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1.INTRODUCTION

Mango (Mangifera indica L), popularly known as “King of Fruits”
occupies a place in India as it is considered as the most delicious, exotic and
nutritious fruit and has been cultivated for more than 4000 years. It is a native of
Southern Asia, especially Burma and Eastern India. Mango is considered as “Fruit
of excellence” and famous for its excellent flavour, attractive fragrance and plays
an important role in balancing the diet of human beings by providing about 64-86

calories energy (Gandhi, 2005).

Mangoes are produced over 90 countries worldwide. Asia accounts for
approximately 77 per cent of global mango production while America and Africa
account for approximately 13 per cent and 9 per cent respectively (FAO, 2007).
India is the largest producer and consumer of mangoes in the world and accounts
for about 50 per cent of the world production of the fruits with an annul

production of 12 million tonnes (Gandhi, 2005).

India exports about 49,000 metric tones of mangoes to 80 countries and
the annual revenue earned from exporting mangoes and mango products reaches
$85 million (http/newsbbc.co.uk). The total mango export from India during the
year2007-08 was 54350.80 metric tones with the value of Rs.127.42 Crores

(www.apeda.com).

Mango is cultivated in an area of 85,428 ha with a production of 3, 84,190
tonnes (FIB, 2006) in Kerala. Previously, there were vast areas of land under
mango cultivation in Kerala. Vellari manga, Karpooram manga, Kottukonam
varikka, Chandrakaran, Kalkanda manga and Kilichundan are some of the

traditional mango



varieties of Kerala. The mango fruits form an important part of food preparations
of Kerala and hence it finds place in all the homesteads. However due to the
changes in socio-economic situation and land use pattern and the shrinking

homesteads, the area under mango cultivation has been reduced.

Mango being a seasonal commodity creates glut during the season and
becomes scarce during the off season usage. Due to mishandling inadequate
storage or lack of post harvest technical know how mango producers and traders
face about 20-30 per cent losses (Tahir et al., 2002). Losses of this perishable
commodity are estimated up to 320.7 thousand tonnes annually with a value of Rs
3.0 billion in the country (Haqg, 2002). Incompetent handling of mango fruits
results in injury to the surface layer making them more susceptible to attack by

spoilage organism with consequent reduction in consumer appeal in the market.

Post harvest loss can be considered as a social evil which eats up the
grower’s margin and pushes up the consumer’s price. Percapita availability of
fruits in India is 85g and that of vegetable is 75g which will still lower the

recommended levels (Kapoor and Kaur, 2004).

Processing industry improves value addition of agriculture produce,
generates mass employment, enhances income of farmers and rural poor and

creates surplus for export growth.

The changing socio economic scenario in the country with hectic life
styles and rise in disposable incomes, the ready to eat food market is growing at a
rate of 35 per cent every year. Today, consumer demand foods that are more
convenient to store and prepare good in quality and freshness, natural,
nutritionally and medicinally sound. Strategies to meet these demands include

modifications to



existing foods and the adoption of innovative and more sophisticated processing

technologies.

There is always an intense need for some new and improved preservation
technologies that effectively inactivate undesirable microorganisms in food,
improve quality and meet the changing requirement of consumers. Most of the
technologies are known for more than 60 years ago, but with the globalization,

new technology is catching up.

Judicious synergism of the new technologies with traditional preservation
procedures will hopefully meet the diversified demand of consumers, reduce post

harvest losses, and margin the cost of production and vending.

Hurdle technology is based on combining low levels of two or more
preservation factors (hurdles) to enhance the shelf life of the fruit. It produces
minimal sensory changes, which makes the products more acceptable than those
obtained by conventional methods (Aguilera and Chirife, 1994).  Fruit
preservation by hurdle technology is based on combinations of low levels of
various antimicrobial factors (hurdles) acting synergistically resulting in a shelf

stable high moisture, fresh like product.

Taking into account of the above factors, the present investigation was
under taken to study the effect of mango chunks preserved using different
combinations of hurdles on the microbial, chemical and organoleptic qualities of

products under two different storage conditions.
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2. REVIEW OF LITERATURE

The research work entitled “Preservation of ripe mango chunks by Hurdle

Technology” is briefly reviewed under the following subtitles.

2.1 Mango- Origin, geographic distribution and production.

2.2 Nutritional & medicinal properties of mango

2.3 Need for mango processing

2.4 Post harvest handling practices of mango for enhancing shelf life

2.5 Application of Hurdle Technology for enhancing quality of mango

2.1 Mango- Origin, geographic distribution and production.

Mango is one of the oldest and most important tropical fruit and cultivated
in almost all tropical and subtropical countries. It has originated in a tropical to
subtropical monsoon area in the Himalayan foot hills especially Burma and
Eastern India. Later on it spread to Africa, Caribbean and Central America

(Lagtiani et al., 1998).

According to Stefan et al. (2003) mango contribute to nearly 50 per cent of

the world production of tropical fruits.

The annual production of mango was over 24 million metric tonnes in
2004 with nearly 50 per cent produced in India followed by Mexico and Thailand
.However about 98 per cent of production is consumed locally in the producing
countries with very little participation in the global trade (FAO, 2005). In 2005,
world production of mango was estimated at 28.51 million metric tonnes and the

production grew at an average annual rate of 2.6 per cent between 1996 and 2005.



As of 2005, only six countries viz. India, China, Thailand, Mexico,
Pakistan and Indonesia, accounted for over 75 per cent of the world production

with India being the top producer almost 11 million tonnes annually (FAO, 2005).

According to Chadha (2005) mango, the king of fruits is grown in India in
almost all states. India shares about 56 per cent of total mango production
contributing 39.5 per cent of the total fruit production of India (Raj kumar et al.,
2007). Andhrapradesh, Uttar Pradesh, Bihar, Karnataka, Maharashtra, West
Bengal and Gujarat together contribute for about 82 per cent of the total

production in India.

Sauco (2004) had opined that India is the largest producer of mangoes,
accounting for 38.6 per cent of world production from 2003 to 2005. In Kerala, it
is the second important fruit occupying an area of 75,911 hectares with an annual

production of 323,517 tones (www.actahort.org).

Ravisankar et al. (2000) is of the opinion that the origin of commercial
cultivars and the origin of the cultivation of the mango is collectively agreed to be
India and India is still credited for having the most diverse collection of cultivated

varieties of mango.

Mangoes make 15 per cent of the total fresh fruits exports from the
country. During 2004-05, fresh fruit export totaled $ 181.12 million against $ 172
million in the previous year. In 2007, fresh fruit exports up to November totalled
$130.25 million against $112.30 during the same period one year ago (Gandhi,
2005).



2.2 Nutritional and medicinal properties of mango

Fruits are no longer considered as a luxury since they belong to an
important class of protective foods which provide adequate vitamins and minerals

needed for the maintenance of health (Pruthi, 1992).

According to Bose and Mitra (1990) mango because of its great utility
occupies a prominent place amongst the fruit crops grown in India and is

acknowledged as the “King of fruits” of this country.

Giridhari et al. (1986) had pointed out that India is the “Home of
mangoes” and a large number of varieties are found in almost all parts of the
country. The author also reported that mango has earned a reputation of being the

apple of the tropic, because it is so wide spread.

Singh (1990) identified that mango, due to its excellent taste, flavour and

nutritive value is a favourite fruit in all parts of the country.

Mangoes are reported to be the most nutritious food

(http://en.Wikipedia.org). Fresh fruits are considered as the integral part of any

dietary system, since they are the rich source of minerals, vitamins and dietary

fiber (Prasad and Singh, 1996).

During the ripening process the fruits are accumulates in the mesocarp.
Free sugars including glucose, fructose and sucrose increase during ripening
process giving the fruit a turpentive to sweet tasting flavour varying with species.

(Haq, 2002).


http://en.wikipedia.org/

According to Chakrabarthi et al. ( 2008) mango fruit comprises amino
acids, carbohydrates, fatty acids, minerals, organic acids, proteins and vitamins.
Ripe mangoes contain fair levels of vitamin C, but are rich in pro-vitamin A and

vitamin B; and B;.

According to Pal (1998) mangoes are very low in saturated fat, cholesterol

and sodium. It also acts as a good source of dietary fiber.

Mukherjee (1997) pointed out that mangoes are packed with vitamins,
minerals and antioxidants. Gowda and Ramanjaneya (1995) suggested that
mango is an excellent source of  carotene and moderate in vitamin C and small

amounts of vitamin B group.

Ascorbic acid, according to analysis in Central America, ranges from 41.8
to 172.0 mg/100g, whereas in India, ascorbic acid values may be as low as 13

mg/100g (Food Science, Food Technology and Nutrition, 1993).

Gopalan et al. (1977) reported that the riboflavin and niacin content of ripe
mangoes were 0.08, 0.09mg/100g pulp respectively.

According to Pott et al. (2003) mango is a rich source of carotenoids and
provides high vitamin content. Nanjudaswamy and Mahadeviah (1993) reported
that 16 carotenoid pigments were identified in Alphonso mango of which 60 per
cent is  carotene.Kaur and Khurdiya (1993) suggested that carotenoids in mango
has great potential of improving the quality and nutrients of fruit beverage to
which it is mixed. Byni (1997) reported that B carotene content of mangoes
ranged between 829.03 to 1166.57ug/100g.



Studies found a positive effect of mango in improving vitamin A

deficiency disorders (Bright et al., 2001).

Nutritionally, mangoes are wonderful sources of minerals such as Cu and
K. It also contains traces of other minerals such as Mn, Se, Mg, Ca, Fe and P

(www.brighthub.com).

Gopalan et al. (1977) reported that the Ca. P and Fe present in mango were
equivalent to 14, 16 and 1.3 mg/100g pulp respectively.

Mangoes contain phenolic compounds and have powerful anti-oxidant and
anti-cancer abilities. It is high in iron. Beyond being rich in vitamin, minerals and
antioxidants, mangoes contain an enzyme with stomach soothing similar to papain

(Stewart and Straus, 2000).

According to Wilhelmin (2005) the role of fruits and vegetables
consumption can play in maintaining human health and reducing risk in growing
disease. Mango fruit contain a compound called mangiferin, which has several
medicinal properties and is a boon for anyone who wants to gain weight. All parts
of mango plant from the seeds and flowers to the leaves and gum are used in

traditional South Asian medicine, but the fruits are most important.

Ripe mango is excellent for toning up heart muscles, stimulating appetite

and improving the skin texture and appearance (www.articlesbase.com).

Gallic acid present in mangoes, works as a wonderful disinfectant for the
body. Mangoes work as blood cleansers. It is also supposed to reduce excessive

heat in the body and prevent body odours (www.brighthub.com).



http://www.brighthub.com/
http://www.articlesbase.com/
http://www.brighthub.com/

Unani physicians use mangoes for strengthening the nerves and blood
systems. In Ayurveda, dried mango flowers are used to cure dysentery, diarrhea
and inflammation of the urinary tract. In South Asian folk medicine, rheumatism
and diphtheria is treated using the astringent bark of the mango tree. The leaf,
bark, stem, green unripe and half ripe fruits are thought to inhibit the growth of
bacteria particularly E.Coli. Ripe mangoes are having anti fungal properties

(www.plantcultures.com).

Mango fruit is also beneficial in the treatment of nephritis as well as other

kidney troubles (Islam, 1986).

Mangoes according to latest scientific research as well as of folk wisdom
are known to increase the body resistance against dysentery, cholera and

tuberculosis (www.kungfucancer.com).

Mango fruit is antiscorbutic, diuretic, laxative and invigorating. The fruit
is also helpful for people who have liver disorders. Mangoes help to lower
cholesterol (www.healthrecipes.com). Vitamin E present in mangoes helps in
better functioning of hormonal system and it prevents internal haemorrhage

(www.articlesbase.com).

2.3 Need for mango processing

Mango being a tropical climacteric fruit possesses a very short shelf life of
3-4 days at ambient conditions and accounts for 17-36 per cent loss in the total
production ( Puttaraju & Reddy, 1997). The maximum percentage loss occurs in

local mango varieties which contributes a major chunk in the total production.


http://www.plantcultures.com/
http://www.articlesbase.com/

Eckert and Ogawa (1985) reported that ripe mango fruits have low

intrinsic resistance to pathogen attack and hence get spoiled very easily.

Kalra et al. (1993) reported that India is the largest producer of mango
fruit accounting for about 65 per cent share in the world produce. Hardly one per
cent of the total mango production in India is processed and only a negligible

proportion of our produce is exported as fresh fruit (Pruthi, 1992).

Processing of fruits and vegetables for both, food and non food uses will
open up marketing alternatives to the sale of fresh produce, reduce post harvest
losses, regulate prices during lean period and raise farm income and create

employment (Dhankar, 2001).

Chadha (1995) stated that mango fruit is important from the processing
point of view and contributes a share of 43-44 per cent in the total production of

processed fruits and vegetables.

Mangoes are available for a short period each year and most varieties are
alternate bearing, resulting in seasonal gluts and subsequent shortage. Processing
overcomes many problems and offers the bonus of added value. Currently just
0.22 per cent of mangoes produced world wide are used for processing

(http//spore.cta.int).

Singh (1990) opined that in a good fruiting year, market may be glutted
with the produce, resulting in a lot of wastage as well as low price to the
orchadist. Hence intensified effort to post harvest preservation of mango fruit is
highly essential to ensure fair returns to the growers and to improve their

economic conditions (Shaw et al., 1993).

10



Bourne (1986) has classified the cause of post harvest loss of perishable
crops as primary loss due to insects, microbes and mechanical damages and

secondary losses due to poor storage and inadequate transport facilities.

Mango with many versatile properties has naturally found application for
processing in to various products unparalleled by any other fruit .Unripe mango is
processed into pickles, brine stock, chutneys and used for making chutney
powder; particularly in India (Beverage and Food World, 1994 and Hicks, 1990)
while ripe mangoes are used for the preparation of canned slices, puree, nectar,
juice concentrate , fruit bar, leather, mango cereal flakes ,strained baby foods and

mango beverage in tetra pack(Neelima et al., 1993; www.fao.org).

2.4 Post harvest handling practices of mango for enhancing shelf life

According to FAO (2003) post harvest losses in mangoes have been
estimated to be 25 to 40 per cent. Hence proper care and attention is needed to

ensure the quality of the fruit preserved till the point of consumption.

Several practices and technologies are available to extend the shelf life and
quality of mangoes. Storage is essential for extending the consumption period of
fruits, regulating their supply to the market and also for transportation to long
distance. There are several technologies like low temperature and other associated
technologies such as controlled atmosphere (CA) / modified atmosphere (MA)
storage, irradiated storage and storage using chemicals and by coatings (Rekha

and Goswami, 2007).

11



2.4.1 Storage in low temperature

Low temperature to preserve foods work on the principle that low
temperature slows microbial and enzyme action .The food is thus prevented from
spoilage .The method of preservation at low temperature are refrigeration (4°C to
7°C), cold storage (1°C to 4°C) and freezing (-78°C or below) (Bower et al.,
2003).

Temperature greatly influences metabolic activity of plant tissues and
organs, such as respiration and ethylene production, which are fundamental for

fruit ripening, but harmful to fruit conservation (Bron et al., 2005).

According to Nair (2003) exposure of microorganism at low temperature
reduces the rates of growth and reproduction. In refrigerator at 5°C food remains

unspoiled.

Since mango is a tropical fruit, it is highly susceptible to chilling injury.

A zero energy cool chamber, an on-farm rural oriented storage structure,
which operates on the principle of evaporative cooling, was developed at IARI,
New Delhi using locally available raw materials such as bricks, sand, bamboo, dry

grass, jute cloth etc. (Roy and Pal, 1991).

Chaplin et al. (1991) and Nair (2003) had reported that exposure to
extremely cold temperature can also lead to delayed ripening; poor flavour and

water soaking in tissues after ripening.

12



Treatments to alleviate chilling injury include intermittent warming, high
or low temperature, pre conditioning, chemical pretreatment and film packaging

(Aguilar et al . (2000); Wang (1993) and Pesis et al. (1997).

2.4.2 Storage of mango at low pressure

Dilley (1982) had opined that as the total pressure within the sealed
chamber is lowered, the partial pressure of each gaseous component within the
chamber is proportionally reduced as per Dalton’s law. Hence lower pressure
implies a depleted O2 composition of the chamber atmosphere and thus a reduced

respiration rate and its ensuring benefits on the storage life of the fruit.

Insecticidal effect of this technology have been studied by Davenport et al.
(2006) and found that when mangoes were stored under a low pressure of 15-20
mm of Hg at RH> 98 per cent and temperature of 13° C, a major proportion of the

egg and larvae of Carribean fruit fly were killed.

However, there have been reports of loss of water and shriveling of mango

at less than 50 mm of Hg (Wang, 1991).

2.4.3 Storage in controlled and modified atmosphere packaging

Controlled atmosphere (CA) and modified atmosphere (MA) storage
involves altering and maintaining an atmospheric composition different from
normal air composition. In CA and MA storage, the fruit is stored in a depleted O>

and elevated CO; environment.

13



Fruits and vegetables are sometimes stored in sealed warehouse, were
temperature and humidity are closely controlled and most importantly the
composition of gases in the atmospheric is altered to minimize spoilage. Usually
the concentration of O is reduced, the concentration of O; is increased and
ethylene, a gas naturally produced by plants that accelerate ripening is removed
from the atmosphere. This controlled environment helps to slow the enzymatic
reaction that eventually lead to decomposition and decay and may increase the
time that produced that can be stored by several months. Ripening rooms, in
which ethylene gas is added to the atmosphere, also helps to produce higher

quality fruits and vegetables.

Increase in levels of Oz and CO; delayed growth of aerobic and anaerobic

microorganism (Amanatidou et al., 1999).

Controlled atmosphere storage of mango fruit was studied using two
combinations of CO2 (4 and 6 %) and three O levels (4, 6 and 8 %). The fruits
were evaluated at 5 day intervals for various quality attributes, incidence of
pathogenic decay and sensory quality. All controlled atmosphere treatments
showed the yellowing of both peel and flesh. After controlled atmosphere storage,
fruit were stored at 13, 20 and 30 °C and the ripening periods were 7, 3 and 2 days
respectively. The best storage was 4 per cent CO, and 6 per cent O, at 13°C
(Athpol and Nirat, 2007).

2.4.4 Storage using Irradiation

Irradiation is a process in which food is passed through a chamber where it

is exposed to gama rays or X- rays. (Martha , 2008).

14



The use of ionizing radiation in the form of X-rays, r- rays or microwaves
has been successfully studied for augmenting the shelf life of fresh mango fruit

(Durigan et al., 2004 and Elsamahy et al., 2000).

The use of UV (100 to 290 nm) irradiation is an effective and rapid
method to preserve post harvest life of ripe mango without adversely affecting

quality attributes was reported by Aguilar et al. (2001).

According to Hagenmaier and Baker (1998) low doses irradiation
significantly reduced microbial population and moderately increased respiration in

fruits and vegetables.

2.4.5 Storage using chemical treatments

Chemical preservatives are used as antimicrobial agents or as disinfectants

(Pirovani et al., 2001).

Chemical preservation must not impair wholesome of the minimally
processed products .These may be categorized on the basis of their role (Garcia

and Barrett, 2002).

Chemical treatment involves the use of either a dip in calcium salts,
fungicides or ethylene inhibitors. Calcium treatment brings firmness in the fruit
tissue and delays ripening (Santos et al., 2004; Singh et al., 2000 and Bringas et
al., 2005).

The most commonly used chemical preservatives are the acids such as
sorbic acid, benzoic acid and propionic acid. Sorbic acid is used for preservation

of salads,

15



syrup, jellies and some cakes and benzoic acids is used for beverages , margarine,

apples, cidar etc.(Sapers, 1993).

Growth regulators, naphthalene, acetic acid at 100-300 ppm and
benzyladenine at 5-15 ppm have improved the colour and firmness of mango and

prolonged the shelf life (Wavhal and Athale, 1989).

Parmar and Chundawat (1989) reported that gibberellic acid at 200 ppm
gave a highly effective treatment for retarding rate of ripening in ‘Kesar’ variety

of mango.

According to Jiang and Joyce (2000) gaseous fumes of methyl

cyclopropene have been widely used as ethylene inhibitor in mango.

Malik et al. (2003) found that the post harvest application of polyamines
such as putrescine, spermine and spermidine with 0.01 per cent ¢ Tween-20’ as a
surfactant on mango and have a positive influence on the shelf-life of the fruit

with no adverse effect on quality.

Treatment of mature green mangoes of the variety ‘Kensington pride’ with
ethephon at 250-2000 ppm resulted in reducing ripening times and improved the
eating quality of the fruit (Singh and Janes, 2001).

2.4.6 Storage using wax coating and film wrapping

Waxing the fruit surface adds shine and reduces water loss and rate of
respiration, thus improving external appearance and extending storage life.
Carnauba wax, sugar cane wax, thermoplastic terpene resins, chitosan based
coating and shellac are used commercially; however waxes of plant origin are

preferred (Bringas
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et al., 2005; Fonseca et al., 2004; Diazsobac et al., 2000; Ketsa and Prabhasavat,
1992; Bower et al ., 2003; Ketsa and Raksritong, 1992).

Benzalconic chloride in association with surface wax coating successfully

controlled rot caused by colletotrichum gloeosporides in mango fruit (Fonseca et

al., 2004).

Diazsobac et al. (2000) found that the effect of hydodispersion of malto
dextrin, carboxylmethyl cellulose, and propylene glycol and sorbitan esters as

coating helped in the reduction or prevention of spoilage in mango.

According to Castro et al. (2005) selective film wrappers like PVC and
LDPE have increased the shelf life of mango.

Srinivasa et al. (2002) reported use of a chitosan coated film would be

beneficial for extending the storage life of mangoes.

Use of edible coating in extending the shelf life of mangoes was also

reported by Baldwin et al. (1999).

2.5 Application of Hurdle Technology for enhancing quality of mango

According to Gould and Grahame (2000) hurdle technology is the
application of selected processing techniques in combination to preserve a
product. Hurdle technology employs intentional use of combination of different
factors or techniques to achieve reliable, safe, stable, nutritious, tasty and

economical foods (Vink, 1994).
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Gould, (1995), Leistner (2000), Leistner and Gould (2002) had opined that
hurdle technology is the term applied when foods are preserved by hurdles or in
combination. The concept of combinations of preservatives and treatments to

preserve foods is frequently called the hurdle or barrier concept (Leistner and

Gorris ,1995).

Hurdle technology is the preservation of fruits in a steeping solution
consisting of permissible chemical preservatives and other food additives. It is
one of the non thermal, low cost, alternate processing technologies having
considerable scope for adoption in the developing countries like India (Khurdiya,

1995).

Hurdle technology is increasingly used for food design in industrialized
and developing countries in many ways according to needs at various steps of the
food distribution chain during storage, processing and packaging as a “back up”
measure in existing minimally processed products with short shelf life to diminish

microbial pathogenic risk or increase their shelf life (Alzamora et al., 1998).

The different treatments called as hurdles are used in preventing the
chemical as well as microbial deterioration of the food product. A combination of
these hurdles is very effective, while individually each hurdle is protecting food

from deterioration (Leistner, 1994).

Hurdles have been classified as physical, physico-chemical, microbial,

derived and miscellaneous as well, (Leistner and Gorris, 1995).

High temperature, low temperature, ultra violet radiation, electro magnetic
radiation, ultra sonication, modified atmosphere packaging; high electric field
pulses are physical hurdles. Physio-chemical hurdles include low water activity,

organic
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acids, low redox potential, low pH, sodium nitrite, sodium or potassium sulphites,

smoking, spices, herbs etc.

Blanching is the physical hurdle of high temperature method. Blanching
has been found to reduce the microbial load from 60 per cent to 99 per cent

(Alzamora et al., 1995).

Water activity is one of the physico- chemical hurdles. It refers to the
availability of water in a food or beverage and represents the amount of water that
is available to microorganisms and is also a critical factor that determines shelf

life.

Water activity is lowered by the removal of water, addition of solutes or
binding of water when used, the solute selected influences the minimum aw for
growth for particular organism. Reduction of water activity of product increased

the stability of minimally processed fruits (Corry, 1978).

Microbial hurdles include antibiotics, competitive flora etc. Miscellaneous
hurdles include moulaurin, chitosan and chlorine. Antimicrobials are microbial
hurdles. Many naturally occurring antimicrobials have been explored for used as

additives in food preservation (Conner, 1993 and Hoover, 2000).

Leistner (1999) opined that food products packaging is an important
hurdle, since it contributes towards microbiological stability and safety and helps

to preserve organoleptic quality.

Application of the hurdle concept for mango preservation may inhibit the
growth of microorganism (Uyttendaele et al., 2001). These hurdles may be

temperature, water activity, acidity, redox-potential, preservatives and others.
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Ohlsson and Bengston (2000) reported that hurdle technology has arisen in
response to a number of developments such as demand of healthier foods by
consumers that retain their original and nutritional properties and the shift to ready

to eat and convenience foods which require less processing.

Hurdle technology has also been used for the preservation of minimally
processed fruit slices. A combination of mild treatment, reduction of water
activity, lowering of pH and addition of potassium sorbate and sodium bisulphite

for producing shelf stable pineapple slices was reported by Alzamora et al. (1989).

Storage life of pineapple, mango and papaya fruit chunk preserved by
hurdle technology was studied by Vijayanand et al. (2001 using the hurdles pH,

mild heat treatment, preservative and packaging.

High moisture products from peach, pine apple, mango, papaya, sapota
and banana treated with a combination of mild heat treatment, water activity
reduction, and addition of antimicrobials and packed in glass flasks or high
density. Poly ethylene bags with syrup containing preservatives had a shelf

stability ranging from 4 to 8 months (Alzamora et al., 1993).

The hurdle technology produces minimal sensory changes, which makes
the products more acceptable than those obtained by conventional methods

(Aguilera and Chirife, 1994).
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3. MATERIALS AND METHODS

The study on “Preservation of ripe mango chunks by Hurdle Technology”
is a comprehensive study carried out with an objective to increase the shelf
stability of the chunks through chemical, microbiological and organoleptic

qualities.

The methodology followed in the study is presented under the following
headings.

3.1 Selection of mango varieties

3.2 Physical characteristic of the selected mango varieties.
3.3 Selection of different pre-treatments.

3.4 Selection of storage media

3.5 Selection of storage condition

3.6 Storage of mango chunks.

3.7 Quality assessment of the stored mango chunks

3.7.1 Assessment of the chemical constituents of stored mango chunks
3.8 Organoleptic evaluation of mango chunks

3.8.1 Selection of judges.

3.8.2 Preparation of Score card.

3.9 Microbial examinations of mango chunks.

3.10 Cost benefit analysis of the chunks

3.11 Statistical analysis

3.1 Selection of mango varieties

Among the various fruits cultivated in Kerala, mango was selected for the

study because of the following reasons.
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Mango is relished for its succulence, exotic flavor and delicious taste and
has considerable export potential both in its processed and raw forms (Indian

Food Packer, 1995).

Out of the total production of mangoes 25 per cent is lost due to

inadequate post harvest facilities and processing opportunities (CFTRI, 2002).

Mango fruit processing would not only avoid the huge wastage of the
produce that would also go a long way in improving the employment potential for

the local people and contribute to the over all progress of the region.

Local varieties contribute a major chunk in the total production of
mangoes. Systematic data is not available at present on the processing of cut
mangoes. Considering this facts, two popular local varieties such as Neelum and
Kottukonam grown in an around Thiruvananthapuram district were selected for

the present study (Platel & 2).

3.2 Physical characteristics of the selected mango varieties

Physical characteristics like fruit length, fruit weight, peel weight, stone
weight and flesh weight were recorded. The length of the fruit was measured
using a thread and measuring scale. Peel weight, stone weight, fruit weight and
flesh weight were recorded using an electronic balance. The length of fruits and
fruit weight was determined by taking the length and weight of ten fruits drawn

randomly.
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3.3 Selection of treatments

Pre-treatments are used to enhance the quality and shelf life of the product.
The  selected mango varieties were washed, peeled, cored and cut in to 2x2x1
inch dimension and divided in to two portions. For the present investigation half
portion of the mango chunks were subjected to preliminary pre- treatments of
blanching where as remaining half portion was kept unblanched. Both the
blanched and unblanched mango chunks were subjected to further treatments with

preservatives at different concentrations and combinations (Plates 3 to10).

For the present study citric acid, potassium metabisulphite, sodium
benzoate and sugar were selected as preservatives. Following are the treatments

selected for the study.

T 40 ° Brix sugar syrup +0.2 % citric acid
+ 0.035 % potassium metabisulphite

T2 40 ° Brix sugar syrup +0.2% citric acid +
0.035 % potassium metabisulphite + 0.04%.

sodium benzoate

T3 50 © Brix sugar syrup +0. 2 % citric acid +
0.035% potassium metabisulphite

Ta 50 °Brix sugar syrup +0.2 % citric acid +
0.035 % potassium metabisulphite + 0.04 %

sodium benzoate

A flow chart showing the preparation of mango chunks are given in Fig. 1.
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3.4 Selection of storage media

Kalra et al. (1991) reported that mango varieties namely Totapuri,
Benganappalli, Deshehari with papaya blends were preserved for one year in glass

bottles under ambient condition.

According to Singh et al. (1995) glass bottles were found to be more
suitable than PVC bottles from long time storage.

In the light of the above reports, for the present study glass containers

were selected for the present study.

3.5 Selection of the storage condition

The mango chunks were stored under ambient and refrigerated condition

for a period of 0, 15 and 30 days respectively.

3.6 Storage of mango chunks

Both the blanched and un blanched fruit chunks were dipped in different
treatments mentioned above and stored in sterilized glass containers at ambient
and refrigerated conditions for the analysis of chemical, microbiological and

organoleptic qualities.
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3.7 Quality assessment of the selected mango varieties

Chemical qualities of the mango chunks were assessed followed by the

microbial and organoleptic evaluation. Shelf stability of the mango chunks stored

at ambient condition and refrigerated temperature were also assessed by

evaluating the chemical, organoleptic and microbiological changes occurring

during storage.

3.7.1 Assessment of the chemical constituents of stored mango chunks

Chemical composition is the major parameter influencing the quality of

mango varieties from the point of view of nutritionist.

The different indicators ascertained under chemical composition are listed

below.

Moisture

pH

Acidity

Total Sugar

Reducing Sugar

Total Phenol

Moisture content was determined by the method

outlined by Sadasivam and Manikkam (1992)

pH was measured using pH meter Jackson (1973)

Acidity was estimated as per the procedure reported by

Sathe (1999)

Total sugar was analyzed by the procedure suggested

by A.O.A.C (1990)

Reducing Sugar was estimated as per the procedure

reported by Renganna (2001)

Total Phenol was determined according to

procedure outlined by Ranganna (2001)



The above indicators were assessed both in fresh as well as in stored

mango chunks.

3.8 Organoleptic evaluation of stored chunks

Organoleptic qualities play an important role in the quality of food

products. For judging consumer acceptability, organoleptic evaluation is essential.

Manay and Swamy (2002) opined that sensory evaluation plays a vital role
in the food industry, because it represents a very unique technique that harness
human behavioral instincts of perception, learning, cognition, psychophysics and

psychometrics for the evaluation of food quality.

For conducting sensory evaluation, a panel of judges has to be selected, so

as to ascertain consistent and accurate results.
3.8.1 Selection of judges

The panel members for sensory analysis at the laboratory level were
selected from a group of P.G students. These judges were selected through
triangle test as suggested by Mahony (1985). Details are given in Appendix 1.

3.8.2 Preparation of Score card

The score card used for the evaluation of stored mango chunks is given in

Appendix 2.
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The major quality attributes included in the score card were appearance,
taste, colour, flavour, texture and taste. Scores for overall acceptability was
obtained by determining the average mean score of each character. The quality
attributes were assessed during 0, 15 and 30 days of storage at ambient and

refrigerated conditions.

3.9 Microbial examination of stored chunks

Shelf stability of the mango chunks was conducted by plate count method
(Dilliello, 1982) to assess the growth of bacteria, mould and yeast during 0, 15

and 30 days of storage at ambient and refrigerated conditions.

3.10 Costs benefit analysis of the chunks

The economics of the product depends much on the cost of the ingredients

used for the preparation of products.

According to How (1990) accurate and up to date information on supply,
demand and prices is essential for anybody directly involved in the business of
food product industry. The cost of the product in this study was evaluated by
taking in to account the expenses of raw materials, packaging accessories and cost

of fuel.

Cost analysis of the each product standardized was computed taking into
consideration of the pre market price of the ingredients used and cost involved in

processing.
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3.11 Statistical analysis

The data collected were analyzed applying the technique of Analysis of
Variance (ANOVA) using five factor Completely Randomized Design (CRD)
suggested by Panse and Sukhatme (1995). The factors selected were variety (two
levels), storage condition (two levels), storage period (three levels), blanching

(two levels) and treatments (four levels).
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4. RESULT

Result of the present investigation entitled “Preservation of ripe mango

chunks by Hurdle technology” is presented under the following heads.

4.1 Physical characteristics of Neelum and Kottukonam mango cultivars
4.2 Chemical constituents in Neelum and Kottukonam mango cultivars
4.3 Chemical constituents in stored mango chunks

4.4 Organoleptic qualities of stored mango chunks

4.5 Microbial profile of stored mango chunks

4.6 Cost benefit analysis of mango chunks

4.1 Physical characteristics of Neelum and Kottukonam mango cultivars
Physical characteristics of the selected mango cultivars such as fruit

length, fruit weight, peel weight, stone weight and flesh weight were recorded.

The details are depicted in table 1.

Table 1 Physical characteristics of Neelum and Kottukonam mango cultivars

Variety
Physical characteristics Neelum Kottukonam
Fruit length(cm) 11.20 10.35
Fruit weight(g) 249.0 187.0
Peel weight(g) 14.05 10.96
Stone weight(g) 16.06 22.01
Flesh weight(g) 190.0 138.35




The mean fruit length of mango cultivar Neelum was 11.20 cm while that

of Kottukonam was 10.35 cm.

Fruit weight was recorded after thorough washing of the fruits .The fruit
weight was noted to be 249 g and 187 g for Neelum and kottukonam mango

cultivars, respectively.

Peel weight was recorded as 14.05 g and 10.96 g for Neelum and

Kottukonam mango cultivars respectively.

The stone weight was recorded after washing the stone thoroughly and
drying them at room temperature. The mean weight recorded was found to be

16.06 g and 22.01 g for Neelum and Kottukonam respectively.

The flesh weight was observed to be 190.0g for Neelum variety and
138.35 g for Kottukonam variety.

4.2 Chemical constituents of Neelum and Kottukonam mango cultivars

According to Ozdemir (2001) the knowledge of the constituents of the
fruits and their properties forms the basis of understanding the quality of the
product. In the present study the chemical compounds present in the fresh Neelum
and Kottukonam mangoes were assessed with regard to its moisture, pH, acidity,

total sugar, reducing sugar and total phenol. The results are presented in table 2.
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Table 2. Chemical constituents of Neelum and Kottukonam mango cultivars

Chemical constituents Variety Neelum Variety Kottukonam
Moisture (%) 80.90 80.00

pH 4.06 404

Acidity (%) 0.23 0.27

Total sugar (%) 14.96 13.76
Reducing sugar (%) 6.26 6.43

Total phenol ( pg /100 gm) 17.5 14.65

The moisture content of the mango variety Neelum was found to be 80.90

per cent as against 80.00 per cent in Kottukonam.

The pH of Neelum was recorded as 4.06 and that of Kottukonam was 4.24.

The variety Neelum recorded 0.23 per cent of acidity while that of

Kottukonam was 0.27 per cent.

Total sugar content as found in the fruit Neelum and Kottukonam was
14.96 per cent and 13.76 per cent respectively. The reducing sugar content was

found to be 6.26 per cent in Neelum and 6.43 per cent in Kottukonam.

The total phenol content of the variety Neelum was found to be 17.5ug /
100 g and in Kottukonam it was found to be 14.65 pug/100g.
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4.3 Chemical constituents in stored mango chunks

4.3.1 Moisture

Changes in moisture content of Neelum and Kottukonam mango chunks
stored at ambient and refrigerated condition is depicted in table 3(a) and 3(b)

respectively.

As indicated in table, mean values of moisture content of Neelum and

Kottukonam mango chunks was found to be significant statistically.

The variety Kottukonam chunks had higher moisture level (58.40 %) when
compared to Neelum chunks (49.10 %).

A significant difference was also noticed in the moisture content of mango
chunks as a result of blanching. The moisture content of blanched mango chunks
was 54.49 while that of un blanched chunks was 53.01.The data revealed that

moisture level was increased as a result of blanching.

Moisture content of chunks stored at ambient condition ranged between
29.50 to 61.50 per cent and 49.50 to 64.05 per cent in Neelum and Kottukonam
varieties, respectively. The highest moisture content was noticed in Kottukonam

T4 UB (64.05 %) and the lowest in Neelum T4UB (29.50 %).

A close observation on the various treatments on moisture level revealed
that T1 (50.90) and T3 (57.21) are significantly different from other treatments.
Mean values of treatment T> and T4 (53.81 and 53.07) were on par with each

other.
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Table: 3 (a) Changes in moisture content of mango chunks stored at ambient condition (A.C) in percentage.

riety / Duration Treatments
(days) T, T, T; T, Mean of
B UB Mean B UB | Mean B UB | Mean B UB | Mean | treatments
Neelum (V)
0 58.05 | 47.50 | 5278 | 4840 6150 | 5495 | 5820 | 4250 | 5035 | 47.65 | 33.89 | 40.78 49.71
15 5720 | 4720 | 5220 | 4755 60.15 | 5385 | 5790 | 4220 | 50.05 | 46.90 | 3330 | 40.10 49.05
30 53.10 | 46.05 | 4957 4390 | 5645 | 50.18 | 55.65 | 3095 | 46.80 | 44.65 | 29.50 | 37.08 45.90
Mean 56.12 | 4692 | 5152 | 46.62| 3937 | 5259 | 5725 | 40.88 | 49.06 | 4640 | 3223 | 3931 48.12
ottukonam (V)
0 5770 | 5510 | 5640 | 6170 | 61.90 | 61.80 | 6150 | 6230 | 61.90 | 61.75 | 64.05 | 62.90 60.75
15 5450 | 5390 | 35420 |59.80 | 60.05 | 5993 | 6035 | 60.85 | 60.60 | 61.00 | 50.50 | S55.75 57.62
30 5270 | 53.60 | 5315 5920 5940 | 5930 | 5950 | 60.10 | 59.80 | 60.45 | 49.50 | 54.98 56.80
Mean 5493 | 5420 | 5456 | 6023 6045 | 6034 | 6045 | 61.08 | 60.76 | 61.07 | 34.68 | 57.87 58.38
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Table: 3(b) Changes in moisture content of mango chunks stored at Refrigerated condition (R.C) in percentage.

riety / Duration Treatments
(days) T, T, T; T, Mean of
B UB Mean B UB Mean B UB Mean B UB Mean treatments
Neelum (V)
0 56.10 47.50 51.80 48.40 | 43.50 45.95 58.20 67.00 62.60 56.00 | 64.00 60.00 55.08
15 40.55 48.95 44.75 47.45 | 36.00 41.72 52.55 68.45 60.50 51.75 | 62.39 57.08 51.01
30 34.49 42.50 38.50 43.95 | 30.00 36.97 48.90 52.90 50.90 47.30 | 50.40 48.85 43.80
Mean 43.71 46.32 45.01 46.60 | 36.5 41.55 53.22 62.78 58 51.68 | 58.93 55.30 49.96
ottukonam (V)
0 56.00 54.80 55.40 61.70 | 61.20 61.45 61.50 62.30 61.90 61.25 | 60.60 60.93 59.92
15 53.30 53.20 53.25 61.15 | 59.65 60.40 61.20 60.75 60.97 60.30 | 59.30 59.80 58.60
30 44.70 52.92 48.82 60.25 | 58.10 59.18 60.20 60.15 60.18 59.10 | 58.20 58.65 56.70
Mean 51.33 53.64 52.48 61.03 | 59.65 60.34 60.97 61.07 61.02 60.22 | 59.37 59.79 58.40

Mean Values :

Variety Condition Duration Blanching Treatments

V,=49.10 AC =53.31 0= 5637 B=54.49 T, =50.90 T,=53.81

V, =58.40 RC =54.19 15 =54.07 UB = 53.01 T;=57.21 T,=53.07
30=50.81

Fi, 9¢=183.36%* Fi 96=1.65 Fy 96=22.05%* F1, 96=4.68% F3, 9e=14.51%*

CD =1.3469 CD =1.3469 CD = 1.6496 CD=1.3469 CD =1.9048

* Denotes Significance of F at p = 0.05
** Denotes Significance of F at p =0.01






Data regarding the storage period of mango chunks on moisture content
also revealed a significant difference. Mean values of moisture content revealed
that the initial moisture content of 56.37 per cent decreased to 54.07 per cent after
15 days of storage and 50.81 per cent after 30 days of storage .The study revealed

that the moisture level is getting decreased as the storage period increased.

When the mango chunks were stored at refrigerated condition the moisture
content ranged between 30.00 to 68.45 per cent and 44.70 to 62.30 per cent in
Neelum and Kottukonam varieties respectively. Statistical analysis of the data
revealed that there was no significant difference in the moisture content of two

varieties when stored at ambient and refrigerated condition.

Significant interaction was also observed in moisture content between
variety and storage period (F2, 9= 3.57%), variety and treatments (F3, 96=6.91%*%*)

treatment and condition (F3,96=26.35%%*).

432 pH

Changes in pH of Neelum and Kottukonam mango chunks stored at
ambient and refrigerated condition are presented in Table 4(a) and  4(b)

respectively.

pH of Neelum mango chunks stored at ambient condition ranged between

4.00 to 5.15 while it ranged between 4.10 to 4.86 in Kottukonam chunks.

In the case of mango chunks stored at refrigerated condition, the pH content
ranged from 3.85 to 4.94 in Neelum variety while it ranged from 4.10 to 4.70 in
Kottukonam variety. Initially the pH was found to be highest in T (4.43) and
lowest in T2 (3.9).
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Table: 4 (a) Changes in pH content of mango chunks stored at ambient condition (A.C)

riety / Duration Treatments
(days) T, T, T T, Mean of
B UB Mean | B | UB | Mean B UB | Mean B UB | Mean | treatments
Neelum (V)
0 422 | 4.60 441 1 400 | 380 | 3.90 395 | 485 | 440 | 410 | 400 | 405 4.19
15 425 | 460 443 1 400 | 380 | 390 395 | 485 | 440 | 410 | 400 | 405 419
30 465 | 5.00 483 | 415 | 410 | 413 420 | 515 | 467 | 420 | 410 | 415 444
Mean 437 | 473 455 1 405 390 | 397 403 | 495 | 449 | 413 | 403 | 4.08 427
ottukonam (V)
0 440 | 445 443 1 425 | 415 | 420 410 | 410 | 410 | 430 | 430 | 430 4.25
15 440 | 445 443 1425 | 415 | 420 410 | 410 | 410 | 430 | 430 | 430 425
30 460 | 4.65 463 | 450 | 465 | 438 486 | 475 | 480 | 465 | 465 | 465 4.66
Mean 447 | 445 446 | 433 | 432 | 43 435 | 432 | 433 | 442 | 442 | 442 438
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Table: 4 (b) Changes in pH content of mango chunks stored at Refrigerated condition (R.C)

Variety / Duration Treatments
(days) T, T, T; T, Mean of
B UB Mean B UB Mean B UB Mean B UB Mean treatments
Neelum (V)
0 4.25 4.60 4.43 4.00 3.85 3.93 3.90 4.85 4.37 4.10 4.00 4.05 4.19
15 4.25 4.65 4.45 4.06 4.00 4.03 4.45 4.88 4.67 4.70 4.60 4.65 4.45
30 4.21 4.69 4.45 4.15 4.07 4.11 4.55 4.94 4.75 4.70 4.75 4.73 4.51
Mean 4.24 4.65 4.44 4.07 3.97 4.02 4.30 4.88 4.59 4.50 4.45 4.47 4.38
Kottukonam (V,)
0 4.40 4.45 4.43 4.25 4.15 4.20 4.10 4.10 4.10 4.30 4.30 4.30 4.25
15 443 4.55 4.49 4.26 4.19 422 4.50 4.50 4.50 4.50 4.70 4.60 4.45
30 4.65 4.65 4.65 4.35 4.40 4.38 4.65 4.60 4.63 4.70 4.60 4.65 4.57
Mean 4.49 4.55 4.52 4.29 4.25 427 4.42 4.40 4.41 4.50 4.53 451 4.19
Mean Values
Variety Condition Duration Blanching Treatments
V=433 AC=433 0=4.22 B=431 T,=4.50 T,=4.15
V,=4.41 RC =441 15=4.34 UB =443 T;=4.46 Ty=4.37
30=4.55
Fi, 9= 17.10%* Fiy96= 13.69%* Fa, 96= 96.58** Fy g6=38.31%* F3, 9= 67.66%*
CD =0.0377 CD =0.0377 CD =0.0462 CD =0.0377 CD =0.0533

* Denotes Significance of F at p =- 0.05
** Denotes Significance of F at p =0.01
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Data revealed that significant difference in pH was found to exist between
the two varieties of mango chunks .The data proved that variety Kottukonam

chunks had higher pH (4.41) when compared with variety Neelum (4.33).

Analysis of data pertaining to blanched and unblanched mango chunks
observed that pH value decreased as a result of blanching and found to be highly
significant. pH value of un blanched mango chunks was 4.43 while that of

blanched chunks it was 4.31.

On comparing the mean values, pH of mango chunks stored at ambient
and refrigerated condition differ significantly .The mango chunks stored at
refrigerated condition were having higher values of pH (4.41) when compared

with chunks stored at ambient condition (4.33).

Data regarding the various treatment levels on pH revealed that the

treatments such as Ti, T2, T3 and T4 differ significantly.

pH of mango chunks of both varieties was found to increase when stored

under two conditions up to 30 days .

A significant difference was observed in pH of mango chunks during
storage. pH of mango chunks showed a linear increase during storage. The initial
pH of 4.22 for the mango chunks increased to 4.34 after 15 days of storage which

again increased to 4.55 after 30 days of storage.
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pH of Neelum chunks (4.19) stored at ambient condition during 0 days
increased to 4.44 at the end of 30 days while it is increased from 4.25 to 4.66 in
the case of Kottukonam chunks. In the case of refrigerated condition, the mean
values increased from 4.19 to 4.51 and 4.25 to 4.57 in Neelum and Kottukonam
chunks respectively. In general mango chunks stored at refrigerated condition

recorded a higher pH as compared to chunks stored at ambient condition.

Significant interaction was observed in pH between variety and storage

condition.

Significant interaction was also observed between variety and storage
period, clearly indicating the significance of the fruit and storage period on the pH

of mango chunks.

Interaction was also observed between variety and treatment (F3, 96=
28.68**, The study revealed that the type of treatments and variety used affected

the percentage of acidity in the mango chunks.

Significant interaction was also observed between variety and treatments
(F306 = 28.68%*), treatment and storage period (Feos = 4.27*%*), treatment and

condition (F3,06= 11.27** ) and storage period and condition (F2, 96 = 16.09%*%*).

4.3.3 Acidity

Table 5(a) and 5(b) details the changes in acidity of mango chunks stored

at ambient and refrigerated condition and its interaction between varieties, storage

condition, storage period, treatments and blanching.
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Table: S (a) Changes in acidity of mango chunks stored at ambient condition (A.C) in percentage.

riety / Duration Treatments
(days) T, T, T, T, Mean of
B UB Mean B UB Mean B UB Mean B UB | Mean | treatments
Neelum (V1)
0 086 | 0.85 085 | 089 | 093 091 0.79 | 0.84 0.81 0.89 | 0.68 0.78 0.83
15 088 | 0.89 0.88 | 095 | 096 0.96 082 | 0.89 0.85 096 | 070 | 083 0.88
30 102 1.02 1.02 127 | 128 1.28 128 | 0.89 1.08 107 | 0.82 0.94 1.08
Mean 092 | 091 0.92 1.04 | 1.06 1.0 096 | 0.87 0.92 097 | 0.73 0.85 0.93
rttukonam (V2)
0 0.91 0.93 0.91 0.81 | 0.80 0.80 097 | 0.83 0.90 086 | 0.71 0.78 0.84
15 1.02 1.02 102 | 095 | 0.8 091 102 | 089 0.95 096 | 0.75 0.86 0.93
30 1.07 1.08 1.08 1.03 | 1.08 1.05 107 | 109 1.08 1.03 | 1.02 1.02 1.05
Mean 1.00 1.01 100 093 | 092 0.92 102 | 0.9 0.98 095 | 0.83 0.89 0.94













Acidity of Neelum mango chunks stored at ambient condition ranged between
0.68 to1.28 per cent while that of Kottukonam, it ranged between 0.71 to1.09

respectively.

While comparing the two varieties of mango chunks stored at ambient
condition, it was observed that variety Kottukonam had higher acidity (0.95),
while the variety Neelum had an acidity of 0.94 per cent. The results indicated
negligible difference in acidity between the two varieties of mango chunks and the
difference was not significant statistically. The maximum acidity was noticed in
Neelum T,UB and T3B (1.28). It was observed that chunks formulated with
variety Kottukonam were found to be more acidic when compared with chunks

formulated with variety Neelum.

Significant difference was observed in the acidity of the mango chunks
with various treatments tried out in the study .The highest acidity was observed
for Neelum Tz and T3 (1.28). Treatment T4 of Neelum and Kottukonam varieties

were found to be less acidic (0.78).

Acidity of the mango chunks was found to be increased as a result of
storage at ambient condition and it ranged between 0.68 to 1.28 per cent in
Neelum mango chunks when compared with Kottukonam mango chunks (0.71

to1.09).

The acidity and storage period had direct impact on each other. A
comparison of mean values revealed that acidity was found to be increased as
storage period increased. Statistical analysis of the data revealed that the

difference was found to be significant (F2, 96 = 889.38%%*),
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Data pertaining to acidity of mango chunks as a result of blanching
revealed that blanched chunks had higher acidity when compared with unblanched

chunks and was found to be significant statistically.

Significant interaction was  also observed between condition and storage
period (F296 = 13.85*%*), variety and storage period (F2,06 = 4.31* ), condition and
treatment (F3,096 = 5.04** ), variety and treatment (F3 96 = 74. 05** ) and storage

period and treatment (Fe,06 = 10.18%** ).

4.3.4Total sugar

The total sugar in different fruits varies from 3 to 18 per cent and is
composed of different proportions of mixture of sucrose, fructose and glucose

(Boss and Mitra, 1990).

Table 6(a) and 6(b) depicts the changes in total sugar for Neelum and
Kottukonam mango chunks stored at ambient and refrigerated conditions

respectively.

Initial mean total sugar content of Neelum and Kottukonam mango chunks
stored at ambient condition was recorded as 14.53 and 13.06 respectively. The
highest total sugar content (17.29) was recorded in Neelum T;UB while the
lowest (12.30) in Kottukonam T, B .Comparison of mean values of two varieties
of mango revealed that variety Neelum (14.93) had a higher total sugar content
when compared with variety kottukonam (13.49) and the difference was found to

be significant statistically.
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Table: 6 (a) Changes in Total sugar of mango chunks stored at ambient condition (A.C) in percentage.

riety / Duration Treatments
(days) T, T, T, T, Mean of
B UB Mean B UB Mean B UB Mean B UB Mean | treatments
Neelum (V)
0 1270 | 13.15 1292 | 1415 | 13.51 | 1383 15.62 | 15.63 | 15.63 | 1570 | 1583 | 15.76 14.53
15 1370 | 14.85 1427 | 15.65| 1438 | 15.01 1648 | 16.60 | 1654 | 1591 | 16.00 | 15.95 15.44
30 1425 | 16.13 1519 1612 | l6.61 | 1636 1724 | 1729 | 1727 | 16.84 | 16.89 | 16.86 16.42
Mean 1355 | 1471 1413 | 1530 | 1483 | 15.06 1644 | 1650 | 1647 | 16.15 | 1624 | 16.19 15.46
ottukonam (V)
0 1247 | 12.66 1256 | 1230 | 12.84 | 12.57 13.67 | 1349 | 1355 | 1347 | 13.69 | 13.38 13.06
15 13.14 | 13.15 1314 | 1317 1370 | 13.44 1469 | 1450 | 1460 | 1465 | 1470 | 14.68 13.96
30 1470 | 14.24 1447 | 1525 | 1470 | 1498 1563 | 1529 | 1546 | 16.13 | 1629 | 16.21 15.28
Mean 1343 | 13.55 1339 | 1357 | 13.74 | 13.65 14.64 | 1442 | 1453 | 1475 | 1489 | 1482 14.09







Table: 6 (b) Changes in Total sugar content of mango chunks stored at Refrigerated condition (R.C) in percentage.

riety / Duration Treatments
(days) T, T, T; Ty Mean of
B UB Mean B UB Mean B UB Mean B UB Mean treatments
Neelum (V)
0 12.55 13.05 12.80 13.88 | 13.51 13.70 15.12 15.53 15.32 15.70 15.76 15.73 14.38
15 12.66 13.18 12.92 13.97 | 13.65 13.81 15.23 15.64 15.44 14.28 15.83 15.06 14.30
30 12.75 13.34 13.05 14.25 | 13.79 14.02 15.36 15.76 15.55 14.66 15.91 15.27 14.47
Mean 12.65 13.19 12.92 14.03 | 13.65 13.84 15.23 15.65 15.44 14.87 15.83 15.35 14.38
ottukonam (V,)
0 12.22 12.32 12.27 12.08 | 12.06 12.07 13.27 13.45 13.36 13.47 13.51 13.49 12.79
15 12.26 12.43 12.35 11.77 | 12.16 11.96 13.37 13.67 13.52 13.55 13.63 13.59 12.85
30 12.36 12.56 12.46 11.90 | 12.30 12.10 13.48 13.77 13.62 13.63 13.75 13.69 12.96
Mean 12.28 12.43 12.35 11.91 12.17 12.04 13.37 13.63 13.5 13.55 13.63 13.59 12.87

Mean Values :

Variety Condition Duration Blanching Treatments

Vi1 =14.93 AC=14.78 0= 13.70 B=14.11 T,=13.20 T,=13.65

V,=13.49 RC =13.63 15=14.14 UB = 14.30 T;=14.99 T4=14.99
30 =14.78

Fi, 96= 2439.28%* Fi,96= 1568.29** Fs, 96 =469.51%* Fi, 96 = 43.88%* F3, 96= 997.49%*

CD =0.0580 CD = 0.0580 CD =0.0710 CD = 0.0580 CD = 0.0820

** Denotes Significance of F at p =0.01






Storage condition was found to have significant influence on the total
sugar content of the mango chunks stored under study. The mango chunks stored
under ambient condition depicted higher increase in total sugar content (14.78)

when compared to chunks stored under refrigerated condition (13.63).

Storage period was also found to influence the total sugar content of the
mango chunks. The total sugar content of mango chunks increased from 13.70 per
cent to 14.78 per cent at the end of 30 days of storage. It was noticed that sugar

content was getting increased significantly as the storage period increased.

Significant difference in total sugar content was observed with respect to
various treatments. Treatment T4 had experienced higher total sugar content
(14.99) while treatment T; had the lowest value (13.20). Mean values revealed
that treatments Ti, T> and T3 differ significantly in sugar content during storage

but there was no difference in total sugar content between T3 and Ts.

The total sugar content of mango chunks decreased significantly as a result

of blanching. The sugar content was found to be more in un blanched samples.

Significant interaction was observed between variety and treatment. The
mean value of total sugar content of Neelum variety for various treatments were
14.13 per cent in T1, 15.06 per cent in T2,16.47 per cent inT3 and16.19 per cent
in T4 where as the mean values of Kottukonam chunks were found to be 13.39
per cent in Ty, 13.65 per cent in T2, 14.53 per cent in T3 and 14.82 per cent in
T4, respectively. The study revealed that variety and treatments affected the total

sugar content of mango chunks during storage.
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Significant interaction was also observed between storage period and
condition (F2,96 = 362.49**), variety and storage period (F2,96 = 4.65*%*), condition
and treatment (Fzg6 = 10.06**), variety and treatment (F3os = 90.16*%*) and

treatment and storage period (Fso6 = 6.13%*%).

4.3.5 Reducing sugar

Changes in reducing sugar content of mango chunks stored at ambient and

refrigerated condition is detailed in Table 7(a) and 7(b) respectively.

As indicated in table, mean values of reducing sugar content of mango
chunks stored at ambient condition ranged between 5.30 to 7.11 per cent while it
ranged between 4.89 to 6.66  per cent when stored at refrigerated condition.
The highest level of reducing sugar content was observed in Neelum at ambient
condition T3UB (7.11) and lowest in Kottukonam at refrigerated condition T UB
(4.89).

While comparing the mean values, a significant difference was observed
between the varieties with respect to reducing sugar content. The variety Neelum
had higher reducing sugar content (6.08) when compared to variety Kottukonam

(5.78),

A significant difference was observed between blanched and un blanched

mango chunks in the case of reducing sugar content.

The mean values of blanched mango chunks was 5.96 per cent while that
of unblanched chunks, it was 5.90 per cent. The data revealed that reducing sugar
content was increased as a result of blanching. Data regarding the storage period
of mango chunks also revealed a significant difference. Mean values of reducing
sugar content revealed that the initial sugar content of 5.81 per cent had increased

t0 5.92
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Table: 7 (a) Changes in Reducing sugar content of mango chunks stored at ambient condition (A.C) in percentage.

riety / Duration Treatments
(days) T, T, T, T, Mean of
B UB Mean B UB Mean B UB Mean B UB Mean treatments
Neelum (V)
0 5.44 530 5.37 590 | 6.00 5.95 6.60 | 5.99 6.29 6.50 | 6.56 6.53 6.03
15 5.58 5.37 547 6.01 | 6.14 6.07 6.94 | 6.16 6.55 6.62 | 697 6.79 6.22
30 5.77 543 5.61 6.11 | 623 6.17 7.05 6.25 6.65 6.84 | 7.11 6.97 6.35
Mean 5.69 5.36 548 6.00 | 6.12 6.06 6.80 | 6.13 6.49 6.65 | 6.88 6.76 6.19
ottukonam (V)
0 530 541 6.97 6.14 | 5.61 5.67 571 | 577 511 6.15 | 6.07 6.11 6.13
15 5.37 5.48 6.11 6.23 | 5.607 573 582 | 5.89 5.85 6.25 | 6.18 6.21 5.97
30 5.89 5.94 6.00 6.12 | 6.87 6.46 6.15 6.33 6.24 641 | 6.28 6.34 6.26
Mean 5.52 5.61 5.56 586 | 6.05 5.95 591 5.99 5.95 6.27 | 6.17 6.22 592







Table: 7 (b) Changes in reducing sugar content of mango chunks stored at Refrigerated condition (R.C) in percentage.

riety / Duration Treatments
(days) T, T, T; Ty Mean of
B UB Mean B UB Mean B UB Mean B UB Mean treatments
Neelum (V)
0 5.36 5.23 5.30 5.71 5.77 5.74 5.95 6.03 5.99 6.51 6.53 6.51 5.88
15 5.41 5.35 5.38 5.75 5.84 5.80 6.06 6.12 6.09 6.57 6.60 6.58 5.96
30 5.49 5.41 5.45 5.86 5.91 5.88 6.10 6.27 6.19 6.63 6.66 6.64 6.03
Mean 5.42 5.33 5.37 5.77 5.84 5.80 6.03 6.14 6.08 6.57 6.59 6.58 5.95
ottukonam (V,)
0 5.30 4.89 5.09 5.59 5.50 5.54 5.61 5.65 5.63 6.05 6.22 6.13 5.59
15 5.40 4.90 5.15 5,66 5.57 5.61 5.69 5.71 5.70 6.16 6.30 6.23 5.62
30 5.44 5.07 5.26 5.72 5.63 5.67 5.79 5.76 5.77 6.20 6.36 6.28 5.74
Mean 5.38 4.95 5.16 5.65 5.56 5.60 5.70 5.70 5.70 6.09 6.21 6.15 5.65
Mean Values :
Variety Condition Duration Blanching Treatments
V;=6.08 AC=6.04 0= 5281 B=5.96 T;=5.40 T,=5.82
V,=5.78 RC =5.82 15=5.92 UB=5.90 T3 =6.06 T4=6.44
30 =6.06
Fi, 96 =177.41%%* Fi,96 = 96.99%%* F, 96 = 40.36%* Fi, 96 = 6.08% F3, 96 =367.51**
CD =0.0456 CD =0.0456 CD =0.0559 CD =0.0456 CD = 0.0645

* Denotes Significance of F at p = 0.05
** Denotes Significance of F at p=0.01







per cent afterl5 days of storage and 6.06 per cent after 30 days of storage. It was
observed that the reducing sugar content was found to be increased as the storage

period increased.

Statistical analysis of the data on reducing sugar content revealed that both
Neelum and Kottukonam mango chunks stored at ambient and refrigerated
conditions were found to be significant. Mango chunks stored at ambient
condition had a reducing sugar content of 6.04 per cent while that of chunks
stored at refrigerated condition had reducing sugar content of 5.82 per cent. The
data revealed that reducing sugar content was more when chunks stored at

ambient condition.

Data on reducing sugar content of mango chunks stored with respect to

various treatments revealed that T1, T2, Tz and T4 differ significantly.

Significant interaction was observed between treatments and storage
period with respect to reducing sugar. The reducing sugar content was increased
as storage period advanced. After a storage of 30 days the mean values of
reducing sugar content of mango chunks stored at refrigerated condition for
various treatments T, T», T3 and T4 were 5.37 per cent, 5.80 per cent, 6.08 per
cent and 6.58 per cent in Neelum and 5.16 per cent, 5.60 per cent, 5.70 per cent

and 6.15 per cent in Kottukonam chunks respectively.

Interaction was also observed between storage condition and treatment
(F306 = 4.51%%), storage period and storage condition (F2,96 = 6.64**), and variety

and treatment (F3,06 = 17. 62%%).
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4.3.6 Total Phenol

Table 8(a) and 8(b) represents the changes in total phenol content of store

mango chunks.

Significant difference was noticed in total phenol content of mango chunks
of both the varieties. The variety Neelum had higher phenol content (13.49
ng/100g) as compared to variety Kottukonam (12.11 pg/100g) when stored for a
period of 30 days.

Total phenol content of mango chunks of both varieties when stored under
two different storage conditions was found to increase significantly. Phenol
content ranged from 11.45 to 17.59 pug/100g in Neelum chunks and 9.83 to 15.32
png/100g in Kottukonam chunks stored under ambient condition whereas it ranged
from 10.41 to 15.60 pg/100g in Neelum and 10.00 to 15.13 pg/100g in

Kottukonam chunks stored under refrigerated condition.

The mean values of phenol content revealed that phenol content was
reduced when chunks were stored in refrigerated condition. Blanching of
mango chunks with respect to phenol content revealed that unblanched chunks
had higher phenol (13.00) content when compared with blanched chunks (12.61).

Blanching of mango chunks decreased the phenol content significantly.

Significant difference was also observed in phenol content with respect to
storage period. Phenol content of mango chunks decreased at the end of 15 days
of storage to 12.89 pg from an initial value of 13.11ug (at 0 days) and again
decreased to 12.41 ng/100g at the end of 30 days. The study revealed that phenol

content is getting decreased as storage period increased.
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Table: 8 (a) Changes in Total phenol of mango chunks stored at ambient condition (A.C)in microgram

riety / Duration Treatments
(days) T, T, T; T, Mean of
B UB Mean B UB Mean B UB | Mean B UB | Mean | treatments
Neelum (V)
0 1640 | 15.40 1590 | 1340 | 1290 | 13.15 1759 | 1381 | 1570 | 1438 | 12.61 | 13.50 14.56
15 16.06 | 14.98 1552 | 1361 | 1280 | 13.20 1740 | 13.51 | 1545 | 1410 | 12.10 | 13.10 1431
30 1575 | 1433 15.04 | 1298 | 12.05 | 1251 1698 | 13.07 | 15.02 | 13.70 | 1145 | 12.58 13.78
Mean 16.07 | 14.90 1548 | 1333 ] 1258 | 1295 1732 | 1346 | 1539 | 1406 | 12.05 | 13.06 1421
ottukonam (V)
0 10.57 | 1391 1224 | 1110 | 1532 | 13.20 1300 | 1238 | 12.69 | 11.10 | 1241 | 1175 1247
15 1041 | 13.80 1211 11079 | 15.05 | 12.92 1278 | 1206 | 1242 | 10.80 | 12.08 | 11.44 12.22
30 983 | 1275 1129 | 10.00 | 1449 | 12.24 1241 | 1170 | 12.05 | 10.07 | 11.92 | 11.00 11.64
Mean 1027 | 13.48 11.88 | 10.63 | 1495 | 12.78 1273 1 12.04 | 1238 | 10.65 | 12.13 | 11.39 12.11







Table: 8 (b) Changes in Total phenol of mango chunks stored at refrigerated condition (R.C) in microgram

** Denotes Significance of F at p =0.01

Variety / Duration Treatments
(days) T, T, T T, Mean of
B UB Mean B UB Mean B UB Mean B UB Mean treatments
Neelum (V)
0 13.99 15.60 14.80 11.06 | 14.72 12.89 11.41 11.90 11.65 12.90 | 13.10 13.00 13.08
15 13.73 15.25 14.50 10.88 | 14.55 12.72 11.24 11.30 11.27 12.70 12.88 12.79 12.82
30 12.50 15.13 13.82 10.41 | 14.05 12.23 11.00 10.70 10.85 12.55 12.65 12.60 12.37
Mean 13.40 15.32 14.37 10.78 | 14.44 12.61 11.21 11.30 11.25 12.71 12.87 12.79 12.75
Kottukonam (V,)
0 12.50 10.56 11.53 10.80 | 15.13 12.96 11.81 10.99 11.40 14.51 12.33 13.42 12.32
15 12.35 10.50 11.43 10.50 | 15.11 12.81 11.80 10.75 11.27 14.21 12.25 13.23 12.18
30 12.10 10.15 11.13 10.00 | 15.00 12.50 11.00 10.35 10.68 14.09 12.05 13.07 11.84
Mean 12.31 10.40 11.36 10.43 | 15.08 12.75 11.53 10.69 11.11 14.27 12.21 13.24 12.11
Mean Values :
Variety Condition Duration Blanching Treatments
V,=13.49 AC=13.17 0= 13.11 B=12.61 T,=13.27 T,=12.78
V,=12.11 RC=12.44 15=12.89 UB = 13.00 Ts=12.54 T,=12.62
30=1241
Fi,96 = 3787.89%* Fy, 96 = 1061.29%* F,, 96= 339.62%* Fy, 96 = 300.70%* F3, 96 = 216.62%*
CD =0.0445 CD =0.0445 CD =0.0545 CD =0.0445 CD =0.0629
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Phenol content of mango chunks with respect to treatments revealed that
all the four treatments of mango chunks Ti, T2, T3 and T4 differ significantly each
other. Treatment T; had observed maximum phenol content (13.27) while the

lowest phenol content was observed in T3z (12.54).

Significant interaction in phenol content was observed between variety
and treatment (F3,06 = 1039.71%%), treatments and storage period (Fs o6 = 2.46%),
treatment and storage condition (F3 96 = 1084.39+¢), and condition and variety (Fi,96 =

1080.67**).,

4.4 Organoleptic qualities of stored mango chunks

The overall quality of a food depends on the nutritional and other hidden
attributes and sensory quality is assessed by means of human sensory organs.
When the quality of a food product is assessed by means of human sensory

organs, the evaluation is said to be sensory or organoleptic.

According to Cottet et al. (2007) sensory analysis is a technique that uses
man as a measuring instrument. Numerical scoring test is used to evaluate
particular characteristics of one or more samples indicating the rating as

excellent, very good ,good, fair and poor (Manay and Swamy, 2002)).

Sensory quality is a combination of different senses of perception coming
in to play in choosing and eating a food .The effective characteristic is not the
property of the food, but the subject’s reaction to the sensory qualities of foods (
Srilakshmi, 2003).
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4.4.1 Appearance

Table 9(a) and 9(b) depicts the mean score obtained for the quality attribute

appearance.

The first impression of food is usually visual and major part of willingness

to accept a food depends upon its appearance.

The mean score obtained for the quality attribute appearance ranged
between 3.88 to 444 in  Neelum mango chunks and 4.33to 4.64 in
Kottukonam chunks respectively. A significant difference existed in the quality

attribute appearance between the two varieties of mango (Fi, 384=27.73*%).

Mean values of the two varieties revealed that Kottukonam mango chunks
had bagged maximum score for appearance (4.48) as compared to Neelum

chunks(4.22)

The study revealed that appearance of unblanched mango chunks was

more acceptable (4.41).

Data on appearance of mango chunks with regard to treatments found that
there was a significant difference in the mango chunks of Neelum and

Kottukonam varieties in all the treatments (F1384=3.47%).

With regard to storage period of mango chunks, the study revealed a

decrease in the quality attribute appearance at the end of 30 days storage.
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Table : 9 (b) Appearance of mango chunks stored at refrigerated condition

* Denotes Significance of F at p=0.05

** Denotes Significance of F at p=0.01

Treatments
Variety Duration T, Mean T, Mean Ts Mean Ty Mean | Mean of
(days) treatments
B UB B UB B UB B UB
Neelum 0 450 [4.50 |4.50 |4.40 432 436 422 (452 437 (442 (442 |442 441
15 450 [4.50 |4.50 |4.40 4.32 436 422 (452 |437 (442 442 | 442 441
30 448 |4.64 |4.56 |4.30 4.24 427 1432 (446 |439 |4.42 |4.66 |4.54 4.44
Mean 449 |4.54 |4.51 |4.36 4.29 433 | 425 |4.50 | 437 |4.42 | 4.50 |4.46 4.42
Kottukonam 0 4.66 | 4.66 | 4.66 |4.52 4.48 450 1474 1454 |4.64 | 478 [ 4.74 | 4.76 4.64
15 4.66 | 4.66 |4.66 |4.52 4.48 450 |4.74 |4.54 |4.64 | 478 | 4.74 | 4.76 4.64
30 4.66 | 4.66 |4.66 |4.52 4.48 450 |4.74 1454 |4.64 |4.78 | 4.74 | 4.76 4.64
Mean 4.66 | 4.66 | 4.66 |4.52 4.48 450 |4.74 1454 |4.64 |4.78 | 4.74 | 4.76 4.64
Mean Values:
Variety Condition Duration Blanching Treatments
V=422 AC=4.18 0=4.37 B=4.30 T,=432 T, =4.24
V, =4.48 RC=4.53 15=4.37 UB =441 Tz =4.43 Ty =4.43
30=4.32
F 384 = 27.73%%* Fi, 384 = 50.65** Fy, 384 =0.42 Fi384, = 5.08% Fs, 384 = 3.47*
CD =0.0971 CD =0.0971 CD=0.1189 CD=0.0971 CD=0.1373
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The mango chunks stored at refrigerated condition was found to be more
appealing (4.53) as compared to chunks stored at ambient condition (4.18) and
was found to be significant statistically(F,3g4 = 50.65%%).

4.4.2 Colour

Colour of foods serves as a useful criterion for measurement of its quality.
In addition to giving pleasure, the colour of food is associated with other attributes
e.g. ripeness ( red colour), sourness( green colour). Colour is also used as an

index to the quality of a number of foods.

Table 10(a) and 10(b) shows mean score obtained for quality attribute
colour. The score ranged between 3.93 to 4.44 in Neelum and 4.02 to 4.08 in
Kottukonam mango chunks respectively. Neelum chunks had scored maximum
mean score (4.15) as compared to Kottukonam chunks (4.03). The quality
attributes colour differ significantly between the two variety of mango (F

1,384=9.45%%),

Like appearance mean score of colour of unblanched mango chunks was

more acceptable.

Data on attribute colour with respect to storage period revealed that colour
score of mango chunks was decreased from an initial value of 4.11 to 4.08 during

storage. There was no change in colour score during 15 and 30 days of storage.

Mango chunks stored at refrigerated condition bagged highest score (4.20)
with respect to colour as compared to chunks stored at ambient condition (3.98).
The study revealed a significant difference (Fi, 384 = 34.11**) in colour of the

mango chunks during storage at ambient and refrigerated condition.
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Table: 10 (a) Colour of mango chunks stored at ambient condition

Treatments
Variety Duration T; Mean T, Mean Ts Mean T, Mean | Mean of
(days) treatments
B UB B UB B UB B UB
Neelum 0 3.82 [3.80 |3.81 |3.88 396 1392 392|380 [3.80 |4.02 [4.28 |4.15 3.94
15 3.82 |3.78 |3.80 |3.86 400 1393 |390 [3.78 |3.84 [4.04 |4.28 |4.16 3.93
30 3.82 |3.78 |3.80 |3.86 400 1393 [390 [3.78 |3.84 |4.04 [4.28 |4.16 3.93
Mean 3.82 |3.78 |3.80 |3.86 398 1392 390 |3.78 [3.84 |4.03 [4.28 |4.15 3.93
Kottukonam 0 4.14 1396 |4.05 [4.24 390 407 [4.14 408 [4.11 [4.00 |4.02 |4.01 4.06
15 398 [4.04 |4.01 [4.14 386 |4.00 [4.04 |4.06 [4.05 |3.98 |[4.02 |4.00 4.02
30 398 [4.04 |4.01 [4.14 386 |4.00 [4.04 |4.06 [4.05 |3.98 [4.02 |4.00 4.02
Mean 4.03 |14.01 [4.02 |4.17 387 14.02 [4.07 [4.06 [4.07 [3.98 |4.02 |4.00 4.03
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Table : 10 (b) Colour of mango chunks stored at refrigerated condition

Treatments
Variety Duration T, Mean T, Mean Ts Mean T, Mean | Mean of
(days) treatments
B UB B UB B UB B UB
Neelum 0 430 |4.46 |4.38 |4.16 4.30 423 1440 (428 [454 |426 |4.32 |4.29 4.36
15 430 |4.46 |4.38 |4.16 4.30 423 (440 |4.68 |4.54 |4.26 |4.32 |4.29 4.44
30 430 |4.46 |4.38 |4.16 4.30 423 1440 (428 [454 |426 |4.32 |4.29 4.36
Mean 430 |4.60 |4.38 |4.36 4.30 433 (440 (441 |4.54 |4.26 |4.32 |4.29 4.38
Kottukonam 0 406 |4.26 |4.16 | 4.00 4.00 400 |4.14 (412 [ 4.13 |3.96 |4.08 |4.02 4.08
15 398 |4.04 |4.01 4.14 3.86 400 [4.04 | 4.06 |4.05 3.98 | 4.02 | 4.00 4.02
30 398 [4.04 | 401 |4.14 3.86 400 [4.04 406 |4.05 |398 |4.02 |4.00 4.02
Mean 4.00 |4.11 |4.06 |4.09 3.90 400 |4.07 [4.10 [ 4.07 |3.97 |4.04 |4.00 4.04
Mean Values:
Variety Condition Duration Blanching Treatments
Vi =4.15 AC =3.98 0=4.11 B =4.01 T =4.07 Ty =4.05
Vi =4.03 RC =4.20 15=4.08 UB =4.11 T3 =4.13 Ts=4.11
30=4.08
Fi 384 = 9.45%* Fi, 384 = 34.11%* F,, 384 =0.25 Fi 384 =0.88 F3, 384 =1.22
CD =0.0726 CD =10.0726 CD =0.0889 CD =0.0726 CD=0.1026

** Denotes Significance of F at p = 0.01
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4.4.3 Flavour

The flavour of a food or beverage is not perceived in a single event, but
rather as a series of events experienced as the food is consumed. (Piggot and
Schaschke, 2001). Flavour is the combination of taste and smell. Taste includes
sweet, salty, and sour characteristics in a product, while smell is identified as
fragrant, acidic and burnt etc due to enzymatic, physiological or chemical
changes. Odour preference is generalized by stimulation of the sensory cells by

specific volatile compounds present in the food.

Mean values of the quality attribute flavour of the two varieties of mango
chunks revealed that flavour was found to be more in Kottukonam chunks
(3.99) as compared to Neelum chunks (3.92) as depicted in table 11(a) and 11(b)

respectively.

Like colour and appearance, flavour was retained maximum in unblanched
mango chunks (4.00) as compared to blanched ones (3.92) and found to be
significant statistically(F1, 384=3.98%).

Data on quality attribute flavour with respect to treatments revealed that
there was a significant difference in mango chunks in all the treatments (F3, 384 =
4.62**). Treatments T1 and T2, T1 and T3 and T2 and Ts were on par with each

other.

The study revealed that flavour of mango chunks decreased as storage
period increased. The flavour was enhanced when chunks were stored at
refrigerated condition (4.03) as compared to chunks stored at ambient condition

(3.88).
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Table : 11 (a) Flavour of mango
chunks stored at ambient

condition
Treatments
Variety Duration T Mean T2 Mean T3 Mean T4 Mean | Mean of
(days) treatments
B UB B UB B UB B UB
Neelum 0 3.56 |3.62 |3.59 |3.58 3.64 3.61 [3.60 |3.86 |3.73 |3.74 |3.86 |3.80 3.68
15 3.58 [3.60 |[3.59 |3.62 3.60 3.61 [3.64 [3.84 |3.74 [4.02 |3.92 |3.97 3.72
30 3.58 [3.70 |3.64 |3.64 3.60 3.62 [3.72 | 3.82 |3.77 |4.02 |3.92 |3.97 3.75
Mean 3.57 |13.64 |3.60 |3.61 3.61 3.61 [3.65 [3.84 |3.74 [3.92 [3.90 |3.91 3.71
Kottukonam 0 4.10 |4.00 |4.05 |4.14 4.04 4.09 |4.16 |4.14 | 415 [4.02 |4.18 |4.10 4.09
15 392 [3.80 [3.86 |4.02 3.98 4.00 [4.12 [4.12 [4.12 [4.02 |4.18 |4.10 4.02
30 392 [3.80 |3.86 |4.02 3.98 4.00 [4.12 [4.12 [4.12 [4.02 |4.18 |4.10 4.02













Table : 11 (b) Flavour of mango chunks stored at refrigerated condition

Treatments
Variety Duration T Mean T, Mean T3 Mean Ta Mean | Mean of
(days) treatments
B UB B UB B UB B UB
Neelum 0 4.10 | 4.18 |4.14 |3.92 4.20 406 |3.92 [4.10 |4.01 |[4.22 |432 |4.27 4.12
15 4.10 | 4.18 |4.14 |3.92 4.20 406 |3.92 [4.10 |4.01 |[4.22 |432 |4.27 4.12
30 410 | 4.18 |4.14 |3.92 4.20 406 |3.92 [4.10 [4.01 [4.22 |432 |4.27 4.12
Mean 410 [4.18 [4.14 |3.92 4.20 406 |3.92 {410 |4.01 (422 (432 |4.27 4.12
Kottukonam 0 394 1410 |4.02 |4.02 4.10 406 |4.04 [4.04 |4.04 [4.02 |420 |[4.11 4.05
15 3.80 |3.76 |3.78 |3.82 4.00 391 |3.84 [3.82 |3.83 |3.84 [4.20 |4.02 3.88
30 3.80 |3.76 |3.78 |3.82 4.00 391 |3.84 [3.82 |3.83 |3.84 [4.20 |4.02 3.88
Mean 3.84 | 3.87 |3.86 |3.88 4.03 396 390 |3.89 {390 |[3.90 |4.20 |4.05 3.93
Mean Values :
Variety Condition Duration Blanching Treatments
Vi=3.92 AC=3.88 0=3.99 B=3.92 T1=3.88 T2=3.92
V2=3.99 RC=4.03 15=3.94 UB =4.00 T3=3.95 T4 =4.08
30=3.94
Fi, 384 =3.32% Fi, 384 = 13.15%* F», 384 = 0.65 Fi, 384 =3.98%* Fs, 384 = 4.62%*
CD =0.0804 CD = 0.0804 CD =0.0984 CD =0.0804 CD=0.1137

* Denotes Significance of F at p = 0.05

** Denotes Significance of F at p =0.01







4.4.4 Texture

Texture is a predisposing factor that determines the quality of the

processed product.

Table 12(a) and 12(b) reveals mean score obtained for quality attribute

texture.

Texture of Kottukonam chunks (3.98) was found to be good as compared

to Neelum chunks (3.87).

The study revealed that there was no significant change in texture of

mango chunks as the storage period increased from 0 to 30 days.

The texture of mango chunks stored at ambient condition was found to be

better (3.93) as compared to chunks stored at refrigerated condition (3.91).

Statistical analysis revealed that a significant difference was noticed in

quality attribute texture between the two varieties of mango ( F2, 384 = 8.66%%*).

‘4.4.5 Taste

The mean score obtained for the quality attribute taste ranged between

3.58 to 4.47 in Neelum and 3.88 to 4.59 in Kottukonam chunks respectively as
indicated in table 13(a) and 13(b).
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Table: 12 (a) Texture of mango chunks stored at ambient condition

Treatments
Variety Duration T, Mean T, Mean Ts Mean T, Mean | Mean of
(days) treatments
B UB UB B UB B UB

Neelum 0 3.82 1 3.98 | 3.90 3.70 396 | 3.83 | 3.96 | 3.74 | 3.85 | 3.78 | 4.02 | 3.90 3.77
15 3.82 | 3.98 | 3.90 3.70 396 | 3.83 | 3.96 | 3.74 | 3.85 | 3.78 | 4.02 | 3.90 3.87

30 3.82 | 398 | 3.90 3.70 396 | 3.83 | 3.96 | 3.74 | 3.85 | 3.78 | 4.02 | 3.90 3.87

Mean 3.55 | 398 | 3.76 3.70 396 | 3.83 | 396 | 3.74 | 3.85 | 3.78 | 4.02 | 3.90 3.83
Kottukonam 0 404 | 4.0 | 4.02 3.94 406 | 4.00 | 3.92 | 4.00 | 3.96 | 3.96 | 4.02 | 3.99 3.99
15 404 | 4.0 | 4.02 3.94 406 | 4.00 | 3.92 | 4.00 | 3.96 | 3.96 | 4.02 | 3.99 3.99

30 404 | 4.0 | 4.02 3.94 406 | 4.00 | 3.92 | 4.00 | 3.96 | 3.96 | 4.02 | 3.99 3.99

Mean 404 | 4.0 | 4.02 3.94 406 | 400 | 3.92 | 4.00 | 3.96 | 3.96 | 4.02 | 3.99 3.99
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Table 12 (b) Texture of mango chunks stored at refrigerated condition

Treatments
Variety Duration T, Mean T, Mean T3 Mean Ty Mean | Mean of
(days) treatments
B UB B UB B UB B UB
Neelum 0 3.74 | 3.88 | 3.81 3.64 3.92 3.78 3.92 | 392 |3.92 3.86 | 4.04 | 3.95 3.86
15 3.74 | 3.88 3.81 3.64 3.92 3.78 3.92 3.92 3.92 3.86 4.04 3.95 3.86
30 3.74 | 3.88 3.81 3.62 3.84 3.73 392 | 4.00 3.96 3.90 |4.04 3.97 3.87
Mean 3.74 | 3.88 | 3.81 3.65 3.89 3.77 3.92 {394 |3.93 3.87 | 4.04 | 3.95 3.86
Kottukonam 0 4.04 | 3.96 | 4.00 3.96 4.06 4.01 3.94 | 3.80 | 3.87 3.96 | 3.98 |3.97 3.96
15 4.04 | 3.96 4.00 3.96 4.06 4.01 3.94 3.80 3.87 3.96 3.98 3.97 3.96
30 4.04 | 3.96 | 4.00 3.96 4.06 4.01 3.94 | 3.80 | 3.87 3.96 | 3.98 | 3.97 3.96
Mean 4.04 | 3,96 | 4.00 3,96 4.06 4.01 3.94 | 3.80 | 3.87 3.96 | 3.98 | 3.97 3.96
Mean Values:
Variety Condition Duration Blanching Treatments
V,=3.87 AC =393 0= 3.92 B =3.89 T,=3.93 T, =3.90
V,=13.98 RC =391 15=3.92 UB = 3.96 T; =3.90 T4=3.95
30=3.92
Fi, 334 = 8.66** F1,3x4:0-20 Fs, 334 = N.S Fi, 384 =3.74 F3,3x4=0-46
CD =0.0729 CD = 0.0729 CD = - CD = 0.0729 CD =0.1031

** Denotes Significance of F at p - 0.01
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Table -13 (a) Taste of the mango chunks stored at ambient condition

nam 4

15 37137137 1384 [396 39 [40|39[4.0 40[4.1 40| 393

30 37137137 1384 [396 39 [40|39[4.0 40[4.1 40| 393

Mean 37138 (3.7 381 [396 38 40(39|39 (3940|400 | 391

Treatments
Variety | Durati T: | Me T> Me T; Me T+ | Me | Mean
on an an an an | of
(days) [B U B UB B |U B |U
B B B
Neelum 0 3713335358 |334|34|35(38|3.6(35|38]|3.7| 3.58
0 |4 2 6 2 0 6 4 8 1
15 38137371370 |350 |36 |38|3.8|38|35(38]|3.7| 3.71
0 0 5 0 0 0 0 4 8 1
30 383737 (374 |3.64 |36 373637 (373837 3.73
4 0 7 9 6 8 2 4 0 7
Mean 3713536 367 |349 |35 |3.6|3.7 |37 |3.6(38|3.7| 3.67
8 8 8 8 9 6 2 0 5 3
Kottuko 0 3713938 (376 39638393839 (39(39/[3.9| 3.88
4 4 6
3 3 4
8 8 4
3 3 4
8 8 4
3 3 4
3 3 8







Table :13 (b) Taste of the mango chunks stored at refrigerated condition

** Denotes Significance of F at p=0.01

Treatments
Duration T, Mean T, Mean Ts Mean Ty Mean | Mean of
(days) treatments
B UB B UB B UB B UB
0 430 [4.50 (440 |4.38 4.46 442 |14.62 |4.46 |4.54 [430 (458 | 444 |4.45
15 430 [4.50 [4.40 |4.38 4.46 442 |14.62 |4.46 |4.54 430 [4.58 |4.44 |4.45
30 446 (472 |4.59 |4.26 4.68 447 |14.54 | 4.68 |4.61 450 (454 |4.52 |4.47
435 | 457 |443 |4.34 4.53 437 |4.59 | 4.53 |4.56 [436 [4.56 |4.46 |4.45
Kottukonam 0 430 |4.44 |4.37 | 4.66 4.76 471 (4776 | 4.60 |4.68 |4.60 |4.60 |4.63 |4.59
15 4.08 [ 4.08 |4.08 |3.98 4.10 4.04 |[4.10 [ 4.08 |4.09 [4.02 |4.10 |4.06 |4.06
30 4.08 |4.08 |4.08 |3.98 4.10 404 [4.01 [4.08 |[4.09 [4.02 |4.10 |4.06 |4.06
4,15 {420 |4.17 |4.20 4.32 426 |4.29 |4.25 428 (421 |426 |4.25 |4.23
Mean Values:
Variety Condition Duration Blanching Treatments
V,=4.08 AC=3.80 0= 4.13 B=4.05 T, =4.03 T,=4.04
V,=4.08 RC =4.36 15=4.04 UB=4.11 T;=4.14 T,=4.12
30=4.07
F1,3g4: 1.78 F1,3g4:211.73** Fz, 384 — 1.78 F1,3g4:2.10 F3, 384:2-05
CD =0.0929 CD=0.0758 CD=0.1313 CD=0.1072 CD =0.1516
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On comparing the taste of two varieties of mango chunks stored, there was

not much difference in the taste of two varieties of mango chunks.

Significant difference (Fi, 384=211.73**) was observed in the taste of
mango chunks stored at refrigerated and ambient condition. The chunks stored at
refrigerated condition was found to be good (4.36) as compared to chunks stored

at ambient condition (3.80).

The study revealed that taste of mango chunks decreased as the storage
period increased and the taste was found to be better in unblanched chunks (4.11)

as compared to blanched chunks (4.05).

4.4.6 Overall acceptability

The overall acceptability of  Neelum and Kottukonam chunks during
storage at ambient and refrigerated condition is depicted in table 14(a) and 14(b)

respectively.

Analysis of data revealed that there was a significant difference (F33s4
=11.70**) in the overall acceptability of Neelum and Kottukonam mango chunks
during storage. Kottukonam mango chunks had bagged maximum score (4.11) as

compared to Neelum mango chunks (4.04).

Significant difference was noticed in the overall acceptability of mango
chunks with respect to blanching (F33sa =7.50**) .Overall acceptability of
unblanched mango chunks was more acceptable for the judges (4.11) when

compared with blanched mango chunks (4.05).
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Table: 14 (a) Over all acceptability of mango chunks stored at ambient condition

Variety/ Storage
“ondition period Treatments
(days)
T, Mean T, Mean T; Mean T4 Mean | Mean of
treatments
B UB B | UB B | UB B | UB
0 378 [3.73 | 375 |3.71|3.76| 3.73 |3.80|3.86| 3.83 |3.80|4.01| 3.90
Neelum 3.80
15 3.80 [3.79 | 3.80 |3.74|3.79| 3.76 |3.86|3.85| 3.85 |3.86|4.02| 3.94 383
30 382 [3.80| 3.81 |3.76|3.80| 3.78 |3.83|3.78| 3.80 |3.89|4.00| 3.95 383
Mean 378 | 3.77| 378 |3.73|3.78 | 3.75 |3.83|3.83| 3.82 |3.85|4.01| 3.93 3.82
0 4.04 | 400 | 4.02 | 402|411 | 406 |4.12|4.06| 409 |4.04|419]| 4.12 407
ottukonam 15 397 |3.95| 396 |3.994.00| 404 |411]408| 410 [406]423]| 414 4.06
30 397 [3.95| 3.96 |3.99|4.09| 404 |4.11|4.08| 410 |4.06|423| 4.14 4.06
Mean 3.87 | 3.85| 3.86 |3.84|3.91| 388 |395|3.93| 394 |3.93|409]| 4.01 3.92
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Table: 14 (b) Overall acceptability of mango chunks stored at refrigerated condition

Variety Storage Treatments
period(days) T, Mean T, Mean Ts Mean T4 Mean | Mean of
treatments
B UB B UB B UB B UB
Neelum 0 4.19 4.30 4.25 4.10 4.24 4.17 4.22 4.34 4.28 4.21 4.34 4.27 4.24
15 4.19 4.30 4.25 4.10 4.24 4.17 4.22 4.34 4.28 4.21 4.34 4.27 4.24
30 4.22 4.38 4.30 4.05 4.25 4.15 4.22 4.38 4.30 4.26 4.38 4.32 4.26
Mean 4.2 4.32 4.26 4.08 4.24 4.16 4.22 4.35 4.28 4.22 4.35 4.28 4.25
0 4.20 4.28 4.24 4.23 4.28 4.26 4.32 4.22 4.27 4.26 4.33 4.30 4.26
Kottukonam 15 4.11 4.10 4.11 4.08 4.10 4.09 4.13 4.06 4.10 4.12 4.21 4.16 4.11
30 4.11 4.10 4.11 4.08 4.10 4.09 4.13 4.06 4.10 4.12 4.21 4.16 4.11
Mean 4.17 4.25 4.21 4.10 4.20 4.15 4.20 4.25 4.23 4.20 4.30 4.25 421
Mean values:
Variety Condition Duration Blanching Treatments
V, =4.04 AC=3.94 0= 4.10 B =4.05 T1=4.05 T,=4.03
V,=4.11 RC =421 15=4.06 UB=4.11 T;=4.09 T,=4.14
30 =4.07
Fl, 384 = 11.70** Fl, 384 = 138.23%* Fz, 384 = 0.86 Fl, 384 = 7.50%* F3, 384 = 4.99%*
CD =0.0438 CD = 0.0438 CD =0.0536 CD = 0.0438 CD =0.0619

** Denotes Significance of F at p = 0.01
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Data on storage days of mango chunks also revealed a significant difference with
respect to overall acceptability .The study revealed that overall acceptability of

mango chunks decreased when the storage period increased.

Mean score of mango chunks stored at ambient and refrigerated condition
revealed that there was a significant difference in the overall acceptability (Fi 3s4
=138.23**) .Overall acceptability was found to be higher in mango chunks stored
at refrigerated condition (4.21) as compared to mango chunks stored at ambient

condition (3.94).

A significant difference was also experienced in the in the overall
acceptability of mango chunks with regard to treatments given (F33g4 =4.19%*%*).
On comparing with CD values, treatments Ti, T2, T3 and T4 differ significantly

while treatments T and T> and treatments T and T3 were on par.

4.5 Assessment of microbial profile of the stored mango chunks:

Microbial population in the processed foods is an important factor which
determines the quality and safety of the product .When foods are processed, there
are chances of contamination through various means and during the storage of the
product, these microbes multiply and cause spoilage in the products. Hence
assessment of microbial population of the products is an essential step in the

development of new products.

Processing methods and addition of preservatives will reduce the
microbial load of the products, which would enhance the keeping quality of the

products.
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Mango chunks formulated from the two varieties of mango were assessed
for microbial contamination soon after it was prepared and were stored at ambient
and refrigerated condition for a period of 30 days. At the end of 15 and 30 days
they were again assessed for the changes in microbial load. The chunks were
analyzed for bacteria, mould and yeast. The media used for the determination of
bacteria, mould and yeast were nutrient agar and potato dextrose agar

respectively.

Table 15(a) and 15(b) gives an account of microbes present in stored
mango chunks.

Table-15(a) Microbial quality of mango chunks stored at ambient temperature

Variety Treatments No: of yeast and Mould colonies(cfu/g)
15 days Storage 30 days Storage

Neelum T:B 02 04

T, UB 04 06

T, B 02 04

T, UB 03 05

15 B 04 08

T; UB 05 07

T4B 04 08

T4 UB 05 09
Kottukonam T:B 02 04

T, UB 02 06

T, B 02 08

T, UB 03 04

T; B 02 06

T; UB 03 04

T4B 02 04

T, UB 02 08
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Table-15(b) Microbial quality of mango chunks stored at refrigerated condition

Variety Treatments No: of yeast and Mould colonies(cfu/g)
15 days Storage 30 days Storage

Neelum T:B Nil 02

T, UB Nil 04

T B Nil 02

T, UB Nil 03

T: B Nil 02

T; UB Nil 04

T4 B Nil 03

T, UB Nil 04
Kottukonam T,B Nil 02

T, UB Nil Nil

T, B Nil 02

T, UB Nil Nil

T; B Nil Nil

T; UB Nil Nil

T4B Nil Nil

T4 UB Nil Nil

The results revealed that bacterial contamination was not detected in any
of the samples stored at ambient and refrigerated condition up to a period of 30
days. However when samples were analyzed for yeast and mould, negligible
contamination was observed at the end of 15 days and 30 days storage both in
Neelum and Kottukonam varieties. The mean values of yeast and mould count of

Neelum mango chunks increased from 02 to 05 cfu/g at the end of 15 days and 04

to 10 cfu/g at the end of 30 days.

In the case of Kottukonam chunks stored at ambient condition, the yeast
and mould count ranged between 0 2 to 3 cfu/g and 04 to 08 cfu/g at the end of 15

and 30 days of storage respectively. Yeast and mould count was found to be less

n
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Kottukonam chunks as compared to Neelum chunks when stored at ambient

condition.

Data on mango chunks stored at refrigerated condition revealed that yeast
and mould count was not detected in any of the samples up to a period of 15 days.
But at the end of 30 days, negligible contamination was noticed in variety Neelum
in different treatments. Maximum contamination was noticed in Neelum T;UB,
T3;UB and T4 UB (4cfu/g). Microbial contamination was found to be less in

blanched chunks as compared to unblanched chunks.

The result of microbial analysis among the two varieties of mango chunks,
revealed that variety Kottukonam was least affected by microbial attack as

compared to variety Neelum.

4.6 Cost benefit analysis of mango chunks

Economic feasibility is the important factor in the development of new
products.

The factors that determine the cost of the finished product is the turn over

of the finished product obtained from the raw materials used. Knowledge of the

product yield of any product developed is essential in deciding the economic

feasibility of the product.

Table 16 depicts the cost of production of mango chunks for 1 kg fruits.

81



Table 16 : Cost of production of mango chunks developed

SINo | Variety and Treatments Cost/Kg
1 Neelum mango chunks (T & T») 61.00
2 Neelum mango chunks (Tz& Ts) 62.00
3 Kottukonam mango chunks (T1 & T2) 71.00
4 Kottukonam mango chunks (T3 & Ts) 72.00

The cost was worked out after adding the cost of fruit, sugar,
preservatives, fuel and bottles. The cost of production of 1 kg of chunks ranged
between Rs.61 to 72.00 .Cost of production was found to be highest for the mango
chunks developed from Kottukonam (Rs.72.00) and lowest for Neelum (Rs 61.00)



DISCUSSION



5. DISCUSSION

The results of the study entitled “Preservation of ripe mango chunks by

hurdle technology are” discussed under the following heads.

5.1 Assessment of physical constituents of Neelum and Kottukonam mango

cultivars.

5.2 Assessment of chemical constituents of Neelum and Kottukonam mango
cultivars

5.3 Chemical constituents of stored Neelum and Kottukonam mango chunks.

5.4 Organoleptic qualities of mango chunks.

5.5 Microbial assessment of mango chunks

5.6 Cost benefit analysis of mango chunks

5.1 Assessment of physical constituents of Neelum and Kottukonam mango

cultivars:

The physical constituents of mango varieties were assessed in order to
study the major characteristics of two varieties of mango. The major
characteristics assessed in the present study were fruit length, fruit weight, peel

weight, stone weight and flesh weight.

5.1.2 Fruit length

A physical characteristic refers according to the particular cultivars. The

fruit length of variety Neelum was observed as 11.20 cm while that of

Kottukonam was 10.35 cm.
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The average fruit length of mango varieties ranged between 9 and 16.15

cm as reported by Byni (1997).

5.1.3 Fruit weight

Average fruit weight of Neelum and Kottukonam mango varieties was

249 and 187 cm respectively.

The average fruit weight of the superior variety Alphonso under Kerala conditions
has been reported as 230 g. Out of the fifty accessions, twenty five had fruit
weight of 200g and above, which is comparable to that of the best commercial
variety (Radha and Manjula, 2000). The fruit weight ranged from 17.43g in
variety Kanappe to 191.75g in variety Gaddalalli Appe (Vasugi et al., 2008).
According to Singh and Yadav (1992) Banashan, Fazli, Bangalora, Sunderjan and
Mallika had high fruit weight

5.1.4 Peel weight

The peel weight of Neelum variety was 14.05 g while that of Kottukonam
was 10.96.  Byni (1997) had reported that, average peel weight of mango
cultivars ranged between 5.18 and 18.46g. According to Gowda and

Ramanjaneya(1995), the lowest peel weight was noticed in Suvarnarekha.

5.1.5 Stone weight

The stone weight of Neelum variety was found to be 16.00 g as against
22.0 g in Kottukonam. Minhas et al. (1991) reported the stone weight of different
mango cultivars ranged from 15.4 gm to 48.4 g.

5.1.6 Flesh weight
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In the present study the flesh weight of Neelum and Kottukonam varieties

was found to be 191.0g and 138.35g respectively.

Minhas et al. (1991) reported that the flesh weight of different mango
cultivars ranged between 94.7 g and 117.4¢g

According to Byny (1997), flesh weight of different mango cultivars
ranged between 92.5¢g and 432.5g.

5.2 Assessment of chemical constituents of Neelum and Kottukonam mango

cultivars

Bose and Mitra (1990) reported that the composition of fruit in general
differs with cultivar and stage of maturity. In the present study the chemical
components present in Neelum and Kottukonam variety were assessed with regard

to the moisture, pH, acidity, total sugar, reducing sugar and total phenol contents.

As indicated in table 2, the moisture content of Neelum and Kottukonam
mango varieties were 80.90 per cent and 80.00 per cent respectively. According
to (Jayaraman, 1995) the moisture content of mango ranged between 79 to 89 per
cent. The moisture content shows a decreasing trend with increase ripening period

as reported by Vijayanand (2001).

Byni (1997) studied the pH of 20 varieties of mango and ranged
between3.40 to 4.65. The authors also reported that the highest pH was observed
in variety Mulgoa (4.65) and lowest in variety Rumani (3.40). According to Irene
(1997), the pH of the different mango varieties ranged between 3.80 to
4.60.Vijayanand (2001) analysed the pH of mango varieties and it ranged from
3.56 to 5.55. According to Hussain et
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al. (2005) the mean values for pH were 2.44, 2.28, 2.24, 2.56 and 2.15 for squash
samples prepared from the Fajri, Desi, Ting, Chausa and Totapuri respectively. A
increasing trend of pH during storage of apple was reported by Hayat et al.
(2005).

The titrable acidity of the fresh Neelum and Kottukonam mango varieties

was 0.21 per cent and 0.26 per cent respectively.

Byni (1997) observed the titrable acidity of the Neelum and Kottukonam

mango varieties as 0.21 and 0.26 per cent respectively.

Irene (1997) reported the titrable acidity of the Kottukonam mango was
0.22 per cent.

A decrease in acidity in mango fruit was observed during ripening.
(Srinivasa et al., 2002). During ripening the titrable acidity of the fruit decreased
to as low as 0.1 to 0.2 per cent. The reduction of acidity during ripening takes
place as a result of change in acid — sugar balance and consequently influences the

taste and flavour of the fruit.

The total sugar content of mangoes ranged between 12.50 — 15.25 per cent
as reported by Irene (1997).Our study revealed that total sugar content of Neelum

and Kottukonam mango varieties were 14.98 and 13.76 per cent respectively.

The major portion among total sugar of mangoes was mostly sucrose and
the rapid increase in total sugar was observed with increase in ripening period

(Kittur et al., 2001).
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The increase in total sugar may be due to the high acidity of glucogenic
enzyme fructose 1, 6-diphosphate in ripe fruit of mango. Similar trends were

reported by Gowda and Huddar (2001).

Byni (1997) studied the chemical composition of 20 mango varieties and
reported that the reducing sugar content ranged between 2.06 to 6.44 per cent. In
the present study the reducing sugar of Neelum was found to be 6.26 per cent as

against 6.43 per cent in Kottukonam.

The reducing sugar content increased during ripening process. This may
be due to conversion of starch into reducing sugar and loss of starch during

ripening process (Khurdiya. 1996).

Total phenol content of Neelum and Kottukonam mango varieties was 17.5

and 14.65 pg/ 100 g respectively.

5.3 Chemical constituents of stored Neelum and Kottukonam mango chunks

5.3.1 Moisture

Moisture content influences the keeping quality of the chunks.

Significant difference was observed in the moisture content of the chunks
formulated from the two varieties of mango Neelum and Kottukonam through out
the storage period. Moisture content of mango ranged from 29.50 to 68.45 per
cent. Lakshminarayanan (1980) analyzed the moisture content of different
cultivars of mango which ranged between 70.00 to 84.20 per cent. Mango bar

developed by Jyothi (1997) was found to have a moisture content of 8.8 per cent.
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During the earlier period of storage, the moisture level in the chunks had
very little change. However after a period of 30 days the moisture content of all
the chunks were found to be decreased. According to Rathore et al. (2007) lower

moisture content will give longer shelf stability.

In contrast, Mir and Nath (1993) found that moisture content of the

fortified mango chunks increased with storage of 90 days.

Significant difference with respect to moisture was observed between the
mango chunks formulated. The moisture content of Kottukonam mango chunks
(64.05) was comparatively higher as compared to Neelum mango chunks

(61.50).The lowest moisture content was recorded for Neelum T4 UB (29.50).

The chunks formulated by applying various treatments were found to vary
.The highest moisture content was observed in T4 UB (64. 05) Kottukonam
chunks when stored at ambient condition and lowest in Neelum chunks (68.45)
when stored at refrigerated condition. Mango itself is quite watery and

contributes to high moisture level.

Significant difference was observed in the moisture content of blanched
mango chunks. The mean values of blanched chunks noticed were 54.49 per cent

in Neelum and 53.01 per cent in Kottukonam.

Significant interaction was observed with respect to moisture content
between variety and storage period (F2, 96 = 3.57), variety and treatment (F3, 96 =

6.91**), treatment and condition (F3,96 = 26.35%*%*).

88



53.3 pH

pH is an indirect measure of sweetness or sourness in the product. It is of
important as a measure of the acidity, which not only influences the flavour or
palatability of a product but also affect the keeping quality and the processing
requirement of a product (Mehta et al., 2002).

The pH of mango chunks increased after the treatments as compared to the
pH of fresh mango chunks. Comparison of treatment means showed an increasing
trend of pH in all treatments during storage .Maximum pH value was noticed in

T (4.46) followed by T4 (4.37).

As shown in table 4(a) and 4(b) there was a significant difference in pH of
mango chunks in all the treatments during storage. On comparing the CD values,
it was observed that a significant difference was observed between 0, 15, and 30
days of storage in all treatments. The increase in pH was attributed to increase in

acidity.

Data regarding storage intervals depicted a gradual increase in pH during
storage. The pH value noted on 0 days of storage was 4.22 whereas after 30 days,
pH value was increased to 4.65. This might be due to decrease in acidity through
the biochemical changes with in the fruits during storage .The acidity and pH had
direct effect on each other. The observations are in accordance with findings of
Islam (1986) who found that pH value of mango / mango juice increased during

storage intervals.

Byni (1998) studied the pH content of 20 varieties of mango and found to
range between 3.8 to 5.8. Irene (1997) reported a pH content of 3.31 to 4.14 in

mango
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squash and pH content of 4.11 to 5.43 in jam prepared using different cultivars of

mango.

Beena (1998) reported a significant difference in the fruit leather prepared
from mango pulp. Similar results were also reported by Jyothi (1997) in mango

bars during storage of six months.

Irene (1997) had reported a decrease in pH of jam and squash prepared

from different cultivars of mango stored for eight weeks under ambient condition.

Kumar and Manimeghalai (2003) noticed a decrease in pH in the

pineapple RTS beverage.

5.3.4 Acidity

Acidity indicates flavour as well as wholesomeness of the products (Mehta
et al, 2002). Ashurst (1986) reported that acidity gives flavour and offer

antimicrobial protection to the beverages.

The results in table 5(a) and 5(b) revealed that titrable acidity of mango
chunks ranged from 0.84-1.08 per cent and 0.85-1.06 per cent in Neelum and
Kottukonam chunks respectively when stored at ambient condition. It was
observed that acidity had increased when stored under two conditions of storage
and shown in figure 4. Acidity of mango chunks stored at ambient and
refrigerated conditions revealed that only negligible difference was observed in
mango chunks. The increase in acidity might be due to the formation of organic
acids. The results are in line with the findings of Prasad and Mali (2000). Increase
in acidity was reported in whey based mango RTS by Kumar and Manimeghalai

(2001). Study conducted by Tripathi
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et al. (1988) also reported an increase in acidity in amla juice during storage.
Similar increase in acidity was reported by Hema (1997); Joshua (1997); Soji and
Singh (2001) and Kumar and Manimeghalai (2003).

On the other hand, no change in acidity of mango RTS was observed by
Byni (1997) for a period of 2 weeks but there after it increased.

In contrast, Rathore et al. ( 2007) reported that titrable acidity of Deshehari
mango ranged from 0.5 to 0.94 per cent with an average mean of (.28 per cent
during storage. The authors also reported that titrable acidity had decreased during
15 days of storage and might be due to their conversion into sugars and their

further utilization in metabolic process in the fruit.

Gowda and Huddar (2001) had also reported similar findings in different
varieties of mango fruit stored at 18-34 °C. These results further correspond with
Srinivasa et al. (2002) who found that titrable acidity values of Alphonso mango
either packed in carton or control sample also showed a decreasing trend from
2.17 per cent to 0.08 percent on 12 day when stored at ambient temperature and
65 per cent RH. Similar changes were noted by Kudachikar et al. (2001) in
Neelum mango which had optimum stage of maturity of 110 days after the fruit
set and found that pH value was decreased (3.0) and acidity was increased

(1.9%) up to 90 days after the fruit set.

A decreasing acidity during storage was reported by Rathore et al. (2007).

The acidity was found to be higher for Neelum chunks (1.28 per cent) as

compared to Kottukonam Chunks (1.09 per cent) during storage.
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Different treatment levels of mango chunks exhibited different levels of
acidity. The highest acidity was found in NeelumT. chunks (1.28%).while
Neelum T> chunks showed the lowest acidity (0.78%) during storage. As pointed
out by Kalra et al. (1991) higher acidity of mango pulp (0.20-0.30%) contributed
higher acidity in the product. Acidity of mango chunks under study increased with

storage and was found to be significant after 30 days of storage.

Gowda and Ramanjaneya (1995) observed an increase in acidity in mango
bars after 6 months of storage. Mir and Nath (1993) also noted a significant
increase in acidity in 3 types of mango bars when stored for 90 days. Beena
(1993); Jyothi (1997) and Vennila (2004) also reported an increase in acidity in

papaya mango fruit leather and mango bars respectively with storage.

5.3.5 Total sugar

Results of table 6(a) and 6(b) showed an increasing trend of total sugars in
all treatments. The maximum sugar percentage (17.29) was noticed in Neelum
and minimum (12.30) percentage was noted in Kottukonum. The increase in total
sugar might be due to the alteration in cell wall structure and breakdown of
complex carbohydrates into simple sugars during storage. The results are in

accordance with the findings of Kays (1991) and Kittur et al. (2001).

The rapid increase in total sugar was observed with the increase in
ripening period of mango fruit and mostly sucrose (12%) formed the major

portion (Singh et al., 1981).

Data regarding storage interval means revealed that there was continuous
increase in total sugar up to 30 days of storage. On 1 day of storage the total
sugar content was 13.70 per cent and after 30 days the value was 14.78 per cent

.The results are supported by Badshah et al .(1994).
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content was 13.70 per cent and after 30 days the value was 14.78 per cent .The

results are supported by Badshah et al .(1994).

Mehta and Bajaj (1993) observed an increase in total sugar in citrus juices
when stored for eight months. Beena (1998); Jyothi (1997) and Irene (1997) also
reported an increase in total sugar content in mango pulp during 6 to 8 months of

storage.

The mango chunks stored under ambient condition depicted higher
increase in total sugar content (14.78%) when compared to chunks stored under
refrigerated condition (13.63%) (Fig.2). The results are in accordance with the
findings of Raj and Khurdiya (2003) who reported that fruit chunks stored under
room temperature showed higher increase in total sugar content when compared
to chunks stored under refrigerated condition. Kurla and Tandon (1985) reported
an increase in total sugar in mango pulp stored under ambient conditions. In
support of above findings, Sunderraj et al. (2003) observed that the rate of

increase in total sugar was faster at room temperature than in cool chamber.

In a study, Tefera et al. (2008) reported that mangoes stored at ambient
condition with high temperature and lower RH resulted in rapid deterioration in

sugar content as compared to the cold storage.

However, Kumar and Manimeghalai (2001) reported a remarkable
decrease in total sugar content of mango pulp. Sagar (2003) reported a decrease in
total sugar content in plum leather over a period of 130 days. Vennila (2004) also
reported a decrease in total sugar content in guava — papaya fruit bar during

storage.
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Fig 2: Effect of storage condition on total sugar content of
mango chunks
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Significant interaction was observed with respect to total sugar between
treatment and variety (F3 96= 90.16**), storage period and variety (F2,06 = 4.65%)

and variety and storage condition (Fi, 96 = 7.19%%).

5.3.6 Reducing Sugar

Figure 4shows the changes in reducing sugar content of the stored mango
chunks. On assessing the changes in the reducing sugar content of the mango
chunks, there was an increase with storage. The mean reducing sugar of all
chunks increased from 6.04 to 6.97 per cent. The highest mean value (7.11) was
noticed in Neelum, and the lowest (5.30) in Kottukonum. The study revealed that
reducing sugar content was getting increased as the storage period prolonged.
Increase in reducing sugar during storage might be due to the acid hydrolysis of
sucrose. Jain et al. (1996) and Byni (1997) also reported an increase in reducing

sugar content of mango RTS with the increase in storage period.

Reducing sugar content was found to be higher in Neelum chunks (6.08 per

cent) as compared to Kottukonam chunks (5.78 per cent).

Reducing sugar was found to be more in mango chunks stored at ambient
condition (6.04 per cent )compared to chunks stored in refrigerated condition

(5.82) (Fig.3)

Reducing sugar of the mango chunks was also influenced by treatments
applied. T3UB Neelum (7.11) recorded highest reducing sugar content while
lowest was observed in TiB Kottukonum (5.30) . Reducing sugar content in
mango chunks increased during storage with respect to various treatments and the

increase was found to be significant.
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In support of the above findings, Chauhan et al. (1997) noticed an increase
in reducing sugar content of mango bar during storage. Jyothi (1997) and Beena
(1998) also reported an increase in reducing sugar in the fruit bars standardized
from mango pulp and papaya mango pulp respectively when stored for a period of

6 to & months.

5.3.7 Total phenol

Chemical changes due to post harvest treatments could lead to the
formation of various compounds, which have antioxidant or pro-oxidant
properties and could exert complex effects on the antioxidant activity of phenolic

compounds Lee (1992).

The antioxidant properties of phenol containing foods were different

depending on the oxidative degree of phenol compounds (Nicoli et al., 2000).

As indicated in table 8(a) and 8(b) significant difference was observed in
the phenol content of mango chunks of both varieties .The variety Neelum had
exhibited higher phenol content (13.49) when compared to variety
Kottukonam(12.11).

Significant difference in phenol content was noticed during the storage of
mango chunks at ambient and refrigerated condition. The study is in tune with the
findings of Vander Sluis et al. (2005) that phenolic content may either decrease or
increase in fruits and vegetables depending on storage condition. Kalt et al. (1999)
reported an increase in total phenolic content in raspberries during storage at 20°

C.

A decrease in total phenol content was observed during storage of mango
chunks for a period of 30 days . Mean values of phenol content was found to be
13.11 mgat 0 days of storage, which decreased to 12.89 mg at the end of 15 days
of
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storage and 12.41 mg at the end of 30 days of storage. Statistical analysis of the
data revealed that the decrease in phenol content during storage was found to be

highly significant.

A significant decrease in phenol content was also noticed with respect to
various treatments. The results are in accordance with the findings of Pupponen et
al. (2003) who reported that phenolic anti oxidants are degraded during

processing.

5.4 Assessment of organoleptic qualities of mango chunks

Scientific methods of sensory analysis of food are becoming increasingly

important in evaluating the acceptability of the food product.

Sensory evaluation of food is assigned to be of increasing significance as
this provides information that may be utilized for product development .The
organoleptic qualities are usually assessed by the method of sensory evaluation.
According to Herington (1991) sensory evaluation technology is a method using
skilled management and trained panelists to provide information on the

acceptability of the product profile, consumer acceptability and consistency.

The mango chunks treated with different levels of preservatives were
evaluated for appearance, colour, flavour, texture, taste and overall acceptability

during storage interval of 0, 15 and 30 days.

5.4.1 Appearance

Appearance is the criterion for the desirability of any food product. The
appearance of the food product is contributed by surface characteristics viz size,
shape, colour, transparency, opaqueness, turbidity and dullness (Srilakshmi,

2003).
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The mean score obtained for appearance of stored mango chunks was found

to be 4.22 and 4.28 in Neelum and Kottukonam chunks respectively.

Statistically significant difference was observed in the quality attribute
appearance during storage. Mean scores for appearance was found to be decreased

during storage.

The results obtained by Jyothi (1997) also reported a decrease in scores

for appearance in mango bars during storage.

Data regarding blanching of mango chunks revealed a linear decrease in

appearance as a result of blanching.

The mango chunks stored at refrigerated condition showed significant

superiority of scores (4.53) throughout storage period in terms of appearance.

5.4.2 Colour

It 1s famous that consumers eat with his eyes and the major quality
characteristic that create attraction towards the fruit is its colour which is one of

the quality parameters.

Colour, one of the important visual attribute has been used to judge the
overall quality of food for a very long time. If the colour is unattractive, a

potential consumer may not be impressed by any other attributes.
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The mean scores of judges for colour were significantly increased during
storage (4.07 to 4.11). The results are in accordance with the findings of Rathore
et al. (2007) who found that colour score was increased during 15 days of storage
at ambient temperature. The increase in colour score during storage might be due
to series of physico-chemical changes like the breakdown of chlorophyll and
increase in carotenoid pigments of the pulp caused by enzymatic oxidation and
photo degradation.  For treatments, maximum mean score was observed in
Neelum sample Tz (4.54) while minimum mean score was recorded in

Kottukonam samples T> and T4 (4.01).

In another study Gowda and Huddar (2001) stated that due to a series of
physico-chemical changes that occurring during ripening leads to disappearance
of green colour in mango and development of carotenoids. The author also
reported that in fruits stored at 18-34 °C undergone a series of changes and one of

the major changes were increase in carotenoids from 498 to 807 ng/100g.

But according to Saini and Grewal (2000) the mean scores of judges for

colour decreased significantly (9 to 4.04) during storage of mango pulp.

The findings are further supported by Yahia and Hernandez (1993) who
observed that fruits stored in open atmosphere lost their green colour and those

stored in controlled atmosphere remained green.

5.4.3 Flavour

Flavour is the blend of taste and smell perceptions noted when the food is in
the mouth .The overall flavour impression is the result of the tastes perceived by

the
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taste buds in the mouth and the aromatic compounds detected by the epithelium in

the olfactory organ in the nose (Hayat et al ., 2005).

Flavour is an important factor which enriches the consumer’s preference to
particular product. Stillman (1993) had stated that flavour is seen in general
sensation originating from the elements of the taste receptors, olfactory receptors

and nerve fibers, touch and chemical feelings.

Table 11(a) and 11(b) indicated highly significant result with respect to
condition, treatments and storage. The mean score of judges for flavour were
significantly decreased from 3.99 to 3.94 during storage. For treatments,
maximum mean score was observed in T4 (4.08), while minimum mean score was

recorded for sample T (3.88).

Flavour of unblanched chunks was more acceptable than the flavour of
blanched chunks. Similarly chunks stored at refrigerated condition retained more

flavour (4.03) than the chunks stored at ambient condition (3.88).

The results are in accordance with the studies carried out by Hashmi et al.
(2007) who found that the flavour of mango pulp were decreased from 8.76 to

3.74 during storage. Hussain et al (2003) observed similar results in mango pulp.

A study conducted by Rathore et al. (2007) on storage of mango reported
that flavour score had decreased up to 5.66 at 3 ™ day of storage and then
decreased to 1.57 at 15 ™ day of storage, showing an increasing trend first and

then significant decrease of flavour score during storage.
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The decrease in flavour score might be due to the changes in volatile
compounds present in mango. The results are corresponding with Hayat et al.
(2005) and Raje et al. (1997) who reported that organoleptic evaluation such as
flavor / taste of Alphonso mangoes showed significantly decreasing trend with the

passage of storage period when stored at 32-36 °C and RH of 70-75 per cent.

5.4.4 Texture

Texture is one of the important quality parameter in sensory evaluation
which plays an important role at the time of selection of fruit by consumer

(Kudachikar et al., 2001).

Texture of Kottukonam chunks was found to be good as compared to

Neelum chunks.

Significant difference was not observed in textural qualities during storage
of mango chunks. Jyothi (1997) reported a decrease in texture score during

storage of mango pulp.

Significant varietal difference was observed in the present study
(F1,384=8.66**). Storage condition influenced the texture of the chunks. The
texture of the mango chunks stored under ambient condition declined at a higher
pace as compared to refrigerated condition. Raj and Khurdiya (2003) reported a
faster decrease in texture score of RTS beverage from apple pomace stored at
ambient condition compared to sample stored under refrigerated condition.

Jyothi (1997) reported a decrease in texture score during storage of mango
pulp. Beena(1998), Diju (1995) , Irene (1997), and Hema (1997) were also
reported a
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similar decrease in texture scores in the RTS beverages formulated from different

fruits.

5.4.5 Taste

Taste is mainly due to sugar acid ratio. It is perceived by specialized taste
buds on the tongue. Although there are many different tastes, most appear to
primarily represent combinations of four dominant chemical sensations in some
fruit. Thus, sweetness due to sugar and sourness from organic acids are dominant

components in the taste of many fruits (Kays, 1991).

Analyzing the effect of storage period on the taste attribute revealed a
decreasing trend from 4.13 to 4.07 at the end of 30 days of storage, showing a
decreasing trend of the taste score during storage and this, might be due to the

fluctuations in acids , pH and sugar/ acid ratio (Malundo et al., 2001) .

The taste of the chunks stored at refrigerated condition (4.76) was found
to be more acceptable as compared to mango chunks stored under ambient

condition (4.14).
5.4.6 Overall acceptability

According to Savithri et al. (1990) the overall acceptability depends on the
concentration of amount of particular components, the nutritional and other

hidden attributes of the food and its palatability or sensory quality.

Significant varietal difference was noticed in the overall acceptability of

mango chunks (Fig.4).
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Fig 4: Effect of variety on the overall acceptability of
mango chunks
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Storage condition had a significant influence on the overall acceptability
of the chunks. (Fig.5). Maximum score for overall acceptability was noticed in
Neelum chunks stored at ambient condition (4.01) while it was 4.12 when stored
at refrigerated condition (Maximum scores of overall acceptability in
Kottukonam chunks recorded were 3.99 and 4.09 when stored at ambient and

refrigerated conditions respectively.

The overall acceptability of mango chunks decreased when the storage
period increased. Beena (1998) and Jyothi (1997) reported a decrease in the
overall acceptability scores of the fruit bars formulated from papaya and mango

during storage.

A study conducted by Sudhakar Rao and Gopalakrishna Rao (2009) on
two varieties of mango stored at 8°C under controlled atmosphere revealed that
the varieties were quite acceptable based on the appearance , texture, colour,

flavour and taste.

Considering the treatments, T» and T4 showed higher changes when
compared to T1 and T3 Our results proved that treatment T4 was found to be the
best among the four treatments selected (Fig.6). Study by Saini and Grewal (2000)
observed that pulp preserved with potassium metabisulphite either individually or

combination with other preservatives retain maximum overall acceptability.

The present study revealed that unblanched Kottukonam mango chunks
preserved in 50° Brix sugar syrup with potassium metabisulphite in combination
with sodium benzoate retains maximum overall acceptability if stored at
refrigerated condition. The reason might be due to pectic substances present in

variety

105



Mean values of

Overall acceptability

Fig 5: Effect of treatments on the overall acc
chunks during storage

Treatments




Fig 6: Effect of storage condition on overall acceptability of mango
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kottukonam which play an important role in sensory evaluation and is responsible

for the firmness.

5.5 Microbial assessment of mango chunks

The development and type of spoilage of food products depends on several
factors such as physical state of the food, its colloidal nature, type of preparation,
treatments, chemical composition and nature of containers and such other factors.
Khan et al. (2002) stressed the need for microbiological safety of foods. Spoilage
causing microorganisms are responsible for the development of an off flavour and
off taste that leads to economic loss (Rao, 1998). The concepts of spoilage by
microorganism are the primary cause curtailing the shelf life and hence reducing

initial microbial population is a strategy to extend shelf life (Zargory, 1999).

The keeping quality of the products very much depends up on the
microbial contamination. Initially the microbial count was recorded nil to very
low in some treatments. However during final stage of storage, the bacterial count
was not detected, but yeast and moulds were detected in Neelum chunks in the
range of 02-05x10 cfu/ml. While in Kottukonam chunks it was found to be in the
range of 04-10x10 cfu/ml.

Vijayanand et al. (2001) reported that mango chunks treated with 20° brix
and 40° brix sugar syrup and stored for 30 days at 27° C had aerobic counts of 80
and 60 respectively and increased to 800 in both the treatments after 60 days of
storage. The authors also opined that yeast and mould count was 40 at 30 days of
storage and it increased significantly after 60 days of storage. Coliform count was

negative in all the treatments.
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A study on effect of chemical preservatives such as sodium benzoate,
potassium metabisulphite and potassium sorbate used individually and in
combination on the microbial and sensory quality of the mango pulp packed in
plastic/ glass containers and stored at ambient temperature for 90 days was carried
out by Hashmi et al.(2007). The results revealed that mango pulp with 0.2 %
potassium metabisulphite packed in plastic containers had negligible microbial
growth, maintained maximum nutrients stability and had best quality

characteristics during storage.

Irene (1997) detected colonies of pencillium in the RTS beverage prepared
from Neelum mangoes after one month of storage. There was no microbial
contamination up to 10 months in differently treated mango bars during the

storage period of 6 months (Jyothi, 1997).

Understanding the type and the nature of microbiological contamination in
the products will indicate how long it will stay without spoilage and help to
improve the quality measures to be taken to stretch the keeping quality of the

products.

5.6 Cost benefit analysis of mango chunks

Costing can be defined as the process of determining how much it costs to
produce and sell a product. Costing is very important as the cost of a product can

decide its profit or loss.

The cost of processed product depends on the purchase of the raw
material, cost involved in processing, packaging and marketing and profit margin

set by the industry (Kumbhar and Singh, 1991).
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Amla (1993) reported that while developing new products, the cost is to be
kept at minimum. Nagarajan (1993) opined that the strategy for the development

of the food products is to be based on affordable price and cost effectiveness.

Cost benefit analysis was carried out to assess the expenses incurred for

obtaining different finished products from mango.

The cost of production of 1kg of chunks developed was found to be ranged
between Rs.61.00 to 62.00 for Neelum variety and Rs.71.00 to 72.00 for
Kottukonam variety. According to Jyothi (1997) the cost of developed mango bar
was found to be Rs.68 per kilogram while it ranged from Rs.58 to Rs.66 per kg
for mango bar blended with papaya.

Irene (1997) opined that the cost of RTS beverages developed from
mango ranged from Rs.12.00 to 14.00 per litre while the cost of squashes prepared
from different cultivars of mango were found to range between Rs.22.00 to
Rs.24.00 .The author also reported that the cost of production of jams was found
to range between Rs.24.00 to 26.00.

According to Jyothi (1997) cost of developed mango bar was found to be
Rs.68 while mango bar blended with papaya was ranged from Rs.66 per Kg.
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SUMMARY



6. SUMMARY

The present study entitled “Preservation of ripe mango chunks by hurdle
technology” is a comprehensive study carried out with an objective to increase the

shelf life of mango chunks using hurdle technology.

A detailed study on the different quality parameters of mango such as
physical characteristics, chemical composition, organoleptic and shelf life
qualities were assessed and the changes in above mentioned parameters were

monitored during storage for a period of 30 days.

Two popular local varieties of mango viz Neelum and Kottukonam were
selected for the study. The selected mangoes were washed, peeled and cut in to
pieces and divided in to two portions. Half of the chunks were subjected to
blanching and the remaining was kept unblanched.Both the blanched and
unblanched chunks were subjected to different concentrations and combinations
of treatments using sugar, citric acid, KMS and sodium benzoate. The prepared
fruit chunks were stored in glass containers at ambient and refrigerated

temperatures for a period up to thirty days.

The physical characteristics of the selected mango varieties were assessed.
The major physical characteristics assessed were fruit length, fruit weight, peel
weight, stone weight and flesh weight. Among these, maximum fruit length, fruit
weight, peel weight, stone weight and flesh weight were found in favour of

Neelum variety.

Chemical composition of the stored mango chunks in two storage
conditions were assessed with regard to moisture, pH, acidity, total sugar,

reducing sugar and
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total phenol contents. The above indicators were assessed using the standard

laboratory procedures at an interval of 0, 15 and 30 days of storage.

The variety Kottukonam chunks had higher moisture level as compared to
Neelum chunks when stored at refrigerated condition. The moisture level of
mango chunks increased as a result of blanching and decreased during storage

period.

pH of mango chunks revealed that variety Kottukonam had higher pH
and the value was decreased as a result of blanching. The mango chunks stored at
refrigerated condition were having higher value of pH. The pH of chunks showed

linear increase during storage period.

Acidity of the mango chunks was found to be enhanced with storage. The
variety kottukonam was found to be slightly acidic when compared with variety
Neelum and the difference was not comparable. With regard to treatments given,

treatment T4 was found to be less acidic (0.87).

Total sugar was observed to be more in Neelum variety. Storage condition
influenced the total sugar content of the mango chunks. Chunks stored under
ambient condition depicted higher value when compared with chunks stored under
refrigerated condition. The total sugar content increased significantly as the
storage period increased and was found to be more in unblanched mango chunks.
Significant difference in total sugar content was observed with respect to various

treatments given. Treatment T4 had observed higher total sugar content.

The reducing sugar content was more in variety Neelum and was
decreased as a result of storage and blanching. There was a significant increase in
reducing sugar content during storage period. The mango chunks stored at

ambient condition had
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higher reducing sugar when compared to chunks stored at refrigerated condition.
Significant difference was observed in reducing sugar with respect to various
treatments given. The study revealed that treatment T4 had recorded higher

reducing sugar.

Phenol content was found to be more in the variety Neelum. Blanching of
mango chunks decreased the phenol content significantly. The phenol content of
mango chunks was found to be decreased with increase in storage period and

storage in refrigerated condition.

The organoleptic qualities of the mango chunks such as appearance,
colour, flavour, texture, taste and overall acceptability were assessed by a panel of
selected Judges using a score card. The quality attributes such as appearance,
flavour and texture was found to be in favour of Kottukonam mango chunks
while the colour and taste was more in Neelum variety. Significant difference
was observed in Neelum and kottukonam mango chunks with respect to
appearance, colour, flavour and texture. Varietal difference and storage condition
reflected in the quality attributes with respect to appearance, colour, flavour,
texture and taste. Treatments and blanching significantly influenced the quality
attributes of mango chunks such as appearance and flavour. Blanching of mango
chunks decreased the quality attributes such as appearance, colour, flavour,
texture and taste. Treatment T4 had retained maximum scores for appearance,

flavour, texture and taste during storage.

Overall acceptability of the mango chunks was influenced by the storage
condition and the overall acceptability was decreased as the storage period
increased. The results revealed that unblanched Kottukonam mango chunks (T4)
stored in glass bottles at refrigerated condition were more found to be highly

acceptable for the judges till a period of 15 days.
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Mango chunks were assessed for microbial contamination soon after it was
prepared and at an interval of 15 and 30 days of storage at ambient and
refrigerated condition. The results revealed that bacterial contamination was not
detected in any of the samples stored at ambient and refrigerated condition up to a
period of 30 days. However negligible contamination was observed at the end of
15" and 30 " days with yeast and mould in Neelum and Kottukonam mango
varieties when stored at ambient condition. Yeast and mould contamination was
not detected in any of the samples up to a period of 15 days of storage at
refrigerated condition in order to ensure shelf stability of the products. Microbial

contamination was found to be less in blanched mango chunks.

Cost of the mango chunks worked out for all the treatments indicated that
Kottukonam chunks were found to be slightly expensive (Rs.72) as compared

with Neelum ( Rs.62) and were found to be reasonable.

Based on the research findings, following conclusions could be drawn.

Preservation of ripe mango chunks by Hurdle technology should be
popularized and taken up at commercial level in order to avoid wastage of mango

fruits during the glut season.

Minimal processing and preservation by Hurdle technology is an emerging
area for the preservation of fruits and vegetables. A combination of hurdles can
effectively check deterioration of the preserved foods, while individually each

hurdle is in effective in protecting food from deterioration.
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APPENDIX I

SPECIMEN EVALUATION CARD FOR TRIANGLE TEST

Name:
Date
Product:
Time
Two of the three samples are identical
Determine the odd sample
Pair No Code No. of samples Code No.
of
Odd sample
1
2
3
4

Signature



APPENDIX II

SCORE CARD FOR THE ASSESSMENT OF ORGANOLEPTIC
QUALITIES OF MANGO CHUNKS

Name:
Product:
Date:
Criteria Points T1 T2 T3 T4
B |UB |B UB | B UB | B
1. Appearance
Excellent 5
Very good 4
Good 3
Fair 2
Poor !
2. Colour
Excellent 5
Very good 4
Good 3
Fair 2
Poor 1




5. Flavour
Excellent
Very good
Good
Fair

Poor

;l. Texture
Excellent
Very good
Good
Fair

Poor

:5. Taste
Excellent
Very good
Good
Fair

Poor
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ABSTRACT

Mango (Mangifera indica L.) is one of the most important tropical fruit
crops and is often called as “King of fruits”. Although India is the second largest
producer of fruits, the domestic fruit industry is fraught with the massive problem
of wastage caused by the woefully inadequate post harvest facilities and other

supportive infrastructure including cold chain.

The present study entitled “Preservation of ripe mango chunks by hurdle
technology” is a comprehensive study carried out with an objective to increase the

shelf life of mango chunks by hurdle technology.

Two popular local varieties of mango viz Neelum and Kottukonam were
selected for the study. The mangoes were washed, peeled and cut in to pieces and
subjected to different combinations of treatments and stored in glass bottles at

ambient and refrigerated conditions for a period of 30 days.

Physical characteristics such as fruit weight, fruit length, flesh weight and
stone weight of the selected two mango cultivars were assessed and found to be in

favour of Neelum variety.

Chemical constituents of the stored chunks such as moisture, pH, acidity,
total sugar, reducing sugar and total phenol content were assessed in both the
varieties of mango chunks in all the four treatments, at an interval of 0,15 and 30
days of storage at ambient and refrigerated conditions. The results revealed that
moisture, pH and acidity was found to be higher in variety Kottukonam stored at
refrigerated condition while total sugar, reducing sugar and total phenol contents

were found to be higher in variety Neelum stored at ambient condition.



The organoleptic qualities of the mango chunks such as appearance,
colour, flavour, texture, taste and overall acceptability were assessed by a panel of
selected Judges using a score card. The sensory evaluation revealed that among
the quality attributes, appearance, flavour, texture and overall acceptability were
found to be higher in variety Kottukonam where as colour and taste attribute were
found to be higher in variety Neelum. Blanching of mango chunks decreased the
quality attributes significantly. Treatment T4 had retained maximum scores for

overall acceptability (4.14).

The chunks stored at refrigerated condition were found to be highly
acceptable for the judges. Storage condition had influenced the overall
acceptability of the chunks and found that overall acceptability of mango chunks

decreased as the storage period advances.

Microbial examination of the chunks revealed that bacterial infestation
was not detected in any of the samples stored up to a period of 30 days, but
negligible yeast and mould growth were detected in Neelum and Kottukonam
chunks stored at ambient condition. Yeast and mould growth were not detected in

mango chunks stored at refrigerated condition up to a period of 15 days.

Cost of the mango chunks was worked out for all the treatments and was

found to be reasonable.

It may be concluded that mango chunks remained intact with consumer
appeal for a period up to 15 days if stored under refrigerated condition after
treating with 50° Brix sugar syrup containing 0.2% citric acid with KMS (0.35%)
and sodium benzoate (0.04%).



