peel colour 
development and textual softness (score) 

Colour development Textural softness 
Treatments Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means 

T1 3.08g-l 3.15fg-k 3.47b-f 3.23A-D 2.69 2.72 3.11 2.84BCD
T2 2.78l-o 3.37b-g 3.84a 3.33A 2.50 2.72 3.16 2.79CD 
T3 3.00h-l 3.31d-i 3.62a-e 3.31AB 2.50 2.94 3.38 2.94AB 
T4 2.81k-o 3.34c-h 3.69abc 3.28ABC 2.47 2.72 3.10 2.76D 
T5 2.11q 2.91j-n 3.72ab 2.91E 2.53 2.94 3.10 2.85A-D 
T6 2.41pq 3.25f-j 3.69abc 3.11B-E 2.71 2.82 3.22 2.91ABC
T7 2.98i-m 3.50a-f 3.65a-d 3.38A 2.68 3.00 3.25 2.97A 
T8 2.58nop 3.25f-j 3.47b-f 3.10CDE 2.49 2.60 3.19 2.75D 
T9 2.63m-p 3.28e-i 3.62a-e 3.18A-D 2.50 2.66 3.19 2.78D 
T10 2.50op 3.28e-i 3.37b-g 3.05DE 2.52 2.63 3.13 2.75D 

Means 2.69C 3.26B 3.61A 2.55C 2.77B 3.18A  
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 0% CO2 & 1% O2, T2=0% CO2 & 3% O2, T3 = 4% CO2 & 3%O2, T4 = 0% CO2& 1.5%O2, T5 = 2% CO2 & 1%O2, T6 = 2% CO2 

& 3%O2, T7= 0% CO2 & 21%O2, T8 = 4% CO2 & 1% O2, T9 = 2% CO2 & 1.5%O2, T10= 4% CO2 & 1.5% O2. 

 
Table 4.2.29. Effect of CA treatments and post shipment ripening stages on fruit peel 
colour development and textual softness (score) 

Colour Development Textural Softness 

Treatments 
At  

Removal 
At  

Ripening Means 
At  

removal 
At 

ripening Means 
T1 1.68i 4.79a 3.23A-D 1.51 4.17 2.84BCD 
T2 2.04fgh 4.62abc 3.33A 1.52 4.06 2.79CD 
T3 2.21f 4.41bcd 3.31AB 1.82 4.07 2.94AB 
T4 1.83ghi 4.73a 3.28ABC 1.48 4.05 2.76D 
T5 1.83ghi 3.99e 2.91E 1.63 4.09 2.85A-D 
T6 1.87ghi 4.35cd 3.11B-E 1.64 4.19 2.91ABC 
T7 2.10fg 4.65ab 3.38A 1.76 4.19 2.97A 
T8 1.78hi 4.42bcd 3.10CDE 1.49 4.02 2.75D 
T9 1.73i 4.62abc 3.18A-D 1.50 4.06 2.78D 
T10 1.94f-i 4.17de 3.05DE 1.48 4.03 2.75D 

Means 1.90B 4.47A 1.58B    4.09A  
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 0% CO2 & 1% O2, T2=0% CO2 & 3% O2, T3 = 4% CO2 & 3%O2, T4 = 0% CO2& 1.5%O2, T5 = 2% CO2 & 1%O2, T6 = 2% CO2 

& 3%O2, T7= 0% CO2 & 21%O2, T8 = 4% CO2 & 1% O2, T9 = 2% CO2 & 1.5%O2, T10= 4% CO2 & 1.5% O2. 
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4.2.3.4. Disease incidence 

The treatment combinations, storage durations and post shipment ripening 

stages significantly affected the disease development in stored mango fruit (Table 

4.2.30 and 4.2.31). The disease development was found to be higher in fruit from T7 

(0% CO2 & 21%O2), which was at par with T2 (0% CO2 & 3% O2), T3 (4% CO2 & 

3%O2) and T9 (2% CO2 & 1.5%O2) while minimum disease development was 

observed in fruit from T4 (0% CO2 & 1.5%O2),which was at par with T8 (4% CO2 & 

1% O2).The disease development was found to increase with an increase in storage 

durations/storage periods. It was found maximum in fruit removed after seven weeks 

of storage followed by six and five weeks respectively. It was also observed that as 

the ripening progresses, disease development also proceeds (Table 4.2.32). The 

disease development was found minimum at removal day, while the disease increased 

till the final day of ripening (Yahia, 2006). The interaction effect of treatment 

combinations, storage durations and post shipment ripening was found non-significant 

in this regard.  

 

Table 4.2.30. Effect of CA treatments and storage durations on disease development 
Treatments Wk5 Wk6 Wk7 Means 

T1 2.15efg 2.69a-e 2.00fgh 2.28C 
T2 2.91abc 2.34c-f 2.87a-d 2.71AB 
T3 2.50bc-f 2.42b-f 3.24a 2.72AB 
T4 1.27i 1.25i 2.75a-e 1.75E 
T5 1.42hi 2.85a-d 2.65a-e 2.31C 
T6 1.56ghi 2.71a-e 3.02ab 2.43BC 
T7 2.59b-f 2.62b-e 3.24a 2.81A 
T8 1.22i 2.22ef 2.23ef 1.89DE 
T9 2.50b-f 2.31def 2.71a-e 2.51ABC 
T10 1.23i 2.34c-f 2.94ab 2.17CD 

Means 1.93C 2.37B 2.76A 
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 0% CO2 & 1% O2, T2=0% CO2 & 3% O2, T3 = 4% CO2 & 3%O2, T4 = 0% CO2& 1.5%O2, T5 = 2% CO2 & 1%O2, T6 = 2% CO2 

& 3%O2, T7= 0% CO2 & 21%O2, T8 = 4% CO2 & 1% O2, T9 = 2% CO2 & 1.5%O2, T10= 4% CO2 & 1.5% O2. 

 

4.2.3.5. Marketable fruit percentage 

The treatment combinations had non-significant effect on fruit marketability 

while storage/storage durations had significant effect on marketable fruit percentage 

(Table 4.2.32). The maximum percentage of marketable fruit were obtained in 

removal after five weeks and minimum after seven weeks which was at par with the 
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marketable fruit percentage of fruit removed after six weeks of storage (anonymous, 

2011). Moreover, the interaction effect of treatment combinations and storage 

durations was non-significant in terms of the marketable fruit percentage 

 

Table 4.2.31. Effect of CA treatments and post shipment ripening stages on disease 
development 

Treatments At Removal At Ripening Means 
T1 1.34fg 3.23ab 3.23AB 
T2 2.31cd 3.11ab 3.11AB 
T3 2.34cd 3.10ab 3.10AB 
T4 0.76h 2.75bc 2.75BC 
T5 1.44fg 3.18ab 3.18AB 
T6 1.63ef 3.23ab 3.23AB 
T7 2.26d 3.37a 3.37A 
T8 1.00gh 2.78bc 2.78BC 
T9 2.03de 2.98ab 2.98AB 
T10 1.41fg 2.93ab 2.93AB 

Means 1.65A 3.06B 
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 0% CO2 & 1% O2, T2=0% CO2 & 3% O2, T3 = 4% CO2 & 3%O2, T4 = 0% CO2& 1.5%O2, T5 = 2% CO2 & 1%O2, T6 = 2% CO2 

& 3%O2, T7= 0% CO2 & 21%O2, T8 = 4% CO2 & 1% O2, T9 = 2% CO2 & 1.5%O2, T10= 4% CO2 & 1.5% O2. 

 

Table 4.2.32. Effect of CA treatments and storage durations on marketable fruit 
percentage 
Treatments Wk5 Wk6 Wk7 Means 

T1 31.25 37.50 25.00 31.25 
T2 25.00 18.75 12.50 18.75 
T3 31.25 12.50 0.00 14.58 
T4 37.50 37.50 18.75 31.25 
T5 56.25 18.75 12.50 29.17 
T6 56.25 25.00 18.75 33.33 
T7 43.75 6.25 6.25 18.75 
T8 25.00 25.00 25.00 25.00 
T9 68.75 31.25 18.75 39.58 
T10 62.50 25.00 37.50 41.67 

Means 43.75A 23.75B 17.50B 
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 0% CO2 & 1% O2, T2=0% CO2 & 3% O2, T3 = 4% CO2 & 3%O2, T4 = 0% CO2& 1.5%O2, T5 = 2% CO2 & 1%O2, T6 = 2% CO2 

& 3%O2, T7= 0% CO2 & 21%O2, T8 = 4% CO2 & 1% O2, T9 = 2% CO2 & 1.5%O2, T10= 4% CO2 & 1.5% O2. 

 

4.2.3.6. Bio-chemical parameters 

The CA treatment combinations showed non-significant effect on bio-

chemical characteristics (TSS, acidity, TSS:TA ratio), except vitamin C  of stored 

mango fruit (Table 4.2.33). The vitamin C was found maximum in fruit from T3 (4% 
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CO2 & 3%O2), while minimum was found to be in T1 (0% CO2 & 1% O2) and T4 (0% 

CO2 & 1.5%O2) which was found at par with T2 (0% CO2& 3% O2), T5 (2% CO2 & 

1%O2), T6 (2% CO2 & 3%O2), T7 (0% CO2 & 21%O2), T8 (4% CO2 & 1% O2), T9 (2% 

CO2 & 1.5%O2) and T10 (4% CO2 & 1.5% O2). The significant difference was 

recorded in all fruit bio-chemical attributes except TSS:TA ratio (Table 4.2.34). TSS 

was found maximum in fruit removed after six weeks of storage and minimum after 

seven weeks of storage which was found at par with the TSS of fruit removed after 

five weeks of storage (Batu, 1995). The acidity contents were found maximum in fruit 

removed after six weeks of storage and were at par with acidity of fruit removed after 

five weeks of storage while minimum acidity contents were found in fruit removed 

after seven weeks of storage and were at par with acidity contents of fruit removed 

after five weeks of storage (Hafeez et al., 2012). The vitamin C contents were found 

to decrease as the storage period was increased. Maximum contents of vitamin C was 

found in fruit removed from five weeks of storage which was at par with the vitamin 

C contents of fruit removed after six weeks of storage while minimum contents of 

vitamin C was found in fruit removed after seven weeks of storage (Kittur et al., 

2001).  The interaction effect of treatment combinations and storage durations non-

significantly affected the bio-chemical attributes.  

 

4.2.3.7. Organoleptic parameters 

The CA combinations non-significantly affected all the organoleptic 

parameters (taste, texture, flavour, pulp colour and aroma) as shown in table 4.2.34. 

The storage durations significantly affected the organoleptic characteristics. An 

increasing trend was observed regarding the score for organoleptic parameters along 

with increase in storage/storage duration (Bender et al., 200 a,b). Minimum score for 

all the organoleptic parameters was observed in fruit removed after five weeks of 

storage and maximum score after seven weeks of storage. The interaction effect of 

treatment combinations and storage durations non-significantly affected the 

organoleptic characteristics. 
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Table 4.2.33. Effect of CA treatments and storage durations on bio-chemical attributes 
 TSS (Brix) Titratable acidity (%) TSS/TA Vit C (mg/100g) 

Treatment Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means 
T1 21.8 20.5 21.5 21.3 0.63 0.54 0.53 0.57 36.1 37.65 41.23 38.32 28.12c-f 53.32a 19.35ef 19.35EF 
T2 21.1 22.7 20.7 21.5 0.48 0.57 0.48 0.51 44.1 40.07 43.81 42.65 18.75f 36.66bc 22.57def 22.57DEF 
T3 20.0 21.8 20.1 20.6 0.49 0.49 0.45 0.47 41.1 44.71 45.07 43.63 31.25b-e 33.33bcd 54.83a 54.83A 
T4 21.4 22.7 19.5 21.2 0.51 0.52 0.52 0.52 42.5 43.51 37.38 41.14 31.25b-e 33.33bcd 19.35ef 19.35EF 
T5 21.3 22.2 18.5 20.7 0.50 0.50 0.43 0.47 43.0 44.61 45.52 44.39 34.37bcd 26.66c-f 25.80c-f 25.80C-F 
T6 20.2 20.8 19.9 20.3 0.52 0.53 0.43 0.49 40.1 40.21 47.23 42.50 37.50bc 20.00ef 29.03b-f 29.03B-F 
T7 22.6 21.1 20.7 21.5 0.47 0.63 0.48 0.53 48.96 34.65 43.38 42.33 40.62b 23.33def 22.57def 22.57DEF 
T8 21.0 22.6 21.7 21.8 0.58 0.56 0.53 0.55 36.67 40.82 41.26 39.58 37.50bc 23.33def 25.80c-f 25.80C-F 
T9 20.3 20.5 20.6 20.5 0.45 0.50 0.47 0.47 44.99 41.13 44.42 43.51 31.25b-e 26.66c-f 22.57def 22.57DEF 
T10 19.7 23.7 20.6 21.3 0.44 0.58 0.59 0.54 44.94 41.57 35.35 40.62 40.62b 30.00b-f 25.80c-f 25.80C-F 

Means 
20.94B 21.86A 

20.40B 
0.50 
AB 

0.54A 
0.48B  

42.24 
40.89 

42.46 
 

33.12A 30.66A 
26.77B  

 

Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 0% CO2 & 1% O2, T2=0% CO2 & 3% O2, T3 = 4% CO2 & 3%O2, T4 = 0% CO2& 1.5%O2, T5 = 2% CO2 & 1%O2, T6 = 2% CO2 & 3%O2, T7= 0% CO2 & 21%O2, T8 = 4% CO2 & 1% O2, T9 = 2% CO2 

& 1.5%O2, T10= 4% CO2 & 1.5% O2. 
 

Table 4.2.34. Effect of treatment combinations and storage durations on organoleptic characteristics 
 Taste Texture Flavour Pulp Colour Aroma 

Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means 
T1 6.20 6.50 7.90 6.90 6.00 7.20 7.00 6.80 6.20 6.50 7.30 6.70 5.8 7.2 7.4 6.8 6.0 6.0 7.2 6.4 
T2 6.10 6.70 7.70 6.80 6.60 7.50 7.20 7.10 6.20 6.70 7.80 6.90 6.1 6.0 7.5 6.5 6.1 6.7 7.2 6.7 
T3 6.30 7.00 7.50 6.90 6.40 6.50 7.90 6.90 6.30 7.00 7.50 6.90 9.7 6.2 7.9 7.9 6.1 6.2 6.9 6.4 
T4 6.70 6.60 7.30 6.90 6.30 7.40 6.90 6.90 6.50 6.60 7.30 6.80 6.2 6.6 6.8 6.5 5.9 6.4 6.4 6.2 
T5 6.90 7.00 7.50 7.20 6.80 6.50 7.00 6.80 6.40 7.00 7.50 6.90 6.5 6.2 7.7 6.8 6.2 6.2 7.2 6.6 
T6 7.20 7.20 7.20 7.20 6.40 7.50 7.00 6.90 6.80 7.20 7.20 7.10 6.6 7.5 6.7 6.9 6.3 7.7 7.0 7.0 
T7 6.40 7.10 7.50 7.00 6.10 7.00 6.90 6.70 6.10 7.10 7.10 6.80 6.2 6.9 7.6 6.9 6.2 6.9 7.1 6.7 
T8 6.70 7.20 7.20 7.10 6.60 7.50 8.00 7.40 6.60 7.20 7.00 6.90 6.6 7.5 8.0 7.4 6.0 7.7 6.7 6.8 
T9 6.60 7.10 7.40 7.00 6.60 7.00 7.00 6.90 6.60 7.10 7.40 7.10 6.4 6.9 7.2 6.8 6.3 7.0 7.1 6.8 
T10 6.20 7.10 7.70 7.00 6.00 7.00 7.70 6.90 5.90 7.10 8.00 7.00 6.3 6.9 7.7 6.9 5.7 7.0 7.0 6.6 

Means 6.500C 6.90B 7.50A 6.40B 7.10A 7.30A  6.40C 6.90B 7.40A  6.6B 6.8AB 7.5A  6.1B 6.8A 6.9A  
Means not sharing similar letters are significantly different (P≤0.05); wk: week
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4.2.4. CA storage conditions for mid season harvested mango cv.  Sufaid Chaunsa 

(2010) 

 

Significant variation was found regarding physico-chemcial characters of mango cv. Sufaid 

Chaunsa. In case of peel colour, regardless of CA treatment combinations, significantly 

higher colour was developed in late harvested Sufaid Chaunsa mangoes as compared to mid-

season harvested mangoes (Table 4.2.35). The interaction was found non-significant. 

Maximum fruit colour was developed in T10 (0% CO2 & 21% O2) as compared to other CA 

treatments. Fruit softness was non-significantly affected in mid and late harvested mangoes 

and likewise in CA treatment combinations and interaction.   The disease development was 

significantly higher in late harvested mangoes as compared to mid-season harvested mangoes 

(Jeffries et al., 1990; Anonymous, 2011). The interaction was found non-significant. 

Minimum disease development was observed in T3 (4% CO2 & 3%O2), T8 (4% CO2 & 1% 

O2) and T9 (2% CO2 & 1.5%O2) while, maximum disease incidence were observed in T10 

(0% CO2 & 21% O2). TSS/TA ratio was non-significantly affected by harvest maturity types 

and CA treatment combinations. 
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Table 4.2.35. Effect of maturity levels and CA treatment combinations on physico-chemical parameters of mango cv. Sufaid Chaunsa 
 

Treatments 

Colour Softness Disease TSS:TA ratio Marketable fruit &% age 

MH LH Mean MH LH Mean MH LH Mean MH LH Mean MH LH Mean 

T1 2.83 2.98gh 2.90C 2.56 2.62 2.59 1.17 2.27 1.72BCD 61.95 32.05 47.00 66.66 38.88 52.77A 

T2 2.16 2.40k 2.28D 1.56 3.51 2.53 1.31 1.83 1.57CDE 53.83 33.35 43.59 46.29 33.33 39.81A 

T3 2.81  3.03 2.92C 2.72 2.57 2.64 1.03 1.74 1.38E 62.37 33.61 47.99 66.66 38.88 52.77A 

T4 2.89  3.04 2.97C 2.38 2.54 2.46 1.45 1.89 1.67CDE 59.20 35.50 47.35 62.96 38.88 50.92A 

T5 3.02 3.19 3.10B 2.61 2.66 2.63 1.27 1.82 1.55DE 64.71 33.66 49.18 74.07 31.48d 52.77A 

T6 3.09 3.27 3.18B 2.86 2.98 2.92 1.84 2.21 2.02AB 78.20 37.92 58.06 40.74 42.59 41.66A 

T7 3.06 3.16 3.11B 2.69 2.81 2.75 1.60 2.16 1.88ABC 60.17 41.29 50.73 48.14 38.89 43.51A 

T8 2.97 3.24 3.10B 2.62 2.72 2.67 1.21 1.83 1.52DE 73.14 34.39 53.77 64.81 42.59 53.70A 

T9 2.82 3.14 2.98C 2.54 2.58 2.56 1.38 1.87 1.63CDE 74.62 33.37 53.99 62.96 37.03 50.00A 

T10 3.49 3.88 3.69A 2.90 3.06 2.98 1.70 2.47 2.09A 57.54 30.29 43.91 29.62 14.81 22.22B 

2.91B 3.13A 2.54 2.80 1.40B 2.01A 64.45 51.62 52.26A 35.74B 
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 
1.5%O2 and T10= 0% CO2& 21% O2. 

 

Overall, mid-season harvested Sufaid Chaunsa mangoes showed better response in terms of more marketable fruit percentage with 

lower disease development. Moreover, mid-season harvested Sufaid Chaunsa mangoes stored in CA combinations retained their 

firmness and green colour as compared to late harvested Sufaid Chaunsa mangoes. The complete experimental details of CA stored 

mid-season harvested Sufaid Chaunsa mangoes are given below, while data of late harvested Sufaid Chaunsa mangoes are given in 

appendix VII.  
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4.2.4.1. Respiration rate 

Significant effect of storage durations and post shipment ripening stages was 

observed on respiration rate i.e. CO2 production (Table 4.2.36 and 4.2.37). However, CA 

combinations had a non-significant effect in this regard (Table 4.2.38). The respiration rate 

was found to increase with an increase in storage duration showing a direct relationship. The 

CO2 production was minimum in fruit removed after three weeks of storage and was 

maximum in fruit removed after five weeks of storage.  
 

Table 4.2.36. Effect of CA treatments and storage durations on mean respiration rate (mmkg-

1h-1) of mid season harvested ‘Sufaid Chaunsa’ mangoes 
Treatments Wk3 Wk4 Wk5 Means 

T1 2.20c-j 1.57hij 2.29b-i 2.02 
T2 2.03c-j 2.08c-j 2.63a-e 2.25 
T3 1.49ij 1.94d-j 2.55a-f 2.00 
T4 1.33j 1.94d-j 2.08c-j 1.79 
T5 1.46ij 3.17a 2.20c-j 2.28 
T6 1.79e-j 1.84e-j 2.39a-h 2.01 
T7 1.96c-j 1.56hij 2.44a-g 1.99 
T8 1.61g-j 2.74a-d 2.65a-e 2.33 
T9 1.43ij 1.96c-j 2.82abc 2.07 
T10 1.63g-j 1.72f-j 3.09ab 2.15 

Means 1.69C 2.05B              2.51A 
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, 
T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
 

The CO2 production was found to fluctuate significantly along with the advancement in 

ripening process (Table 4.2.36). The respiration rate of stored mango fruit was found to be 

maximum after their removal from cold storage. The respiration rate of fruit after ethylene 

exposure and at final ripening day and was less as compared to respiration rate of stored 

mango fruit at removal (Hafeez et al., 2012). All the interaction effect of treatment 

combinations, storage durations and post shipment ripening stages significantly affected the 

respiration rate except the interaction effect of treatment combinations and post shipment 

ripening stages and three interaction effects of treatment combinations, storage durations and 

post shipment ripening stages.  
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Table 4.2.37. Effect of CA treatments and post shipment ripening stages on respiration rate 
(mmkg-1h-1) of mid season harvested ‘Sufaid Chaunsa’ mangoes 
Treatments At removal After ethylene exposure At final ripening day Means 

T1 2.79abc 1.80efg 1.46g 2.02 
T2 2.70a-d 1.72efg 2.32b-g 2.25 
T3 2.28c-g 1.87d-g 1.84d-g 2.00 
T4 1.94c-g 1.54g 1.88d-g 1.79 
T5 3.56a 1.50g 1.78efg 2.28 
T6 2.58b-e 1.54g 1.90d-g 2.01 
T7 2.50b-f 1.52g 1.94c-g 1.99 
T8 2.89ab 2.19b-g 1.93c-g 2.33 
T9 2.49b-f 2.02b-g 1.69fg 2.07 
T10 2.86ab 1.83d-g 1.76efg 2.15 

Means 2.66A 1.75B 1.85B  
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, 

T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 

4.2.4.2. Colour development and textural softness 

The treatment combination, storage durations and post shipment ripening stages 

significantly affected the fruit peel colour development and textural softness of stored mango 

(Table 4.2.38, 4.2.39, 4.2.40 and 4.2.41). The fruit stored in normal air combinations got 

maximum score for colour development and fruit textural softness, while minimum score for 

peel colour development was observed in T3 (5% CO2 & 2%O2) which was at par with T1 

(3% CO2 & 3% O2), T4 (2.5% CO2 & 2%O2) and T9 (5% CO2 & 1.5%O2). The minimum 

score for fruit textural softness was observed in fruit stored in T4 (2.5% CO2 & 2%O2) 

followed by T9 (5% CO2 & 1.5%O2) which was at par with T1 (3% CO2 & 3% O2), T5 (0% 

CO2 & 2%O2), T7 (5% CO2 & 5%O2) and T8 (5% CO2 & 3%O2).  

The fruit peel colour development and fruit textural softness increased as the storage 

duration was increased. The fruit removed after five weeks of storage got more score for peel 

colour development and textural softness while minimum score was observed in fruit 

removed after three weeks of storage. Moreover, an increase in yellow colour and softness of 

mango fruit was seen as the ripening process progressed (Yahia, 1998; Salveit, 1999). 
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Table 4.2.38. Effect of CA treatments and storage durations on peel colour development 
Treatments Wk3 Wk4 Wk5 Means 

T1 2.86e-j 2.75hij 2.88e-i 2.83D 
T2 2.25k 2.37k 1.87l 2.16E 
T3 2.97d-h 2.83f-j 2.63j 2.81D 
T4 3.09cde 2.83f-j 2.78g-j 2.9CD 
T5 3.03c-f 3.06c-f 2.99d-g 3.03B 
T6 2.97d-h 3.25bc 3.07c-f 3.10B 
T7 3.14bcd 3.07c-f 3.00d-g 3.07B 
T8 3.04c-f 3.00d-g 2.87e-i 2.97BC 
T9 3.08cde 2.67ij 2.73ij 2.83D 
T10 3.33b 3.59a 3.58a 3.50A 

Means 2.98A 2.94A 2.84B 
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, 
T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 

Table 4.2.39. Effect of CA treatments and post shipment ripening stages on peel colour 
development of mid season harvested ‘Sufaid Chaunsa’ mangoes 
Treatments At removal After ethylene exposure At final ripening day Means 

T1 1.80i 2.78e 3.91b 2.83D 
T2 1.34j 2.06gh 3.08d 2.16E 
T3 1.73i 2.77e 3.93b 2.81D 
T4 1.80i 2.89de 4.00b 2.9CD 
T5 1.90hi 2.91de 4.27a 3.03B 
T6 2.34f 2.96de 3.99b 3.10B 
T7 2.17fg 3.00de 4.04b 3.07B 
T8 1.89hi 2.89de 4.13ab 2.97BC 
T9 1.72i 2.81e 3.94b 2.83D 
T10 2.92de 3.31c 4.27a 3.50A 

Means 1.96C 2.84B 3.96A 
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, 
T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
 

The interaction effect of treatment combination, storage durations and post shipment ripening 

stages significantly affected the fruit peel colour development and fruit textural softness. 
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Table 4.2.40. Effect of CA treatments and storage durations on textural softness 
Treatments At removal After ethylene exposure At final ripening day Means 

T1 2.46g-j 2.34ijk 2.89b-e 2.56CD 
T2 1.51l 1.70l 1.49l 1.56F 
T3 2.70c-h 2.55f-j 2.93bcd 2.73BC 
T4 2.59e-j 2.41h-k 2.15k 2.39E 
T5 2.58e-j 2.5g-j 2.76c-g 2.61CD 
T6 2.55f-j 2.97bc 3.08b 2.87AB 
T7 2.61e-i 2.64d-i 2.85b-f 2.70CD 
T8 2.51g-j 2.64d-i 2.72c-h 2.63CD 
T9 2.47g-j 2.28jk 2.89b-e 2.55D 
T10 2.43h-k 2.85b-f 3.43a 2.90A 

Means 2.44B 2.49B 2.72A 
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, 
T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
 

Table 4.2.41. Effect of CA treatments and post shipment ripening stages on textural softness 
Treatments At removal After ethylene exposure At final ripening day Means 

T1 1.49fg 2.45d 3.75ab 2.56CD
T2 2.00h 1.20gh 2.49cd 1.56F 
T3 1.61f 2.65cd 3.92a 2.73BC
T4 1.33fg 2.01e 3.81ab 2.39E 
T5 1.30g 2.65cd 3.88ab 2.61CD
T6 1.96e 2.77c 3.86ab 2.87AB
T7 1.91e 2.60cd 3.59b 2.7CD 
T8 1.43fg 2.57cd 3.88ab 2.63CD
T9 1.28g 2.52cd 3.84ab 2.55D 
T10 1.93e 2.75cd 4.03a 2.90A 

Means 1.52C 2.42B 3.71A 
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, 
T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 

4.2.4.3. Disease development 

The treatment combinations, storage durations and post shipment ripening stages 

significantly affected the disease development in stored mango fruit (Table 4.2.42 and 

4.2.43). Minimum disease was found in fruit stored in T3 (5% CO2 & 2%O2) which was at 

par with disease development in fruit from T1 (3% CO2 & 3% O2), T2 (10% CO2 & 2%O2), T4 

(2.5% CO2 & 2%O2), T5 (0% CO2 & 2%O2), T8 (5% CO2 & 3%O2) and T9 (5% CO2 & 
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1.5%O2). The fruit stored in T6 (5% CO2 & 10%O2) had maximum score for disease 

development and was at par with T4 (2.5% CO2 & 2%O2), T7 (5% CO2 & 5%O2), T9 (5% 

CO2 & 1.5%O2) and T10 (0% CO2 & 21% O2), while the severity of disease development was 

found to increase as the storage duration was increased (El-Goorani and Sommer, 1981). The 

disease development was minimum in fruit removed after three weeks of storage and 

maximum in fruit removed after five weeks of storage.  

The disease development was also seen to progress from removal to final ripening 

stage (Table 4.2.43). The interaction effect of treatment combinations, storage durations and 

post shipment ripening stages was found non-significant regarding disease development 

except the individual interaction effect of treatment combinations and storage durations 

which significantly affected the disease development in stored mango fruit (Yahia, 2006).  

 

Table 4.2.42. Effect of CA treatments and storage durations on disease development 
Treatments Wk3 Wk4 Wk5 Means 

T1 1.11bcd 0.67d 1.75abc 1.18BC 
T2 0.93cd 1.76abc 1.26bcd 1.32BC 
T3 0.63d 0.50d 1.96ab 1.03C 
T4 1.00cd 0.94cd 2.41a 1.45ABC 
T5 0.89cd 0.56d 2.37a 1.27BC 
T6 0.72d 2.21a 2.59a 1.84A 
T7 0.67d 1.73abc 2.42a 1.61AB 
T8 0.78d 1.11bcd 1.77abc 1.22BC 
T9 0.96cd 0.89cd 2.31a 1.39ABC 

T10 0.47d 2.18a 2.46a 1.70AB 
Means 0.82C 1.26B 2.13A 

Means not sharing similar letters are significantly different (P≤0.05); Wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, 
T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 

4.2.4.4. Marketable fruit percentage 

The fruit marketability was significantly affected by treatment combinations and 

storage durations (Table 4.2.44). The maximum percentage of marketable fruit were found in 

T5 (0% CO2 & 2%O2) which was found at par with fruit marketability of mangoes stored in 

T1 (3% CO2 & 3% O2), T3 (5% CO2 & 2%O2), T4 (2.5% CO2 & 2%O2), T8 (5% CO2 & 3%O2) 
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and T9 (5% CO2 & 1.5%O2). The interaction between treatment combinations and storage 

duration was found to be non-significant regarding the effect on marketable fruit percentage. 

 

Table 4.2.43. Effect of CA treatments and post shipment ripening stages on disease 
development of mid season harvested ‘Sufaid Chaunsa’ mangoes 

Treatments At removal After ethylene exposure At final ripening day Means 

T1 0.47 0.96 2.09 1.18BC 
T2 0.50 0.82 2.64 1.32BC 
T3 0.74 0.61 1.74 1.03C 
T4 1.06 1.05 2.24 1.45ABC
T5 0.69 1.00 2.13 1.27BC 
T6 1.49 1.62 2.41 1.84A 
T7 1.19 1.44 2.19 1.61AB 
T8 0.44 0.86 2.35 1.22BC 
T9 0.53 1.22 2.42 1.39ABC
T10 1.41 1.60 2.10 1.7AB 

Means 0.85C 1.12B 2.23A 
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, 
T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 

Table 4.2.44. Effect of CA treatments and storage durations on marketable fruit percentage of 
mid season harvested ‘Sufaid Chaunsa’ mangoes 

Treatments Wk3 Wk4 Wk5 Means 

T1 77.78 55.56 66.67 66.67ab 
T2 33.33 55.56 50.00 46.3bcd 
T3 61.11 88.89 50.00 66.67ab 
T4 77.78 61.11 50.00 62.96abc 
T5 77.78 72.22 72.22 74.07a 
T6 66.67 50.00 5.56 40.74cd 
T7 55.56 44.45 44.44 48.15bcd 
T8 72.22 72.22 50.00 64.81ab 
T9 55.55 72.22 61.11 62.96abc 
T10 44.44 38.89 5.56 29.63d 

Means 62.22a 61.11a 45.56b 
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, 
T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
 

 

 



 
 

82 
 

4.2.4.5. Bio-chemical attributes 

The treatment combinations, storage durations and post shipment ripening stages 

significantly affected the biochemical attributes (TSS, acidity, TSS:TA ratio and vitamin C) 

except the storage durations which non-significantly affected the acid contents of stored 

mango fruit (Table 4.2.45 and 4.2.46). TSS was found maximum in fruit from T1 (3% CO2 & 

3% O2) which was found at par with TSS of fruit from all other treatment combinations while 

minimum TSS was observed in fruit from T2 (10% CO2 & 2%O2).  

Acidity was found maximum in fruit from T5 (0% CO2 & 2%O2) and T1 (3% CO2 & 3% O2) 

which were at par with T2 (10% CO2 & 2%O2) and T4 (2.5% CO2 & 2%O2), while minimum 

acidity contents were found in fruit from T6 (5% CO2 & 10%O2) which was found at par 

withT8 (5% CO2 & 3%O2) and T9 (5% CO2 & 3%O2). The fruit stored in T6 got more TSS:TA 

ratio and were at par with T8 (5% CO2 & 3%O2) and T9 (5% CO2 & 3%O2), whereas the ratio 

was found less in fruit from T2 (10% CO2 & 2%O2) which was at par with TSS:TA ratio of 

fruit from T1 (3% CO2 & 3% O2), T3 (5% CO2 & 2%O2), T4 (2.5% CO2 & 2%O2), T5 (0% CO2 

& 2%O2), T7 (5% CO2 & 5%O2) and T10 (0% CO2 & 21% O2). The vitamin C contents were 

maximum in fruit stored in T7 (5% CO2 & 5%O2) and T2 (10% CO2 & 2%O2) which were at 

par with T1 (3% CO2 & 3% O2), T3 (5% CO2 & 2%O2), T4 (2.5% CO2 & 2%O2) , T6 (5% CO2 

& 10%O2), T8 (5% CO2 & 3%O2) and T10 (0% CO2 & 21% O2). The fruit stored in T5 (0% 

CO2 & 2%O2) had minimum vitamin C contents and were at par with vitamin C contents of 

fruit from T9 (5% CO2 & 3%O2). The acidity and vitamin C decreased, while TSS:TA ratio 

increased as the storage duration was increased. The storage durations non-significantly 

affected the TSS of stored mango fruit. Total soluble solids and TSS:TA ratio increased 

while acidity and vitamin C contents decreased as the ripening process was progressed. The 

interaction between treatment combinations, storage durations and post shipment ripening 

stages was also found significant regarding fruit biochemical attributes. 

 

4.2.4.6. Organoleptic parameters 

4.2.4.6.1. Taste, Texture, Flavour, Pulp Colour and Aroma 

The treatment combination significantly affected the organoleptic parameters except 

taste and aroma which were non-significantly affected by CA storage (Table 4.2.47). The 

storage durations significantly affected all the organoleptic parameters (taste, texture, 
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flavour, pulp colour and aroma). The fruit stored in T8 (5% CO2 & 3%O2) got more score for 

texture and was found at par with T3 (5% CO2 & 2%O2), T4 (2.5% CO2 & 2%O2) and T5 (0% 

CO2 & 2%O2), while minimum scores for texture were found in fruit stored in T2 (10% CO2 

& 2%O2) and T10 (0% CO2 & 21% O2) which was at par with T1 (3% CO2 & 3% O2) and T7 

(5% CO2 & 5%O2). The score for flavour was found more in fruit removed from T8 (5% CO2 

& 3%O2) and was at par with T1 (3% CO2 & 3% O2), T3 (5% CO2 & 2%O2), T4 (2.5% CO2 & 

2%O2), T5 (0% CO2 & 2%O2), T7 (5% CO2 & 5%O2) and T9 (5% CO2 & 1.5%O2) whereas, 

fruit from T10 (0% CO2 & 21% O2) got minimum score for flavour and was at par with 

flavour of fruit from T2 (10% CO2 & 2%O2), T6 (5% CO2 & 10%O2) and T7 (5% CO2 & 

5%O2). Maximum scores for pulp colour was found in fruit from T8 (5% CO2 & 3%O2)and 

T9 (5% CO2 & 1.5%O2) and was found at par with T3 (5% CO2 & 2%O2), T4 (2.5% CO2 & 

2%O2), T5 (0% CO2 & 2%O2) and T10 (0% CO2 & 21% O2), while fruit from T2 (10% CO2 & 

2%O2) got minimum scores for pulp colour and was at par with T6 (5% CO2 & 10%O2).  The 

score for all the organoleptic parameters were found maximum in fruit removed after three 

weeks of storage and minimum after five weeks of storage (Bender et al., 2000a). The 

interaction effect between treatment combinations and storage durations also significantly 

affected the organoleptic parameters.  
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Table 4.2.45. Effect of CA treatments and storage durations on bio-chemical attributes of mid season harvested ‘Sufaid Chaunsa’ 
mangoes 

 TSS Acidity TSS:TA ratio Vitamin C (mg/100g) 

  Wk3 Wk4 Wk5 Means Wk3 Wk4 Wk5 Means Wk3 Wk4 Wk5 Means Wk3 Wk4 Wk5 Means 

T1 
13.71e-l 15.38ab 13.45f-l 14.18A 0.71ab 0.45efg 0.15l 0.43A 39.13 

m-q 
58.46 

g-l 
88.26 
b-e 

61.95 
D 

59.99hij 86.22abc 66.00e-i 70.73ABC 

T2 
12.86kl 13.35g-l 12.75l 12.98B 0.61bcd 0.34g-j 0.18kl 0.37ABC 33.34 

pq 
55.77 
h-n 

72.40 
d-h 

53.84 
D 

76.11b-h 86.87abc 72.04b-i 78.34A 

T3 
14.13c-j 13.05i-l 14.68a-f 13.95A 0.49def 0.38f-i 0.15l 0.34BCD 40.25 

l-q 
48.49 

j-q 
98.38 

ab 
62.37 
CD 

72.15b-i 81.92a-e 72.02b-i 75.36AB 

T4 
14.86a-e 13.98c-l 14.20b-j 14.35A 0.66abc 0.41fgh 0.16l 0.41AB 37.03 

n-q 
50.65 

i-p 
89.92 
bcd 

59.20 
D 

72.89b-i 78.91a-f 73.30b-i 75.03AB 

T5 
15.05abc 13.90c-l 13.53f-l 14.16A 0.77a 0.41fgh 0.14l 0.44A 35.76 

opq 
44.47 
k-q 

113.91 
a 

64.71 
BCD 

59.34ij 56.76ij 69.23d-i 61.78C 

T6 
14.40a-h 13.55f-l 14.25b-i 14.06A 0.26i-l 0.17l 0.15l 0.19E 64.79 

f-j 
77.12 
c-g 

92.71 
bc 

78.21 
A 

93.16a 76.12b-h 58.25ij 75.84AB 

T7 
14.53a-g 12.96jkl 14.66a-f 14.05A 0.55cde 0.26i-l 0.18kl 0.33CD 38.48 

n-q 
60.36 
g-k 

81.71 
b-f 

60.18 
D 

87.39ab 70.53c-i 76.89a-
g 

78.27A 

T8 
15.00a-d 13.78d-l 13.66e-l 14.15A 0.40fgh 0.24jkl 0.15l 0.26DE 58.77 

g-l 
69.42 

e-i 
91.27 
bcd 

73.15 
ABC 

78.26a-f 82.78a-d 64.75f-i 75.27AB 

T9 
14.23b-i 14.01c-k 14.30b-h 14.18A 0.45efg 0.17l 0.17l 0.26DE 54.33 

h-o 
86.96 
b-e 

82.60 
b-f 

74.63 
AB 

78.12a-f 76.33b-h 47.44j 67.30BC 

T10 
13.25h-l 13.66e-l 15.55a 14.15A 0.58b-e 0.31h-k 0.18kl 0.36BC 31.63 q 57.68 

h-m 
83.32 

b-f 
57.54 

D 
82.25a-e 61.28g-j 76.11b-

h 
73.21AB 

Means 14.21 13.77 14.11   0.55A 0.31B 0.16C  43.349 
C 

60.935 
B 

89.447 
A 

  75.97A 75.77A 67.60B  

Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 
1.5%O2 and T10= 0% CO2& 21% O2. 
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Table 4.2.46. Effect of CA treatments and post shipment ripening conditions on bio-chemical attributes of mid season harvested 
‘Sufaid Chaunsa’ mangoes 
  TSS (Brix) Titratable Acidity (%) TSS:TA ratio Vitamin C (mg/100g)

  At Removal At ripening Means At 
Removal

At 
ripening

Means At 
Removal 

At 
ripening 

Means At 
Removal

At 
ripening 

Means

T1 13.87b-e 14.48abc 14.18A 0.69a 0.22e 0.43A 41.51i 82.38abc 61.95D 73.81a-d 67.66cde 70.73ABC 

T2 12.63f 13.34def 12.98B 0.676a 0.21e 0.37ABC 43.09i 64.58def 53.83D 80.57abc 76.11a-d 78.34A

T3 13.72b-e 14.18a-d 13.95A 0.62ab 0.21e 0.34BCD 48.74ghi 75.99a-d 62.37CD 78.91a-d 71.81bcd 75.36AB 

T4 14.07a-e 14.62abc 14.35A 0.54bc 0.21e 0.41AB 44.91hi 73.48b-e 59.20D 82.56ab 67.51cde 75.03AB 

T5 14.06a-e 14.25a-d 14.16A 0.49c 0.20e 0.44A 60.99d-g 68.42c-f 64.71BCD 67.22cde 56.33e 61.78C

T6 13.98a-e 14.14a-d 14.06A 0.49c 0.19e 0.19E 68.87c-f 87.54ab 78.20A 86.14a 65.55de 75.84AB 

T7 13.12ef 14.98a 14.05A 0.45cd 0.18e 0.33CD 45.71ghi 74.64bcd 60.17D 81.98ab 74.55a-d 78.27A

T8 13.62c-f 14.67ab 14.15A 0.37d 0.16e 0.26DE 56.10f-i 90.19a 73.14ABC 83.31ab 67.23cde 75.27AB 

T9 14.13a-d 14.23a-d 14.18A 0.37d 0.16e 0.26DE 58.82e-h 90.42a 74.62AB 67.37cde 67.23cde 67.30BC 

T10 13.42def 14.88a 14.15A 0.23e 0.16e 0.36BC 44.88hi 70.19c-f 57.54D 75.35a-d 71.08bcd 73.21AB 

Means 13.67B 14.38A  0.49A 0.19B 51.37B 77.79A  77.72A 68.51B

Means not sharing similar letters are significantly different (P≤0.05) 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 
1.5%O2 and T10= 0% CO2& 21% O2. 
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Table 4.2.47. Effect of CA treatments and storage durations on organoleptic characteristics of mid season harvested ‘Sufaid Chaunsa’ 
mangoes 

 Taste Texture Flavour Pulp Colour Aroma 

Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means Wk5 Wk6 Wk7 Means 

T1 6.43a-d 5.83b-g 6.50a-d 6.25 6.60a-f 6.05c-h 3.58k 5.41DE 6.56abc 6.50abc 5.00efg 6.02AB 6.60abc 6.38bc 4.60de 5.86BCD 4.94d-h 5.73b-e 
4.16g-

k 
4.94 

T2 6.66a-d 4.83f-i 5.50d-h 5.66 6.06c-h 6.50a-g 
2.50l 5.02E 

6.03a-e 6.33a-d 3.04h 5.13CD 6.26bc 6.22bc 
2.66g 5.05E 

5.44b-f 5.86bcd 
4.33g-

j 
5.21 

T3 6.60a-d 4.66ghi 6.87abc 6.04 7.26ab 4.67ij 
6.71a-
e 

6.21ABC 6.66a 4.83fg 6.50abc 6.00AB 6.56abc 5.05d 6.93ab 6.18ABC 6.08abc 5.56b-f 
2.33l 4.66 

T4 5.53d-h 5.83b-g 5.87a-g 5.74 6.16c-h 
6.22b-
g 

5.91d-
h 

6.10ABC 5.80a-f 5.83a-f 5.66a-f 5.76ABC 6.26bc 6.11bc 6.46abc 6.28ABC 5.61b-e 5.46b-f 
4.08h-

k 
5.05 

T5 6.66a-d 6.16a-e 4.91e-i 5.91 7.10abc 5.66e-i 
5.66e-
i 

6.14ABC 6.56abc 5.83a-f 4.83fg 5.74ABC 6.50abc 6.16bc 6.53abc 6.40AB 5.86bcd 6.06abc 3.33jkl 5.08 

T6 5.70c-h 6.30a-d 4.83f-i 5.61 5.60f-i 6.75a-d 5.12hi 5.82BCD 5.46b-f 6.58abc 3.96gh 5.33BCD 6.36bc 6.55abc 3.30fg 5.40DE 6.11abc 5.46b-f 3.75ijk 5.10 

T7 6.60a-d 6.16a-e 4.91e-i 5.89 6.40a-g 6.55a-f 3.83jk 5.59CDE 6.23a-d 6.61abc 3.41h 5.42ABCD 6.86ab 6.39bc 3.83ef 5.69CD 6.38ab 5.80b-e 3.41jk 5.20 

T8 6.53a-d 6.52a-d 3.91i 5.65 6.33b-g 5.61f-i 7.41a 6.45A 6.50abc 5.50a-f 6.16a-e 6.05A 6.73ab 5.61cd 7.46a 6.60A 5.55b-f 6.36ab 4.58f-i 5.50 

T9 5.60d-h 7.14a 7.08ab 6.60 7.06abc 5.44ghi 
6.16c-
h 

6.22AB 6.63ab 5.55a-f 5.25def 5.81ABC 6.83ab 6.16bc 6.53abc 6.51A 5.16c-g 6.26ab 
4.21g-

k 
5.21 

T10 6.03a-f 6.44a-d 4.50hi 5.66 5.83d-h 
6.30b-
g 

3.00kl 5.04E 5.43c-f 6.63ab 
2.91h 4.99D 

6.16bc 6.83ab 6.13bc 6.37AB 6.89a 4.80e-h 3.21kl 4.96 

Means 6.23A 5.99A 5.49B  6.44A 5.97B 4.99C   6.19A 6.02A 4.67B  6.51A 6.14B 5.44C   5.80A 5.74A 3.74B  

Means not sharing similar letters are significantly different (P≤0.05); wk: week 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 
1.5%O2 and T10= 0% CO2& 21% O2. 
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4.3. Assessing the potential of modified atmosphere packaging 

 

The analysis of variance regarding the effect of harvest maturity types on MA packed mangoes indicated that harvest factor had 

significantly affected the TSS:TA ratio and disease development in MA stored Sindhri mangoes (Table 4.3.1). The TSS:TA ratio was 

observed higher while disease development was less observed in late harvested fruit.  However, a non-significant effect of harvest 

maturity type was observed on colour, softness and fruit marketability was observed even though it was obvious that late harvested 

fruit have more percentage of marketable fruit (Table 4.3.1). 

 

Table 4.3.1. Effect of harvest maturity stages on physico-chemical parameters of Sindhri mangoes in MA packaging 

Treatments 
Colour Softness Disease TSS:TA ratio Marketable fruit % age 

MH LH Mean MH LH Mean MH LH Mean MH LH Mean MH LH Mean 

Bagged 2.63 2.42 2.52B 2.44 2.47 2.52B 0.19 0.44 0.32 54.56 73.39 63.97 76.19 80.95 78.57A

Unbagged 2.75 2.77 2.76A 2.55 2.63 2.76A 0.09 1.00 0.55 57.84 70.95 64.39 63.49 63.49 63.49B

Mean 2.69 2.60  2.69 2.60  0.14 0.72  56.20B 72.17A  69.84 72.22  

Means not sharing similar letters are significantly different (P≤0.05); MH: Mid-season Harvest, LH: Late Harvest 

 

Due to better performance of late harvested mangoes stored in MA packaging, the complete details of this experiment are given in 

detail, while data for mid season harvested MA stored Sindhri mangoes are given in Appendix VIII. 
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4.3.1. Performance of late season harvested mango cv. Sindhri under modified 

atmosphere storage conditions 
 

4.3.1.1. Weight Loss 

The storage durations significantly affected the fruit weight loss (Table 4.3.2). The 

minimum weight loss percentage was recorded in fruit removed after two weeks of storage 

and maximum after four weeks of storage. Respiration and transpiration are main reasons for 

reduction in weight during long term storage due to various anabolic and catabolic processes 

taking place in mango fruit. Respiration plays a central role in the overall metabolism  of  a  

plant  and  it  is  therefore  often used  as  a  general  measure  of  metabolic  rate (Galvis et 

al., 2005; Kader, 2006; Kelany et al., 2010). Bagging, post shipment ripening stages along 

with interactions had non-significant effect on the fruit weight loss percentage (Table 4.3.2 

and Fig. 4.3.1).  

 
 
Table 4.3.2. Effect of MA packaging and storage durations on weight loss percentage of late 
season harvested ‘Sindhri’ mangoes 

Treatment 
Wk2 Wk3 Wk4 

Means At  
RM 

After 
C2H2 

At  
RP 

At  
RM 

After 
C2H2 

At  
RP 

At  
RM 

After 
C2H2 

At  
RP 

Bagged 0.31 0.36 0.54 1.46 9.08 3.28 13.46 12.69 10.98 5.79 
Un-Bagged 0.41 0.51 0.53 3.93 5.03 10.83 12.48 11.27 9.53 6.06 

Means 0.45C 5.60B 11.74A  
Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 
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4.3.1.2. Respiration rate 

Significant results were observed regarding the effect of bagging, storage durations 

and post shipment ripening stages on respiration rate of stored mango fruit (Table 4.3.3 and 

Fig. 4.3.2). The fruit stored in MA packaging had reduced CO2 production compared to the 

un-bagged fruit. It was also observed that respiration rate of fruit increased with increase in 

storage durations. The fruit removed after two weeks of storage had reduced respiration rate. 

The CO2 production was found to be maximum in fruit removed after four weeks of storage. 

The respiration rate was also found to increase with the advancement in ripening process. 

Minimum respiration rate was found in fruit at removal from cold storage. However, the CO2 

production increased after ethylene exposure and maximum CO2 production was observed in 

fruit at final ripening day. All the interaction effects between treatment combinations, storage 

durations and post shipment ripening stages significantly affected the CO2 production. 

Mango is a climacteric fruit and continues to respire even after its detachment from the 

parent plant. The respiration process produces CO2 which initiates the ethylene production 

for further ripening (Reddy and Srivastava, 1999; Brecht and Yahia, 2009). The increase in 

CO2 production with extended storage has earlier been reported by many scientists (Burdon 

et al., 1996; Burg and Burg, 1962; Cua and Lizada, 1990). Respiration declined during cold 

storage of mango allowing mango to produce little CO2. However after ethylene exposure, 

shifting of mangoes to high temperature makes mango to respire at faster rate (Mattoo and 

Modi, 1969; Lalel et al., 2003). 
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Table 4.3.3. Effect of MA packaging on respiration rate (mmCO2kg-1h-1) of late season 
harvested ‘Sindhri’ mangoes 

Treatment 
Wk2 Wk3 Wk4 

MeansAt  
RM 

After 
C2H2 

At  
RP 

At  
RM 

After 
C2H2 

At  
RP 

At  
RM 

After 
C2H2 

At  
RP 

Bagged 0.46k 0.73ijk 1.66gh 1.29hi 1.67gh 2.29f 2.00fg 2.41ef 3.28c 1.75B 
Un-Bagged 0.65jk 1.25hij 2.08fg 2.60def 2.99cde 4.71b 3.10cd 4.27b 6.54a 3.13A 

Means 1.14C 2.59B 3.60A   
Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 

 

 

 

 

4.3.1.3. Peel colour development  

Significant results were observed regarding the effect of modified atmosphere 

packaging, storage durations and post shipment ripening stages on peel colour development 

of mango cv. Sindhri (Table 4.3.4 and Fig. 4.3.3). The bagged fruit developed significantly 

less peel colour than the un-bagged fruit. These results are in accordance with the findings of 

Yahia (2006) who reported that colour development of mango fruit can be delayed by using 

MA packaging (Pesis et al., 2000; Miller et al., 1983 and Yantarasria et al., 1995). Moreover, 

fruit developed more colour as the storage duration was extended from two to four weeks. 

The fruit removed after two weeks of storage developed less colour as compared to fruit 

removed after four weeks of storage which got maximum score for peel colour. Similarly, the 

mango fruit developed colour as the ripening process proceeded. The fruit removed from 
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cold storage had least score for peel colour. Peel colour development increased after ethylene 

exposure and maximum colour development was seen in fruit at final ripening day. The loss 

of green colour, along with fruit softening is due to changes in cell wall composition, is 

among the common signs indicating that fruit is mature (Roe and Bruemmer, 1981;Tandon 

and Kalra, 1984; Lazan et al., 1986; Nasrijal, 1993). In mango fruit, during ripening, colour 

changes due to the disappearance of chlorophyll and the appearance of other pigments. 

Chloroplasts are transformed to chromoplasts containing yellow or red pigments 

(Lakshminarayana, 1980; Parikh et al., 1990; Lizada, 1993). The overall interaction effects of 

bagging, storage durations and post shipment ripening stages on fruit peel colour 

development were also statistically significant.   

 

Table 4.3.4. Effect of MA packaging on peel colour of late season harvested ‘Sindhri’ 
mangoes 

Treatment 
Wk2 Wk3 Wk4 

MeansAt  
RM 

After 
C2H2 

At  
RP 

At  
RM 

After 
C2H2 

At  
RP 

At  
RM 

After 
C2H2 

At  
RP 

Bagged 1.00g 2.17f 5.00a 1.00g 2.14f 3.32d 1.33g 2.22f 3.61d 2.42B 

Un-Bagged 1.11g 2.33f 3.54d 1.00g 2.89e 4.02c 2.00f 3.46d 4.58b 2.77A 

Means 2.53B 2.39B 2.87A 

Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 
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4.3.1.4. Textural softness 

The fruit textural softness was significantly affected by bagging, storage durations 

and post shipment ripening stages (Table 4.3.5 and Fig. 4.3.4). It was observed that bagged 

fruit were more firm than the un-bagged ones. Nasrijal (1993) has earlier reported that the 

mango fruit retains its firmness when placed in MAP (Roe and Bruemmer, 1981;Tandon and 

Kalra, 1984; Lazan et al., 1986; Yahia, 2006). The fruit textural softness of the stored mango 

fruit increased as the storage duration was extended. The fruit with maximum firmness were 

observed in first removal i.e. after two weeks while least firm fruit were observed in third 

removal which was after four weeks of storage. Fruit firmness decreased also with 

advancement in ripening process. The fruit were more firm after their removal from cold 

storage. The firmness decreased after ethylene exposure and more soft fruit were observed on 

final ripening day. The reduction in mango fruit firmness can be due to the breakdown of 

insoluble pectic substances to soluble forms by a series of physicochemical changes that are 

caused by the action of pectic enzymes i.e. esterase and polygalacturonidase formed in the 

tissues during ripening (Weichmann, 1987).  The overall interaction effect of treatment 

combinations, storage durations and ripening stages along had a significant effect on fruit 

textural softness except the interaction effect of bagging and storage durations which non-

significantly affected the textural softness of stored mango fruit.  

 

Table 4.3.5. Effect of MA packaging on textural softness of late season harvested ‘Sindhri’ 
mangoes 

Treatment 
Wk2 Wk3 Wk4 

MeansAt  
RM 

After 
C2H2 

At  
RP 

At  
RM 

After 
C2H2 

At  
RP 

At  
RM 

After 
C2H2 

At  
RP 

Bagged 1.00g 2.00d 4.00a 1.14fg 2.00d 4.00a 1.61e 2.50c 4.00a 2.47B 
Un-Bagged 1.22f 2.00d 4.00a 1.56e 2.03d 4.00a 1.89d 3.00b 4.00a 2.63A 

Means 2.37B 2.45B 2.83A 
Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 
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4.3.1.5. Disease development 

Disease development was found to be significantly affected by bagging, storage 

durations and post shipment ripening stages (Table 4.3.6 and Fig. 4.3.5). Bagging 

significantly helped in reducing the fruit disease development as compared with not bagging. 

Disease developed significantly as the storage duration was prolonged. The fruit which were 

removed after two weeks got minimum score for disease while maximum disease was 

recorded in fruit removed after four weeks of storage. Disease development was observed 

high with the passage of time. The fruit at removal from storage were free from disease.  

 
Table 4.3.6. Effect of MA packaging on disease development of late season harvested 
‘Sindhri’ mangoes 

Treat 
Wk2 Wk3 Wk4 

MeansAt  
RM 

After 
C2H2 

At  
RP 

At  
RM 

After 
C2H2 

At  
RP 

At  
RM 

After 
C2H2 

At  
RP 

Bagged 0.00 0.00 0.83 0.00 0.67 1.50 0.00 0.00 1.00 0.44B 
Un-Bagged 0.00 0.83 1.33 0.00 0.67 0.00 1.33 2.25 2.58 1.00A 

Means 0.50B 0.47B 1.19A 
Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 
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The disease progressed after ethylene exposure and maximum score for disease development 

was recorded in fruit at final ripening day. The disease incidence was found less at removal 

stage which could be possibly due to the application of fungicide and hot water treatment. 

Fungicidal application along with hot water treatment is reported to suppress the disease 

incidence, during mango storage, to acceptable levels by many researchers (Muller and Burt, 

1989; Yahia, 1998; Prusky et al., 1999; Coates et al., 2008; Dang et al., 2008; Panhwar, 

2005; Anonymous, 2011). The interaction between bagging and storage durations affected 

the disease development in stored mango fruit significantly. However, all the interaction 

effects were found non-significant. 

 

4.3.1.6. Marketable fruit percentage 

Fruit marketability was significantly affected by bagging and storage durations (Table 

4.3.7). A greater percentage of marketable fruit was observed in modified atmosphere 

packaging than the control ones. Moreover, the fruit marketability decreased as the storage 

duration was increased. It was observed that maximum percentage of marketable fruit was 

observed in fruit removed after two weeks of storage and minimum after four weeks of 

storage. The interaction effect of bagging and storage durations on fruit marketability was 

found statistically significant. 
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Table 4.3.7. Effect of MA packaging on marketable fruit percentage of late season harvested 
‘Sindhri’ mangoes 
Treatments Wk2 Wk3 Wk4 Mean 

Bagged 95.238 a 85.714 ab 61.905 c 80.95 A 

Un-Bagged 76.190 bc 71.429 bc 42.857 d 63.49B 

Mean 85.71A 78.57A 52.38B 

Means not sharing similar letters are significantly different (P≤0.05); wk: week 

 

4.3.1.7. Biochemical Attributes 

4.3.1.7.1. Total Soluble Solids 

Total soluble solids of stored mango fruit were significantly affected by bagging and 

storage durations (Table 4.3.8a). Bagged fruit had low TSS value as compared to un-bagged 

fruit due to low respiration and delayed ripening in bagged fruit. The TSS value of stored 

fruit increased with increase in shipping duration. The minimum TSS was found in fruit 

removed after two weeks of storage and was found at par with the TSS value of fruit 

removed after three weeks of storage. The highest TSS value was recorded in fruit removed 

after four weeks of storage.TSS was not affected by the interaction between bagging and 

storage duration. 

Table 4.3.8a. Effect of MA packaging on TSS (Brix) of late season harvested ‘Sindhri’ 
mangoes 
Treatments Wk2 Wk3 Wk4 Mean 

Bagged 13.05 13.47 15.67 14.06B 

Un-Bagged 14.45 15.33 15.43 15.07A 

Mean 13.75B 14.40B 15.55A 

Means not sharing similar letters are significantly different (P≤0.05); wk: week 
 

4.3.1.7.2.Acidity 

Significant impact of storage/storage durations was found on juice titratable acidity of 

Sindhri mangoes (Table 4.3.8b). Bagging and the interaction between bagging and storage 

times did not affect the titratable acidity value of stored mango fruit. Acidity was found 

minimum in fruit removed after two weeks of storage and maximum contents of acidity were 

found in fruit removed after three weeks of storage. However, titratable acidity value of fruit 

removed after four weeks of storage were found at par with that of the fruit from other two 

storage durations. Due to low respiration rate, ripening was delayed which further delayed 
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the conversion of CHO into sugars thereby showing a decreased TSS value. The decrease of 

acidity percentage during extended storage has been reported by Kelany et al. (2010), and 

may be due to the substantial loss of organic acids (Brecht and Yahia, 2009) and prolonged 

low temperature storage. 

Table 4.3.8b. Effect of MA packaging on acidity (%)of late season harvested ‘Sindhri’ 
mangoes 
Treatments Wk2 Wk3 Wk4 Mean 

Bagged 0.15 0.23 0.22 0.20 

Un-Bagged 0.17 0.28 0.23 0.23 

Mean 0.16B 0.26A 0.23AB 

Means not sharing similar letters are significantly different (P≤0.05); wk: week 
 

4.3.1.7.3.TSS:TA ratio 

The TSS: TA ratio was significantly affected by storage duration, while bagging and 

overall interaction effect did not significantly affected the TSS: TA ratio (Table 4.3.8c). The 

fruit removed after two weeks of storage had maximum TSS: TA ratio, while minimum ratio 

was observed in fruit removed after three and four weeks of storage. TSS: TA ratio basically 

describes the taste of fruit (Rathore et al., 2010). As the ripening advances, starch contents 

are hydrolyzed completely into simple sugars and these are further utilized by fruit itself for 

various metabolic activities thereby decreasing the sugar content and indirectly the taste of 

fruit. (Medlicott et al., 1986; Selvaraj et al., 1989; Kumar et al., 1994; Ho et al., 1997; 

Rathore et al., 2010). The interaction effect of bagging and storage durations did not 

significantly affect the TSS: TA ratio of stored mango fruit.  

Table 4.3.8c. Effect of MA packaging on TSS/TA ratio of late season harvested ‘Sindhri’ 
mangoes 
Treatments Wk2 Wk3 Wk4 Mean 

Bagged 86.93 62.52 70.71 73.39 

Un-Bagged 86.84 59.81 66.19 70.95 

Mean 86.89A 61.16B 68.45B 

Means not sharing similar letters are significantly different (P≤0.05); wk: week 

 
4.3.1.7.4. Vitamin C 

A significant decrease in vitamin C content was observed in fruit along with the 

increase in storage durations (Table 4.3.8d). The vitamin C content were found maximum in 
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fruit removed after two weeks of storage while minimum values were recorded in fruit 

removed after four weeks of storage. Brecht and Yahia (2009) found gradual loss of vitamin 

C and other organic acids in mangoes by increasing the storage period (Kelany et al., 2010). 

Bagging and overall interaction effect of bagging and storage durations did not significantly 

affect the vitamin C contents of the stored mango fruit.  

Table 4.3.8d. Effect of MA packaging on Vitamin C (mg/100g) of late season harvested 
‘Sindhri’ mangoes 
Treatments Wk2 Wk3 Wk4 Mean 

Bagged 167.73 112.89 70.96 117.19 

Un-Bagged 144.07 112.89 58.06 105.01 

Mean 155.90A 112.89B 64.51C 

Means not sharing similar letters are significantly different (P≤0.05); wk: week 

 

4.3.1.7.5.Sugar Contents  

The reducing and total sugar contents were significantly affected by bagging while 

non-reducing sugar contents were not significantly affected by bagging (Table 4.3.8e). 

However, all the sugar contents (reducing, non-reducing and total sugars) of stored mango 

fruit were significantly affected by storage duration. The reducing and total sugar contents 

were found to increase with the increase in storage duration. The minimum contents of 

reducing and total sugars were observed in fruit removed after two weeks of storage while 

maximum contents of these two sugars were seen after two weeks of storage, and were found 

at par with the fruit removed after four weeks of storage. The non-reducing sugar contents 

were found maximum in fruit removed after four weeks of storage and were at par with non-

reducing sugars of fruit removed after three weeks of storage. The non-reducing sugars were 

found minimum in fruit removed after three weeks of storage and were also at par with the 

fruit removed after three weeks of storage.  

The considerable changes seen during mango fruit ripening is increase in sugar 

contents (Medlicott et al., 1986; Selvaraj et al., 1989; Kumar et al., 1994; Ho et al., 1997). 

Castrillo et al. (1992) reported increase in sugar contents due to the increased starch 

hydrolysis (Fuchs et al., 1980;Tandon and Kalra, 1983. The decrease in sugar contents, as 

storage period is increased, is due to the utilization of these sugars in various metabolic 
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processes which are still occurring in the fruits even after their detachment from the parent 

plant (Hulume, 1971).  

 

4.3.1.6. Organoleptic Characteristics 

The bagging had non-significant effect on organoleptic characteristics except flavour 

which was found better in bagged fruit than un-bagged ones (Table 4.3.8). The storage 

duration significantly affected all organoleptic parameters. A decrease in score for all 

organoleptic parameters was observed as the storage duration was prolonged. The interaction 

effect of bagging and storage durations significantly affected the organoleptic parameters 

except texture and aroma.   
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Table 4.3.8e. Effect of MA packaging on sugar contents(%)of late season harvested ‘Sindhri’ mangoes 
 Reducing Sugars Non-reducing Sugars Total Sugars 

Treatments Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean

Bagged 1.81 2.66 2.59 2.35B 4.38ab 3.13c 4.22ab 3.91 5.10b 7.03a 7.27a 6.47B

Un-Bagged 2.62 3.09 2.81 2.84A 3.71bc 4.15ab 4.46a 4.11 6.99a 7.51a 7.00a 7.17A

Mean 2.22B 2.87A 2.70A 4.05AB 3.64B 4.34A  6.05B 7.27A 7.14A  

Means not sharing similar letters are significantly different (P≤0.05); wk: week 

 

Table 4.3.9. Effect of MA packaging on organoleptic quality attributes of late season harvested ‘Sindhri’ mangoes 

Treatments 
Taste Flavour Texture Pulp Colour Aroma

Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean 

Bagged 6.5a 6.6a 5.8b 6.3 6.8a 6.7a 5.7b 6.4A 6.6 6.5 5.7 6.3 7.1a 6.2b 6.0b 6.4 5.7 6.0 4.9 5.5 

Un-Bagged 6.7a 6.6a 4.8c 6.0 6.7a 6.6a 4.6c 5.9B 6.4 6.5 4.9 5.9 7.2a 6.7ab 5.2c 6.4 5.8 6.1 4.8 5.6 

Mean 6.6A 6.60A 5.3B  6.7A 6.7A 5.1B  6.5A 6.5A 5.3B  7.1A 6.5B 5.6C  5.8A 6.1A 4.8B  

Means not sharing similar letters are significantly different (P≤0.05); wk: week 
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4.3.2. Performance of mango cv. Sufaid Chaunsa under modified atmosphere storage 

conditions 

 

4.3.2.1. Weight Loss 

Significant results were observed regarding the effect of storage durations and post 

shipment ripening stages on weight loss percentage (Table 4.3.10 and Fig. 4.3.6). Bagging 

had a non-significant effect on weight loss percentage. All the interaction effects did not 

significantly affected the weight loss percentage in stored mango fruit.  

The fruit experienced more weight loss as the storage period was increased. The 

minimum weight loss was observed in fruit removed after two weeks of storage and 

maximum was observed in fruit removed after five weeks of storage. Moreover, fruit weight 

loss increased with the onset of ripening process. The various biological and physiological 

processes (respiration, transpiration, ethylene production) occurring place in fruit could be 

the reason of weight loss (Rathore et al., 2007).  Mathur et al., (1953) also reported increased 

weight loss in stored mango fruit with extended storage (Abbasi et al., 2009). The weight loss 

percentage was found to be lowest when the fruit were removed from cold storage and was 

found to be maximum at final ripening day.  

Table 4.3.10. Effect of MA packaging on weight loss percentage of ‘Sufaid Chaunsa’ 
mangoes 

Treatments 
Wk2 Wk3 Wk4 Wk5   

At  
RM 

At  
RP 

At  
RM 

At  
RP 

At  
RM 

At  
RP 

At  
RM 

At  
RP 

Means

Bagged 0.86 5.18 3.14 9.15 3.28 5.62 3.41 7.63 4.78 
Un-Bagged 0.83 5.45 1.30 4.89 5.49 8.56 5.65 6.98 4.89 

Means 3.08C 4.62B 5.74AB 5.92A   
Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 
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4.3.2.2. Respiration rate 

Bagging had no significant effect on the respiration rate of stored mango fruit (Table 

4.3.11). However, a significant relationship was observed between storage durations and post 

shipment ripening stages on respiration rate (Table 4.3.11 and Fig. 4.3.7). All the interaction 

effects were found to be non-significant. The CO2 production was greater in fruit removed 

after four weeks of storage and was at par with the fruit removed after two weeks of storage. 

CO2 production of fruit removed after two, three and five weeks of storage was found at par. 

Moreover, minimum CO2 production was observed at removal day rather than at final day of 

ripening. At removal day respiration could be minimum as fruit were removed from cold 

store. Low temperature slows down the respiration process and thereby lowers the CO2 and 

ethylene production. Mango is a climacteric fruit, showing a climacteric pattern of respiration 

during ripening (Lalel et al., 2003). Respiration declines and is maintained at a low rate until 

fruit ripening begins. Mango fruit ripening is accompanied by increased respiration rate 

which coordinates the ripening process (Mattoo and Modi, 1969).  

 

Table 4.3.11. Effect of MA packaging on respiration rate of ‘Sufaid Chaunsa’ mangoes 

Treatments 
Wk2 Wk3 Wk4 Wk5 

At  
RM 

At  
RP 

At  
RM

At  
RP

At  
RM

At  
RP

At  
RM 

At  
RP 

Means

Bagged 2.44 3.49 1.58 2.63 2.24 3.06 1.97 2.55 2.49 
Un-Bagged 2.01 3.54 1.80 3.13 3.08 4.26 2.52 2.61 2.87 

Means 2.87AB 2.28B 3.16A 2.41B 
Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 

b

a

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0

At Removal At Ripening

P
W

L
 (

%
 a

ge
)
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4.3.2.3. Peel colour development  

Modified atmosphere bagging, storage durations and ripening stages had significant 

effect on fruit peel colour development in mango cv. Sufaid Chaunsa (Table 4.3.12 and Fig. 

4.3.8). Less peel colour development was observed in bagged fruit as compared to un-bagged 

fruit. The stored mango fruit developed more peel colour as the storage duration was 

increased from two to five weeks. The post shipment ripening stages (at removal and at 

ripening) also affected the fruit peel colour development significantly. The fruit had lower 

score for peel colour at removal from cold storage and maximum score at final ripening day.  

All the interaction effects, except the overall interaction, between bagging, storage durations 

and post shipment ripening stages affected the fruit peel colour development significantly. 

Less peel colour development in bagged fruit could be related to slower metabolic 

activities and delayed degradation of chlorophyll which could be the result of reduced 

respiration rate. These results are in accordance of Doreyappa-Gowda and Huddar (2001) 

who reported reduced peel colour development in mango fruit in MA packaging (Smith and 

Jordan, 1992). The loss of green colour in fruit peel colour of mango with extended storage 

could be due to loss of chlorophyll pigments due to development of carotenoids (Miller et al., 

1986, Doreyappa-Gowda and Huddar, 2001). Ripening is a phenomenon in which natural 

degradation of fruit occurs. The loss of green colour due to degradation of chlorophyll is one 

of the major changes associated with ripening (Sornsrivichai et al., 1989; Sornsrivichai et al., 
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1992; Ketsa and Raksritong, 1992; Brecht and Yahia, 2009). The development of yellow 

colour along with ripening process has earlier been documented by Weichmann (1987).  

 
Table 4.3.12. Effect of MA packaging on peel colour of ‘Sufaid Chaunsa’ mangoes 

Treatments 
Wk2 Wk3 Wk4 Wk5 

 
Means

At  
RM 

At  
RP 

At  
RM 

At  
RP 

At  
RM 

At  
RP 

At  
RM 

At  
RP 

Bagged 2.14 3.79 2.71 3.81 2.43 3.48 2.60 3.64 3.08B 
Un-Bagged 2.14 3.50 3.24 3.47 3.05 4.10 3.74 4.51 3.47A 

Means 2.89C 3.31B 3.26B 3.62A 
Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 

 

 

4.3.2.4. Textural Softness 

The modified atmosphere packaging did not significantly affect the fruit textural 

softness (Table 4.3.13). The storage durations and post shipment ripening stages had a 

statistically significant effect on fruit textural softness (Table 4.3.13 and Fig. 4.3.9). The 

interaction effects of bagging, storage durations and post shipment ripening were also found 

to be significant except the interaction effect of bagging and post shipment ripening stages. 

The fruit textural softness was shown to decrease with the increase in storage period. 

The fruit removed after two weeks of storage had minimum score for fruit textural softness 

and maximum score for was observed in fruit removed after five weeks of storage. The fruit 

softening is among the changes fruit experience during ripening. The decrease in fruit 

firmness during extended storage period had been reported by Doreyappa-Gowda and 

Huddar (2001). Softening results when polysaccharides inside the cell wall are broken down 
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due to enzymatic activity (Paliyath and Droillard, 1992). Moreover, fruit firmness decreased 

as the fruit undergoes through ripening process. Less soft fruit were observed at removal 

from cold storage while fruit became soft at final ripening day. The reduced firmness with 

the onset of ripening process might be due to breakdown of insoluble pectic substances to 

soluble forms by various physiochemical changes (Weichmann, 1987). 

 
Table 4.3.13. Effect of MA packaging on textural softness of ‘Sufaid Chaunsa’ mangoes 

Treatments 
Wk2 Wk3 Wk4 Wk5 

At  
RM 

At  
RP 

At  
RM 

At  
RP 

At  
RM 

At  
RP 

At  
RM 

At  
RP 

Means 

Bagged 1.00f 3.64ab 2.14e 3.95a 2.57de 3.71a 3.13c 3.64ab 2.97 
Un-

Bagged 1.00f 
2.29de 2.17de 3.91a 2.62d 3.86a 3.24bc 3.92a 

2.88 
Means 1.98C 3.05B 3.18B 3.48A 

Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 

 
 

 

4.3.2.5. Disease development 

Bagging did not significantly affect disease development (Table 4.3.14). However, 

storage durations and post shipment ripening stages had showed significant effect in this 

regard (Table 4.3.14 and Fig. 4.3.10). The interaction effect of bagging with storage 

durations and post shipment ripening stages significantly affected the disease development. 

All other interaction effects did not significantly affected the disease development in stored 

mango fruit.  
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Disease development was observed to increase in stored mango fruit with increased storage 

period. The fruit removed after two weeks of storage had experience less disease while more 

disease was observed in fruit removed after five weeks of storage. The extended cold storage 

of mango fruit leads to various storage diseases like stem end rot and anthracnose infestation 

(Yahia, 1998). The disease development was also found to increase with the increase in 

ripening process. The scores for disease development were to be observed less in fruit after 

removal from cold storage. However, the disease development was greater at the final 

ripening day. The disease development was overall less due to application of fungicides and 

hot water treatment as earlier reported by Dang et al., 2008.   

 
Table 4.3.14. Effect of MA packaging on disease development of ‘Sufaid Chaunsa’ mangoes 
 

Treatments 
Wk2 Wk3 Wk4 Wk5 

At  
RM 

At  
RP 

At  
RM 

At  
RP 

At  
RM 

At  
RP 

At  
RM 

At  
RP 

Means

Bagged 0.00 0.67 0.67 2.33 0.00 0.83 2.14 2.33 1.60 
Un-Bagged 0.00 0.67 0.00 2.67 2.67 2.47 2.28 2.04 1.12 

Means 0.33B 1.41A 1.49A 2.19A 
Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 

 

 

4.3.2.6. Marketable fruit percentage 

The marketability of fruit had been found to be significantly affected by bagging and 

storage durations (Table 4.3.15). The bagged fruit had less diseases development as 

compared to unbagged ones. This related to more market acceptability of bagged fruit as 
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compared to unbagged fruit. However, the interaction effect of bagging and storage durations 

was found non-significant in this context.  

 
Table 4.3.15. Effect of MA packaging on marketable fruit percentage of ‘Sufaid Chaunsa’ 

mangoes 

Treatments Wk2 Wk3 Wk4 Wk5 Mean 

Bagged 95.24 85.71 71.43 47.62 75.00A 

Un-Bagged 85.71 80.95 61.90 38.10 66.67B 

Mean 90.47A 83.34A 66.67 B 42.85C 
Means not sharing similar letters are significantly different (P≤0.05); wk: week 

 

4.3.2.7. Biochemical Attributes 

4.3.2.7.1. Total Soluble Solids 

Non-significant results were observed regarding the effect of bagging and storage 

durations on total soluble solids (4.3.16a). The interaction between bagging and storage 

durations was found to be non-significant.  

 
Table 4.3.16a. Effect of MA packaging on TSS (Brix) of ‘Sufaid Chaunsa’ mangoes 
Treatments Wk2 Wk3 Wk4 Wk5 Mean 

Bagged 20.50 20.87 20.53 21.30 20.80 

Un-Bagged 20.50 21.20 21.17 21.38 21.10 

Mean 20.50 21.03 20.85 21.34   

Means not sharing similar letters are significantly different (P≤0.05); wk: week 

4.3.2.7.2. Acidity 

Significant results were observed regarding the effect of bagging, storage durations 

and their interaction effect on titratable acidity of stored mango fruit (Table 4.3.16b). The 

bagged fruit had less acidity than the un-bagged fruit. Less acidity percentage in bagged 

fruits could be due to least conversion of starch into sugars which can be attributed to slower 

ripening in bagged fruit. These results are in accordance with the findings of Kelany et al., 

(2010) who reported that fruit stored in MAP bags exhibited lower titratable acidity as 

compared to control ones. Similar results have been reported by Yantarasri et al., 1995. 

Moreover, acidity contents were found to be maximum in fruit removed after second week of 

storage, followed by fruit removed after third, fourth and fifth week of storage respectively. 
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In general, acidity contents showed an inverse relationship with the storage period. Similar 

results have been reported by Kelany et al. (2010), that acidity contents decreased with 

extended storage period. Brecht and Yahia (2009) also reported that during storage mango 

fruit experience a substantial loss of organic acids. 

 
Table 4.3.16b. Effect of MA packaging on acidity (%) of ‘Sufaid Chaunsa’ mangoes 
Treatments Wk2 Wk3 Wk4 Wk5 Mean 

Bagged 0.49a 0.42b 0.35cd 0.24e 0.38B 

Un-Bagged 0.49a 0.45ab 0.37c 0.32d 0.41A 

Mean 0.49A 0.44B 0.36C 0.28D   

Means not sharing similar letters are significantly different (P≤0.05); wk: week 

 

4.3.2.7.3.TSS:TA ratio 

TSS:TA ratio was significantly affected by bagging and storage durations (Table 

4.3.16c). The interaction effect of bagging and storage also affected the TSS:TA ratio 

significantly. The TSS:TA ratio was found to be greater in bagged fruit than the un-bagged 

ones. Moreover, TSS:TA ratio increased with the increase in storage duration. The maximum 

TSS:TA ratio was found in fruit removed after five weeks of storage and minimum in fruit 

removed after two weeks of storage. This increase in sugar acid ratio with prolonged storage 

could be linked with breakdown of starch into water soluble sugars during ripening along 

with increase in sugar acid ratio (Rathore et al., 2010).  

 
Table 4.3.16c. Effect of MA packaging on TSS/TA ratio of ‘Sufaid Chaunsa’ mangoes 
Treatments Wk2 Wk3 Wk4 Wk5 Mean 

Bagged 42.15d 49.33cd 58.27bc 89.73a 59.87A 

Un-Bagged 41.95d 46.95d 57.69bc 67.30b 53.47B 

Mean 42.05C 48.14C 57.98B 78.52A   

Means not sharing similar letters are significantly different (P≤0.05); wk: week 

4.3.2.7.4. Vitamin C 

No significant relationship was observed between bagging and vitamin C contents 

(Table 4.3.16d). However, storage durations affected the vitamin C contents significantly. 

The contents of vitamin C was found maximum in fruit removed after two weeks of storage 

and minimum in fruit removed after five weeks of storage. Kelany et al. (2010) also reported 
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the decrease in vitamin C contents with extended storage. The interaction effect of bagging 

and storage durations remained non-significant. 

 
Table 4.3.16d. Effect of MA packaging on vitamin C (mg/100g) of ‘Sufaid Chaunsa’ 
mangoes 
Treatments Wk2 Wk3 Wk4 Wk5 Mean 

Bagged 30.10 21.50 19.35 10.75 20.43 

Un-Bagged 32.26 27.95 17.20 8.60 21.50 

Mean 31.18A 24.73B 18.28C 9.68D 

Means not sharing similar letters are significantly different (P≤0.05); wk: week 

 

4.3.2.7.5. Sugar Contents  

Bagging had non-significant effect on sugar content (reducing, non-reducing and total 

sugar content) as shown in table 4.3.16e. However, storage durations affected the sugar 

content significantly. The maximum contents of reducing sugars were found in fruit removed 

after two weeks of storage and minimum after five weeks of storage. The total and non-

reducing sugar contents increased up to the third week of storage and then dropped. The total 

and non-reducing sugar contents after two, four and five weeks of storage were found at par.  

During ripening, break down of starch into soluble sugars occur with a proportional increase 

in sugar contents (Rathore et al., 2010; Kitturet al., 2001). The increase in soluble sugars is a 

major change during mango fruit ripening, and sweetness is the most important 

compositional change related to mango flavour. While starch content increases in 

chloroplasts during mango fruit development, it is almost completely hydrolysed to simple 

sugars during ripening (Medlicottet al., 1986; Selvarajet al., 1989; Kumar et al., 1994; Ito et 

al., 1997). The decrease in sugar contents, as storage period is increased, is due to the 

utilization of these sugars in various metabolic processes which are still occurring in the 

fruits even after their detachment from the parent plant (Hulume, 1971). The interaction 

effect of bagging and storage durations on all sugar contents was found to be statistically 

non-significant.  
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4.3.2.6. Organoleptic Characteristics 
 

Bagging had non-significant effect on organoleptic evaluation except taste and 

flavour (Table 4.3.17). The fruit stored in MAP bags had a lesser score for taste as compared 

to unbagged fruit. This could be attributed to more acidity in bagged fruit that is linked to 

delayed ripening. A greater score for flavour was observed in fruit stored in bagged fruit as 

compared to un-bagged ones. The score for taste, texture, aroma, flavour and pulp colour was 

greater in fruit removed after second week of storage and was less in fruit removed after the 

fifth week of storage. Overall, the score for organoleptic parameters decreased as the storage 

period was increased showing an inverse relationship with storage period. The interaction 

effect of bagging and storage durations significantly affected all organoleptic parameters 

except texture and pulp colour. 
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Table 4.3.16e. Effect of MA packaging on sugar contents (%) of ‘Sufaid Chaunsa’ mangoes 
 Reducing Sugars Non-reducing Sugars Total Sugars 

Treatments Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean

Bagged 3.00 2.08 1.93 1.84 5.60 7.68 6.07 7.39 8.90 10.16 8.31 9.61

Un-Bagged 2.69 2.43 1.95 1.95 5.98 9.13 5.76 5.46 8.99 12.04 8.01 7.70

Mean 2.84A 2.26B 1.94B 1.89B 5.79B 8.40A 5.91B 6.43B 8.94B 11.10A 8.16B 8.66B

Means not sharing similar letters are significantly different (P≤0.05); wk: week 

 

Table 4.3.17. Effect of MA packaging on organoleptic quality attributes of ‘Sufaid Chaunsa’ mangoes 

Treatments 
Taste Flavour Texture Pulp Colour Aroma 

Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean 

Bagged 6.67a 4.14c 3.15d 2.95D 7.67a 3.92c 3.70c 3.53C 6.00 4.22 3.37 3.26 6.00 4.33 3.71 3.20 7.67a 4.06c 3.04d 2.85D 

Un-Bagged 6.00b 4.08c 4.51c 4.25C 6.00b 3.56c 3.77c 3.66C 6.33 4.33 3.89 3.64 6.00 3.97 4.02 3.74 6.00b 4.11c 3.32d 3.14D 

Mean 6.33A 4.11B 3.83BC 3.60C 6.83A 3.74B 3.74B 3.59B 6.17A 4.28B 3.63B 3.45B 6.00A 4.15B 3.86B 3.47B 6.83A 4.09B 3.18C 3.00C 

Means not sharing similar letters are significantly different (P≤0.05); wk: week
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4.4. Evaluating different packing materials  

 

4.4.1. Impact of different packaging types and low temperature storage durations on 

fruit quality and marketability of ‘Sindhri’ mangoes 

 

4.4.1.1. Impact on physical characteristics 

4.4.1.1.1. Peel colour development and textural softness 

The analysis of variance showed that packaging types, storage durations and ripening 

stages had significant effects on mango fruit peel colour development and textural softness 

(Table 4.4.1 & 4.4.2 and Fig. 4.4.1 & 4.4.2). The interaction effect of storage durations and 

ripening stages also affected the fruit peel colour development significantly. However, all 

other interactions effects including the overall interaction effect remained non-significant. 

The packaging types along with all other interaction effect non-significantly affected the fruit 

textural softness. 

It was observed that the fruit placed in open top boxes developed significantly less 

peel colour as compared to the fruit of closed top boxes. The fruit textural softness decreased 

as the storage period was increased along with the advancement in the ripening process (Fig. 

4.4.2). The fruit which were removed after three weeks of storage were more firm than the 

fruit removed after any other storage period.  

 

 
_____________________________________________________________________________________________________ 

This part of thesis has been published in (2012)Int. J. Agric. Biol., 14: 47-54 under the title and authors: Impact of different packaging 
types and low temperature shipping durations on fruit quality and marketability of Pakistani mangoes. 
Hafeez, O., A.U. Malik, A.S. Khan, A. Rehman and Q.A. Javaid. 
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A general increasing trend was observed in fruit peel colour development with 

increase in storage period. The maximum score (3.94) for peel colour development was 

observed in fruit removed after five weeks of storage and minimum score (2.52) was 

observed in fruit removed after three weeks of storage (Table 4.4.1.). The reason that more 

colour developed in fruit placed in closed top cardboard boxes could be due to the 

accumulation of ethylene which could probably hasten the ripening process leading to more 

colour development of mango fruit (Hafeez et al., 2012). Moreover, the uniform increase in 

fruit peel colour development as the ripening process could be due to the exogenous ethylene 

application. Mango is a climacteric fruit and it produces reasonable amount of ethylene 

which facilitates the ripening process (Kader, 2008). The score for peel colour development 

increased as the ripening process proceeded. Maximum peel colour development score was 

recorded in fruit at final ripening day followed by peel colour score of fruit recorded after 

ethylene exposure and at removal day respectively (Fig. 4.4.1). During the ripening process, 

fruit lost its green colour due to degradation of chlorophyll (Campbell & Malo, 1969; Lalel et 

al, 2003). As the ripening proceeds the fruit generally loses its firmness and becomes softer 

due to activities of various enzymes such as polygalacturonase and pectinesterase enzymes 

which are responsible for fruit cell wall softening (Herregods et al., 1989; Kader and 

Mitchman, 2008). 

 

Table 4.4.1. Effect of packaging types and storages period on peel colour development in 
‘Sindhri’ mangoes 
Packaging  

types 

Week-3 Week-4 Week-5 
Means

ARM AET ARP ARM AET ARP ARM AET ARP 

Open top 1.09 2.59 3.67 2.68 2.88 3.86 3.74 3.24 4.64 3.15B 

Closed top 1.19 2.82 3.73 2.57 3.03 4.23 3.96 3.51 4.57 3.29A 

Means 2.52C 3.21B 3.94A 

Means not sharing similar letters are significantly different (P≤0.05); ARM = At removal, AET = After ethylene treatment, ARP = At ripe 
stage; wk: week 
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Table 4.4.2. Effect of packaging types and storage periods on textural softness in ‘Sindhri’ 
mangoes 
Packaging  

types 

Week-3 Week-4 Week-5 
Means 

ARM AET ARP ARM AET ARP ARM AET ARP 

Open top 1.09 2.34 3.57 1.80 2.42 3.59 1.91 2.76 4.25 2.64 

Closed top 1.00 2.28 3.31 1.72 2.54 3.71 2.10 3.30 4.27 2.69 

Means 1.60C 2.61B 3.78A  

Means not sharing similar letters are significantly different (P≤0.05); ARM = At removal, AET = After ethylene treatment, ARP = At ripe 
stage; wk: week 

 

4.4.1.1.1. Physiological weight loss 

The analysis of variance showed that fruit weight loss had been significantly affected 

by ripening stages (Fig. 4.4.3). Non-significant relationship was observed between packaging 

types, storage durations and the other interaction effects on fruit weight loss percentage 

however, the interaction effect of packaging types and storage durations were found 

significant (Table 4.4.3). 
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The weight loss percentage increased as the ripening process was progressed 

following a general increasing trend. The maximum weight loss percentage was observed in 

fruit at final ripening day followed by the weight loss percentage of fruit after ethylene 

exposure and then at removal ay respectively. The major factors which are responsible for 

fruit weight loss are higher respiration and transpiration rates during ripening (Bora and 

Narain, 1977). Increased weight loss in various mango cultivars during ripening has been 

reported earlier (Abbasi et al., 2009). 
 

Table 4.4.3. Effect of packaging types and storage periods on PWL (% age) in ‘Sindhri’ 
mangoes  
Packaging  

types 

Week-3 Week-4 Week-5 
Means

ARM AET ARP ARM AET ARP ARM AET ARP 

Open Top 2.04 3.07 6.36 1.94 3.40 5.10 1.45 1.78 4.65 3.31 

Closed Top 1.70 2.25 4.54 1.35 2.03 4.04 3.83 6.37 8.39 3.83 

Means 3.33 2.98 4.41 

Means not sharing similar letters are significantly different (P≤0.05); ARM = At removal, AET = After ethylene treatment, ARP = At ripe 
stage; wk: week 

 

4.4.1.1.2. Respiration rate 

The analysis of variance of respiration rate of mango fruit revealed that fruit ripening 

stages significantly affected the CO2 production (Fig. 4.4.4). Packaging types, storage 

durations and the related interaction effects non-significantly affected the CO2 production of 

stored mango fruit (Table 4.4.4).  
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It was observed that CO2 production increased as the ripening proceeded. Maximum 

CO2 was produced at final ripening day and minimum being produced at removal day. The 

reduced CO2 production at removal day could be due to the reason that fruit were just 

brought out from low temperature cold storage and the respiration and ripening process 

increased when fruit were exposed to ethylene for further ripening at room temperature as 

earlier reported by Salveit (1999). 

 

Table 4.4.4. Effect of packaging types and storage periods on respiration rate (mmCO2kg-1h-

1) in ‘Sindhri’ mangoes 
Packaging  

types 

Week-3 Week-4 Week-5 
Means

ARM AET ARP ARM AET ARP ARM AET ARP 

Open top 2.43 2.49 3.93 2.06 2.83 3.87 1.49 3.42 4.39 2.99 

Closed top 2.85 2.70 3.99 1.90 3.16 3.38 2.24 3.06 4.13 3.05 

Means 3.07 2.87 3.12 

Means not sharing similar letters are significantly different (P≤0.05); ARM = At removal, AET = After ethylene treatment, ARP = At ripe 
stage; wk: week 
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4.4.1.2.3. Disease development 

The analysis of variance has indicated that disease development was not significantly 

affected by packaging types, storage durations, ripening stages along with their interaction 

effects (Table 4.4.5).  

 

Table 4.4.5. Effect of packaging types and storage periods on disease development in 
‘Sindhri’ mangoes  
Packaging  
types 

Week-3 Week-4 Week-5 
Means 

ARM AET ARP ARM AET ARP ARM AET ARP 

Open top 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.07 
Closed top 0.00 0.00 0.00 0.00 0.67 1.50 0.00 0.67 0.67 0.39 

Means 0.00 0.36 0.33   
Means not sharing similar letters are significantly different (P≤0.05); ARM = At removal, AET = After ethylene treatment, ARP = At ripe 
stage; wk: week 

 

4.4.1.3. Impact on biochemical characteristics 

 

4.4.1.3.1. Total soluble solids, acidity, TSS:TA ratio, Vitamin C, and sugar contents 

The analysis of variance indicated that packaging types (open top and closed top) and 

storage/storage durations significantly affected the titratable acidity value and TSS:TA ratio 

while non-significantly affected total soluble solids and vitamin C (Table 4.4.6, 4.4.7, 4.4.8 

and 4.4.9).The storage durations significantly while packaging types non-significantly 

affected the sugar contents (Table 4.4.10). The overall interaction of packaging types and 

storage durations had non-significantly affected the bio-chemical parameters.   

The packaging types had a significant relationship with acidity percentage of mango 

fruit. Percentage of acidity was significantly more (0.33) in the fruit stored in open top 

corrugated cardboard boxes as compared to of fruit stored in closed top boxes (0.24). The 

storage durations also affected the acidity contents of stores mango fruit significantly. The 

acidity percentage was higher in fruit removed after fourth week of storage followed by the 

fruit removed after three weeks of storage. Lowest acidity % age was estimated in fruit stored 

after fifth week of storage. TSS:TA ratio was higher in fruit stored in closed top boxes as 

compared to fruit stored in open top boxes (Table). TSS: TA ratio was found maximum in 

fruit removed after fifth week of storage followed the fruit removed after fourth and third 
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weeks respectively which were statistically (Table).  TSS: acid ratio basically elaborates the 

taste of fruit. The higher TSS:TA ratio of mango fruit stored in closed type boxes could be 

due to their advanced ripening than the fruit placed in closed top boxes which ripened late.  

The fruit placed in open top boxes ripened late and had more acid which could be the reason 

for the lower TSS:TA ratio in the fruit placed in open top boxes. A general increasing and 

then decreasing trend was observed showing that sugar contents increased up to fourth week 

of storage. After this the reducing sugar contents decreased significantly. The mean values 

for sugar contents are given in table. The increase in sugar contents as the storage period was 

increased from three to four weeks could be due to the breakdown of polysaccharides into 

water soluble sugars (Hulume, 1971, Veloz et al., 1977). 

The low acidity contents of fruit placed in open top boxes could be due to slower 

ripening of these fruit (Ram et al., 1993). Moreover, low temperature slows down the 

ripening process leading to fruit with had high acidity content. The fruit which were stored in 

closed top boxes had less acidity which mean that these fruit had more sugar contents that 

could be related to their advance ripening in enclosed atmosphere.  The decrease in acidity of 

stored fruit with an increase in storage period could be due to the oxidation of organic acids 

and their further utilization in metabolic process in the fruit (Doreyappa-Gowda and Huddar, 

2001). A similar decreasing pattern in acidity have been reported in different varieties of 

mango fruit stored for a longer period of time (Srinivasa et al., 2002).After four weeks of 

storage, the sugar decreased as it was used by fruit itself for carrying out various metabolic 

processes (Rathore et al., 2007). A general rise and then fall in sugar contents of stored 

mango fruit along with increase in storage period indicates that as the ripening proceeds the 

starch is converted into sugar and it was further used in various anabolic activities of fruit 

(Matto et al., 1975; Kittur et al., 2001).   
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Table 4.4.6. Effect of packaging types and storage periods on TSS (Brix) in ‘Sindhri’ 
mangoes 
Packaging 
types 

Wk3 Wk4 Wk5 Means 

Open top 15.57 15.37 16.43 15.79 
Closed top 15.93 14.80 14.17 14.97 
Means 15.75 15.08 15.30 
Means not sharing similar letters are significantly different (P≤0.05);wk: week 

 
Table 4.4.7. Effect of packaging types and storage periods on titrable acidity (%) in ‘Sindhri’ 
mangoes 
Packaging 
types 

Wk3 Wk4 Wk5 Means 

Open top 0.32 0.40 0.27 0.33A 
Closed top 0.26 0.28 0.20 0.24B 
Means 0.29AB 0.34A 0.23B 
Means not sharing similar letters are significantly different (P≤0.05);wk: week 

 

Table 4.4.8. Effect of packaging types and storage periods on vitamin C (mg/100g) in 
‘Sindhri’ mangoes 
Packaging 
types 

Wk3 Wk4 Wk5 Means 

Open top 96.76 107.52 98.92 101.07 
Closed top 94.62 118.27 94.61 102.5 
Means 95.69 112.89 96.77 
Means not sharing similar letters are significantly different (P≤0.05);wk: week 

 

Table 4.4.9. Effect of packaging types and storage periods on TSS: TA ratio in ‘Sindhri’ 
mangoes 
Packaging 
types 

Wk3 Wk4 Wk5 Means 

Open top 48.60 37.92 64.57 50.36B 
Closed top 61.85 53.17 71.50 62.18A 
Means 55.23B 45.55B 68.04A 
Means not sharing similar letters are significantly different (P≤0.05);wk: week 

 

 

 

 

 

 



 
 

119 
 

4.4.1.4. Impact on organoleptic characteristics 

 

4.4.1.4.1. Taste, Texture, Flavour, Pulp colour, Aroma 

The analysis of variance showed a non-significant effect of packaging types, storage 

durations on taste and pulp colour of stored mango fruit (Table 4.4.11). However, the storage 

durations had significantly affected the flavour, aroma and texture (Table 4.4.11). The overall 

interaction of packaging types and storage durations had non-significantly affected the 

organoleptic parameters. It was observed that flavour score increased along with increase in 

storage period. Maximum score for flavour was observed in fruit removed after five weeks of 

storage and minimum score was observed in fruit removed after three weeks of storage. It 

was observed that maximum score for aroma was found in fruit removed after three weeks of 

storage followed by fruit removed after five weeks of storage. The minimum score for aroma 

was observed in fruit removed after four weeks of storage. 
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Table 4.4.10. Effect of packaging types, storage duration’s and post shipment ripening stages on sugar contents (%) of ‘Sindhri’ 
mangoes 

 Reducing Sugars Non-reducing Sugars Total Sugars 

Treatments Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean

Open top 2.48 2.79 1.85 2.37 3.98 4.54 3.02 3.85 6.66 7.56 5.03 6.42 

Closed top 2.40 2.79 2.23 2.47 3.69 4.53 3.53 3.92 6.29 7.56 5.94 6.59 
Mean 2.44 B 2.79 A 2.04 C  3.84B 4.54A 3.27C  6.47B 7.56A 5.48C  
Means not sharing similar letters are significantly different (P≤0.05);wk: week 

 

Table 4.4.11. Effect of packaging types, storage duration’s and post shipment ripening stages on organoleptic quality attributes of 

‘Sindhri’ mangoes 

Treatments 
Taste Flavour Texture Pulp Colour Aroma 

Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean Wk2 Wk3 Wk4 Mean 

Open top 4.00 4.86 5.67 4.84 3.00 4.72 5.53 4.41 6.25 5.72 6.73 6.24 6.42 5.86 6.40 6.23 6.00 4.00 4.83 4.94 

Closed top 5.00 4.90 5.40 5.10 3.00 4.83 5.66 4.50 6.17 5.67 6.13 5.99 6.75 6.11 5.87 6.24 5.83 3.64 4.60 4.69 

Mean 4.50 4.88 5.53  3.00C 4.78B 5.60A  6.21AB 5.70B 6.43A  6.58 5.99 6.13  5.92A 3.82C 4.72B  
Means not sharing similar letters are significantly different (P≤0.05);wk: week 
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4.4.1.5. Marketable fruit percentage 

The analysis of variance showed that packaging types and storage durations had 

significantly affected the marketable fruit percentage, whereas, the interaction effect 

remained statistically non-significant (Table 4.4.12).  Maximum percentages of marketable 

fruit were found in fruit placed in open top boxes compared to those placed in closed top 

boxes. Moreover, the marketability of fruit decreased as the storage period was increased 

showing inverse relationship of storage durations with fruit marketability. The fruit removed 

after three weeks had a greater percentage of marketable fruit as compared to fruit removed 

after five weeks of storage which got minimum percentage of marketable fruit. The mean 

values are shown in table 4.4.12. 

The fruit which remain free from disease and disorders are considered best for 

market. More marketable fruit from open top card board boxes indicated less disease 

percentage in them. However, fruit marketability decreased as the storage period was 

increased. As the storage period is increased, disease development proceeds due to humid 

atmospheres of cold storage. 

 

Table 4.4.12. Effect of packaging types and storage periods on marketable fruit percentage of 
‘Sindhri’ mangoes 
Packaging 
types 

Wk3 Wk4 Wk5 Means 

Open top 90.47 85.71 66.67 80.95A 
Closed top 71.42 76.18 47.62 65.07B 
Means 80.95A 80.94A 57.14B 
Means not sharing similar letters are significantly different (P≤0.05);wk: week 
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4.4.2. Impact of different packaging types and low temperature storage durations on 

fruit quality and marketability of ‘Sufaid Chaunsa’ mangoes 

4.4.2.1. Impact on physiological characteristics 

4.4.2.1.1. Weight loss 

Packaging types did not significantly affect the weight loss percentage in stored 

mango fruit (Table 4.4.13). However, storage durations and post shipment ripening stages 

significantly affected the weight loss percentage (Table 4.4.13 and Fig. 4.4.5). The 

interaction effect of packaging types and storage durations remained significant while all 

other interaction effects remained statistically non-significant.  

The weight loss percentage was found to increase as the storage period was enhanced. 

Minimum percentage of weight loss was found in the fruit removed after three weeks of 

storage while maximum percentage of weight loss was observed in fruit removed after five 

weeks of storage. The weight loss percentage was found minimum in the fruit after their 

removal from cold storage. The weight loss continued to increase and maximum weight loss 

percentage was observed at final ripening day. The reported reasons for weight loss are 

increased respiration and transpiration rate which takes places in when fruit undergoes 

through ripening process at room temperature (Bora and Narain, 1997). The increase in 

weight loss percentage with an increase in storage/storage periods in mango during ripening 

process has been earlier reported (Mathur et al., 1953; Abbasi et al., 2009).  

Table 4.4.13. Effect of packaging types and storage periods on PWL (% age) in ‘Sufaid 
Chaunsa’ mangoes 
 
Packaging 
Types 

Wk3 Wk4 Wk5 
Means

ARM AET ARP ARM AET ARP ARM AET ARP 

Open top 3.25 4.15 7.07 3.71 5.01 8.63 4.97 12.44 17.23 7.38 
Closed top 7.39 7.80 8.71 6.42 8.48 16.15 7.08 8.06 9.24 8.81 

Means 9.84A 8.07AB 6.40B 
Means not sharing similar letters are significantly different (P≤0.05); ARM = At removal, AET = After ethylene treatment, ARP = At ripe 
stage; wk: week 
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4.4.2.1.2. Respiration rate 

The analysis of variance indicated that packaging types did not significantly affected 

the respiration rate (Table 4.4.14). The storage durations and post shipment ripening stages 

significantly affected the respiration rate (Table 4.4.14 and Fig. 4.4.6). Fruit is a living entity 

and it continues to respire even after detachment from the plant (Bora and Narain, 1997; 

Kader, 2008).The respiration rate of fruit was found to increase along with increase in the 

storage durations. Maximum CO2 was produced in fruit removed after five weeks of storage 

and minimum in fruit removed after three weeks of storage. Moreover, less CO2 was 

produced by fruit at removal day and as the ripening process proceeded CO2 production was 

increased. Maximum CO2 was produced in fruit at final ripening day. Fruit is a living entity 

and it continues to respire even after detachment from the plant (Bora and Narain, 1997; 

Kader, 2008). The low temperature storage could be the reason of CO2 production at removal 

day as low temperature slows down the respiration process and other related metabolic 

activities. Exposure to ethylene for uniform ripening speeds up the respiration rate (Tucker, 

1993; Salveit, 1999).  

Table 4.4.14. Effect of packaging types and storage periods on respiration rate (mmCO2kg-1 

h-1) in ‘Sufaid Chaunsa’ mangoes 
 
Packaging 
Types 

Wk3 Wk4 Wk5 
Means

ARM AET ARP ARM AET ARP ARM AET ARP 

Open top 1.34 1.96 3.10 3.09 3.87 3.37 0.67 1.19 1.64 2.25 
Closed top 2.06 2.71 3.34 3.17 4.43 3.79 0.39 0.91 1.78 2.51 

Means 2.42B 3.62A 1.10C   
Means not sharing similar letters are significantly different (P≤0.05); ARM = At removal, AET = After ethylene treatment, ARP = At ripe 
stage; wk: week 
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4.4.2.2. Impact on physical characteristics 

4.4.2.2.1. Peel colour development and Textural softness 

The analysis of variance showed that packaging types, storage durations and post 

shipment ripening stages significantly affected the fruit peel colour development and fruit 

textural softness (Table 4.4.15& 4.4.16 and Fig. 4.4.7 & 4.4.8).  The interaction effect 

between ripening stages with storage durations and packaging types significantly affected the 

fruit peel colour development.  However, the interaction effect between packaging types and 

storage durations along with the overall interaction effect between packaging types, storage 

durations and ripening stages on fruit peel colour development remained statistically non-

significant. However, the interaction effect of storage durations with packaging types and 

post shipment ripening stages on fruit textural softness remained statistically significant 

while all other interaction effects remained non-significant 

It was observed that fruit placed in open top boxes developed less peel colour than the 

fruit placed in closed top boxes. The fruit placed in open top boxes were more firm than the 

fruit placed in closed top boxes which could be due to early ripening of fruit in closed top 

boxes because of early ripening probably due to enclosed atmosphere making ethylene to 

accumulate (Malik, 2003, Hafeez et al., 2012). The fruit firmness decreased with an increase 

in the storage durations. The score for fruit textural softness was found maximum in fruit 
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removed after three weeks of storage and minimum after five weeks of storage. Moreover, 

more firm fruit were observed just after removal from cold storage. The firmness was found 

to decrease after ethylene exposure and soft fruit were observed at final ripening day. Mango 

being a climacteric fruit produces ethylene (0.1-2 microliters per kilogram per hour) during 

ripening process (Lalel et al., 2003a & b; Kader, 2008). The ethylene produced in open top 

boxes may escape to the atmospheres, while in closed- top boxes; ethylene accumulates and 

hastens the ripening process as earlier reported by Malik (2003). Moreover, fruit developed 

more peel colour as the storage durations were increased from three to five weeks. In long 

term storage, fruit loses its green colour due to the degradation of chlorophyll because of the 

advancement in ripening process and other metabolic activities occurring place in the fruit 

(Wills et al., 1982; Weichmann, 1987; Montalvo et al., 2007). Due to climacteric nature of 

mango, ethylene is produced during the process of ripening and during long term storage 

fruit ripening process continues causing the softening of cell walls (Doreyappa-Gowda & 

Huddar, 2001).  

 

Table 4.4.15. Effect of packaging types and storage periods on peel colour development in 
‘Sufaid Chaunsa’ mangoes 
Packaging 

Types 

Wk3 Wk4 Wk5 
Means

ARM AET ARP ARM AET ARP ARM AET ARP 

Open top 1.86 2.67 4.02 2.94 3.34 4.43 3.02 3.92 4.08 3.37B 

Closed top 1.95 2.67 4.31 2.77 3.16 4.79 3.14 3.71 4.95 3.49A 

Means 2.91C 3.57B 3.80A 

Means not sharing similar letters are significantly different (P≤0.05); ARM = At removal, AET = After ethylene treatment, ARP = At ripe 
stage; wk: week 

 

The post shipment ripening stages also significantly affected the colour development and 

fruit textual softness. Minimum score for peel colour development and textural softness was 

observed in fruit at removal from cold storage. The fruit continued to develop more colour 

and lose firmness after ethylene exposure and maximum score for colour development and 

softness was observed in fruit at final ripening day. This is the normal ripening trend during 

which mango fruit changes its colour from green to yellow and usually loses its firmness and 

become soft as earlier reported by Singh et al., (2004) and Montalvo et al., (2007). 
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Table 4.4.16. Effect of packaging types and storage periods on textural softness of ‘Sufaid 
Chaunsa’ mangoes 
Packaging 

types 

Wk3 Wk4 Wk5 
Means

ARM AET ARP ARM AET ARP ARM AET ARP 

Open top 1.00 2.12 3.78 2.36 2.88 4.05 2.58 3.48 3.94 2.91B 

Closed top 1.45 2.29 4.00 2.19 3.02 4.05 2.96 3.68 4.06 3.08A 

Means 2.44C 3.09B 3.45A 

Means not sharing similar letters are significantly different (P≤0.05); ARM = At removal, AET = After ethylene treatment, ARP = At ripe 
stage; wk: week 
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4.4.2.2.3. Disease 

The analysis of variance showed that packaging types had did not significantly affect 

the disease development (Table 4.4.17). The disease development was significantly affected 

by storage durations and post shipment ripening stages (Fig. 4.4.9). All the interaction effects 

statistically remained non-significant except the interaction effect of storage durations and 

ripening stages.  

 

Table 4.4.17. Effect of packaging types and storage periods on disease development in 
‘Sufaid Chaunsa’ mangoes 
Packaging 

Types 

Wk3 Wk4 Wk5 
Means

ARM AET ARP ARM AET ARP ARM AET ARP 

Open top 0.00 1.33 2.17 0.00 1.83 2.72 2.33 2.00 2.46 1.85 

Closed top 1.67 2.39 2.19 2.11 2.11 2.17 2.41 2.64 2.84 2.08 

Means 1.34B 2.17A 2.38A 

Means not sharing similar letters are significantly different (P≤0.05); ARM = At removal, AET = After ethylene treatment, ARP = At ripe 
stage; wk: week 

 

The minimum score for disease development was observed in fruit removed after 

three weeks of storage. The disease incidence was found maximum in fruit removed after 

five weeks of storage. Moreover, the disease incidence was found minimum when the fruit 

were removed from cold storage i.e. at removal and maximum at final ripening day. The fruit 

normally becomes soft and more prone to diseases as the ripening proceeds. Overall, the 

disease incidence was low which could be due to the results of hot water treatment and 

fungicide application. The beneficial results of HWT along with fungicide application to 

control postharvest storage disease have earlier been reported by many researchers (Lonsdale 

1993; Prusky et al., 1999; Dang et al., 2008).  
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4.4.2.3. Impact on biochemical characteristics 

The analysis of variance showed that packaging types non-significantly affected the 

TSS, acidity percentage, TSS: TA ratio, and vitamin C. However, a significant relationship 

was observed between packaging types and sugar contents. The effect of storage duration 

was found significant for acidity percentage and TSS:TA ratio and sugar contents while non-

significant for TSS and vitamin C contents. The interaction effect of packaging types and 

storage durations non-significantly affected all the bio-chemical parameters except sugar 

contents (Table 4.4.18, 4.4.19, 4.4.20, 4.4.21). TSS:TA ratio was found higher in fruit 

removed after three weeks of storage followed by fruit removed after four and five weeks 

respectively. Acidity percentage was also found to decrease as the storage period was 

prolonged. The sugar contents (reducing, non-reducing and total sugars) were found more in 

fruit stored in open top boxes as compared to sugar contents of fruits stored in closed top 

boxes (Table 4.4.22). Maximum sugar contents were found in fruit after four weeks of 

storage and minimum in fruit removed after three weeks of storage.  

 

Table 4.4.18. Effect of packaging types and storage periods on TSS (Brix) of ‘Sufaid 
Chaunsa’ mangoes 
Packaging 
types 

Wk3 Wk4 Wk5 Means 

Open top 22.83 21.73 20.67 21.74 
Closed top 23.07 19.33 23.37 21.92 
Means 22.95 20.53 22.02   
Means not sharing similar letters are significantly different (P≤0.05);wk: week 
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Table 4.4.19. Effect of packaging types and storage periods on acidity (%) of ‘Sufaid 
Chaunsa’ mangoes 
Packaging 
Types 

Wk3 Wk4 Wk5 Means 

Open top 0.38 0.24 0.16 0.26 
Closed top 0.35 0.21 0.12 0.23 
Means 0.37A 0.23B 0.14C   
Means not sharing similar letters are significantly different (P≤0.05);wk: week 

 

Table 4.4.20. Effect of packaging types and storage periods on TSS: TA ratio of ‘Sufaid 
Chaunsa’ mangoes 
Packaging 
types 

Wk3 Wk4 Wk5 Means 

Open top 59.91 49.62 27.53 45.69 
Closed top 66.29 50.62 38.65 51.86 
Means 63.10A 50.12B 33.09C   
Means not sharing similar letters are significantly different (P≤0.05);wk: week 

 

Table 4.4.21. Effect of packaging types and storage periods on vitamin C(mg/100g) in 
‘Sufaid Chaunsa’ mangoes 
Packaging 
types 

Wk3 Wk4 Wk5 Means 

Open top 25.80 17.20 21.50 21.50 
Closed top 23.65 12.90 23.65 20.07 
Means 24.73 15.05 22.58 
Means not sharing similar letters are significantly different (P≤0.05);wk: week 

 

The decrease in acidity contents of mango has earlier been reported in several mango 

varieties during prolonged storage (Doreyappa-Gowda and Huddar, 2001; Srinivasa et al., 

2002). The ratio decreased as the storage period was increased and minimum TSS:TA ratio 

was observed in fruit removed after five weeks of storage.  

The decrease in TSS:TA ratio could be due to further utilization of sugars in various 

metabolic activities occurring place inside the fruit. Rathore et al. (2007) also reported the 

decrease in sugar contents during prolonged storage. During the ripening process, organic 

acids are oxidized for their utilization in many metabolic activities of fruit. The effect of 

packaging types and interaction effect of packaging types and storage durations on acidity 

contents remained statistically non-significant. Overall, a gradual increase and then decrease 

in the sugar contents of stored mango fruit was observed. The increase in sugars could be due 
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to the breakdown of polysaccharides into water soluble sugars and then decrease in sugar 

contents during long term storage could be due to further utilization of these sugars in the 

metabolic activities occurring place inside the fruit (Kitturet al., 2001). These results are in 

accordance with the findings of Rathore et al. (2007) who also found similar rise and fall in 

non reducing sugar contents during extended storage of mango fruit (Hulume, 1971; 

Srinivasa et al., 2002).  

 

4.4.2.4. Impact on organoleptic characteristics 

4.4.2.4.1. Taste, Texture, Pulp colour, Flavour, Aroma 

The analysis of variance showed that storage durations significantly affected all the 

organoleptic parameters of stored mango fruit (Table 4.4.23). The individual effect of 

packaging types did not significantly affected the organoleptic parameters except aroma 

which was significantly affected by packaging types. The overall interaction of packaging 

types and storage durations on all organoleptic parameters was statistically non-significant. 

The maximum score for fruit taste and flavour was observed in fruit removed after three 

weeks of storage and minimum in fruit removed after four weeks of storage which was found 

at par with fruit removed after five weeks of storage. However, the maximum score for 

aroma, texture and pulp colour was observed in fruit removed after three weeks of storage 

and minimum after five weeks of storage. The decrease in fruit taste could be due to low 

sugar contents of mango fruit with prolonged storage as earlier described Hulume 

(1971).This significant decreasing trend during storage might be due to changes in sugar and 

acid contents (Mattooet al., 1975; Wiley, 1994). There could be a possibility of escaping 

aroma in surrounding atmospheres in the fruit stored in open top cardboard boxes. Therefore, 

fruit stored in open top boxes had less score for aroma as compared to fruit stored in closed 

top boxes.  The retention of aromatic compounds in boxes with top closed could be due to 

closed environment. Aroma compounds are often only released upon cell disruption when 

previously compartmentalized enzymes and substrates interact (Buttery, 1993; Singh et al., 

2004).  
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Table 4.4.22. Effect of packaging types, storage durations and post shipment ripening stages on sugar contents (%) of ‘Sufaid 
Chaunsa’ mangoes 

 Reducing Sugars Non-reducing Sugars Total Sugars 

Treatments Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean

Open top 1.90ab 2.11a 1.78b 1.93A 3.04ab 3.32a 2.80b 3.05A 5.60a 5.55a 5.10ab 5.13A 

Closed top 1.37c 2.05a 1.75b 1.73B 2.25c 3.32a 2.82b 2.80B 4.70b 4.69b 3.74c 4.66B 
Mean 1.64B 2.08A 1.77B  2.64B 3.32A 2.81B  4.42B 5.58A 4.70B   
Means not sharing similar letters are significantly different (P≤0.05);wk: week 

 

Table 4.4.23. Effect of packaging types, storage duration’s and post shipment ripening stages on organoleptic quality attributes of 

‘Sufaid Chaunsa’ mangoes 

Treatments 
Taste Flavour Texture Pulp Colour Aroma 

Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean Wk3 Wk4 Wk5 Mean 

Open top 9.00 6.23 5.83 7.02 8.83 5.79 5.83 6.82 8.33 5.92 4.00 6.08 8.33 6.79 6.50 7.21 8.33 6.02 4.83 6.39B 

Closed top 8.83 4.98 6.17 6.66 8.67 5.25 6.00 6.64 8.33 6.05 4.50 6.29 8.50 6.04 6.17 6.90 8.83 6.22 5.33 6.79A 

Mean 8.92A 5.61B 6.00B   8.75A 5.52B 5.92B   8.33A 5.98B 4.25C   8.42A 6.42B 6.33B   8.58A 6.11B 5.08C   
Means not sharing similar letters are significantly different (P≤0.05); wk: week 
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4.4.2.5. Marketable fruit percentage 

The analysis of variance showed that marketable fruit percentage of fruit was 

significantly affected by storage durations (Table 4.4.24). The effect of packaging types 

and overall interaction of packaging types and storage durations on marketable fruit 

percentage remained statistically non-significant.  

 

Table 4.4.24. Effect of packaging types and storage periods on marketable fruit 
percentage of ‘Sufaid Chaunsa’ mangoes 
Packaging 
types 

Wk3 Wk4 Wk5 Means 

Open top 76.19 52.38 28.57 52.38 
Closed top 66.67 52.38 33.33 50.79 
Means 71.43A 52.38B 30.95C 
Means not sharing similar letters are significantly different (P≤0.05);wk: week 

 

Marketability of fruit decreased with an increase in storage durations. The fruit 

removed after three weeks of storage got maximum percentage of marketable fruit and 

the minimum percentage of marketable fruit was observed in fruit removed after five 

weeks of storage.  This decreasing trend could be related with the spoilage of fruit caused 

by various fungal diseases like stem end rot, side rots etc. during extended storage as 

earlier reported by Amin et al. (2011). These fungal diseases have been reported to cause 

fruit spoilage during storage (Jeffries et al., 1990; Crane & Campbell, 1991; Eckert et al., 

1996). High relative humidity is maintained in cold stores to avoid shrivelling of fruit 

which provides a favourable environment for disease development (Slaughter, 2009; 

Anonymous, 2011; Gadgile et al., 2009a; Gadgile et al., 2009b). The disease 

development proceeds due to advancement in autocatalytic changes as the storage period 

is increased which in turn decreases the market and consumer acceptibility of fruit 

(Chavez, 2007). 
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4.5. Postharvest disease management in mango cv. Sufaid Chaunsa  

4.5.1. Postharvest application of fungicides 

4.5.1.1. Weight loss (%) 

  Maximum water loss was observed after 35 days (5 weeks) storage followed 

by 21, 14 and 28 days of storage at 11°C respectively (Table 4.5.1). In terms of duration, 

respiration and transpiration are main reasons for reduction in weight during long term 

storage due to various anabolic and catabolic processes taking place in the mango fruit 

(Galviset al., 2005; Kader, 2006; Kelanyet al., 2010). Moreover, various biological and 

physiological processes taking place in fruit could also be the reason of weight loss 

(Rathore et al., 2007).  Mathur et al. (1953) also reported increased weight loss in stored 

mango fruit with extended storage (Abbasi et al., 2009).  

 The efficacy of different fungicides on weight loss. Maximum weight loss 

(8.15%) was recorded in fruit treated with T7 (Mencozeb-1g/L, HW) which is statistically 

at par with T1 (Lime, No HWT, No fungicide), T3 (Tecto-1000 ppm, HW) and T8 

(Carbendazim- 500 mg/L, HW) as shown in table 4.5.2. Minimum weight loss was 

recorded in T6 (Sportak+Tecto-2000 ppm, HW) as shown in table. 4.5.2. 

 

4.5.1.2. Peel colour 

 Table 4.5.2 shows the effect of different fungicides on peel colour development 

which was maximum after 35 days of storage followed by fruit stored at 28, 21 and 14 

days  at 11°C (Table 4.5.2). Maximum colour development score was recorded in fruit of 

T2 (No Lime, HWT-52°C -5 min, Sportak) which is statistically at par with T3 (Tecto-

1000 ppm, HWT-52°C -5 min) and T4 (Tecto-1500 ppm, HWT-52°C -5 min). While 

minimum colour score was observed in fruit of T8 (Carbendazim (500 mg/L), HWT-52°C 

-5 min) followed by fruit treated with T1 (Lime, No HWT, No fungicide) as shown in 

table 4.5.2.  

 

4.5.1.3. Fruit softness 

 The statistical analysis of the data regarding fruit softness showed that destructive 

fruit softness was significantly higher after 35 days of storage and minimum after 14 days 

storage at 11°C (Table 4.5.1). 
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Fungicidal treatments were found non-significant in case of fruit softness. Maximum fruit 

softness score was recorded in fruit of T7 (Mencozeb 1g/L, HWT-52°C -5 min) which is 

statistically at par with T5 (Tecto-2000 ppm, HWT-52°C -5 min). Minimum fruit softness 

was observed in fruit of T4 (Tecto-1500 ppm, HWT-52°C -5 min) and T6 

(Sportak+Tecto-2000 ppm, HWT-52°C -5 min) followed by fruit of T1 (Lime, No HWT, 

No fungicide) and T8 (Carbendazim (500 mg/L), HWT-52°C -5 min) as shown in table. 

4.5.2. 

 

Table 4.5.1. Effect of low temperature storage durations on physical quality and 

postharvest disease development in mango cv. Sufaid Chaunsa after low temperature 

storage 

Storage durations Weight loss 
(%) 

Peel colour 
(score) 

Softness 
(score) 

2 weeks 6.65b 1.92c 1.27c 
3 weeks 6.73b 3.28b 2.77b 
4 weeks 6.41b 4.57a 4.00a 
5 weeks 8.29a 4.72a 4.03a 
LSD (P<0.05) 0.8291 0.1824 0.08746 
Means not sharing similar letters are significantly different (P≤0.05) 

 
 
Table 4.5.2. Effect of fungicidal treatments on physical quality and postharvest disease 
development after low temperature storage 
Treatment Weight loss 

(%) 
Peel colour 

(score) 
Softness 
(score) 

T1 6.98abc 3.52 3.03 
T2 6.57bc 3.77 3.15 
T3 7.54ab 3.67 3.04 
T4 6.73bc 3.67 3.00 
T5 6.65bc 3.59 3.94 
T6 6.05c 3.65 3.00 
T7 8.15a 3.63 3.99 
T8 7.48ab 3.45 3.03 
LSD (P<0.05) 1.1725 NS NS 
Means not sharing similar letters are significantly different (P≤0.05) 
T1 =Control-I (Lime, No HWT, No fungicide), T2 =Control-II (No Lime, HWT-52°C-5 min, No fungicide), T3 =Tecto (Thiabendazole)-
1000 ppm (HW), T4 =Tecto-1500 ppm (HW), T5=Tecto-2000 ppm (HW). T6 = Sportak (Prochloraz)+Tecto-2000 ppm (HW), T7= 
Mencozeb 1g/L (HW) and T8 = Carbendazim (Benzimidazole) (500 mg/L) (HW) 
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The loss of green colour, along with fruit softening due to changes in cell wall 

composition, is among the common signs indicating that fruit is mature (Roe and 

Bruemmer, 1981;Tandon and Kalra, 1984; Lazanet al., 1986; Nasrijal, 1993). In mango 

fruit, during ripening, colour changes due to the disappearance of chlorophyll and the 

appearance of other pigments. Chloroplasts are transformed to chromoplasts containing 

yellow or red pigments (Lakshminarayana, 1980; Parikh et al., 1990; Lizada, 1993). 

 

4.5.1.4.  Stem end rot 

 The statistical analysis explained that the effect of different fungicides on 

stem-end rot score in mango fruit during storage was statistically significant (Table 4.5.3 

& 4.5.5. Maximum stem-end rot incidence was observed in fruit of control (Lime, No 

HWT, No fungicide), while T7 (Mencozeb 1g/L- HW),T4 (Tecto-1500 ppm- HW), T5 

(Tecto-2000 ppm- HW), T3(Tecto-1000 ppm (HW), T2(No Lime, HWT-52C-5 min, No 

fungicide) and T8 (Carbendazim (500 mg/L) HW) were statistically at par. Minimum 

stem-end rot was scored in fruit of T6 (Sportak+Tecto-2000 ppm, HWT-52°C -5 min) as 

shown in table. 4.5.4. Maximum stem end rot incidence was observed after 35 days 

followed by 28 days of storage at 11°C and minimum stem end rot occur after 14 and 21 

days of storage. 

 

4.5.1.5.  Anthracnose 

The statistical analysis of data indicated that the effect of different fungicides on 

anthracnose in mango fruit during storage was statistically significant (Table 4.5.3 & 

4.5.6). Maximum anthracnose incidence was recorded in fruit of T1(Lime, No HWT, No 

fungicide) followed by T8 (Carbendazim (500 mg/L), HWT-52°C -5 min) and T2(Lime, 

HWT-52°C -5 min, No fungicide). Minimum anthracnose was observed in T6 

(Sportak+Tecto-2000 ppm, HWT-52°C -5 min) followed by anthracnose incidence in 

fruit of T7 (Mencozeb 1g/L, HWT-52°C -5 min) and T4(Tecto-1500 ppm, HWT-52°C -5 

min) respectively as shown in table. 4.5.4. The statistical analysis (P≤0.05) of the data 

regarding anthracnose disease incidence during storage indicated higher anthracnose after 

28 days storage and minimum after 14 days of storage at 11°C. 
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4.5.1.6.  Side rots 

 The statistical analysis explained that the effect of different fungicides on side 

rot score in mango fruit during storage at 11°C was statistically significant (Table 4.5.3 & 

4.5.7). Maximum body rots were observed in fruit of T1 (Lime, No HWT, No fungicide) 

followed by T2, T7, T3 and T8 and results of all these four treatments was statistically at 

par among them. Minimum side rots (1.11) were scored in fruit of T6 (Sportak+Tecto-

2000 ppm, HWT-52°C -5 min) followed by fruit of T5 (Tecto-2000 ppm, HWT-52°C -5 

min) as shown in table. 4.5.4. Maximum side rots were scored in case of 35 days of 

storage at 11°C followed by 28, 21 and 14 days with side rot score of 2.12, 1.49 and 1.00 

respectively. 

 The postharvest disease management by fungicides has earlier been reported by 

various pathologists (Arauaz, 2000; Burg, 2004; Akem, 2006; Davenport et al., 2006; 

Brent and Hollomon, 2007; Brecht and Yahia, 2009).  
 

Table 4.5.3. Effect of storage durations on physical quality and postharvest disease 
development in mango cv. Sufaid Chaunsa after low temperature storage 
Storage durations SER 

(score) 
Anth. 

(score) 
Body rot 
(score) 

Wk2 1.00b 1.00c 1.00c 
Wk3 1.04b 1.15b 1.49b 
Wk4 1.67a 1.36a 2.12a 
Wk5 1.76a 1.17b 2.15a 
LSD (P<0.05) 0.1436 0.1139 0.2165 
Means not sharing similar letters are significantly different (P≤0.05) 

 
Table 4.5.4. Effect of fungicidal treatments on physical quality and postharvest disease 
development after low temperature storage 
Treatments SER 

(score) 
Anth. 

(score) 
Body rot 
(score) 

T1 1.97a 1.27a 2.05a 
T2 1.29b 1.20ab 1.87ab 
T3 1.30b 1.16abc 1.81abcd 
T4 1.39b 1.15abc 1.56cd 
T5 1.34b 1.25ab 1.52d 
T6 1.01c 1.00c 1.11e 
T7 1.45b 1.10bc 1.85abc 
T8 1.28b 1.21ab 1.73bcd 
LSD (P<0.05) 0.2031 0.1611 0.3062 
Means not sharing similar letters are significantly different (P≤0.05) 
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Table 4.5.5. Effect of fungicidal treatments and Storage duration on stem end rot 
incidence in mango cv. Sufaid Chaunsa 

Treatments 
Storage duration 

Mean 
Wk2 Wk3 Wk4 Wk5 

T1 1.00g 1.13fg 2.73a 2.80a 1.91 
T2 1.00g 1.03g 1.23efg 1.90bcd 1.29 
T3 1.00g 1.06g 1.66bcd 1.50def 1.30 
T4 1.00g 1.00g 1.60cde 1.96bc 1.39 
T5 1.00g 1.00g 1.56cde 1.80bcd 1.34 
T6 1.00g 1.03g 1.03g 1.00g 1.01 
T7 1.00g 1.10fg 2.06b 1.63cde 1.45 
T8 1.03g 1.00g 1.50def 1.50def 1.25 

LSD (P<0.05) = 0.4062 
Means not sharing similar letters are significantly different (P≤0.05) 
 

Table 4.5.6. Effect of fungicidal treatments and storage duration on anthracnose 
incidence in mango cv. Sufaid Chaunsa 

Treatments 
Storage durations 

Mean 
Wk2 Wk3 Wk4 Wk5 

T1 1.00 1.20 1.57 1.33 1.28 
T2 1.00 1.20 1.50 1.13 1.21 
T3 1.00 1.07 1.40 1.20 1.17 
T4 1.00 1.17 1.27 1.20 1.16 
T5 1.00 1.33 1.50 1.17 1.25 
T6 1.00 1.00 1.03 1.00 1.01 
T7 1.00 1.07 1.27 1.10 1.11 
T8 1.00 1.17 1.40 1.30 1.22 

LSD (P<0.05) =  NS 
Means not sharing similar letters are significantly different (P≤0.05) 
 

Table 4.5.7. Effect of fungicidal treatments and storage duration on side rots incidence in 
mango cv. Sufaid Chaunsa 
Treatments Storage duration  
  Wk2 Wk3 Wk4 Wk5 Mean 
T1 1.00 1.70 2.83 2.70 2.058 
T2 1.00 1.73 2.43 2.33 1.87 
T3 1.00 1.63 2.33 2.30 1.82 
T4 1.00 1.30 1.90 2.07 1.57 
T5 1.00 1.20 1.83 2.07 1.52 
T6 1.00 1.07 1.23 1.17 1.12 
T7 1.00 1.97 2.17 2.27 1.85 
T8 1.00 1.33 2.27 2.33 1.73 
LSD (P<0.05)  NS 
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4.5.1.7. Marketable fruit Percentage 

Highest marketable fruit varied with respect to storage durations and fungicidal 

treatments. Highest marketable fruit were counted in fungicide treated fruit except Tecto-

1000 stored for 2 weeks. While lowest marketable fruit were found HWT control stored 

for 5 weeks at par with fruit treated with Carbendazim stored for 4 weeks. However 

among treated fruits, all treatments were at par except combination of Tecto and Sportak 

in case of marketable fruit stored for 5 weeks as shown in table 4.5.8.  

 
Table 4.5.8. Marketable fruit (out of 7) at ripe stage with respect to different fungicidal 
treatments and storage durations 
Treatments 

 
Storage duration (Weeks) 

Wk2 Wk3 Wk4 Wk5 

T1 6.33ab 4.00de 2.00ghi 3.67ef 
T2 6.00abc 2.67fg 2.00ghi 1.00i 
T3 5.00cd 2.67fg 2.33gh 2.00ghi 
T4 7.00a 4.00de 3.00efg 3.00efg 
T5 7.00a 5.67bc 3.67ef 2.67fg 
T6 7.00a 5.00cd 6.33ab 6.33ab 
T7 7.00a 2.67fg 3.00efg 2.33gh 
T8 7.00a 3.00efg 1.33hi 3.00efg 

LSD Value (P≤0.05; n=7) = 1.236     
Means not sharing similar letters are significantly different (P≤0.05); HWT: Hot Water Treatment 
T1 =Control-I (Lime, No HWT, No fungicide), T2 =Control-II (No Lime, HWT-52°C-5 min, No fungicide), T3 =Tecto (Thiabendazole)-
1000 ppm (HW), T4 =Tecto-1500 ppm (HW), T5=Tecto-2000 ppm (HW). T6 = Sportak (Prochloraz)+Tecto-2000 ppm (HW), T7= 
Mencozeb 1g/L (HW) and T8 = Carbendazim (Benzimidazole) (500 mg/L) (HW) 

 

4.5.1.8. Biochemical quality attributes 
 

4.5.1.8.1. Soluble Solid Contents (SSC) 

Table 4.5.10 displays the significant changes in SSC of Sufaid Chaunsa mango 

subjected to different fungicides in storage temperatures of 11°C. The values for SSC 

during storage. Maximum fruit SSC was recorded in fruit of T7 (Mencozeb 1g/L, HWT-

52°C -5 min) which is statistically at par with T5(Tecto-2000 ppm, HWT-52°C -5 min) 

and T6 (Sportak+Tecto-2000 ppm, HWT-52°C -5 min). Minimum SSC was observed in 

fruit of T1 (Lime, No HWT, No fungicide) followed by SSC in fruit of T2 (Lime, HWT-

52°C -5 min, No fungicide), T8 (Carbendazim (500 mg/L), HWT-52°C -5 min) and T4 

(Tecto-1500 ppm, HWT-52°C -5 min) as shown in table 4.5.10. Maximum SSC 21.65° 

Brix were recorded after 14 days storage and 5-6 days at shelf (20°C) for ripening as 
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compared to 21, 28 and 35 days as shown in table 4.5.9 as earlier described by Hafeez et 

al. (2012).  

4.5.1.8.2. Ascorbic acid 

The ascorbic acid content of ‘Sufaid Chaunsa’ mango subjected to different 

postharvest storage interval at 11°C temperature is shown in Table 4.5.9. The effect of 

different fungicides on ascorbic acid contents score in mango fruit during storage at 11°C 

was statistically recorded (Table 4.5.10). Maximum ascorbic acid contents was recorded 

in fruit ofT4 (Tecto-1500 ppm, HWT-52°C -5 min) which is statistically at par with T7 

(Mencozeb 1g/L, HWT-52°C -5 min) and T1 (Lime, No HWT, No fungicide). Minimum 

ascorbic acid contents was observed in fruit of T2 (Lime, HWT-52°C -5 min, No 

fungicide) followed by ascorbic acid contents in fruit of T6 (Sportak+Tecto-2000 ppm, 

HWT-52°C -5 min) and T3 (Tecto-1000 ppm, HWT-52°C -5 min).The changes in 

ascorbic acid content of ‘Sufaid Chaunsa’ mango after 28 days storage is significantly 

higher as compared to ascorbic acid of fruit after 21, 14 and 35days storage (Table 4.5.9). 

The increase and then decrease in vitamin C contents during extended storage has been 

earlier reported by Srinivasa et al. (2002). 

 

Table 4.5.9. Effect of storage on biochemical quality attributes of mango cv. Sufaid 
Chaunsa 
 
Storage Duration 

(Weeks) 

TSS 

(°Brix) 

Titertable acidity 

(%) 

Ascorbic acid 

(mg 100g-1) 

Wk2 21.65a 0.43b 18.01c 

Wk3 20.40b 0.38c 21.77b 

Wk4 20.23b 0.54a 22.84b 

Wk5 18.91c 0.43b 18.01c 

LSD (P<0.05) 0.6555 0.03159 2.816 

Means not sharing similar letters are significantly different (P≤0.05) 

 

4.5.1.8.3. Titratable acidity 

 Highest TA was recorded in fruit stored for 4 weeks while fruit stored for 3 weeks 

developed minimum TA. Titratable acidity (TA) was affected significantly by storage 
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durations (Table 4.5.9) while it remained non-significant for fungicidal treatments (Table 

4.5.10).  

 

Table 4.5.10. Effect of fungicidal treatments on biochemical quality attributes in mango 
cv. Sufaid Chaunsa 
Treatments TSS 

(°Brix) 
Titratable acidity 

(%) 
Ascorbic acid 
(mg 100g-1) 

T1 19.42c 0.44 23.65 
T2 19.58c 0.42 19.89 
T3 20.27abc 0.41 20.96 
T4 20.07bc 0.40 24.19 
T5 20.96ab 0.43 21.50 
T6 20.85ab 0.45 20.96 
T7 21.19a 0.45 23.65 
T8 20.04bc 0.45 23.11 
LSD (P<0.05) 0.9270 NS NS 
Means not sharing similar letters are significantly different (P≤0.05); HWT: Hot Water Treatment 
T1 =Control-I (Lime, No HWT, No fungicide), T2 =Control-II (No Lime, HWT-52°C-5 min, No fungicide), T3 =Tecto (Thiabendazole)-
1000 ppm (HW), T4 =Tecto-1500 ppm (HW), T5=Tecto-2000 ppm (HW). T6 = Sportak (Prochloraz)+Tecto-2000 ppm (HW), T7= 
Mencozeb 1g/L (HW) and T8 = Carbendazim (Benzimidazole) (500 mg/L) (HW) 

 

4.5.2. Pre and postharvest application of fungicides  
 
4.5.2.1. Preharvest application 

4.5.2.1.1. Stem End Rot (SER) 

Data regarding Stem End Rot (SER) incidence in fruit showed that preharvest 

fungicidal treatments made no difference, compared with control, however Nativo was 

rated down for unknown reasons. Among fungicidal treatments, preharvest application of 

Cabrio Top gave higher SER control but remained non-significant as compared to control 

and other treatments, except Nativo which had higher SER score (Table 4.5.11). 

Although hot water dipping had lower SER score, but could not make significant 

difference compared with cold dip/processed fruit (Table 4.5.14). Davenport et al. (2006) 

also reported the reduction in disease development with the use of fungicidal spray in 

field (Burg, 2004). 

 

4.5.2.1.2. Anthracnose 

Anthracnose incidence in preharvest fungicides treated fruit were found 

significantly different for fungicidal treatments, nature of dip and interaction of both 
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(Table 4.5.11). T4 [preharvest Scholar @ 0.6 ml/L], followed by hot water dip gave 

maximum anthacnose control in the treated fruit, while T2 [Nativo @ 0.3 g/L] followed 

by cold dip regime had maximum anthracnose development (Table 4). Minimum 

anthracnose incidence in cold dipped fruit was noted in T3 [Cabrio Top @ 3g/L] which 

was significantly lower than control. Overall, Scholar @ 0.6 ml/L performed better 

followed by Cabriotop. Generally, Hot water dipping performed significantly better as 

compared to cold processing in anthracnose disease control (Table 4.5.14).  

4.5.2.1.3. Body rots 

The data regarding body rots development in mango fruit showed non-significant effects 

against fungicide treatments, nature of dip and their interactive effect (Table 4.5.11 & 

4.5.14). 

4.5.2.1.4. Skin browning 

Preharvest fungicidal treatments followed by cold dip/processing remained non-

significant while the fruits which were subsequently treated with hot water had 

significant difference for skin browning. Maximum skin browning was found in control 

fruit and minimum skin browning was developed in T6[Scholar @ 1.2 ml/L] within 

fungicidal treatments with HWT. However nature of dip and interactive effect of 

fungicidal treatments and dip had no significant impact over skin browning (Table 4.5.11 

& 4.5.14). The internal browning in Sufaid Chaunsa was pathological, as the isolation 

studies showed, and preharvest application of Scholar@1.2 ml/L followed by hot water 

dipping gave best results. 

4.5.2.1.5. Weight loss (%) 

Data regarding weight loss during storage showed that fungicidal treatments had 

no significant impact; nature of water dip had significant effects on weight loss of fruit 

while interactive effect of both treatment and nature of dip also remained no significant. 

Fruit with hot dip had more weight loss compared with cold dipped fruit (Table 4.5.12 & 

4.5.14).  

4.5.2.1.6. Peel colour 

Treated mango fruit exhibited a non-significant difference in peel colour 

development during storage with respect to fungicidal treatments, while there was a 

significant effect of nature of water dip (cold vs hot) (Table 4.5.12 & 4.5.14). 

Significantly higher fruit colour development was recorded in hot dipped fruit (Table 
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4.5.14). Interactive effect of fungicidal treatments and nature of water dip (cold vs hot) 

was found to be non-significant regarding fruit colour development (Table 4.5.11).  

 

4.5.2.1.7. Textural softness 

Analyzed data regarding fruit textural softness showed that textural softness was 

not affected non-significantly by fungicidal treatments, type of dip or their interaction 

during storage (Table 4.5.12 & 4.5.14). 

 
4.5.2.1.8. Shriveling  

Shriveling did not appear in any treatment during storage (Table 4.5.12 & 4.5.14). 

 
 

4.5.2.1.9. Soluble solid contents (SSC) 

The data representing mango fruit SSC showed non-significant difference among 

different fungicidal treatments, nature of dip and their interaction (Table 4.5.13 &4.5.15). 

 
4.5.2.1.10. Titratable acidity (TA) 

Observation concerning TA percentage of mango fruit revealed that TA remained 

non-significant for different fungicidal treatments, type of dips and their interaction 

(Table 4.5.13 &4.5.15).   

 
4.5.2.1.11. SSC/TA ratio 

SSC/TA ratio determines the taste of fruit. The data concerning SSC/TA ratio of 

mango fruit revealed significant results for fungicidal treatment (Table 4.5.13) and 

interaction between fungicidal treatments and nature of dip, but SSC/TA ratio differed 

non-significantly for nature of dip (Table 4.5.15). Highest SSC/TA ratio was found to be 

in fruit treated with T4 [Scholar @ 0.6 ml/L] followed by cold dip, while minimum 

SSC/TA ratio was noted in T3 [Cabrio Top @ 3 g/L] followed by hot dip, among 

different treatments. 

 
4.5.2.1.12. Ascorbic acid content 

Ascorbic acid contents were found to be non-significantly different for fungicides, 

nature of water dip and their interaction (Table 4.5.13 &4.5.15).  
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Table 4.5.11. Effect of preharvest fungicidal application and nature of dip on disease development in mango cv. Sufaid Chaunsa 
 

Preharvest Fungicidal 
Treatments 

SER
(score)

Anthracnose
(score)

Body Rots
(score)

Skin Browning
(score)

NWD HWD (52ºC) NWD HWD (52ºC) NWD HWD (52ºC) NWD HWD (52ºC)

Control 1.30B 1.36 2.23Aa 1.23Bd 1.00 1.00 2.06 3.53A

Nativo 2.56A 1.33 2.37Aa 1.20Bd 1.06 1.00 3.26 2.83AB

Cabrio Top 1.36B 1.80 1.37Ccd 1.69Abc 1.00 1.00 2.39 2.52AB

Scholar@0.6 ml/L 1.58B 1.06 1.75Bb 1.13Bd 1.00 1.00 2.51 2.02BC

Amistar 1.51B 1.32 1.74BCb 1.71Abc 1.06 1.00 1.83 2.87AB

Scholar@1.2 ml/L 1.17B 1.10 1.46BCbcd 1.63Abc 1.03 1.03 1.39 1.14C

LSD: Main Effects (P<0.05)       * NS * * NS NS NS *

LSD:Interaction (P<0.05)                   NS * NS NS
Means not sharing same letters differ significantly; * = Significant, NS= Non-significant at P<0.05; NWD: Normal Water Dip; HWD: Hot water Dip 
Capital letters show main effect of treatments and small letters show interactive effect of treatments and nature of dip; SER= Stem End Rot; Anth= Anthracnose 

 
Table-4.5.12. Effect of preharvest fungicidal application and nature of dip on physical fruit quality in mango cv. Sufaid Chaunsa  
 

Preharvest Fungicidal 
Treatments 

Weight Loss
(%)

Colour
(score)

Softness
(score)

Shriveling
(score)

NWD HWD (52ºC) NWD HWD (52ºC) NWD HWD (52ºC) NWD HWD (52ºC)

Control 6.54 9.69 4.26 4.40 4.00 4.00 1.00 1.00

Nativo 8.10 9.40 3.43 4.76 4.00 4.00 1.00 1.00

Cabrio Top 7.26 9.58 4.40 4.56 4.00 4.00 1.00 1.00

Scholar@0.6ml/L 6.54 8.55 4.50 5.00 4.00 4.00 1.00 1.03

Amistar 6.56 7.56 4.15 4.90 4.00 4.00 1.00 1.00

Scholar@1.2 ml/L 5.60 8.20 4.13 4.69 4.00 4.00 1.03 1.00

LSD: Main Effects (P<0.05)  NS NS NS NS NS NS NS NS

LSD:Interaction (P<0.05)  NS NS NS NS
NS= Non-significant at P<0.05; NWD: Normal Water Dip; HWD: Hot water Dip 
T1 =Control-I (Lime, No HWT, No fungicide), T2 =Control-II (No Lime, HWT-52°C-5 min, No fungicide), T3 =Tecto (Thiabendazole)-1000 ppm (HW), T4 =Tecto-1500 ppm (HW), T5=Tecto-2000 ppm 
(HW). T6 = Sportak (Prochloraz)+Tecto-2000 ppm (HW), T7= Mencozeb 1g/L (HW) and T8 = Carbendazim (Benzimidazole) (500 mg/L) (HW) 
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Table 4.5.13. Impact of preharvest fungicidal application and nature of dip on biochemical fruit quality 

Preharvest Fungicidal 
Treatments 

SSC 
(°Brix)

TA 
(%)

SSC/TA
 

Ascorbic Acid 
(mg/100ml)

NWD HWD (52ºC) NWD HWD (52ºC) NWD HWD (52ºC) NWD HWD (52ºC)

Control 20 19.6 0.38 0.28 53BCbcd 71.24ab 32.25 25.80

Nativo 18.3 19.5 0.38 0.37 47.36Cd 52.63cd 32.25 22.57

Cabrio Top 21.5 20.7 0.32 0.47 67.59Bbc 44.47d 16.12 16.12

Scholar@0.6 ml/L 21.7 20.3 0.25 0.31 86.69Aa 65.92bc 22.57 16.12

Amistar 22.8 19.7 0.38 0.38 60.93BCbcd 51.25cd 29.03 19.35

Scholar@1.2 ml/L 20.0 21.6 0.35 0.40 57.5BCbcd 55.22bcd 19.5 16.77

LSD: Main Effect (P<0.05)     NS NS NS NS * NS NS NS

LSD:Interaction (P<0.05)              NS NS * NS
Means not sharing same letters differ significantly; * = Significant, NS= Non-significant at P<0.05; ; NWD: Normal Water Dip; HWD: Hot water Dip; SSC= Soluble Solid Contents; TA = Titratable 
acidity;        Capital letters show main effect of treatments and small letters show interactive effect of treatments and nature of dip 

Table 4.5.14.  Impact of cold vs hot dip of fungicides on fruit quality and disease Incidence in mango cv. Sufaid Chaunsa at ripening 
Dip 
 

Weight Loss 
(%)

Peel Colour 
(score)

Softness 
(score)

Shriveling 
(score) 

SER 
(score)

Body Rots
(score)

Anth 
(score)

Skin Browning
(score)

Cold (Normal Tap Water) 6.77b 4.14b 4.00 1.00 1.58 1.03 1.82a 2.24

Hot Water (52ºC) 8.83a 4.72a 4.00 1.00 1.33 1.01 1.43b 2.48

LSD (P<0.05) * * NS NS NS NS * NS
Means not sharing same letters differ significantly; * = Significant, NS= Non-significant at P<0.05; SER= Stem End Rot; Anth= Anthracnose 

 
Table 4.5.15.  Impact of nature of fungicidal dip on Biochemical Fruit Quality in mango cv. Sufaid Chaunsa  
Dip 
 

SSC 
(°Brix)

TA 
(%)

SSC/TA
 

Ascorbic Acid 
(mg/100ml)

Cold (Normal Tap Water) 20.7 0.345 62.18 25.29

Hot Water Dip (52ºC) 20.2 0.369 56.79 19.45

LSD (P<0.05)  NS NS NS NS
NS= Non-significant at P<0.05; SSC= Soluble Solid Contents; TA = Titratable acidity 
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4.5.2.2. Postharvest application 

 
4.5.2.2.1. Stem End Rot (SER) 

Data regarding Stem End Rot development in fruit showed a non-significant 

effect of fungicidal treatments and their interaction (Table 4.5.16), but there were 

significantly differences for nature of fungicidal dip (hot vs cold). Significantly higher 

SER development was observed in cold dipped fruit (Table 4.5.19). Nativo hot water 

dipped fruit had no SER compared to other treatments (Table 4.5.16). 

 
4.5.2.2.2. Anthracnose 

Anthracnose development in fruit treated with various fungicides was found to be 

significantly different for treatments, nature of dip and interaction of both. Minimum 

anthracnose development was found in fruit treated with T6 [Prochloraz @ 0.5 ml/L] and 

maximum in control fruit among cold fungicidal treatments.T2 [Nativo @ 0.3 g/L], T3 

[Cabrio Top @ 3 g/L], T5 [Amistar @ 0.8 ml/L] and T6[Prochloraz @ 0.5 ml/L] gave 

similar maximum control over anthracnose significantly lower than control among hot 

fungicidal treatments (Table 4.5.16). Cold control fruit had maximum anthacnose 

development while hot T2 [Nativo @ 0.3 g/L] had minimum anthracnose development 

(Table 4.5.16). Hot dip of fungicidal treatments has significantly higher anthracnose 

control as compared to cold dip (Table 4.5.19). The postharvest disease management by 

fungicides has earlier been reported by various pathologists (Arauaz, 2000; Burg, 2004; 

Akem, 2006; Davenport et al., 2006; Brent and Hollomon, 2007; Brecht and Yahia, 

2009).  

 
4.5.2.2.3. Body Rots 

The data regarding body rots development in mango fruit showed non-significant 

results for fungicide treatments, type of dip and their interactive effect (Table 4.5.16 & 

4.5.19). 

 
4.5.2.2.4. Skin Browning 

Fungicidal treatments and interactive effect of fungicidal treatments and type of 

dip exhibited significantly different results for skin browning (Table 4.5.16). However 
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type of dip had no significant effect on skin browning (Table 4.5.19). Minimum skin 

browning was noted in fruit treated with T6 [ Hot Prochloraz @ 0.5 ml/L], followed by 

Nativo hot dip, while maximum skin browning was recorded in cold dipped 

T3[CabrioTop @ 3 g/L], and T2 [Nativo @ 0.3 g/L]  (Table 4.5.16). Nativo hot dip 

performed significantly better than Nativo cold dip. 

 
4.5.2.2.5. Weight Loss (%) 

Data regarding weight loss during storage showed that fungicidal treatments had 

no significant impact (Table 4.5.17), while nature of fungicidal dip had significant effects 

on weight loss of treated fruit (Table 4.5.19). Fruit with hot dip had significantly higher 

weight loss than in cold dipped fruit (Table 4.5.19).  

 
4.5.2.2.6. Peel Colour 

Mango fruit exhibited non-significant difference in peel colour development 

during storage with respect to cold fungicidal treatments and remained significant for hot 

fungicidal treatments and nature of dip and interaction of treatments and nature of dip 

(Table 4.5.17 and 4.5.19). Highest fruit colour development was recorded in hot 

fungicide dipped fruit, significantly higher than those treated with cold fungicides (Table 

4.5.19). Cold T3 [Cabrio Top @ 3g/L] treated fruit developed maximum colour, while 

minimum colour development was found in fruit with treatment cold T2 [Nativo @ 

0.3g/L] in case of interactive effect of treatments and nature of dip. Ullah et al. (2010a) 

reported the increase in peel colour as the storage period is prolonged. 

 

4.5.2.2.7. Textural Softness 

Analyzed data regarding fruit textural softness showed that textural softness was 

not affected significantly by fungicidal treatments, type of dip or their interaction during 

storage (Table 4.5.17 & 4.5.19). 

 

4.5.2.2.8. Shriveling  

Shriveling remained was not affected significant with respect to fungicidal 

treatment, nature of dip and their interactive effect (Table 4.5.17 & 4.5.19). 
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4.5.2.2.9. Soluble Solid Contents (SSC) 

The data representing mango fruit SSC showed non-significant difference among 

different fungicidal treatments (Cold and hot), nature of dip and their interaction (Table 

4.5.18 & 4.5.20). 

 

4.5.2.2.10. Titratable Acidity (TA) 

Observation concerning TA percentage of mango fruit revealed that it remained 

significantly different for cold fungicidal treatments, and non-significant for nature of dip 

and interaction of treatment and dip. Fruit dipped in T5 [Amistar @ 0.8 ml/L] had highest 

TA percentage and minimum TA (%), was calculated in fruit of T2 [Nativo @ 0.3 g/L] 

among cold fungicidal treatments (Table 4.5.18 & 4.5.20). 

 
4.5.2.2.11. SSC/TA Ratio 

The data concerning SSC/TA ratio of mango fruit revealed non-significant results 

for hot fungicides, nature of dip but was found significant for cold fungicidal treatments 

and interaction between treatments and nature of dip (Table 4.5.18 & 4.5.20). Highest 

ratio was found in fruit treated with T2 [Nativo @ 0.3 g/L] siginificantly higher than 

control, while it was minimum in T6 [Prochloraz @ 0.5 ml/L] fruit among cold fungicidal 

treatments.  

 
4.5.2.2.12. Ascorbic Acid Content 

Ascorbic acid contents were found non-significantly different for fungicidal 

treatments (Cold and hot), nature of dip and their interaction (Table 4.5.18 & 4.5.20) 

.  
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Table 4.5.16. Impact of postharvest fungicidal treatments on disease development in mango cv. Sufaid Chaunsa  

Postharvest Fungicidal 
Treatments 

SER
(score)

Anthracnose
(score)

Body Rots
(score)

Skin Browning
(score)

CWFD HWFD CWFD HWFD CWFD HWFD CWFD HWFD

Control  1.30Cc 1.36bc 2.23aa  1.23bcd 1.00 1.00 2.06ccd 3.53aa

Nativo 2.18ABa 1.00c 1.95abab  1.00cd 1.03 1.00 3.80aa 1.68bcde

Cabrio Top 1.32Cbc 1.20c 1.29ccd  1.00cd 1.12 1.00 1.76cde 3.89aa

Scholar 2.00ABa 1.33c 2.08aa  1.58abc 1.08 1.04 3.29abab 2.08bcd

Amistar 1.87Bab 1.11c 1.54bcc  1.00cd 1.08 1.00 2.45bcbcd 3.03aabc

Prochloraz 2.24Aa 1.12c 1.04cd  1.00cd 1.00 1.00 1.95cde 1.00ce

LSD: Main Effects (P<0.05)      * NS * * NS NS * *
LSD:Interaction (P<0.05)                      * * NS *
Means not sharing same letters differ significantly; * = Significant, NS= Non-significant at P<0.05; CFD: Cold Water Fungicidal Dip; HFD: Hot Water Fungicidal Dip 
Capital letters show main effect of treatments and small letters show interactive effect of treatments and nature of dip; SER= Stem End Rot; Anth= Anthracnose 

 
Table 4.5.17. Impact of postharvest fungicidal treatments on the physical fruit quality in mango cv. Sufaid Chaunsa  

Postharvest Fungicidal 
Treatments 

Weight Loss
(%)

Peel Colour
(score)

Softness
(score)

Shriveling
(score)

CWFD HWFD CWFD HWFD CWFD HWFD CWFD HWFD

Control  6.54 9.69 4.26ABCabc 4.40ab 4.00 4.00 1.00 1.00

Nativo 8.43 10.76 3.24Dd 4.89a 4.00 4.00 1.00 1.00

Cabrio Top 6.62 11.02 4.91Aa 3.83bcd 4.00 4.00 1.00 1.00

Scholar 7.96 9.00 3.54CDcd 4.79a 3.73 4.00 1.00 1.04

Amistar 6.77 10.66 4.45ABab 4.18abc 4.00 4.00 1.00 1.14

Prochloraz 6.84 9.16 4.25ABCabc 4.58a 4.00 4.00 1.00 1.12

LSD: Main Effects (P<0.05)    NS NS * NS NS NS NS NS
LSD:Interaction (P<0.05)                     NS * NS NS
Means not sharing same letters differ significantly; * = Significant, NS= Non-significant at P<0.05; CFD: Cold Water Fungicidal Dip; HFD: Hot Water Fungicidal Dip 
Capital letters show main effect of treatments and small letters show interactive effect of treatments and nature of dip   
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Table 4.5.18. Impact of postharvest fungicidal treatments and nature of dip on the biochemical fruit quality in mango cv. Sufaid 
Chaunsa 
 

Postharvest Fungicidal 
Treatments 

SSC 
(°Brix)

TA 
(%)

SSC/TA
 

Ascorbic Acid 
(mg/100ml)

CWFD HWFD CWFD HWFD CWFD HWFD CWFD HWFD

Control  20.0 19.6 0.38ab 0.28 53.00bbcd 71.24bcd 32.20 25.80

Nativo 16.8 17.8 0.14c 0.26 120.70aa 67.72bcd 22.57 25.80

Cabrio Top 17.7 19.4 0.32ab 0.25 56.37bbcd 80.39bc 25.80 25.80

Scholar 21.5 22.8 0.27bc 0.35 88.45abab 65.03bcd 38.71 38.70

Amistar 19.8 22.4 0.45a 0.38 44.14bcd 58.45bcd 32.26 35.48

Prochloraz 17.6 20.2 0.44ab 0.33 39.69bd 60.32bcd 22.72 30.18

LSD: Main Effects (P<0.05)  NS NS * NS * NS NS NS

LSD:Interaction (P<0.05)  NS  NS *  NS
Means not sharing same letters differ significantly; * = Significant, NS= Non-significant at P<0.05; CFD: Cold Water Fungicidal Dip; HFD: Hot Water Fungicidal Dip 
Capital letters show main effect of treatments and small letters show interactive effect of treatments and nature of dip   

 
Table 4.5.19. Impact of nature of fungicidal dip on physical fruit quality and disease development in mango cv. Sufaid Chaunsa  
Dip 
 

Weight Loss 
(%) 

Peel Colour 
(score)

Softness 
(score)

Shriveling 
(score)

SER 
(score)

Body Rots 
(score)

Anth 
(score)

Skin Browning
(score)

Cold Fungicidal 7.19 4.11b 3.95 1.00 1.82a 1.05 1.68a 2.55

Hot Fungicidal 10.05 4.44a 4.00 1.05 1.19b 1.01 1.13b 2.53
 LSD (P<0.05) * * NS NS * NS * NS
Means not sharing same letters differ significantly; * = Significant, NS= Non-significant at P<0.05; SER= Stem End Rot; Anth= Anthracnose 
 

Table 4.5.20. Impact of nature of fungicidal dip on biochemical fruit quality in mango cv. Sufaid Chaunsa 
Dip 
 

SSC 
(°Brix)

TA 
(%)

SSC/TA
 

Ascorbic Acid 
(mg/100ml)

Cold Fungicidal 18.9 0.34 67.06 29.05

Hot Fungicidal 20.3 0.31 67.19 30.29

 LSD (P<0.05) NS NS  NS  NS
Means not sharing same letters differ significantly; * = Significant, NS= Non-significant at P<0.05
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4.6. Pre-cooling trial (cv. Sufaid Chaunsa) 

 

4.6.1. Physical Parameters  

Precooling had a non-significant effect on fruit peel colour development while 

significant effect of pre-cooling was observed on firmness and disease development (Table 

4.6.1). The fruit which were pre-cooled were more firm with less incidence of stem end rot 

and side rots than the non-precooled fruit where fruits were more soft with more incidence of 

stem end rot and side rots. Precooling is known to remove the field heat from the fruits 

thereby reducing the enzymatic and respiratory activity of mango fruit along with the 

inhibiting the growth of decay related pathogens and microorganisms (Fricke, 2006; 

Aswaney, 2007; Simson and Straus, 2010). The retarded metabolic activities make the fruit 

to ripe slowly thereby increasing the storage life with maintained quality. Precooling had a 

non-significant effect upon fruit peel colour development (Table 4.6.1). 

Table 4.6.1. Effect of pre-cooling on physical quality attributes 

Treatment Peel Colour Firmness Stem end Rot Side Rot 
Precooled 4.68 3.89b 1.50b 1.79b 
Non-Precooled 4.83 4.36a 2.43a 2.52a 
LSD (P<0.05) NS * * * 
Means not sharing same letters differ significantly; * = Significant, NS= Non-significant at P<0.05 

 

4.6.2. Bio-chemical parameters 

Precooling had a non-significant effect on biochemical parameters except vitamin C 

(Table 4.6.2). Ascorbic acid contents were significantly less in precooled fruit than in non-

precooled fruit (Table 4.6.2). This could be linked with the slower ripening in precooled fruit 

which can be due to slower conversion of starch into sugars (Brecht and Yahia, 2009; Kelany 

et al., 2010).  
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Table 4.6.2. Effect of pre-cooling on biochemical quality attributes 

Treatment TSS 
(°Brix) 

Acidity 
(%) 

TSS/Acid Vit. C 
(mg/100g)

Sugars (%) 
Reducing Non 

Reducing
Total 

Precooled 20.60 0.61 34.12 25.80b 2.99 6.40 9.73 
Non-Precooled 20.67 0.58 36.02 38.71a 2.85 6.73 9.93 
LSD (P<0.05) NS NS NS * NS NS NS 
Means not sharing same letters differ significantly; * = Significant, NS= Non-significant at P<0.05 

 

4.6.3. Weight Loss 

The overall weight loss and individual weight loss percentage during transportation, 

handling (48 hours) and storage had been significantly affected by precooling (Fig. 4.6.1). 

Less weight loss was observed during transportation, handling and storage in precooled fruit 

than the weight loss during transport, handling and storage of non-precooled fruit. Similarly, 

the overall weight loss percentage of precooled fruit was significantly less than the weight 

loss percentage of non-precooled fruit. The main factors which are involved in weight loss 

from fruit surface during transportation, handling and storage are transpiration and 

respiration along with the metabolic activities related to ripening and senescence inside fruit 

(Kader, 2006; Rathore et al., 2007). The fruit internal quality and external cosmetic 

appearance are both hampered by excessive moisture loss from fruit surface. Precooling 

reduces the moisture loss, enzymatic and respiratory activity thereby decreasing the weight 

loss and improving the external and internal quality of fruit (Fricke, 2006).  
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Fig. 4.6.1: Weight Loss in precooled and non-precooled mangoes 
during postharvest handling stages (n=21). Vertical bars show 

standard errors of means
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4.6.4. Respiration rate 

Less CO2 production has been observed in precooled fruit than in non-precooled fruit. 

However, CO2 production was increased during transportation, handling and storage showing 

a direct relationship (Fig. 4.6.2). Respiration rate (CO2 production) had been significantly 

affected by precooling treatments (Fig. 4.6.3). Fruit continues to respire even after harvesting 

(Brecht and Yahia, 2009). Precooling removes field heat from the fruit and thereby retards 

the respiratory activity of fruit (Simson and Straus, 2010). When less CO2 will be produced 

fruit will ripe slowly and less ethylene will be produced making the fruit more intact and in 

acceptable condition for a longer period of time (Aswaney, 2007).   
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Fig. 4.6.2. Respiration rate in mango cv. Sufaid Chaunsa at various
postharvest handling stages (n=21). Vertical bars show standard errors of
means.
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Fig. 4.6.3. Respiration rate in precooled and non-precooled mangoes 
(n=21). Vertical bars show standard errors of means.
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4.7. Results validation trial shipment 

After the completion of static trials on CA storage/shipment of mangoes, a commercial CA 

shipment of cv. Sindhri was prepared using best protocols and sent to Europe (Netehrlands) 

using a 40-feet Maersk container during June-July 2012. The details of this shipment are 

given in appendix III. This shipment revealed that CA shipping of Pakistani mango cv. 

Sindhri to Europe was successful and has good prospects. Internal break down of some 

mangoes at ripe stage was found as major issue.  The importer comments about that 

particular CA shipment are given in appendix IV.  
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CHAPTER 5 

SUMMARY 
 

These studies were conducted during 2008-2012 on two commercial mango 

cultivars of Pakistan i.e. ‘Sindhri’ and ‘Sufaid Chaunsa’. The main objective of these 

studies was to evaluate the CA/MA storage conditions for the transport of Pakistani 

mangoes to distant off-shore markets. 

The specific objectives of this research plan were to: 

1. Monitor and document sea freight supply chain (farm to market) 

2. Evaluate potential of controlled and modified atmosphere conditions 

3. Evaluate different types of packing boxes for sea freighting mangoes 

4. To investigate the effect of pre and postharvest application of different 

fungicides on fruit quality and postharvest disease control in  cv. ‘Sufaid 

Chaunsa’ mango 

5. To assess the response of mango cv. ‘Sufaid Chaunsa’ to precooling treatment 

The summary of findings of above mentioned studies is given as follows: 
 

5.1 Benchmark studies 

 Benchmarking studies showed that, overall mango export supply chain to 

Europe (Germany) using Maersk shipping line requires about 35 days (Farm to 

retailing). The outturn analysis of the trial shipments revealed main issues including 

poor skin colour development, skin shrivelling, firmness retention in cv. Sindhri, 

while disease development (mainly stem end rot) in both cultivars. The static research 

trials were conducted side by side to address these issues and to optimize the sea 

shipment protocols. 

 

5.2 CA storage  

Controlled atmosphere storage has significant relationship with physico-

chemical fruit quality, market value and consumer acceptability. Different 

combinations of CA storage were tested for mango storage at 11ºC at 80-85% RH. 

The fruit marketability of mango cv. ‘Sindhri’ and ‘Sufaid Chaunsa ‘was improved 

during long term sea shipping i.e. 4 weeks storage/shipping with 5-6 days of shelf at 

CA storage conditions i.e. 4-5%CO2 and 1-1.5%O2. CA storage showed potential for 

shipping Pakistani mangoes for up to 4 weeks followed by one week for handling, 
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ripening and retail. The technology developed and its demonstrated benefits can help 

to deliver better quality mangoes with extended storage period for distant off-shore 

markets.  

It is noted that, ooverall mid-season harvested Sindhri mangoes showed better 

response in terms of more marketable fruit percentage with lower disease 

development. Moreover, mid-season harvested Sindhri mangoes stored in CA 

combinations retained their firmness and green colour as compared to late season 

harvested Sindhri mangoes. 
 

5.2 MA storage 

It was observed that the late season harvested mangoes were more suited to 

MA storage as compared to mid season harvested mangoes. The TSS:TA ratio was 

observed higher while disease development was less observed in late harvested fruit.  

However, a non-significant effect of harvest maturity type was observed on colour, 

softness and fruit marketability was observed even though it was obvious that late 

harvested fruit have more percentage of marketable fruit. By using MA packaging for 

mangoes at 11ºC at 80-85% RH, fruit marketability can be improved during medium 

term sea or land shipping of mango cv. Sindhri and Sufaid Chaunsa. It was observed 

that bagging can only suppress the disease development to some degree at ripening; 

however the fruit with skin bruises and damages must be avoided for bagging. Fruit 

treated with hot water fungicide performed better due to higher percentage of 

marketable fruit and more TSS: TA ratio with good peel colour and less disease 

development along with good market value/consumer saleable index. Careful 

harvesting and proper postharvest handling and management are prerequisites for MA 

storage of mango fruit to achieve best results.  

  

5.3 Packaging types 

The study revealed that open top corrugated cardboard boxes can be 

preferred over closed top boxes for the sea shipping of mango cv.‘Sufaid Chaunsa’ 

and ‘Sindhri’ at 11ºC 80-85% RH keeping in view that some variability in varietal 

response exists with regards to packaging. In both cultivars, marketable fruit 

percentage was more in open top corrugated cardboard boxes as compared to closed 

ones. Moreover, cv. ‘Sindhri’ showed better shipping potential with higher 

percentage of marketable fruit than cv. ‘Sufaid Chaunsa’, which is more prone to 
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post harvest storage diseases during long term storage, which requires further 

research.  

 

5.4 Postharvest disease management  

Under this section, three studies were undertaken. The first study was targeted to 

evaluate the efficacy Tecto (a.i. Thiabendazole-500g/L) at different concentrations 

alone and in combination with Sportak (a.i. Prochloraz-450g/L) against postharvest 

disease development in mango cv. Sufaid Chaunsa. The postharvest disease 

development was significantly affected by different fungicidal combinations. Among 

all treatments, combined application of Tecto @ 2000 ppm with Sportak @0.5ml/L 

(Tank mix; HWT-52°C; 5 min) performed better with significant disease control (i.e. 

stem end rot, side rot and anthracnose) and more marketability index during storage 

and ripening. The tested alone concentrations of Tecto (1000, 1500 and 2000 ppm) 

could not perform well in this regard. In second study, comprising of pre and 

postharvest fungicidal application, postharvest fungicidal dip reduced the anthracnose 

damage during mango storage. Scholar, Nativo and Amistar were potential fungicides 

for disease control. In postharvest treatments, Nativo (HWT) (0.3 g/L) gave best 

control against SER, anthracnose and body rots as compared to control. Sportak (0.5 

ml/L) also gave better results regarding SER and anthracnose as compared to control. 

Hot water Nativo performed significantly better than cold dip application. Extended 

storage of fruit showed pulp discoloration, although externally fruits were normal. 

From discoloured pulp, Alternaria alternata was the most abundant isolated fungi, 

followed by Phomposis mangiferae, which necessitates further work especially to 

exploit the potential of combined postharvest application of Nativo and Sportak. The 

third study was to check the effect of pre-cooling on mango fruit before storage which 

was found to have significant relationship with the marketability, storability and 

consumer acceptability. It was observed that fruit weight loss and disease incidence 

can be reduced to a desirable level by precooling. Moreover, under low temperature 

storage, disease development in Sufaid Chaunsa mangoes was found to significantly 

increase after 35 days of low temperature storage. Precooling trial on mango cv. 

Sufaid Chaunsa indicated that disease development was significantly controlled in 

precooled fruit as compared to non-precooled fruit. 
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5.5 Future Recommendations 

There is more cushion of research in investigating the threshold levels of CO2 

and O2 for a specific period of time during prolonged CA storage. Moreover, other 

factors like cultural practices and environmental conditions etc. can be taken into 

account in future research. Different types of MA packagings should be checked for 

other commercial mango cultivars keeping in view especially the issue of skin colour 

development at ripe stage after storage. Disease development, especially SER during 

long term storage needs more research work, especially with reference to MRLs. 

There is a need to take into account mango cultivars as well as different farm 

locations, since the incidence of disease may be different with farms and varieties.  

 

Note: At the end of these studies an industry collaborated trial shipment of mango cv. 

Sindhri was prepared and shipped to Netherlands which was delivered and marketed 

successfully. The learning outcomes of the studies were integrated. The shipment was 

overall a success and positive comments and feedback from importer was received 

(Appendix III & IV). 
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APPENDICES 
 
 
 

Appendix I 
 
Documenting sea freight supply chains (Farm to market) for mango cv. Sindhri  

Pre-cooling was the main set back since the system designed by the local 

company did not work. There was no other option except to de-palletize and keep 

fruit into a normal cold storage. The boxes (9-10 boxes stacked with 1 feet distance) 

kept at variable distance from cool air source, for a period of 9-10 h. There was 

variation into pulp temperature (6°-14°C). Our lab studies showed that Sindhri mango 

is susceptible to chilling injury when exposed to low temperature (10ºC or lower). 

 

Maturity 
(04-06-08) 

Pulp temp in field 
( 04-06-08) 

Pulp temp in factory  
(05-06-08) 

The data on gases showed high CO2 levels during transit (7.5%). Temperature loggers 

also showed variation of temperature during fruit transport. When the container was 

opened on arrival at Anterwop, the mangos were in good shape; nice clean without 

sap contamination, however, taste was bit sour. 

Fruit was brought to Univeg on 02-07-08, taken out of the CA container and 

out turn analysis completed. Overall fruit had good appearance. Apparently there was 

no difference among treatments for disease control, since the incidences were 

minimal. The average TSS was 13.2ºbrix. The fruit was firm, with colour greenish to 

slightly yellow and sour taste.  

There appeared no significant difference in colour development between 

ethylene treated and untreated fruit.  

Final observations made at Metro premises (Duisburg, Germany) on weekend (15°C) 

included as follows: 
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■ Overall the fruit appearance was good. The fruit were firm, however, the pulp 

colour turned greyish yellow instead of yellow. Internal color score was 3 to 

3.5.   

■ Average TSS was 15°brix 

■ Stem end rot development was observed in some mangoes 

■ Abnormal pattern of internal colour seemed to be the effect of imbalanced 

CO2 concentration during the sea-shipment  

■ The fruit ripened under higher temperature (25°C Approx.) had comparatively 

more skin shrivelling as compared to those kept at 15°C. 

Due to abnormal ripening and poor peel colour development, the mangoes were 

not offered for sale. The pulp colour of fruit held at ambient conditions (room 

temperature) at Volk Hotel, Rotterdam, did not turn grey. Although many of them did 

not develop good external colour, and were wrinkled (probably high room temp, and 

early maturity), some of them were in good appearance and taste. Some of the 

selected mangoes were given to a faculty member of Wagningen University. After 

eating these fruit, his response (comments) was as under:  

''Both some of my colleagues and my kids had a taste of the mangos you gave 

me, and the "verdict" was unanimously very positive. I can only add that such mangos 

are excellent ambassadors!' 

Weakness was that fruit could not be sold due to problem in terminal phase. 

The probable causes of final quality deterioration 

 Early maturity (may be a cause of shrivelling, and to some degree of 

susceptibility to chilling) 

 Delayed processing (almost 48 h to complete processing/before pre-

cooling) 

 Problems in pre-cooling (Delayed with variable temperature). 

 High carbon dioxide levels during transit: Possibly causing skin 

problems, pulp disintegration etc. 

 Too many delays in arrival from port to Metro premises 

 Variety potential: Probably 35 days, or longer for cv under the 

conditions experienced 

 Disease symptoms suggest more likelihood of stem end rot 
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Appendix II 

Documenting sea freight supply chains (Farm to market) for mango cv. Sufaid 

Chaunsa 

General comments on the quality of sea-shipped Sufaid Chaunsa mangoes were 

very good. The fruit had attractive appearance and firm along with very good taste 

and texture. However, disease outbreak was found to be a major issue. 

The following issues were found during this sea-shipment. 

 Non availability of packing, grading, hot water treatment and pre-cooling 

facilities at or close to farm caused delays in mango processing and pre-

cooling, since fruit was transported to IAC, Karachi, where it was treated with 

hot water and graded/packed.  

 Again, due to non-availability of proper pre-cooling facilities at IAC, Karachi, 

the fruit were transported to another facility (Al-Rahim CA storage) to pre-

cool it.  

 Overall, it took around 96 h to finally pack and pre-cool mangoes. Even in 

Karachi, the forced air cooling facility was not available, which is required for 

mangoes.  

 Thus, delayed processing and pre-cooling with multiple handling put mangoes 

at risk of disease development and lowering quality and shelf life. 

 During inspection of the consignment at Antwerp, by Belgian authorities, 

some boxes were found not properly labelled, to clearly show the mandatory 

traceability information (mistake of labour during labelling). On these grounds 

the consignment was supposed to be rejected. However, being a research trial, 

it was released. 

Fr u i t  co l ou r  P u lp  co l ou r  T SS  
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 The department of Plant Protection which issues the Phyto-certificate after 

fumigation of the wooden pallets did not stamp some of the pallets used 

during this consignment (by mistake). Such pallets are supposed to be 

rejected; however, again being an R&D trial, the pallets were released. 

 Postharvest disease development has been found as the major issue in this 

consignment (although disease was minimal in a previously sea-shipped 

variety (i.e. Sindhri, from Sindh), which limits its benefits, unless a proper 

control is found. Stem end rot and side rots were more commonly observed. 

 

 The current post-arrival handling, distribution and marketing system in 

EU/Metro is complex, and does not allow much time to hold fruit or extensive 

sorting once fruit is arrived, since it greatly increases costs. Further, Metro has 

positioned Pakistani mangoes as yellow coloured ready to eat, and the peak 

sales days are Friday, Saturday, Monday (Sunday-closed); therefore mangoes 

are to be made available keeping in view these limitations. This make a real 

challenge to get the fruit coloured at distribution time, however, in case of this 

cultivar, colour development continued at shelf-life. 

 

Overall, the achievements made in this consignment included: 

  The ‘Sufaid Chaunsa’ variety showed good shipping potential with total 

postharvest life of 36 days including six days at shelf and that is what is 

required. 
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  The mangoes, shipped by sea using CA-technology developed good taste and 

colour, which was appreciated. Also the variety did not develop wrinkles, 

thereby its skin/cosmetic look remain attractive, which is very positive point 

for marketing. Together with its large size (preferred), the variety has made its 

impression having good marketable value in German market. 

The following two areas were identified as the main challenges in developing sea-

freight as a commercially viable technology for delivering Sufaid Chaunsa mangoes 

to Germany 

• Losses due to high postharvest disease development 

• Proper colour development at the time of distribution 

While the trial provided an opportunity to understand the complexity of the sea-

freight supply chain to Germany and document the overall process to have bench 

marks for the future improvements, the consignment suffered mainly due to 

postharvest diseases, the control of which would be a pre-requisite to make the 

technology commercially viable in the future for this cultivar. 

After discussing the consignment outcome with our project collaborators in 

Germany (Metro) and Netherlands (Dr Simon- Van Amerongen CA Company, 

Netherlands and Dr Voltering, Professor Fresh Food Supply Chains, Wageningen 

University), the following strategy was proposed for future course of action. 

 Metro to continue with air shipment of mangoes until the sea-freight 

technology is fully optimized (Metro has informed about its decision to 

continue with air shipment and leave the R&D work to Government till its 

commercial feasibility is demonstrated). 

 Government to take up responsibility to comprehensively address the 

issues identified and to optimize the technology before it is offered to 

private sector 

 The experts at Wageningen University suggested that sea-freight 

technology should be developed as integrated but as phased work, an 

approach being used in this study above. 

Stage-I 

 Investigate the factors responsible for disease development and find out 

effective control measures, emphasizing reducing inoculum and better tree 

and nutritional management during fruit production, along with using other 
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pre-harvest and postharvest approaches. PARB may invite dedicated 

proposals for this specific project covering other verities as well. 

 Refine CA protocol and fruit colour development strategy (PARB funded 

CA project at UAF) 

 Testing overall results at lab scale (integrating above two) 

Stage-II: 

 Up-scaling the technology using 20 feet CA/Reefer containers (static 

trials). 

Stage-III 

 Physical sea-freight trial using 20 feet container 

 

It was concluded that along with R&D work, there is also a need to accelerate effort 

to help local industry in setting up proper pack house and cool chain infrastructure. 

Practically, to develop a commercially viable sea-freight technology for Sufaid 

Chaunsa mango for export, infrastructure development in Punjab along with R&D 

solution of postharvest diseases is a pre-requisite, which may take a couple of years to 

accomplish. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



190 
 

Appendix III (CA-shipment of Sindhri mangoes to Netherlands, 
2012) 
 

Since the first institutional supported Metro mango sea-freight trial shipment to 

Germany, in 2008, many developments have taken place in the areas highlighted in 

that report. The shipping protocols for local mango varieties have been developed at 

University of Agriculture, through Punjab Agriculture Research Board funded project 

on CA technology, on-farm pack house infrastructure was supported by USAID 

funded FIRMS project, while ACIAR funded mango value chain project contributed 

in postharvest disease management research and capacity building of growers and 

pack house operators. The best efforts of growers from production to harvest and 

preparations were appreciable. The result of these efforts culminated into landmark 

success. A commercial CA shipment using a 40-feet Maersk container, from Murtaza 

Agriculture Farm (SMG group), Sindh to Total Exotics, Netherlands, left farm on 13th 

June (03 days taken for harvest /preparation), and arrived at Total Exotics, 

Netherlands on 11th July 2012, after 29 days and later had +7 days shelf life for 

marketing (a total of > 36 days after harvest). The learning outcome of PARB CA 

project # 143 “Exploiting Controlled Atmosphere Technology Potential for Extended 

Storage and Shipping of Fresh Produce to International Markets” and ASLP project 

were integrated. After arrival, fruit were ripened and distributed to different European 

stores. General remarks about shipment were very good. Fruit was firm, green, and 

attractive in appearance, developed good taste. There was complete control on disease 

and it was overall a successful shipment. The importer is pleased with outcome and 

interested to import large volumes of mangoes next year by sea using CA-technology, 

thus opening the way for better mango export business. More refinement and R&D 

work on other mango varieties is to continue. Just to add, that one 40-feet container 

load of mangoes saves Rs 2.0million in freight charges, compared to the same 

quantity delivered by air and export volumes can be manifold increased (Naseer, 

2012). 

 

 

 

 

 

Post-arrival process/conditions of mango cv. Sindhri in Netherland 
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                 METHODOLOGY  
 
 
 

        Harvesting along with pedicels (cv. Sindhri) 
 
 
 

Physical desapping 
 
 
 
 
 

Hot water Amistar dip (0.8 ml/L) 
 
 
 
 

                   Drying and Packing 
 
 

 
                Precooling (12ºC) 

 
 
 

Sea transport in 40 ft container to Netherlands (12ºC) 
(2% O2, 4% CO2, 85% RH) 

 
 
 

                     Ripening with ethylene  
                         (24°C; 100 ppm) 

 
 

Marketing and Retailing in Netherlands and Denmark 

 

*Maersk container can only maintain 2% O2 and % RH as maximum 
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Appendix IV (Importer Comments) 

 Generally good fruit at arrival condition (best shipment received in last two 

years) 

 External appearance was really good (majority of fruit with full green colour 

without any darkening, mottling, or external discoloration.) 

 No postharvest decay (no noticeable anthracnose and SER decay) 

 Normal pulp colour 

 Hollow cracks in pulp (Reason: Immature harvested produce with more 

moisture loss) 

 Moisture loss was still a bit high during transport. 

  Almost all of the cartons did not comply with the 4.0 kg net fruit weight 

which was labeled on the carton.  

 Generally well maintained internal temperature throughout the load. 

 No adverse effect of CA conditions in transit or chilling injury. 

 Arrival of the pallets in good condition, with minimal damage. 

 Weak cartoon strength was observed 

 Variability in fruit sizing 

 

If everything is done right, beginning with good pre-harvest tree management and 

disease control, proper harvesting practices, postharvest care, followed by rapid fruit 

cooling and cold chain maintenance, then CA marine container transport of mangoes 

from Pakistan to Europe has a bright future. The good news is the interest level 

among multiple E.U. importers for receiving consistent supplies of high quality 

Pakistani mangoes remains as high as ever. 
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Appendix V  

METHODOLOGY (Experiment 10) 
(Preharvest Fungicide Application) 

 
        Fungicidal application on selected trees twenty days prior to harvest 

 
 
 

        Harvesting; Postharvest Handling (Standard Protocols) 
 
 
 

             Transportation to PRTC (Reefer van; 20°C) 
 
 
 
 
 Cold Water Dip Hot Water Dip  
                (30°C; 5 Min)            (52°C; 5 Min) 
 
 
 
           Cold Storage               Cold Storage 
           (4 Weeks)                    (4 Weeks) 
 
 
 

               Removal from Cold Storage 
               (Fruit Physical Quality Evaluation) 

 
 
 

            Ripening 
          (28 ±1°C; 60-65%RH) 

 
 Fruit Physical Quality Evaluation 
 Biochemical Fruit Quality Assessment 
 

 
 
 
 
 
 
 
 
 
 

 

Physical Fruit Quality: Weight Loss; Peel 
Color; Softness; Shriveling; Disease 
Development (Stem-End Rot, Anthracnose 
and Body Rots) and Skin Browning 
Biochemical Fruit Quality: SSC; TA; 
SSC/TA ratio and Ascorbic acid contents 



194 
 

METHODOLOGY (Experiment 10) 
(Postharvest Fungicide Application) 

 
 

        Harvesting; Postharvest Handling (Standard Protocols) 
 
 
 

                     Transportation to PRTC (Reefer van; 20°C) 
 
 
 
 
                                         Cold Water Fungicidal Dip Hot Water Fungicidal Dip  
                (30°C; 5 Min)                   (52°C; 5 Min) 
 
 
 
           Cold Storage               Cold Storage 
           (4 Weeks)                    (4 Weeks) 
 
 
 

                     Removal from Cold Storage 
                   (Fruit Physical Quality Evaluation) 

 
 
 

                     Ripening 
                         (28 ±1°C; 60-65%RH) 

 Fruit Physical Quality Evaluation 
 Biochemical Fruit Quality Assessment 
 

  

Physical Fruit Quality: Weight Loss; Peel 
Color; Softness; Shriveling; Disease 
Development (Stem-End Rot, Anthracnose 
and Body Rots) and Skin Browning 
Biochemical Fruit Quality: SSC; TA; 
SSC/TA ratio and Ascorbic acid contents 
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Appendix VI 
 
Tables of mean values for the impact of CA storage on late season 
harvested ‘Sindhri’ mangoes 
 
Effect of CA treatments and shipping durations on colour development of late season 
harvested ‘Sindhri’ mangoes 
 
  Wk3 Wk4 Wk5 Means 
T1  2.631n 3.18ghijk 3.23fghij 3.01F 
T2 2.87lmn 3.10 hijkl 3.34efghi 3.10EF 
T3 2.72mn 3.38defgh 3.35efgh 3.15EF 
T4 2.97jklm 3.48cdef 3.18ghijk 3.21DE 
T5 2.86lmn 3.45cdefg 3.80ab 3.37BCD 
T6 2.93klm 3.78ab 3.56bcde 3.42B 
T7 2.91klmn 3.64bcd 3.18ghijk 3.25CDE 
T8 3.17ghijk 3.49cdef 3.57bcde 3.41BC 
T9 2.69mn 3.31efghi 3.06ijkl 3.02F 
T10 3.54bcde 3.71bc 4.01a 3.75A 
  2.93B 3.45A 3.43A   
Means not sharing similar letters are significantly different (P≤0.05); Wk= weeks 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 
Effect of CA treatments and ripening stages on colour development of late season 
harvested ‘Sindhri’ mangoes 
 
  At Removal After C2H2 AR Mean 
T1  1.62lm 3.02gh 4.41c 3.01F 
T2 1.61lm 3.03gh 4.67abc 3.10EF 
T3 1.66klm 3.00gh 4.80ab 3.15EF 
T4 1.69klm 3.23efg 4.71ab 3.21DE 
T5 2.07ij 3.35def 4.68abc 3.37BCD 
T6 2.17i 3.51de 4.59abc 3.42B 
T7 1.85jkl 3.12fgh 4.77ab 3.25CDE 
T8 1.94ijk 3.46de 4.83a 3.41BC 
T9 1.46m 3.07fgh 4.53bc 3.02F 
T10 2.93h 3.63d 4.69ab 3.75A 
Mean 1.90C 3.25B 4.67A   
Means not sharing similar letters are significantly different (P≤0.05); AR= After Ripening 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
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Effect of CA treatments and shipping durations on textural softness of late season 
harvested ‘Sindhri’ mangoes 
 

Wk3 Wk4 Wk5 Means 
T1  2.39 3.32 3.38 3.03DE 
T2 2.35 3.21 3.20 2.91E 
T3 2.63 3.35 3.33 3.10CDE 
T4 2.70 3.25 3.33 3.09CDE 
T5 2.96 3.37 3.46 3.26ABCD 
T6 3.16 3.38 3.68 3.40AB 
T7 2.97 3.34 3.35 3.22BCD 
T8 3.01 3.37 4.04 3.47A 
T9 2.57 3.16 3.16 2.96E 
T10 3.30 3.25 3.45 3.33ABC 

2.80C 3.30B 3.43A 
Means not sharing similar letters are significantly different (P≤0.05); Wk= weeks 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 
Effect of CA treatments and ripening stages on textural softness of late season 
harvested ‘Sindhri’ mangoes 
 
  At Removal After C2H2 AR Mean 
T1  2.07 3.02 4.00 3.03DE 
T2 1.96 2.79 4.00 2.91E 
T3 2.09 3.22 4.01 3.10CDE 
T4 2.04 3.22 4.02 3.09CDE 
T5 2.35 3.40 4.05 3.26ABCD 
T6 2.58 3.54 4.10 3.40AB 
T7 2.37 3.27 4.02 3.22BCD 
T8 2.31 4.06 4.04 3.47A 
T9 1.86 3.05 3.99 2.96E 
T10 2.43 3.46 4.12 3.33ABC 
Mean 2.20C 3.30B 4.03A 
Means not sharing similar letters are significantly different (P≤0.05); AR= After Ripening 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
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Effect of CA treatments and shipping durations on disease development of late season 
harvested ‘Sindhri’ mangoes 
 
  Wk3 Wk4 Wk5 Means 
T1  0.00 0.00 0.56 0.1852 C 
T2 0.00 0.22 0.67 0.2963 BC 
T3 0.00 0.58 0.33 0.3037 BC 
T4 0.00 0.00 1.39 0.4630 ABC 
T5 0.50 1.11 0.67 0.7593 AB 
T6 0.67 0.75 1.35 0.9230 A 
T7 0.00 1.00 1.69 0.8981 A 
T8 0.30 0.50 0.61 0.4693 ABC 
T9 0.00 0.00 0.00 0.0000 C 
T10 1.00 0.78 0.95 0.9104 A 
  0.24B 0.49B 0.82A 
Means not sharing similar letters are significantly different (P≤0.05); Wk= weeks 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 
Effect of CA treatments and ripening stages on disease development of late season 
harvested ‘Sindhri’ mangoes 
 
  At Removal After C2H2 AR Mean 
T1  0.22de 0.33de 0.00e 0.18C 
T2 0.00e 0.38de 0.50de 0.29BC 
T3 0.00e 0.00e 0.91cde 0.30BC 
T4 0.33de 0.00e 1.05bcd 0.46ABC 
T5 0.00e 0.55de 1.72abc 0.75AB 
T6 0.38de 0.30de 2.07a 0.92A 
T7 0.33de 0.38de 1.97ab 0.89A 
T8 0.38de 0.50de 0.51de 0.46ABC 
T9 0.00e 0.00e 0.00e 0.00C 
T10 0.00e 0.44de 2.28a 0.91A 
Mean 0.166B 0.29B 1.10A   
Means not sharing similar letters are significantly different (P≤0.05); AR= After Ripening 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 
 
 
 
 
 
 
 
 
 
 
 
 



198 
 

Effect of CA treatments and shipping durations on TSS/TA ratio of late season 
harvested ‘Sindhri’ mangoes 
 
  Wk3 Wk4 Wk5 Means 
T1  44.80 klmn 44.73 klmn 71.05 cd 53.52CD 
T2 45.18 klmn 42.98 klmno 90.59 b 59.58BC 
T3 40.68 lmno 41.03 lmno 62.58 defgh 48.09DE 
T4 34.96 mno 39.61 lmno 61.00 defghi 45.18E 
T5 35.70 mno 39.13 lmno 67.83 de 47.55DE 
T6 53.48 ghijk 64.51 defg 108.15 a 75.38A 
T7 55.05 fghijk 58.01 efghij 116.00 a 76.35A 
T8 46.46 jklm 47.09 jklm 92.05 b 61.86B 
T9 32.03 o 33.58 no 66.14 def 43.91E 
T10 49.18 ijkl 51.48 hijkl 82.23 bc 60.96B 
  43.75B 46.21B 81.76 A   
Means not sharing similar letters are significantly different (P≤0.05); Wk= weeks 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 
Effect of CA treatments and ripening stages on TSS/TA ratio of late season harvested 
‘Sindhri’ mangoes 
 
  At Removal At Ripening Means 
T1  31.01f 76.04bc 53.52CD 
T2 31.09f 88.06a 59.58BC 
T3 26.08fg 70.11cd 48.09DE 
T4 25.73fg 64.64d 45.18E 
T5 26.66fg 68.44cd 47.55DE 
T6 64.78d 85.97ab 75.38A 
T7 66.01cd 86.69a 76.35A 
T8 41.39e 82.33ab 61.86B 
T9 20.15g 67.68cd 43.91E 
T10 41.34e 80.58ab 60.96B 
  37.42B 77.05A   
Means not sharing similar letters are significantly different (P≤0.05) 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
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Effect of CA treatments and shipping durations on marketable fruit percentage of late 
season harvested ‘Sindhri’ mangoes 
 
  Wk3 Wk4 Wk5 Means 
T1  61.11bc 46.66cde 53.33bcd 53.70BCD 
T2 66.67ab 40.00def 66.66ab 57.77B 
T3 61.11bc 40.00def 66.66ab 55.92BC 
T4 55.55bcd 33.33efg 60.00bc 49.63BCDE 
T5 38.88defg 40.00def 60.00bc 46.29CDE 
T6 22.22g 46.66cde 53.33bcd 40.74EF 
T7 50.00bcde 40.00def 46.66cde 45.55DE 
T8 44.44cdef 46.66cde 66.66ab 52.59BCD 
T9 66.67ab 60.00bc 60.00a 68.89A 
T10 27.77fg 33.33efg 40.00def 33.70F 
  59.33A 49.44B 42.667 C   
Means not sharing similar letters are significantly different (P≤0.05); Wk= weeks 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
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Appendix VII 
 
Tables of mean values for the impact of CA storage on late season 
harvested ‘’Sufaid Chaunsa’ mangoes 
 

Effect of CA treatments and shipping durations on colour development of late season 
harvested ‘Sufaid Chaunsa’ mangoes 
 

Wk3 Wk4 Wk5 Means 
T1  2.74 2.77 3.45 2.9841 D 
T2 2.07 2.05 3.09 2.4022 E 
T3 2.99 2.66 3.45 3.0344 CD 
T4 2.84 2.79 3.52 3.0489 CD 
T5 3.20 2.95 3.42 3.1907 BC 
T6 3.18 2.97 3.67 3.2733 B 
T7 2.92 3.08 3.50 3.1663 BC 
T8 3.06 3.11 3.56 3.2411 B 
T9 2.82 3.03 3.60 3.1496 BCD 
T10 3.78 3.73 4.15 3.8837 A 

2.9580 B 2.9142 B 3.5401 A 
Means not sharing similar letters are significantly different (P≤0.05); Wk= weeks 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 

Effect of CA treatments and ripening stages on colour development of late season 
harvested ‘Sufaid Chaunsa’ mangoes 
 

At Removal After C2H2 AR Mean 
T1  2.42kl 2.74ghij 3.78cd 2.98D 
T2 1.67m 2.26l 3.27ef 2.40E 
T3 2.29l 3.04fg 3.75cd 3.03CD 
T4 2.37kl 2.77ghij 3.99bc 3.04CD 
T5 2.48jkl 2.83ghi 4.25b 3.19BC 
T6 2.80ghi 2.89gh 4.12b 3.27B 
T7 2.55ijkl 2.82ghi 4.11b 3.16BC 
T8 2.63hijk 2.81ghi 4.27b 3.24B 
T9 2.46jkl 2.75ghij 4.22b 3.14BCD 
T10 3.54de 3.35ef 4.74a 3.88A 

Mean 2.52C 2.83B 4.05A 
Means not sharing similar letters are significantly different (P≤0.05); AR= After Ripening 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
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Effect of CA treatments and shipping durations on textural softness of late season 
harvested ‘Sufaid Chaunsa’ mangoes 
 

Wk3 Wk4 Wk5 Means 
T1  2.22 2.53 3.11 2.62 
T2 1.51 6.56 2.45 3.51 
T3 2.11 2.51 3.07 2.57 
T4 1.99 2.65 2.97 2.54 
T5 2.19 2.55 3.23 2.66 
T6 2.54 3.05 3.37 2.98 
T7 2.26 2.88 3.29 2.81 
T8 2.13 2.97 3.04 2.72 
T9 1.92 2.76 3.05 2.58 
T10 2.31 3.59 3.29 3.06 

2.12B 3.21A 3.09A 
Means not sharing similar letters are significantly different (P≤0.05); Wk= weeks 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 

Effect of CA treatments and ripening stages on textural softness of late season 
harvested ‘Sufaid Chaunsa’ mangoes 
 

At Removal After C2H2 AR Mean 
T1  1.74 2.53 3.59 2.62 
T2 1.27 1.60 7.65 3.51 
T3 1.82 2.30 3.58 2.57 
T4 1.72 2.32 3.57 2.54 
T5 1.91 2.34 3.72 2.66 
T6 2.25 2.87 3.84 2.98 
T7 2.03 2.48 3.93 2.81 
T8 2.03 2.27 3.85 2.72 
T9 2.01 2.12 3.60 2.58 
T10 2.38 2.74 4.06 3.06 

Mean 1.92B 2.36B 4.14A 
Means not sharing similar letters are significantly different (P≤0.05); AR= After Ripening 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
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Effect of CA treatments and shipping durations on disease development of late season 
harvested ‘Sufaid Chaunsa’ mangoes 
 

Wk3 Wk4 Wk5 Means 
T1  2.13 2.17 2.51 2.27AB 
T2 1.85 1.58 2.07 1.83CD 
T3 1.45 1.78 2.02 1.74D 
T4 1.17 2.33 2.18 1.89BCD 
T5 1.14 2.05 2.30 1.82CD 
T6 1.81 2.49 2.34 2.21ABC 
T7 1.79 2.17 2.52 2.16ABCD 
T8 0.94 2.22 2.34 1.83CD 
T9 1.45 1.95 2.23 1.87BCD 
T10 2.31 2.34 2.79 2.47A 

1.60B 2.10A 2.32A 
Means not sharing similar letters are significantly different (P≤0.05); Wk= weeks 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 

Effect of CA treatments and ripening stages on disease development of late season 
harvested ‘Sufaid Chaunsa’ mangoes 
 

At Removal After C2H2 AR Mean 
T1  2.28 1.94 2.59 2.27AB 
T2 1.33 1.77 2.40 1.83CD 
T3 1.39 1.50 2.35 1.74D 
T4 1.69 2.04 1.95 1.89BCD 
T5 1.39 1.92 2.18 1.82CD 
T6 1.93 2.39 2.32 2.21ABC 
T7 1.98 1.99 2.51 2.16ABCD 
T8 1.71 1.71 2.08 1.83CD 
T9 1.53 1.78 2.32 1.87BCD 
T10 2.37 2.43 2.64 2.47A 

Mean 1.75B 1.94B 2.33A 
Means not sharing similar letters are significantly different (P≤0.05); AR= After Ripening 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
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Effect of CA treatments and shipping durations on TSS:TA ratio of late season 
harvested ‘Sufaid Chaunsa’ mangoes 
 

Wk3 Wk4 Wk5 Means 
T1  32.10 28.51 35.57 32.05CD 
T2 30.01 32.26 37.82 33.35CD 
T3 31.32 32.26 37.27 33.61CD 
T4 31.05 34.27 41.20 35.50BC 
T5 29.09 32.41 39.50 33.66CD 
T6 30.99 39.38 43.41 37.92AB 
T7 39.61 40.55 43.72 41.29A 
T8 31.03 34.88 37.27 34.39BC 
T9 28.98 37.62 33.52 33.37CD 
T10 24.80 31.28 34.82 30.29D 

30.89C 34.34B 38.40A 
Means not sharing similar letters are significantly different (P≤0.05); Wk= weeks 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 

 
Effect of CA treatments and ripening stages on TSS:TA ratio of late season harvested 
‘Sufaid Chaunsa’ mangoes 
 

At Removal At Ripening Means 
T1  25.24 38.88 32.05CD 
T2 24.31 42.41 33.35CD 
T3 22.66 44.57 33.61CD 
T4 24.70 46.31 35.50BC 
T5 24.57 42.77 33.66CD 
T6 27.40 48.45 37.92AB 
T7 33.72 48.86 41.29A 
T8 24.01 44.78 34.39BC 
T9 25.16 41.59 33.37CD 
T10 21.51 39.09 30.29D 

25.32B 43.77A 
Means not sharing similar letters are significantly different (P≤0.05); AR= After Ripening 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
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Effect of CA treatments and shipping durations on marketable fruit percentage of late 
season harvested ‘Sufaid Chaunsa’ mangoes 
 

Wk3 Wk4 Wk5 Means 
T1  61.11 22.22 33.33 38.89 
T2 33.33 27.78 38.89 33.33 
T3 50.00 33.33 33.33 38.89 
T4 61.11 27.78 27.78 38.89 
T5 55.55 27.78 11.11 31.48 
T6 66.67 33.33 27.78 42.59 
T7 61.11 44.45 11.11 38.89 
T8 72.22 33.33 22.22 42.59 
T9 44.45 55.56 11.11 37.04 
T10 27.78 11.11 5.56 14.81 

53.33A 31.66B 22.22B 
Means not sharing similar letters are significantly different (P≤0.05); Wk= weeks 
T1= 3% CO2& 3% O2, T2= 10% CO2& 2%O2, T3= 5% CO2& 2%O2, T4= 2.5% CO2& 2%O2, T5= 0% CO2& 2%O2, T6=5% 
CO2& 10%O2, T7= 5% CO2& 5%O2, T8= 5% CO2& 3%O2, T9= 5% CO2& 1.5%O2 and T10= 0% CO2& 21% O2. 
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Appendix VIII 
 
Table of mean values for the impact of MA packaging on mid season 
harvested ‘Sindhri’ mangoes 
 
Effect of MA packaging and storage durations on colour development of mid season 

harvested ‘Sindhri’ mangoes 

Treatments 

Wk2 Wk3 Wk4 

 Means At 
RM 

After 
C2H2 

At 
RP 

At 
RM 

 

After 
C2H2 

At 
RP 

At 
RM 

 

After 
C2H2 

At 
RP 

Bagged 1.11 h 3.18 cd 2.16 ef 1.04 h 4.19 a 3.02 cd 1.61 fgh 3.97ab 3.32bc 2.63 

Un-Bagged 1.83 efg 1.04 h 4.07a 2.88 cd 1.143gh 4.33 a 2.52 de 2.52de 4.39a 2.75 

 Means 2.24C 2.77B 3.06A   

Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 

 

Effect of MA packaging and storage durations on textural softness of mid season 

harvested ‘Sindhri’ mangoes 

Treatments 

Wk2 Wk3 Wk4 

 Means At 
RM 

After 
C2H2 

At 
RP 

At 
RM 

 

After 
C2H2 

At 
RP 

At 
RM 

 

After 
C2H2 

At 
RP 

Bagged 1.19 g 2.85 bc 2.16 de 1.00 g 4.00 a 3.04 b 1.34 fg 4.00 a 2.35 cd 2.44 

Un-Bagged 2.16 de 1.09 g 4.00a 2.90 b 1.04 g 4.00 a 2.00 de 1.73 ef 4.00 a 2.55 

 Means 2.25B 2.67A 2.57A   

Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 
 

 

 

Effect of MA packaging and storage durations on disease development of mid season 

harvested ‘Sindhri’ mangoes 

Treatments 

Wk2 Wk3 Wk4 

 Means At 
RM 

After 
C2H2 

At 
RP 

At 
RM 

 

After 
C2H2 

At 
RP 

At 
RM 

 

After 
C2H2 

At 
RP 

Bagged 0.00 0.00 0.00 0.00 0.00 0.00 0.67 1.00 0.00 0.19 

Un-Bagged 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.09 

 Means 0.00B 0.00B 0.42A   

Means not sharing similar letters are significantly different (P≤0.05); RM = removal, RP = ripe stage; wk: week 

 

 

 

 

 

 



206 
 

Effect of MA packaging on TSS:TA ratio of mid season harvested ‘Sindhri’ mangoes 

Treatments Wk2 Wk3 Wk4 Mean 
Bagged 49.38 60.85 53.45 54.56 

Un-Bagged 57.14 66.24 50.13 57.84 

Mean 53.26 63.54 51.79   
Means not sharing similar letters are significantly different (P≤0.05); wk: week 

 

 

Effect of MA packaging on marketable fruit percentage of mid season harvested 

‘Sindhri’ mangoes 

Treatments Wk2 Wk3 Wk4 Mean 

Bagged 90.48 76.19 61.91 76.19A 

Un-Bagged 66.67 66.67 57.14 63.49B 

Mean 78.57A 71.43AB 59.52B 

Means not sharing similar letters are significantly different (P≤0.05); wk: week 
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