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I. INTRODUCTION 

Mandarin oranges (Citrus reticu/aJa Blanco) 

The group citrus fruit represent the loose and tight skinned oranges, lemons, 

limes, grape fruits etc. Among the citrus fruits, loose skinned ·oranges or the 

mandarins are very popular and kinnow oranges have become extremely popular 

due to juicy rich content and colour. The other oranges namely the tight skinned 

oranges which are popularly known as Mosambi, Sathgudi , Malta, Valenica, 

Washington navels, Jaffa etc. have also good market. 

All the citrus fruits are a rich source of Vitamin C/ Ascorbic acid which 

helps in the collagen formation in the human tissue mechanism. Limes and 

lemons are rich in vitamins, minerals, alkal ine salts, but not so in fruit sugars. 

Unlike oranges, limes and lemons are sour in taste and highly acidic. Because of 

their high acidity and sourness, they are used in the preparation of pi ckles. 

The inner white peel of citrus fruits contain pectin . The latter is used in 

jam/jelly preparations. Orange oi l from the peel is a good source of navouring 

ingredient for a variety of beverages. 

India stands fifth in the world with nearly 29.80 lakh tonnes citrus fruit 

production in 19096-97. Collectively, ci'trus fruits rank third in area (3 .7lakh ha.) 

and production (after mango and banana) in the production of fruit s in India-:;;. 

~-(Source- A Decade ofN.R.C.C., Nagpur, 1997). 



Table showing production of citrus fruits in major citrus growing COLllltTies in 

the world ( 1994-95) 

Country 

Brazil 

U.S.A 

Spain 

Mexico 

India 

Italy 

Egypt 

Production ('000 Tonncs) 

14812.0 

13567.0 

5137.7 

4458 .0 

2979.0 

2748.0 

2472.1 

l £,ouYc<Z. N · R.c .c . Prospczcliv<Z Plan 1996-~7) 

Among all the citrus fruit s grown in the country, Nagpur Mandarin 

orange, commonly reW.-ued to as 'Santra' occupies an unique place in c itrus 

cultivation and marketing in India . Commercially known as Nagpur oranges 

and al so labelled as king of oranges are technically mandarins, botanically 

identified as Citrus reticulata, Blanco. Because of the attractive colour, 

pleasant navour and taste , it has ready acceptance with the consumer. 

Y1darbha region of Maharashtra is the major Nagpur mandarin produc in g belt 

in India. lt is mainJy concentrated in Nagpur, Amaravati, Wardha and Chanda 

districts of Vidarbha Region of Maharashtra. 

Mandarins constitute maximum (around 45%)~'area and production 

an10ng all citrus fruits grown in different regions (apart from Vidarbha region 

2 

of Maharashtn and central India) are Ooorg Mandarin in Ka"l'n?r\.Qka,l'io.cthya 

Pradesh, llaryana, Rajasthan, westem U.P and Darjeeling, Mandarin in~ikkim 

and west Bengal. 

Among mandarins, kinnow cultivation registered a phenomenal growth 

after mtroduction in? .unjab in 1956. Area w1d~:r kin now leaped from 500 ha . tn 

1970 to 18,292 ha . • n 1990. 



In north western parts of the country, cultivation of local mandarin and 

traditional citrus fruits like Malta orange have been partly replaced by kinnow 

mainly because of its response to inputs and consequent higher retums. During 

the last 25 to 30 years, the area w1der Nagpur mandarin has increased from 

nearly 17,800 ha to about 60,000 ha. The kinnow cultivation has been tried and 

found successful in this region too. Kinnow is, however, not successful in 

tropical parts of south India. The mandarin industry is likely to register 

considerable growth in future as the fruitss can be eaten out of hand and are in 

great demand, particularly the seedless ones in European market. 

Kinnow oranges have a great export potentuial as compared to the 
v4!'<e..ties <>f 

traditional,.mandarin oranges of India due to the fact that they have most deep 

red orange colour, more juice content, 'ntgh\ycolourful juice and ve1y attractive 

3 

for the purpose of marketing. The kinnow variety has very high yield potential, but 

lesser oia.:lo \Jbbikt;rto varying agro-climatic conditions. 

Since the area and production of mandarin oranges is increasing, it has 

become increasingly imp01iant to reduce the post harvest losses by developing 
technolo~ 

suitable, protocol to handle the fruits right from harvesting stage to the final 

stage of conswnption so that they reach the conswner in a good condition at 

reasonable price. Traditioanl methods of packing, trasportation, storage and 

marketing are causing heavy losses by the time, the oranges reach the 

consumer, wh.ich is reported to be about 25 to 30%, because the fruit is highly 

perishable at ambient temperature and need traspOiiation and distTibution 

period over I 0 days to reach the conswner. The transpiration loss of moisture 

from the fmits affects the texture of the fTUit and results in losses in weight 

directly affecting the grower. Hence packaging, tTasportation and storage at 

right temperatures are the vital factors in post harvest handling of these fruits . 



Taking into consideration all the above aspects of orange industry in 

India, the present investigation was undertaken with the following objectives: -

I. To standardise the post harvest treatments for the 

storage of fruits w·<th \ !Z.ttst e)(ievd: of Ios.ses 

2. To study the changes in the fruit during storage. 

3. To control the spoilage by various means. 

tra)po11ation and 

Mango (Mangijera indica L~js the choicest of all frui ts, because it 

posseses attractive colour, highly acceptable taste and excellent flavour. It 

occupies the same position in Tropics as is enjoyed by apples in Temperate 

America and Europe. Jn India it is also referred to as King of fruits. The Asian 

countries practically control the mango export trade in South East and Far East 

Asian countries. Fresh mangoes and their products are also exported from India 

to more than 25 cow1tries, but the quantities of individual items are too small to 

attract any at tention. Mango is beign grown in more than 87 countries of the 

world, but India ranks first in the world with respect to both area ( 1.1 million 

hectares) and production (9.4 million tonnes) (Chadha, 1990). India contTibutes 

to more than 70 percent of the total world mango production and the crop is 

largely grown in Uttar Pradesh (34%), Bihar ( 13.2%) and Andra Pradesh 

(12.8%). The export of fresh mangoes from India during 1987-88 accow1ted to 

14,900 metTic to1mes valued at 170.3 million rupees. The expo11 of mango pulp 

accowlted for 62 per cent of the total exports of processed fruit and vegetable 

and was valued at 220 mi ll ion rupees (Chadha, 1989). 

as 
One of the finest of Indian mangoes rated"the best by many at home and 

abroad which is grown to some extent in the South is Alphonso. It is 

specifically preferred for exp011 because of atractive fruits and optimum size 

and shape. The fruits have pleasing pinkish blush towards the basal end, the 

taste is superb with an excellent sugar/acid blend, capti va ting flavow· and good 

keeping quality (Cheema and Dani, 1934). Besides being a table variety much 



in demand, it is also a favoured fruit of the processing induslly because it retains 

the characteri stic flavour even during processing (Majumdar and Shanna, 1986) . 

ln spite of these merits and demands both in the internal and international markets, 

the variety suffers from serious problems, mainly development of spongy ti ssue in 

ripe fruits . To overcome the problem of alternate bearing, Indian Agricultural 

Research Institute, New Delhi, released an outstanding hybrid called Mallika 

(Neelurn x Dashehari) which has a strong tendency to bear every year, beside 

having fruits of larger size and superb fruit quality (Singh et a/., 1977). Bomboy 

Green the most popular commercial variety of Northen and Eastern regions is also 

gaining importance for processing in Southern region. It has an excellent 

sugar/acid blend and characteristic pleasant flavour. 

Out of more than 500 varieties of mangoes known in Indi a, only 20 to 30, 

which include regional specialities like Alphonso, Dashehari , Banganpalli and 

Bangalora are commercially very popular. They are suitable for canning. There 

are numerous juicy varieties that are used for pulp, puree, juice squash and other 

products. 

Most of the varieties evaluated for processing by various researchers though 

have given satisfactory canned or bottled products, yet the chewing properties of 

the can ned mango slices do get deteriorated due to the loss of texture during 

processing and storage. In most cases, the slices become very tender or pulpy and 

loose their shape and size. The pulp gets di sintegrated into the syrup used for 

filling. 

There is little infonnation available on the processing qualities of many 

mango varieties and hybrids which are very high yie lding and have ve1y good 

taste, colour and flavour too. 



It was therefore felt necessary to evaluate the processi ng qualities of a few 

selected mango varieties/hybrids grown in this region and have been found 

promising. ALPHONSO is by far the best variety for processing but the non­

availability of large quantities of thi s variety for processing and the high cost of 

fresh fruits (because fresh fruits are in great demand in domestic as well as in 

export market), it is very important that we find an alternative variety which is 

equally good for processing to replace Alphonso. Therefore the mango varieties 

that have shown promise in this area vis-a-vis cultivation and yie ld viz., Ratna, 

Mallika and Bombay Green were choosen for these studies. 

A systematic investigation was carried out keeping in view the points 

mentioned above with the following objectives : 

I. To evaluate the suitability of two hybrids, Mallika and Ratna and the 

variety Bombay Green for processing into canned mango slices. 

2. To study the changes in quality attributes during storage of the canned 

mango slices at room temperature . 

3. To study the varietal response for processing canned mango slices. 



II. REVIEW OF LITERATURE 

Review of Literature has been done on the following aspects of Oranges 

and mangoes 

2.1 ORANGE 

2.1.1 Harvesting 

2. 1.1. 1 Abcission 

2.1.2 Pre-packing treatment 

2.1.2. I Colouring 

2.1.2.2 Waxing 

2.1.3 Package design and fruit transportation 

2. 1.3 . 1 Transport 

2. I .3.2 Storage 

2. 1.3. 2. 1 Cold storage 

2. I .3 .2. 2 Controlled Atmosphere storage 

2. 1.3 .2.3 Ventilation 

2.1.4 Evaluation offruit injuries 

2.1.5 Post harvst handling in citrus fruits 

2. I .5. I Physiological loss of weigh t 

2. 1.5.2 Ti trable acidity 

2.2 MANGO 

2.2.1 Morphological and physico-chemical characteristics of Mango 

cultivar 

2.2 . 1.1 Weightoffruit 

2 .2. I .2 Volume of fruit 

2.2 . I .3 Specfic gravi ty 

2.2. I .4 Si ze of the fruit ( Length and l3readth) 

2.2 . I .5 Co lour of the peel and pulp 

2.2. I .6 Fimmess of fruit 



2.2 . 1.7 

2 .2 .1.8 

2.2 . 1. 9 

2.2.2 

2.2.2 .1 

Weight of pulp, stone and peel 

Pulp to stone ratio 

Size of stone (Length and Breadth) 

Chemical composition of mango fruits 

Moisture 

2 .2 .2.2 Total so luble solids 

2.2 .2 .3 Titrable acidity 

2.2.2. 4 Sugars 

2.2 .2 .5 

2 .2.2.6 

2.2.2.7 

2.2.3 

2.2.3 .1 

2.2.3.2 

2.4 

2.2.4 . 1 

2 .2.4 .2 

pH 

Ascorbic acid 

Carotenoid pigments 

Preparation, processing and Evaluation of mango products 

ivhmgo squash 

Canned mango slices 

Changes in chemical composition of Mango products during 

storage 

Canned mango slices 

Treatment of fruits with chemicals to improve proces in g qualities 

2.1 ORANGE 

Citrus fruits are exposed to a variety of combination of c limati c factors 

and also to so il and c ultural conditions. The number of culti va rs, 

rootstocks and their combinations will reveal the wide variati on in the genetic 

constitution . Fruits are harvested more than once in a year during different 

seasons. Fruit compositio n which in tum decides the post harvc:st behaviour o f 

the frull is inlluenced by the c lim ate and other environmenta l fact ors. so il and 

cultural L'OIH.I llt ons ami root s t oc~s and \aric ti es ( l'antasti co. 1 '17~ ) So th L· 

phys iol ogical changes associa ted with harvestin g, pac ktn g. tran sport and 

storage of citTus fruits cannot be simple and be generalized . The work done o n 

different \ ari e ti es under different s ituati on is reviewed here . 



Kawashima, 1971). Temperature does not affect the synthesis of carotene, but 

synthesis and breakdown of Lycopene are affected by temperature. 60 to 70°F 

is optimum for lycopene synthesis, while more than 85°F inhibit its synthesis. 

2.1.1.1 Abcission 

High endogenous abscissic acid contents increase the ease of manual 

harvest and favour the mechanical harvest. Some chemicals like Ascorbic 

acid, citric acid, bromoacetic acid, Ferric ammonium citrate, 2, 4-D, AA, 

methyl ester, Ethrel and cyclohexamide were found to increase abscission of 

citms fruits (Thompson el a/., 1975). 

The care excercised during the harvest until the storage has a role in the 

storage life of citrus fruits . Injury to the fruits during harvest, packing or dumg 

the transit. Depending upon the variety and the severity of bruising, injury can 

stimulate respiration. Even a slight dropping or streaking on the swface of the 

fruit causes an upsurge in respiration . Vines (1965) clearly illustrated thi s in 

valencia oranges. Injury to the fruit aggrevate the storage disorders. 

Grading to cull out young, small and unripe fruit is imp01tant, 

particularly in mechanically harvested fruit in view of the reports of Ahroni 

( 1968) and Murata and Miyashita ( 1971) who observed that young and small 

citrus fruits have increased respiration and ethylene production after harvest. 

This was not observed in mature citrus fruits . In a mixture of lot containing 

immature and mature fruits, the storage life of mature fruit will be reduced . 

The injured fruit also releases more ethylene and reduce the storage life of 

healthy fruit. So grading is important. 

2.1.2 Pre-packing treatments 

It is a common practice in the arid sub-tropics to hold citrus fruits in the 

shade at ambient temperature for one or more days before washing and 

10 



packing. The fruit becomes less turgid and therefore more resistant to 

mechanical injury. Injuries created during harvest may become more resistant 

to infections also. Injuries on the swface of oranges held under ambient 

conditions offer resistance to infection by fungi within 24 hours, presumbly 

because of mild desication (Eckert and Kolbezen, 1963). 

Hot water treatment of oranges and lemons was fowtd to eradicate the 

incipient infections of Phytophthora ctlrophthora. Fawcett ( 1922) developed 

a hot water treatment of incubating the fruit for 30 hours and then submerging 

it in water at 120°F for 2 minutes. 

Degreening of citrus fruits is done prior to packing or wax coating. 

Degreening with ethephon 1000 ppm for 3 to 600 seconds depending upon the 

variety was comparable to that obtained in commercial type degreening rooms 

(Young et a/., 1970). Degreening of valencia oranges treated with Ethephon 

was somewhat slower in the light than in the dark (Oberbacherk , 1968) . 

Treated Mosambi oranges stored in the dark were brighter yellow and glossier 

than those kept in open (Chauhan and Parmer, 1972). Efficiency of ethephon in 

degreening was higher at 77°F as compared to 63°F, and it was nil at 43°F. 

Ethephon was found to induce carotenoid synthesis in addition to degreening 

(Daito and Hirose, 1970). 

Ethylene accelerates the decomposition of chlorophyll without 

significan tly a!Tecting the synthesis of carotenoid pigments (K itagawa and 

Tarutani . 1972). Roper and Miller ( 1951 ) proposed a hypothesis to explain the 

eiTects of ethylene on the physiology of plant ce ll especially the chl oroplasts . 

Ethylene serves to hydrolyse the pl astid stroma and produces materials that can 

be used in respiration, as a result the ch lorophyll is left unprotected, is acted 

upon the chlorophyUase and subsequently oxidiscd by 11 20 2 in the presence of 

11 



a Fe (OHh catalyst. In these reactions, the internal quality of the fruit is left 

unaltered because the activities are centred on the flavedo of the rind . 

2.1.2.1 Colouring 

After degreening fruits may still be pale in colour. Dyeing intensifies 

this colour for greater consumer appeal . In citrus fruits, only dye which has 

been approved for general use-Citrus Red No. 2 is - (2, 5 

dimethoxyphenylazo) - 2 naphtha! with an established tollerance of 2 ppm. 

Residues are determined by washing the dye from the fruit with chloroform 

and calculating the concentration by comparing light absorption at 520 nm 

with that of a standard dye solution. The oil soluble dye is di ssolved in an 

organic solvent and emulsified in water. The stability of the emulsion is critical 

in the process. Too much emulsifier results in pale colouring, since the dye 

remains in the emulsion . Too little emulsifier leads to uneven colouring and 

peel injury. Dyes are some times added to waxes, requiring only one 

appli cation. Minimum legal limits for treatments are 4 min at 120°F for 

oranges and 2 'h min at 115°F for temple orange and tangelos. The fruits are 

rinsed with a water spray to remove excess emulsion. 

2.1.2.2 Waxing 

A discontinuous layer of wax applied artificially with sufficient 

thickness and consistency to -ra.duca. an aerobic conditions within the fruit 

provides the necessary protection against decay organisms. Waxing is 

especially impor1ant if tiny injuri es and scartches on the surface of the fruit arc 

present. These can be sealed by wax . Another obvious advantage of waxing is 

the enhancement of the shining and retention of the freshness in the fruit. 

Waxing -rd:al'¢> the transpiration and thus retains the freshness of the 

fruit. It reduces the C02-02 tension inside tl1e fruit which is responsible for tlre 

extra storage life of the fruit. Several high shine wax coatings contain ( I) high 
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melting resin (2) a plasticizer and (3) highly volatle solvent. In India a mixture 

of sessal wax or carnuba wax, sugarcane wax and bleached wax has been 

found su.i table for citrus fruits. While the fTu.its are sti ll on the tree, the hard 

wax fraction increases in amount more rapidly than oil. During storage, the oil 

increases while the hard fraction remains constant. The maximum oi l to hard 

wax ratio occurs at the peak of the respiration rate . The later stag.cs of storag..: 

are marked by degradation of the wax and especially by reductiOn m t11e 

amount of oil. In immature citrus fruits, the soft wax fonns a continuous film 

with lillie surface structure. Upon matw·ation the progressive formation of 

more and harder epicuticular wax resulted in more visible structure. The 

eventual cracking, and lifting, of the wax film indicated loss of its ability to 

expand with the slow developing, cuticle - cell wall complex . Artificial waxing 

to mature fruit will supplement the natural wax lost this way (A ibrig,o, 1972) . 

2.1.3 Package design and fruit transportation 

Packing, is done for the ease of handling, and loading, in transport . It 

prevents damage to the fruit and moisture loss. Moisture loss is prevented 

when packed in moisture vapour barrier materials are used ( Hardenburg, 

1971 ). Plastic film is most effective in min.imising the moisture loss. Waxed 

fibreboard cartons, parchment wraps and other specially treated packing, 

materials can also retard moisture loss. With citrus in film bags, decay is much 

greater hazard than desiccation. Mor«. ventilation is required to prevent high 

humidity. Mesh bags provide a bcller environment and less decay. but 
\ess . 

film bags are" expens1ve. Numerous perforations are needed in polyethylene 

bags containing, citrus to lower the hwnidity and minimise decay . Only 

polythcne bags are good to !lqy~ a \-i,~her number of holes needed for packing 

citrus (G rierson, 1968). Oranges packed in mesh bag, lost 5 1 percent weight 

when stored at 70°F for 7 days. On the other hand the loss in weight was 2.8 

percent only when packed in perforated polythcne bag und..:r similar storage 

conditions. 
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Packing in conugated fibre board cartons usually results on delayed 

cooling in refrigerated storage. Making ventilation holes in the container will 

help in quick loss of heat by the packed produce (Sommer and Luvisi, 1960). 

Raju and lyanger ( 1962) have defined the basic requirements of a package . 

They emphasized that the package must be fw1ctional and should be designed 

to meet the rigid requirements of handling, transp01t and storage and climatic 

conditions. lbey reported that the drop heights that packages would sustain in 

relation to the weight are the most important factors in determining losses. 
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They observed that in practice packages weighing 80 lb and below 

would experience a drop of nearly 6 ft . under conditions prevailing in India. 

Their findings showed that the intensity of shocks during shWJting goes up to 

30 g. It was also observed that in transport packages are subjected to sustained 

vibrations which might generate stresses high enough to cause disintegration of 

food product like fruits and vegetables. ln case of wooden containers, 

vibrational effects may lead to loosening of the nails and thereby weakening of 

packaging case. Raju et a/ ( 1962) studied some aspects of package design and 

some factors affecting it like packaging characteristics of the products, material 

used for packaging and cushioning, size and shape of package and orientation 

of the contents. He reported that the bamboo baskets used for perishables like 

fruits, vegetables, eggs, poultry, !ish etc . do not give adequate protection to the 

contents on accow1t of poor compression strength . Studies carried out at 

C.F.T.T.l., Mysore have shown that by reinforcing the basket with 118 I /4 

inch thick strips on all four comers, and around the bottom and top perimeter 

and along the diagonals of the lid, the baskets could be made sufficiently 

strong. 

In packaging of fruits and vegetables, the most common cushioning 

material used in paddy straw or !:ifeen leaves. Their experiment s have shown 

that although paddy straw is ideally suited for this purpose, it should be free 



from sharp edges and infection. Since fruits and vegetables respire and 

transpire, the heat, carbon-dioxide, ethylene and water vapour produced should 

be dissipated quickly by the cushioning material . 

Raju and lyanger ( 1962) observed that India produces variety of tropical 

and sub-tropical fruits and due to rapid ubranisation, these have to travel from 

the growing area to the distant consuming centers. Even the properly 

harvested, stored and graded fruits require adequate packaging to withstand 

the harzard during transportation and marketing. If the produce is packaged in 

lots which are too large it suffer bruising and crushing during transport while 

too small package may be uneconomical . In India, smaller lots of vegetables 

and fruits are carried in head loads, by pack animal on in bullock cart, while 

large consignments are carried out by trucks, railways and steamers. 

They suggest that improvements in the transportation system, coupled 

with pre-treatment will go a long way towards successful transportation and 

storage and thus better marketing of produce. 

Mckee eta/ (1963) reported a formula for the compression strength of 

corrugated boxes. The equation isS = 5.874*Eh 0·508 
7. 0.4!J2 

Where, 

E = the edgewise compression strength. 

h = the board caliper (board properties) 

Z = perimeter (dimension property) 

S = constant, which came from considering all types of single 

wall container 

Anandswamy et a/. ( 1964) have reported that mild Lrcaunent with 

chlorine or S02 has resulted in reduced spoilage in package commodities 
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where spoilage has been due to infection from the cushioning material. They 

recommended that painting the outside of the wagon with aluminium paint, use 

of exhaust fan inside the wagon and a partial insulation with wooden rafters 

would be beneficial . 

Bhagwan (1968) stud.ied various aspects of standardization in the field 

of food packaging. He stated that effective standardization can be achieved by 

using good quality lSI standards of packaging materials, by taking into account 

the net weights and their tolerances so as to eliminate consumer complain ts and 

provide check on the automatic packaging machine and labelling the 

consignment to inform the purchaser about the nature and amount of food 

present in the container. 

S-yivastava (I 970) studied recent developments in procurement, storage 

and transportation of fruits and vegetables. The procurement of raw material 

may reduce spoilage and increases the economy of factory. Procurement can 

be achieved by contract farming of production . Due to refrigerated storage the 

respiration rates are reduced thus the storage and shelf life can be increased. 

Waxing of fruits and vegetables can increase storage life and reduce spoilage. 

Preferably it has to be done at the time of harvesting. Short distance transport 

is mainly done by man . For long distance under ambient condition the carrier 

should not be overloaded. Proper ventilation etc.~!> necessary to get better 

results. 

Hanlon ( 1971) while describing the design consideration of corrugated 

fibre board boxes, has suggested the most economical proportions that the 

length should be twice the width and height should be equal to the length , to 

accommodate the given amount of space using the least amount of board . This 

design has the further advantage of interlocking in a stack to form more stable 
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pile by placing each box at right angles to the ones below it. A perfect cube is 

just about the poorest shape for warehousing because it can not be interlocked . 

Anandswamy and Yenkatsubba(h ( 1976) studied the effects of wooden 

and conugated shipping containers for export of coorg (Mandarin) oranges. A 

consignment of about 4 tonn~of coorg mandarin oranges, treated with 

fungicide wax was exported in the wooden boxes and another portion of 9 

tonnes packed in corrugated boxes was exported from Chettalli (Coorg) to 

Singapore via Madras port. The entire consignment reached the destination rn 

good condition thereby revealing the suitability of these containers developed 

by CFTR I for export of Coorg oranges. 

Laul c l a/ . ( 1976) had stated that in India, the spoilage in wooden cases 

in tran sport has been reported to be as high as 30 percent. The marketability of 

the fruits is also affected due to loss of moisture and texture resulting in overall 

financial losses to the grower. 

The cushioning material used by them was news paper pads containing 

50 g dry grass (tanas) to avoid fruit coming in direct contact with grass. News 

paper was also used as lining material for wooden case. 
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Fox ( 1978) established that the corrugated containers and the combined 

board from which it was constructed, are structures. They behave like any 

other structures. They obey the laws of mechanics. Their behaviour is 

predictable and they can be modeled mathematically. Another interesting 

result of their study was that the boxes when loaded intemally fai l in 

compn:ssion and not in tension. Bursting strengtJ1 dot:s not play an important 

role in evaluation of the ability of a container to withstand intemal loading. 
Ma>-l(et P\a.~~ni.n~ Al)d ])esl~n C!lni.r-<L., M(ni !>·b·y o.t Agric.uH"Ye, C.•vt c+· l hcli.a 

Ano»y"'•"{: 1989) has conducted in transit trials during transportation of oranges 

packed in corrugated paper boxes and concluded that the comrgated paper 



boxes are an alternative to the traditional wooden boxes from both the cost and 

efficiency point of view . The box design selected in the trials was matching, 

with the size of traditional wooden boxes. However, this size has to be 

modified. The size suggested is 480 x 350 x 350 mm. Boxes of this size will fit 

in the truck lengthwise and breadth wise, without leaving any room to cause 

shaking, or vibrations inside . A size smaller than this is likely to escalate 

loading, and unloading costs. The 5-ply ( 100 gsm and 120 g,sm) and 7-ply (I 00 

gsm) boards performed to satisfaction. However, fwther strength is to be 

imparted by using, higher g,rade paper. 

2.1.3.1 Transport 

The physiological consideration in the aspect of transport is that how 

best the physiological processes of senescence, moisture loss are arrested in the 

fruits during, transit. Sophestication of transport system comes when the fruit 

has to be transported over a long distance. In case of short distance transport, 

the means of transportation could be rail or road. To avoid injury to the fruits 

during road transport, padded trucks are better. If it is a long, distance h·ansport 

and the bulk is small, the cargo lifting is possible otherwise the refrigerated 

carriers, whether ship or wagon are preferred (Pantastico, 1975). 

2.1.3.2 Stor:~ge 

Citrus fruits can be stored for a longer period of time. They are sorted at 

the period of their peak harvest and released slowly in the market when the 

harvesting, period finished . Storage operation attempts to provide all possible 

rutificial storage conditions to prolong the usability of the product. The 

popular types of artificial storage for citrus are : ( I) Cold storage (2) controlled 

atmosphere storage (Pantastico, 1975). 
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2.1.3.2.1 Cold Storage 

In cold storage both the temperature and humidity are controlled. The 

temperature is reduced and the humidity is increased. Low temperatures will 

retard the rate of respiration wllile high humidity check the transpiration. Thus 

both these put together prolong the storage life of citrus fruits . 

Table Recommended cold storage conditions for different citrus fruit s 

Variety I type Temp. F RH% Storage life Weight 
in weeks loss % ------------

Calan10ndin 48-50 90 2 6.5 

Coorg mandarin 42-45 85-90 8 13 .0 

Valencia orange 40-43 88-92 5-6 12.0 

Sathgudi orange 42-45 85-90 16 15.0 

Lime, yellow 52-55 85-90 8 15.0 

Lime, green 52-55 85-90 7 18.0 

Lemon 42-45 85-90 6 

Grape fruit 42-45 85-90 8-12 

Pomello 45-48 85-90 12 
---·-

(Pantastico, 1975) 

2.1.3.2.2 Controlled atmosphere (CA) storage 

Technically, CA implies addition or removal of gases resulting in an 

atmospheric composition substantially different from that of nonnal air. 

However, in common usage CA is used to denote the increased C02, decreased 

0 2 and high N2 levels as compared with normal atmosphere. The metabolic 

effects of CA are the retarded rate of respiration by which the storage life of 

fruit is increased. 

Reports on CA storage of citrus fruits are conflicting. South African 

Naval oranges stored in the atmosphere containing 8 percent 0 2 and 12 per 

cent CO~ devdoped off flavours and the rind was damaged (Barker. 1928). 
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Similarly oranges is an atmosphere of 5 percent 0 2 and I 0 percent C02 

developed ofT flavours and fruit injury (Huelin, 1942). Increasing 

concentrations of C02 were associated with increasing decay of citrus fruits 

(Salama et al., 1965). 

Rind injury to grape fruit was caused by long exposure to high 

concentrations of C02 (Hatton et a/., 1972). In severe cases the rind was water 

soaked, while in mild cases it turned brownish red in colour accompanied by 

prominent oil glands. The ethanol content of grape fruit was found to increase 

with concentration and duration of exposure to C02 (Davis, 1972). 

C02 delayed degreen.ing in lemons. Increased C02 and reduced 0 2 

concentrations retarded the rate of colour change from green to yellow 

(Grierson et a/., 1966). A combination of 5 percent 0 2 and 7 percent C02 was 

fow1d best in prolonging the storage life of Talliti limes, but considering the 

increased decay, incidence of rind scale and reduced juice content the use of 

CA storage for limes was not favoured by Hatton and Reeder ( 1968). 

Regardless of the reports concerning the adverse efTects of CA storage 

on citrus, many accoWJts indicate beneficial results. Florida pineapple oranges 

have been reported to keep in a marketable condition for five months in an 

atmosphere of 14.2 percent 0 2 and 7.3 percent C02 (Stahl and Cain, 1937). 

Yalenica oranges held at 15 percent 0 2 plus 0 percent C02 for 12 weeks at 

34°F plus one week at 70°F had a higher flavour rating than si milar fruit held 

in other CA or air (Chace, 1969). A concentration of I 0 percent C02 was 

shown to reduce low temperature pitting of Marsh grape fTuit (Vakis et a/., 

1970). 

Ln view of these conflicting reports it is concluded that C/\ requirements 

for di!Terent citrus types differ, and the citrus fruits in general are very 
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sensitive to CA storage. Hence, CA conditions have to be standardized for 

different varieties grown under different agro-climatic conditions. 

2.1.3.2.3 Ventilation 

Lloyd et a/. ( 1979) studied the fruit physiology and stated that the fruit 

after harvest continues to carry on the most of the life processes that were 

predominent just before harvest. They respire and in doing so use up oxygen, 

give off carbon diox.ide and generate heat. 

Table : Respiration rate of orange at different temperatures Of s-to,.i'l ~e 

Temp. c Respiration rate mg • vita l heat 
COikgfhr Kcall 1000 kg/24 hr 

0 02-05 122.40 - 306.00 

s 04-07 244 .80 - 428.40 

10 II 673 .20 

IS 13-24 795 .60- 1468 .80 

20 23-34 1346.40-2080.80 

25 25-40 1530.00-2448 .00 

• Vital heat ' 6 1.2 x Respiration rate 

Pandeyet a/. ( 1990) reported that three punches of 2.5 cm on al l four 

sides are suggested for free circulation of air and moi sture inside the 

corrugated orange packaging box . In traditional wooden boxes the battens on 

the side make about \1, em to I em channel in between two boxes, which help 

in air circulation. To match this, punches on four sides have been proposed as 

above. 

2.1.4 Evaluation of fruit injuries 

Roistacher eta/. ( 1956) gave the method for detecting surface injuries to 

fruits occurTing during harvesting, grading, packing and transport . They found 

that soaking fruits in a solution of 2, 3 , 5, triphenyl tetrazolium chloirde (TTC) 
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aided in detection of surface lessions. The colourless TTC solution contacts 

living cells through the surface injuries and enzymatic reaction converts the 

TTC to an iJJSoluble red fonnation . Thus a red halo appears arow1d each injury 

making it easy to detect and count. 

Grierson ( 1958) developed detector papers to locate areas of severe 

bruising occurring during loading and transportation. Release of peel oil alone 

or both peel oil and juice is detected by colour reactions of paper treated with 

phenolphthalein and oil soluble victoria blue. The reddish purple paper turns 

green when peel oil contacts it and blue when juice contacts it. Papers treated 

with alkaline, alcoholic, phenolphthalein were also discussed . 

Eaks ( 1961) described simple methods to evaluate injury, from both 

newly developed and accepted handling practices, for citrus fruits . He found 

that the phenolphthalein reaction (2, 3, 5 triphenyl tertazoliwn chloride) is 

adequate i.e., the change from red to yellow with extruded peel oil from red to 

white with juice. Although the yellow spots from peel oil are not visible when 

juice is released the detection of extruded peel oil is of little consequence when 

the fruit is crushed enough to release the juice. Bruising damage was evaluated 

by determining the degree of stimulation in the respiratory rate of fruit. 

Guil lou and Richardson ( 1962) conducted laboratory tests with grape 

containt:rs at Davis and emphasized the sevt:re vibration injwy possible to 

loose packed fruits . 

O ' Brien eta/. (1973) observed that in bin depths of 24 inches or less, 

the percent of bruising is directly related to the percent of t11tal anwunt ,,f fi·uil 

that is in the top two layers. IJ1 bin over 24 inches deep additional factors yet 

Wlfesolved are thought to be involved. Damage to fruit may be greater in lug 

boxes than in bins because of the greater proportions of fruits free to move. 
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They associated the damage with the acceleration levels experienced by 

the fruit. These accelerations generated at the road surface are transferred to 

the fruits through the truck chassis and suspension system. 

Subramaniam ( 1965) analysed the transported fruits for reducing and 

non reducing sugar to know the damages during transport . 

Fridley and Adrian (1966) found that the multiple impacts with less 

energy per impact caused the same injury as due to the fewer impacts with 

more enerb'Y per impact. Thus energy, at least when some minimum stress 

extended, is direct cause of injury. 

Pictraw Chen and Squire ( 1971) reported that physical injuries to citrus 

fruits during harvesting and handling can generally be classified as intemal 

injury or surface lesions. The major effect of these injuries are decrease m 

quality, impaired physical appearance and shorter storage life . 

Schoort and Williams ( 1972) measured bruising in traJJSport trials for 

apples and found that apples in tray packs suffered I 0 % to 15 % bruising after 

a joumey of 1600 km and six handling operations. Apples packed without 

cas.:s rccc: ived 15% to 27% for the same joumey . 

Chesson ( 1972) evaluated four infield handling and storge treatments 

for citrus. He had given the procedure for determining the rate of weight loss. 

The determinations were made everyday for the first nine days after 

harvest and then every 2 - 3 days for the remainder of test. Explanatory test 

and resu lts from Miller's work indicated that after the first nine days, the 

weight loss rate was quite constant. Each weighing interval was regarded as a 
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drying period. The difference in weight loss (W 1-W2) was calculated for each 

period . 

To compare treatments where the fruit weights were differen t, the rate 

of "~ight loss becomes grams per I 00 g - hr and is obtained by dividing the 

grams of weight loss per hour by the number of IOOg units of fruits in the 

sampk . For si mplici ty, the weight loss of sample at the end of dt)•ing p.:riod 

was used . The rate of weight loss (R) was determined by the following 

equation . 

R (W 1-W2) / Tx I / (W2 /100g)x IOOg 

Wh<.:I'C , 

R Rate of weight loss g per I 00 g-hr. 

T - length of period, hr 

W 1 Initial weight, g 

W2 Final weight, g 

The mean of the rate of the weight loss for replications was taken as the 

rate of weight loss for the treatment during that period and was assumed to be 

va li d for the mid point the period only. 

Laul e / a/ ( 1976) studied the effect of treatments with fungicide and wax 

.:mulsion on storage behaviour of Nagpur Mandrin Oranges (A mbia) placed in 

ventilated wooden cases. He has also taken the weight loss as a criteria for 

accounting the spoi lage . 

()hale and Harl .. arc ( 1978) observed tl1at pcrccnc wct!!hl loss "as mnrt· 

in samples subjected to transportation test by bullock -<:art than that for tractor 

trolley . It was found that the damages were observed at the bottom layer. Fruits 

subjected to u·ru1sportation test by bullock cact showed cornparati ve ly more 
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damages than tractor trolley. The oranges subjected to vibration test at 180 

cycle I min for I hr. showed the maximum percent weight loss. 

ll olt eta/. ( 1983) gave a plot of observations against time, showing how 

va ri ous management strategies could be assessed by comparing total 

de teri oration against acceptable limits, thus fanning a basi s for management 

ac tion e ither to sell or to introduce post harvest controls. 

Malik eta/ . ( 1986) calculated the loss due to bruise and damages for all 

types of packages for all the consignments. He reported that the losses in wire 

bound wooden boxes were much less compared to the traditional wooden 

boxes. The loss in weight in transit was 10-35% in wire bow1d wooden boxes, 

whereas it was 14% in ordinary boxes. The loss due to dan1age was 8. 16 % in 

wire bound wooden boxes. When the consignment reached Bangalore, the total 

loss worked out to be 18. 15 % in wire bound wooden boxes and 30.71 % in 

ordinaty boxes. 

I' en et a/. ( 1985) had given the classification analysis of good and 

brui sed peeled apple ti ssue using optical reflectance. They stated that the 

browning which commenced within 5 mjn after bruising was 50 to 70 %, 

complete within 2 hours and progressed no fwther after 24 hours. The near 

infrared (2500 nm 700 nm) reflectance of bruise tissue (unpel ed) was less than 

that for good ti ssue (unpeeled). 

2.1 .5 Post-harvest handling losses in citrus fruits 
), 

Ratpam and Nema ( 1967) estimated that losses in oranges under 

Jabalpur market conditions were to the tw1e of 14 to 23 .2 percent. Biswas 

( 1969) reported that post-harvest losses of oranges, ranged from 6-30.7 percent 

depending upon tlu: mode of transport, transit time and season . The Directorate 

of Marketing and Inspection have put the transit losses of oranges at 8-28 
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percent depending upon mode of transport. Ramana eta/. (1973) reported that 

there was a 30 percent overall loss in handling Coorg Mandarins. According to 

an estimate by US-AID project on post-harvest technology of Horticultural 

crops, nearly 8.5 percent of Coorg mandarins were sorted out during harvest, 

another 3. 5 percent at wholesale level and further 3-5 percent at retail level. 

Post-harv.:st losses assessed in Nagpw· mandarins transported to Dt:lhi revealed 

that truck transport on average resulted in 20.9 percent loss of fruit s, while rail 

transport resulted in 23.27 percent loss (Anon, 1990). 

2.1.5.1 Physiological loss of weight 

1\ warh ( 1991) studied the effect of perforations of packing material on 

weight loss.:s in orange fruit. Polyethylene packed fruits recordt:d lower losses 

in weight as compared to open mesh bags. Increasing perforations increased 

weight losses. 

Ben Yehoshua eta/. ( 1981) have stated that individual seal packaging of 

oranges can be a partial substitute for refrigeration as it inhibited weight loss 

more than cooling. 

Passam and Blw1den ( 1982) have reported that weight loss in West 

Indian limes was reduced by enclosw·e of fruits in polyethylene bags or by 

storage at hi gh relative humidity . 

Sadashivam et a/ ( 1972) have stated that sathgudi sweet orange fruits 

when packed with polyethylene films checked weight loss and extended shelf' 

life by 21 days as compared with seven days for loose fruits . 

Choudharia and Kumbha.re ( 1979) reported that Sweet oranges ( cv. 

WJspccified) of uniJonn size, shape, colour and ripeness when packed in film 

packs (6 oranges I pack) using 100, ISO, 200 or 300 gauge polyethylene with 
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0.2, 0.3 and 0.4 percent ventilation at 2-fC for five weeks recorded 50 percent 

loss in weight. 

Pruth i et a/ ( 1984) analysed four commercial cultivars for physico­

chemical composition. Recovery of juice, peel and pomace in malta oranges 

ranged from 50.8 to 55.4 percent, 23 .2 to 30.9 percent and 13 .6 to 22. 1 percent, 

respectively. 

Mollendorf eta/. ( 1992) have stated that juice content tended to increase 

as the ripening increases. Similar trend was observed in Coorg mandarins by 

Angadi and Shantha Krishnamurthy ( 1992). 

2.1.5.2 Titratable acidity 

Bal and Chohan ( 1983) studied the quality of different sized kinnow 

mandarin oranges harvested at optimum maturity. Fruits harvested were graded 

according to size and quality. Titratable acidity decreased with increase in fruit 

size . Grade B fruits had higher juice content, TSS and 0Brix I acidity . 

2.2 MANGO 

Mango is extensively used for processing into various products. The 

most important ripe mango products are mango squash, mango nectar, canned 

mango pulp and slices in syrup, mango cereal flakes and mango leather. 

wnero us varieties are available all over tndia, but only few varieties in each 

region are found to be most suitable for processing by various research 

workers. During the survey of literature large number of research papers, 

seminar proceedings and abstracts were seanned and only the relevant 

references are quoted under the following headings. 
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2.2.1 Morphological and Physico-chemical characteristics of Mango 

cultivars 

Research studies done on some of these aspects are briefly reviewed 

here. 

2.2.1.1 Weight offruit 

Nanj lUldaswamy e / a/. ( 1966a) while working on proximate 

compositi on and suitability for preservation of some important mango varieties 

grown in Salem, reported the average weight of fruit varied from 2 15 g (var. 

Yarag.ambadi) to 380 g (var. Mulgoa). 

NanjlUldaswamy el a/ . ( 1966b) studied 13 important varieties of mango 

from Andhra Pradesh and recorded the average fruit weight 199 g (var. K01o) 

to 525 g (var. Yerramulgoa). 

Suryaprakash Rao el a/. ( 1968) evaluated mango varieties of Andhra 

Pradesh for processing and repOited the fruit weight 144 g to 450 g among 12 

rnan~ .. l \ aril-t ics. 

While evaluating some mango varieties for processin g into nectars, Roy 

el a/. ( 1972) studied physico-chemical characters and stated that the average 
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weight of Dashehari, Langra, Chausa and Bombay green varied from !50 g, 22.0 g 
210 g and !50 g, respectively. 

Satyavati el a/. ( 1972) found the average weight of mango fruits ranging 

fro m 156 g to 30 I g in seven different varieties from Kerala. According to 

Lodh t!/ a/. ( 1974) fruit weight varied from 209 g (Langra) to 622 g (Totapuri). 



Singh and Tripathi (1974) worked on morphological and physico­

chemical characteristics of mango cultivars and reported that average weight of 

fruit varied from 120 g (Rashu-E-Jahan) to 600 g (Langra Bengal). 

Naik ( 1985) reported that the full grown Alphonso and Ratna Mango 

fruits had the average weight of 280 g and 403 .8 g, respectively . 

Bh uyan and Islam ( 1986) studied the physico-chemical characteristics 

of mango varieties at Nawabganj and reported that fiuit weight varied from 

202 .8 g to I 014.4 g (Neelum) in different varieties of mango . 

Khurdiya et a/. (1988) recorded average fruit weight of 1-1:1 .0 g 

(Amrapali), 155.0 g (Dasheri) and 120.0 g (Neelum) in different varieties of 

mango. 

Prasad and Nalini ( 1988) investigated post harvest physiological 

changes and quality parameters in mango varieties and sta t~d that cv. 

Bangalora had the highest fruit weight (315.0 g). 

Reddy and Singh ( 1989) studied some polyembryonic varieti es of 

mango for physico-chemical characteristics and reported that mean fruit 

weights varied from 113 .0 g in Mylepelian to 411.30 in Kensington. 

Performance of some mango varieties produced in Chittagong was observed by 

Ahrn~d el a/. ( 1989) and records show that the Cv. Kalia had hi ghest fruit 

weight (2 14.8 g). 

Badiyala and Awasthi (1990) evaluated twelve cultivars of mango and 

observed the fruit weight was significantly higher in Cv. Fazali . 
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2.2.1.2 Volume of Fruit 

Palaniswamy eta/. ( 1974b) studied the physico-chemical characteristics 

of 29 mango varieties grown in Tamil Nadu and reported that the volume of 

frui t varied from 88.7 ml to 650.4 mi. 

The volume of Dashehari mango fruit changed from 133.8 ml to 195 .5 

ml at various stages of maturity (Garget a/., 1975). 

Yadav eta/. ( 1984) recorded the average fruit weight of 185.50 gin 

varie ty Dashehari and 240.00 gin variety Langra. 

Patil ( 1990) studied the physical characteristics of mango in culti vars 

Alphonso, Ratna, Pairi and Kesar and recorded the highest fruit vol ume in 

Ratna (357.60 rnl) and lowest in Pairi (233.70 rnl) . 

2.2.1.3 Specific Gravity 

Harkness ( 1949) ; Harkness and Cobin ( 1950) reported that mango 

fruits of specific gravity less than 1.00 were definitely immature and failed to 

ripen after picking. 

Specific gravity of the fruit can be considered a ve1y good index fo r 

judging the maturity in mangoes (Popenoe, 1960 ; Teotia et a/., 1967. 1968). 

Moti and Ganga war ( 1972) reported that the mature fruits of eleven 

promising sucking mango varieties exhibited specific gravity from 1.081 in 

Gilas to 1.0 19 in Kalapar. 

Man n and Singh ( 1973) evaluated physical characters as measure of 

maturity for Dashehari and Langra cultivars of mango and rep011ed a specific 
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gravity of 1.008 or more for ex.cellent palatability in Dashehari and 1.078 or 

more in Langra . 

Prasad ( 1977) compared the bearing behaviour and fruit quality of 

South Indian and North Indian varieties and reported the speci fi c gravi ty o f 

0.923 in Bangalora and 1.004 in Allarnpur Baneshan. 

Physiological fruit maturity of Senstation and Zill varieties was attained 

when 15 per cent of the fruits sank in water (specific gravity 1.00) at 25°C and 

that of culti var Peach, when 53 per cent fruits sank in water (Anon, 1979). 

1\.rishnamurthy ( 1980) studied the intemal break down during ripening 

of Alphonso mango in relation to specific gravity of the fruit and concluded 

that the severity of damage was more in fruits of specific gravity 1.02 as 

compared to those of specific gravity 1.00 to 1.02. 

Roy and Pandey ( 1983) while evaluating the exi stin g met hod of 

harvesting of Dashehari mango, repm1ed that the fruits with spec ific gravity 

more than 1.00 were physiologically mature. 

Joshi and Roy ( 1985a ) and Naik ( 1985) reported that nearly 80 per 

cent of the Alphonso mango fruits had attained specific gravity above 1.00 

when the frui ts from the tree were harvested after a few part ially ripe fruit s 

dropped naturally from the tree. The palatability of the fruits increased with 

increase in specific gravity, the fruits with specific gravity 1.02 to 1.04 were 

most pal atable. 

Tandon and Kalra ( 1986) conducted studies on developing of mango 

fruit to assess maturity and fow1d that specific gravity changed from 0.968 (47 

days after fruit set) to 1.015 (93 days after fruit set) in Cv. Langra whi le in 
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Mallika it ranged from 0.963 (47 days after fruit set) to 1.049 (119 days after 

fruit set). 

Tandon an~ ~1~~88) studied the ripening pattern of specific gravity 

graded Dashehari mangoes and concluded that Gr. I (Specific gravi ty < 1.0) 

fruits ripened with better quality and shelf life and retained fTeshness even after 

11 days o f storage. 

Roy and Joshi (1988) categorised Alphonso mango fruits into 4 specific 

gravi ty groups nan1ely specific gravity < I , 1-1.0, 1.02-1.04 and > 1.04 and 

indicated that the fruits having specific gravity 1.02 to 1.04 could be 

considered the best for the subsequent marketing and storage . 

2.2.1.4 Size of the fruit (Length and breadth) 

NanJundaswamy eta/. (1966b) worked on 13 important mango varieties 

and reported that the average length of fruit varied from 7.6 ern to 1 1.0 em 

while the diameter ranged from 5.9 to 10.0 em. 

Lodh eta/. ( 1974) studied physico-chemical constituents of 8 important 

mango varieties and stated that average length of fruit ranged from I 0. 06 em to 

14.52 em while the average fruit diameter varied from 5.96 em to 9.3 1 em. 

Sadhu and Bose (1976) studied some promising mango vari eties of 

West Bengal and reported that length of fruit varied from 7.3 em to 12.6 em 

while the major diameter and minor diameter ranged from 4.5 em to 8.3 em 

and 4.3 ern to 7.2 em, respectively. 

Awasthi and Pandey ( 1979) studied four cultivars of mango viz., Gil as, 

Lud..now Safeda, Sukul and Yakuti and recorded the length 5.80 em, 7.54 em, 
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10.44 ern, 6.03 ern with corresponding diameter 5.20 em, 4.73 ern , 6.45 ern 

and 4 . 14 ern , respectively. 

Lirnaye el a/. ( 1984) reported that ' Ratna' mango fruit has average 

length of 10.69 em and breadth of 8.36 em. Ghosh el a/. (1985) reporied that 

runong I 0 mrutgo varieties, the lengtlt of fruit ranged from 7. I ..:m lo I 0. 7 ..:rn 

while diameter varied from 5.3 em to 8.7 ern. 

Fruit characteristics of different polyembryonic varieties wen: studied 

by Reddy and Singh ( 1989) and they reported average fruit length of 6. 79 em 

to 10.89 em and diameter of 5.81 em to 9.17 em. 

Badiyala and Awasthi (1990) recorded significantly higher length 

( 14 .56 em) in Cv. Fazri, whereas diameter was higehst (8 .06 em) in Cv. 

Mallika . 

2.2.1.5 Colour of the peel and pulp 

Four different stages of maturity, termed as stage A, B, C and D have 

been worked out in relation to size, shape and colour of the fruit in Alphonso 

mango (Chee.~a and Dani, 1934 ; Joshi , 1975). The fruits of stage A have their 

shoulders in line with the stem end and skin is olive-green. It has been noticed 

that the fruits at this stage do not develop rich flavour. At stage B fruit s have 

their shoulders out grown from the stem-end and are olive green . fruit s at this 

stage of maturity are best suited for export. At stage C, the shoulders outgrown 

the stemend and colour lightness towards yellow. The fruits at stage D are tree 

ripe with typical blush developed on the skin . 

Cobin ( 1949) suggested that the Haden mango was ready for harvest 

after the ground colour changes from green to yellow. 
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Nanjw1daswamy eta/. ( 1966b) studied 13 mango varieties and observed 

that the fruits had yellow, yellow with slight green patches, yellow with cherry 

red patches and green colour varying from variety to variety . 

Krishnamurthy and Subramanyam (1970) studied the parameters for 

optimum maturity of 'Pairi' mango and found olive green surface as an index 

for harvest of that variety . 

Srinivasan and Shanmugavelu (1971) gave the Proximate composition 

of certain off season mango varieties of Tamil Nadu and revealed that 

Alphonso, Kalepad, Nadan, Rumani, Vasanjathi and Athimathuram exhibited 

cadmi um orange colour. Saffron yellow in Neelwn while the other varieties 

from lemon to Aureolin yellow colour at full ripening. 

Jacob ( 1972) reported flesh colour as a good parameter for judging 

maturity of South African mangoes. Maturity was indicated by colour change 

of the flesh from white to yellow starting from the stem end point. 

i\ wasthi and Pande ( 1979) screened four mango variet ies for juice 

production and recorded the colour of juice as orange cadmium, apricot , lemon 

yellow and yellow in Gilas, Lucknow safeda, Sukul and Yakuti mango 

varieties. rt:spectively. 

Thomas and Oke ( 1983) studied on improvement in quality and storage 

of Alphonso mangoes by cold adaptation ripening and listed orange yellow 

with green spot and orange yellow colours of skin . 

Patil ( 1990) observed light green colour of the Alphonso fruit at harvest 

whilo.: gold..: n yellow at ripe stage. 
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2.2.1.6. Firmness of Fruit 

Garget at. ( 1975) recorded pressure of unripe fruits of Cv. Dashehari as 

~
t.M2-

-t :J..IS-116 at various stages of maturity. 
:;2..0•4 Q 

Chikkasubbanna and Huddar ( 1982) worked on ripening of Alphonso 

mangoes for processing and recorded the rupture force of 8.63, 5.62, 1.86 and 

1.02 kg./cm2 at 0, 4, 8 and 10 days of mango storage. 

Kalra and Tandon ( 1983 a, b) reported the pulp pressure of 7.30 lbs /i n2 

Mallika and > 4 .4 KPa in Dashehari varieties of mango. 

Venna et at. ( 1986) showed the pressure meter reading (PS I) of 

Dashehari mango varied fonn 22.00 to 5.00 pounds per square inch at different 

sampling dates. 

Medlicott el at. ( 1988) studied pulp rupture force at three stages of 

maturity and reported 10.26, 10.30 and 10.81 kgf in Tommy Atkins mangoes at 

mature, half mature and immature stages. 

Salmi and Khurdiya ( 1989a) noticed that the pressure of fruit decreased 

during ripening, initially maximum in ' Chausa' (27.5 PSI) followed by 

'Neelum ' (26 PSI) ' Dashehari ' (20 PSI) and minimum in 'Amrapali ' ( 14.2 

PSI ) 

Medlicott et at. ( 1990) studied the ripeness characteristics of mature 

Tommy Atkins mangoes and recorded pulp rupture force of 8.28 kgf at harvest. 

2.2.1. 7 Weight of pulp, stone and peel 

NanJundaswamy et a/ . (1966 b), studied 13 mango varieties and 

reported that tht: percentage of pulp, stone and peel ranged from 59.4 per cent 



to 76.6 per cent, 9.3 per cent to 23 .0 per cent and 10.7 per cent to 20.6 per 

cent , respectively . 

According to Teotia and Awasthi (1966), the yield of slices varied fonn 

43 .5 per cent to 65.0 per cent, stone from 21.3 per cent to 32.5 per cent and 

peel from 13.3 per cent to 24 .5 per cent among 13 mango varieties. 

Suryaprakash Rao e/ a/. (1968) showed that, among twelve mango 

varieties, the percentage of total edible portion, stone and peel varied from 57.6 

per cent to 79 .8 per cent, 10 per cent to 25 .3 per cent and 9.7 to 20.0 per cent. 

respectively. 

Roy et a/. ( 1972) studied Dashehari, Langra, Chausa and Bombay green 

varieties of mango and reported that Chausa produced maximum edible part 

(67 .6 per cent) followed by Langra and Dashehari, while Bombay green 

produced minimum (55 .7 per cent). The less pulp yield of Bombay green could 

be attributed to its high stone (22 .7 per cent) and peel (21.8 per cent) content. 

Physi co-chemical composition of different varieties of mango was 

observed by Satyavati eta/. (1972) and recorded that the yield of slices varied 

from 52.6 to 66.7 percent. The percentage of slices was highest in Cripe. The 

percentage peel varied from 13.7 (Cripe) to 19.3 (Oiour) and of stone from 

19.6 (Cripe) to 32.1 (Sundri) . 

Palaniswamy e/ a/. ( 1974b ) reported that among 29 mango varieties, 

the weight of pulp, skin and stone ranged from 62.7 g to 429.5 g, 19.8 g to 

111 .6 g. and 22 .2 g to 153.3 g , respectively . 

Shukla and Bajpai ( 1978) recorded variation in some quality parameter 

of Dashehari fruit and reported 9.60 to 10.05 per cent, 75 .58 to 73 .25 per cent 

36 



and 16.70 to 18.06 in peel, pulp and stone percentage after 76 to 100 days after 

fmit set, respectively. 

Kulkarni and Rameshwar (1981) recorded the maximum pulp content 

(8 1.0 per cent) in 'Vanaraj' and the minimum (62.5 per cent) in 'Chinnarasam ' 

varieties of mango. The percentage of peel and stone ranged from 6.8 to 19.3 

and 94 to 2 1.9, respectively. 

Hemandez e/ a/ . (1982) reported that 65 .03 to 73 .23 per cent pulp 

recovery was obtained from fruits of mango cultivars, Irwin , Edwin. Palmer 

and Keitt . 

Different polyembryonic varieties of mango at ripe stage were 

examined by Reddy and Singh (1989) and recorded that the weight of pulp, 

stone and peel varied from 49.10g to 276.34 g, 18.80g to 55 .0 g and 36.04 g to 

90.80 g, respectively. 

Badiyala and Awasthi ( 1990) evaluated some mango cultviars of 

Kangra valley and stated the highest (20.90 g) stone weight in cultivar S.B. 

Ram pur and the lowest (I 0.50 g) in S.B. Chausa. 

2.2. !.8 Pulp to stone ratio 

Garg et a/. ( 1975) reported tl1at the pulp : (peel +stone) rati o of unripe 

fresh Dashehari mango fruits varied from 1. 15 : I to 2. 18 : I at various stages 

of maturity. 

Syamal and Mishra ( 1987) analysed some important mango varietis 

from physico-chemical parameters and recorded the highest pulp to stone ratio 

(7. 15) in variety Langra. 
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Reddy and Singh (1989) studied some polyembryonic varieties of 

mango for physical characteristics and reported that the pulp ; stone ratio of the 

fruit at ripe stage varied from 1.68 (starch) to 6.34 (Kensignton) . 

Patil ( 1990) observed highest pulp to stone ratio (5.90 : ) in variety 

Ratna and lowest (3.62 : I) in Pam mango fruits . 

2.2.1. 9 Size of stone (l.epgtb and Breadtb) 

Sadhu and Bose ( 1976) studied the morphological and physico-chemi ca l 

characters of some mango varieties and reported that the length of stone ranged 

from 5.9 em to 10.2 em. However, the major and minor diameter of stone 

varied from 2.3 em to 4.8 em and from 1.6 em to 3.0 em, respectvely. 

Ghosh el al. (1985) recorded the maximum stone length (8.0 em) in 

Bombay green and miillmum (5 .2 em) in Sardamani Bhog variety of mango. 

The variety Bombay yellow exhibited the highest stone diameter of 4.2 em and 

it was least (3.0 em) in Meghlantan and Piarafully varieties. 

Naik ( 1985) recorded the length of stone of full grown Al phonso and 

Ratna fruits as 7.88 em and 7.8 em, respectively and the width as 3.80 em and 

4. 15 em, respectively 
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Physical characteristics of mango Cvs. Alphonso, ~~Scl'r}'airi and Hyb .Ro-1: nq 

frui ts at harvest and on ripening were studied by Patil (1990). The highesl~1 gth 
~ 

of 11 .40 em and lowest length of 7.29 em was observed in Kesar and Pairi 

varieties. respectively. Breadth of the stone between shoulders was found to be 

maximum in Pam (4 . 12 em) and minimum in Alphonso (3 .92 em) and between 

cheeks maximum in Pairi (2.07 em) and minimum in Ratna ( 1.21 em) fruits, 

n:specti vel y. 



2.2.2 Chemical Composition of Mango fruits 

2.2.2.1 Moisture 

Laxminarayana et a/. ( 1970) reported that mature green fruits of 

Alphonso were characterised by 80 per cent moisture at harvest. 

Ripe fruits of Dashehari, Langra, Chausa and Bombay green varieties of 

mango t:xhibited 75.60, 76.20, 74.90 and 75.90 per cent moisture content , 

respectively (Roy eta/., 1972). According to Satyavati eta/ . ( 1972) moisture 

content of different mango varieties varied from 73 .02 per cent to 85 .90 per 

cent. 

Kalra ( 1982) studied some physical-chemical parameters during storage 

of mango pulp and reported moisture per cent of 76.53 , 78.86 and 78 .19 in 

Dashehari, Langra and Chausa varieties, respectively. 

Tan don and Kalra ( 1983) reported that there was a decrease in moisture 

content from 88.5 to 76.7 per cent in Dashehari variety except for a slight 

increase at initial stages of fruit growth. 

Pati1 (1990) studied the composition of four mango varieties and 

reported that moisture content varied from 82.40 to 86 .50 per cent at harvest 

and 79.40 to 83.24 per cent on ripening. 

2.2.2.2 Total soluble solids 

Soule and Hatton ( 1955) found that the total soluble solids content of 

mature fruits of Irwin, Haden, Sensation, Zill, Keitt and Kent mangoes ranged 

from 7.2 to 10.4 per cent. 
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In Egypt, El-Azzouni and Salama ( 1956) noted the mature fruits of 

mango cultivars Hindi Pairi and Mabrouka contained 9.8 and 8.5 per ct:nt of 

total sol uble solids, respectively. 

Teotia and Awasthi ( 1966) analysed the ripe fruits of some vatieties of 

mango and observed the variation in total soluble solids betwt:en 16.8° 13rix 

and 23 .45° Brix, the maximum being in Chausa and Minimum in Mithwa 

Maida. 

Srinivasan and Shanmugavelu ( 1971) studied the quantitative variation 

111 the proximate composition of different off season mango varieties and 

endorsed that total soluble solids content was maximum in Kalepad and 

Alphonso (23 to 24 per cent) and the minimwn being with Athimathuram and 

Mudappa (II to 12 per cent). 

Awasthi and Pandey (1980) observed that the total soluble solids 

content of ripe mango fruits of different varieties ranged between 15 .81 to 

21.74° 13rix. 

Kalra el a/. ( 1981 ) evaluated some mango cultivars on the basis of 

their biochemical composition and reported that total soluble solids content 

ranged from 12.0 to 25 .5° Brix among 16 cultivars. 

Roy and Biswas ( 1981 ) studied matwity standards of mango Cv. 

Bombay and inferred that the total soluble solids content varied fmm R 00 tll 

17.00'' lhi:\ at 75 to Ill days after fruit set, respectively. 

Prasad ( 1984) recorded maximum TSS of 20.55° Brix in Mulgao. 

Upadhyay and Tripathi ( 1984) studied the performance of some 13aramasi 
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mango varieties and stated the highest TSS (20.40° Brix) in Baramasi Mahso 

while the lowest ( 13 .00° Brix) in Baramasi BalJUa. 

Godoy and Rodrignez ( 1989) analysed 5 cultivars from Brazil and 

reported that TSS from ranged 14.5 to 24.5° Brix. 

Patil ( 1990) noticed that soluble solids ranged from 8.2 to I 0.3° Brix at 

harvest and 18.0 to 22.5° Brix on ripening in four different varieties of mango. 

2.2.2.3 Titratable acidity 

Teotia el a/. (1968) worked on maturity standard for Cv. Langra and 

opined that acidity per cent varied from 1.99 to 0.90 in wuipe fruits and 0.24 to 

0.41 per cent in ripe fruits at various stages of picking. 

Kapur ( 1974) recorded 0.32, 0.46 and 0. 15 per cent acidity 111 

Dashehari , Safeda and Samar Bahisht varieties of mango at full ripe stage. 

Pandey e l a/. ( 1974) reported that Dashehari fruits recorded 0.63 per 

cent titratable acidity (as malic acid) at the stage of maturity. 

Rangwa la ( 1975) stated that Alphonso fruits at 'A' and 'C ' stages of 

maturity were characterised by 3.961 and 3.261 per cent acidity, respecti ve ly at 

harvest. 

Patil ( 1990) observed 3.52, 1.33, 3.60 and 1.40 per cent titratable ac idity 

in Alphonso, Ratna, Pairi and Kesar varieties of mango at harvest while 0.40, 

0.17, 0.5 1 and 0.26 per cent in ripe fruits of these varieties, respecti vely. 
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2.2.2.4 Sugars 

According to Krishnamurthy et a/ . (1960) the mature green fruits of 

Badami , Raspuri and Neelum exhibited 3.09, 2.33 and 5.90 per cent total 

sugars, n:spectively. 

T~otia and Awasthi ( 1966) reported that the percentage of total sugar 

was quite high in all the mango varieties studied and ranged from 11 .2 to 19.8 

per cent. The reducing sugars ranged from 2.5 to 9.5 per cnet. 

De and Debnath ( 1966) reported an increase from 0.48 to 2.60 per cent 

in sugars (all nearly reducing sugars) in Kachmitha variety of mango during 

maturation . 

Krishnamurthy and Subrarnanyam (1970) reported that the Pairi fruits at 

optimum state of maturity exhibited I. 7, 0.2 and I. 9 per cent red ucing sugars, 

sucrose ll"d total sugar, respectively. 

l'ande e/ a/. (1973) recorded 0.002 to 3.58 per cent reducing sugar and 

0.005 to 22.82 per cent total sugar from pea stage to ripe stage, respectively of 

Dashehari mango. 

Palaniswamy e/ a/. ( 1974 b) observed the range of reducing the total 

sugars contents of different mango varieties between 2.25 to 6.40 per cent and 

7.09 to 17.20 per cent, respectively. 

Hal dry el a/. ( 1976) noticed 3.0 per cent reducing and 14 .8 per cent total 

sugars in fresh fruit slices of mango. 

Dabhade and Khedkar ( 1980 a,b) observed the higher percentage of 

reducing sugars in pairi followed by Totatpuri, Seedling I and Seedling II at 
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harvest matuirty. Total sugar increased upto 41

h, 51h, 7th and 8'h week after fruit 

set in Pairi , Seedling I and Seedling II. 

Kalra el a/. ( 1982) reported per cent reducing su,gars varied from 1.85 

to 6. 90 among 20 different mango varieties. 

Prasad ( 1984) studied biochemical aspects of mango and found highest 

percentage of reducing sugars in varieties Alphonso (10. 10 %) foll owed by 

Alampur (9.51 %) and least in Bhandauran (4.81 %). 

Joshi and Roy (1985a) recorded 3.4 per cent and 14.5 per cent of 

reducing and total sugars, respectively inA1phonso mango fruits with 1.02 to 

1.04 specific gravity group. 

Syamal and Mishra ( 1987) analysed ten important mango varieties of 

Bihar and repmted highest reducing sugars in variety Langra (5 .82 %) and 

lowest in Sukul (3 .26 %). 

Ahmed el a/. ( 1989) studied the performance of some mango varieties 

and reported highest percentage of total sugars in Cv. Kalia (20.30 %). 

Changes in chemical composition of Alphonso, Ratna, Pairi and Kcsar 

varieties of mango were studied by Patil ( 1990). He reported maximum 

reducing sugars (3.35 %) in Kesar and minimum in Pairi ( 1.34 %). While 

highest total sugars (4.98 %) in Ratna and lowest (3 .95 %) in Pairi varieties at 

harvest were recorded. 

2.2.2.5 pll 

The green mature fruits of Badami, Raspwi and Neelurn were 

characterised by pH value of 2.68, 2.64 and 3.06, respectively (Krishnamurthy 

el a!., 1960) while those of Dashehari by 4.0 pH (Agnihotri e/ a/., 1963 ). 



Krishnamurthy and Subrrnanyam (1970) reported that Pairi fTuits at 

optimum stage (II stage) of maturity recorded 1.9 pH. 

Awasthi and Pande ( 1979) reported that fruits ofGillas, Luckow Safeda, 

Sukul and Yakuti mangoes, expressed the pH value 4.6, 4.4, 4.2 and 4.3, 

respt:ctively . 

Joshi ( 1983) observed that pH of mature Alphonso fruits was 2.85 while 

Gole (I 986) reported that all full grown stage, seedling mango recorded 

maximum pH (2.6) followed by Alphonso (25) and Pairi (2.4). 

Godoy and Rodrignez (1989) reported that pH values varied from 3.9 to 

4.2 between extreme and Haden mango cultivars. 

2.2.2.6 Ascorbic acid 

Teotia eta/. (1968) observed the highest ascorbic acid content (110.0 

nmg/JOOg) in Langra Banaras and the lowest (8.9 mg/100 g) in Kaithki Bihar 

and Mahmudal Samar varieties of mango. 

Roy et a/. ( 1972) reported that Dashehari, Langra, Chausa and Bombay 

green mango varieties exhibited 15.0, 95.0, 8.0 and 2.0 mgllOOg ascorbic acid, 

respectively at ripening. 

Samad et a/. (1975) compared data for biochemical analysis and 

reported range of 12.91 to 28.08 mg/100 g ascorbic acid in Dashehari and 

Koapahari cultivars of mango. 

Thomas ( 1975) reported 88.0 mgl 100 g vitamin C content in hard green, 

unnpe · Alphonso fruits. 
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Morga el a/. ( 1979) worked on Physico-chemical characteristic of 

Carbao mangoes and reported 35.11 mgl100g ascorbic acid in ripe fruits . 

Mukherjee and Tiwari (1979) studied ascorbic acid concentTation in 

mango at marble, stone and post harvest stage in cultivar Langra· Ascorbic 

acid vari ed from 121 to 186 mg/1 00 g while in Dashehari 68 to 161 mg/1 00 

g at stone stage. 

Thomas and Oke ( 1980) reported that pulp of mature unripe fruits of 

Al phonso, Dashehari, Langra and Pairi cultivars exhibited Vit. C content as 89 

to 103 , 30.00, 114 to 143 and 41.00 mg/100 g, respectively. 

Patil ( 1990) reported highest ascorbic acid content of 81.50 mg/1 OOg 

and 6 1 . 15 mg/1 00 g in Alphonso mango at harvest and on ripening. 

2.2.2.7 Carotenoid pigments 

Chaudhary ( 1950) studied on carotenoid pigments of different mango 

varie ti es during ripening and reported 13.00 llg/1 00 g carotenoids in va ri ety 

Banarasi Langra. 

Jacob e l a /. ( 1970) observed carotenoids at 3 stages of ripening of 

mango, phytofulence (39.25 %) constituted the majority in partially ripe 

mango, P-carotene constituted the majority in unripe (37.47 %) and fully ripe 

mango (50.64 %). 

Roy ( 1973) showed a simple and rapid method for estimation of total 

carotenoid pigments in mango and recorded 6885,4187, 32 16, 8352 and 2439 

>tg/ IOOg in Dashehari, Lang,ra, Chausa, Bombay green and Safeda varieties of 

mango, respectively. 
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Mann eta/. (1974) recorded a large and rapid increase in carotenoid 

content of Dashehari (to over 4000 }lg/IOOg) and Langra (3000 }lg/lOOg) in 

last week of picking and reported it as a good index of maturity . 

Naik ( 1985) reported that the full grown mature Alphonso and Ratna 

mango fruits contined 280 and 460 }lg/IOOg 13-carotenoid, respectively . 

Majwndar and Sharma (19M) expressed 13-carotenoids in Mallika, 

Amrapali, Neelwn and Dashehari as 10392, 16830, 5275 and 7452 }lg/ lOOg, 

respectively . 

Venn a et a/. ( 1986) studied development of carotenoids during ripening 

of Dashehari mangoes and recorded 1.60 to 7.90 mgt IOOg pulp at different 

sampling dates . 

Godoy and Rodrignez ( 1989) worked on carotenoid composition of 

commerc ial mangoes from Brazil and reported hjghest 13-carotene and total 

carotene (2545 and 3043 }lg/IOOg, respectively) in Extreme cultivar. 

l'atil ( 1990) expressed highest 13-carotenQ. in Alphonso ( 11222 

~tg/ IOOg) and lowest in Ratna (10003 }lg/IOOg) on ripening while highest 13-

carotene of 462 }lg/IOOg and lowest 295 }lg/IOOg in Pairi varieties was 

recorded at harvest. 

2.2.3 Preparation, Processing and Evaluation of mango products 

2.2.3.1 Mango squash 

Satyavathi e/ a/. ( 1972) examined the suitability of different varieties of 

mango of Kerala for processing squash prepared by the conventional method 

m.mH-:~1nm~ 25 p<'T ,·enrjui,....-, 45° Brix. 0.8 per .:c:nr ;,,· idir~ :tlhf _;5tl pp111 Sl 1_. 
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Among difTerent varieties, Olour ranked best followed by Neelum and Priyor 

for the preparation of squash. 

Palaniswamy et a/. ( 1974a) prepared the mango sq uash from differe nt 

varieties as per the procedure recommended by Giridhari Lal et a/. ( 1960) and 

reported maximum score in Alphonso (72.9) and Olour (72.8) and was 

classified as very good. The varieties K 0.8, Khudadad, Neelum, Peter, Rasam 

and Surru1gadi were classified as 'Good', Eruwadi, Rumani and Bangalora 

scored less than 60 and were found not suitable. 

1\.alra and Tandon ( 1986) opined that 25 per cent mango pulp would be 

insufficient for mango squash to provide good mango beverage wi th desired 

consistency, flavour and appearance. 

2.2.3.2 Canned Mango Slices 

Siddappa and Bhatia ( 1955) studied the effect of retention of peel on the 

quali ty of canned mru1go slices with 40° Brix syrup and concluded Uadami, 

Nee lurn and Mulgoa are good varieties for canning. 

Bose and Das ( 1958) studied the varietal suitability of fruits for 

preservation by canning and reported Himsagar as best variety . Langra was 

also found to be satisfactory but stored for only 5 months and Fazli was found 

to be unsati sfactory. 

Teoti a and Awasthi ( 1966) worked on varietal suitability of mango for 

cruming with 40° Brix syrup strength and observed Dashehari to be the best 

runong all the mango varieties tried for canning in respect of flavour, colour 

ru1d tex ture. 
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Nanjundaswamy eta/. ( 1966 a) canned 5 mango varieties with covering 

syrup of 40° Brix containing 0.25 per cent citric acid and found Badami the 

best followed by Varagambadi Gundu while Valaja was not suitable because of 

browni sh di scolouration of slices. 

Suryaprakash Rao et a/. ( 1968) evaluated mango varieties of Andhra 

Pradesh for processing as slices with 35° Brix syrup and 0.3 per cent citric acid 

and indicated that of the five commercial table varieties, Baneshan and Khader 

were satisfactory . 

Satyavathiel a/. ( 1972) studied the suitability of different varietit:s of 

mango with 40° Brix syrup and 0.25 per cent citric acid. They reported that 

Priyor and Neelwn varieties were the best, followed by Sundri and Cripe . 

Muvandon and 01our varieties with high fibre content were found to be unfit 

for canning. Pa1aniwasy e/ a/. ( 1973a) have also worked with similar covering 

syrup strength and acidity per cent for different varieties of Tamil Nadu for 

cannmg. 

Adsu1c and Roy ( 1975) reported that the commercia l Cv. Dashchari 

scored highest organoleptic score as a processing cultivar followed in order by 

the North Indian Cv. Langra. 

Saha eta/. ( 1976) processed Cv. Dashehari as crumed slices in 35° Brix 

syrup and 0.25 per cent citric acid. 

Awasthi and Pandey( 1980) indicated variety Safeda Malihabad as the 

best variety for canning followed by Anopan. Krishnamurthy et a/. ( 1984) 

suggested of 9 table, 4 juicy and 5 hybrid cultivars of mango, Baneshan, 

Survarnarekha and 5/5 Rajapur x Langra were the most suitable for canning as 

slices. 
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Khurdiya and Roy ( 1986) investigated on canning of mango slices in 

cove1·ing syrup containing mango pulp. It was observed that addition of 15 per 

cent pulp with 0.3 per cent citric acid scored the highest (6.5) and 40° Brix 

plain syrup with 0.3 per cent citric acid the lowest (5.0) score . 

Dan el a/. ( 1988) studied suitability of some mango hybrids for 

processing as canned sikes and followed syrup strength of 40° Brix with 0.3 

per cent citric acid and reported Banganapalli x Alphonso hybrid as promising. 

Khurdiya and Roy ( 1988) observed the processing quality of mango 

hybrids developed at IARl and it was found that Mallika was the best followed 

by Amrapali and Dashehari for canning, based on colour, flavour and texture. 

2.2.4 Changes in Chemical Composition of Mango product during storage 

Patil (1990) recorded increased TSS content of 45.00 to 49.0° Brix, 

reducing sugars from 0.51 to 33.72 per cent; total sugars 40.04 to 44 .96 per 

cent ; titratable acidity 0.80 to 0.90 per cent ; pH 3.15 to 3.80 and decreased 

ascorbic acid content from 15.26 to 7.22 mg /IOOg pulp during 9 months of 

storage. 

2.2.4.1 Canned Mango Slices 

Teotia and Awasthi (1966) reported 16.80 to 23.48° Brix, 2.5 to 9.5 per 

cent reducing sugar, 11.2 to 19.3 per cent total sugars, 0.215 to 1.02 per cent 

acidity and 15.2 to 72.1 sugar acid ratio at initial stages of canning wh!le at 6 

months of storage it ranged from 20.52 to 28.52° Brix, 5.89 to 18.46 per cent 

reducing sugars, 17.61 to 25 .10 per cent total sugars, 0.176 to 0.711 per cent 

acidity and 3.0 to 5.2 mg I IOOg ascorbic acid. It was also reported that 

vacuum of the cans varied from 10.5 to 12.0 inches while per cent drained 

weight of slices ranged from 47.5 to 58.5 . 
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Suryaprakash Rao el a/. ( 1968) evaluated mango varieties of Andhra 

Pradesh for processing as slices and found that TSS varied from 15 to 37. 5° 

Brix, pH ranged from 2.95 to 3.6. Titratable acidity of slices was observed to 

be 0.32 to 0.81 per cent. Ascorbic acid in slices varied from 6.0 to 33 .6 

mg/ 1 OOg and in syrup 3.1 to 29.8 mg/IOOg after nine months of storage. The 

vacuum and drained weight was observed to be 11 to 15 inches and 57. 0 to 

82.6 per cent, respectively . 

Mehta eta/. (1971) reported vacuum in Gaurjeet mangoes varied from 

12 to 10 lb/sq inch, head space 0.8 to 0.9 em, pH 3.8 to 3.7, TSS 16.0 to 17. 0° 

Brix, acidity 0.2 to 0.3 per cent, reducing sugars 5.1 to 5.8 per cent ascorbic 

acid 12.5 to 10.0 mg!IOOg after 6 months of storage. 

Satyavati e l a/. ( 1972) studied different varieties of mango for 

processing and observed that TSS varied from 17 to 2fl Brix, acidity 0.26 to 

0.64 per cent among different varieties when canned as slices. It was found that 

Priyor and Ncelum varieties to be the best for canning followed by Sundri and 

Cripe. Priyor and Neelum varieties has a low fibre content (0 .35 per cent and 

0.48 per cent, respectively) and the canned slices were finn in texture. The 

Muvandaon, Sundri and Olour varieties with high fibre content (0.96 per cent, 

0 .56 per cent and 0.7 per cent, respectively) were found to be unfit for canning. 

Among different varieties vacuum varied from II to 12 inches, head space was 

observed to be 4116 inches to 5/ 16 inches and drained weight 68 .5 to 74 .5 per 

cent. 

Palaniswamy eta/ ( 1973a) recorded 9 to 20 lb/sq., 54.7 to 70.7 per cent 

vacuum and drained weight of slices, respectively. During storage TSS was 

maintained while acidity of the canned slices showed increase (0 .32 to 0.512 

per cent). Similarly, the reducing sugars content also showed increase and the 

maximum being with Kalepad (15.65 per cent). Total sugar content was 
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noticed high in Neelum (25.0 per cent). Total sugar I acid ratio was found to be 

highest (52 .6 : I) in variety Rwnani . ln respect of ascorbic acid, maximum 

(6.96 mg/ IOOg) was observed in Rasam followed by Khudaded, Mulgoa, 

Kalepad and Jehangir. But the ascorbic acid content was much reduced in all 

the varieties canned. 

Cut-out data of canned mango varieties after six months of storage on 

vacuum, drained weight per cent, TSS, reducing and total sugars, acidity per 

cent and ascorbic acid and found to be 12 to 13 inches, 56.5 to 57.9 per cent, 

25 .8 to 27.3° Brix, 11.6 to 17.1 per cent, 19.8 to 23.5 per cent, 0.234 to 0.462 

per cent and 4.0 to 42.4 mg/1 00 g, respectively (Awasthi and Pande, 1980). 

Khurdi:yaand Roy (1986) analysed canned Dashehari mango at 9 

months of storage and reported that the vacuum varied from 8 to 9 inches, head 

space 8 - II mm, drained weight 47.1 to 55.8 per cent, TSS (0 Brix) of slices 

19.3 to 29.4 and syrup 19.3 to 33.4° Brix. Per cent acidity and pl-1 of slict:s and 

syrup varied from 0.21 , 3.95 and 0.20, 3.95, respectively. 

p..m'cltDan el a/. (1988) evaluated three mango varieties and reported highest 

drained weight (533 g) in Alphonso, acidity varied from 6.88 to 6.69 per cent. 

Lowest carotenoids (625 ~g/ IOOg) were recorded in Alphonso variety. 

Khurdiyaand Roy (1988) studied canning quality of Amrapali , Mallika 

and Dashehari, varieties of mango. It was observed that TSS, acidity and pH of 

slices varied from 30 to 35 per cent, 0.24 to 0.31 per cent and 3.4 to 3.5, 

respectively . While TSS, acidity and pH of syrup varied from 27 to 34 per 

cent, 0.2 1 to 0.29 per cent and 3.4 to 3.6, respectively . As regards to 

carotenoids of slices, maximum was recorded in Amrapali (4705 Jlg/ IOOg) 

and minimun1 in Mallika varieties (2431 ~g/IOOg). 
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2.2.4.2 Treatment offruits with chemicals to improve processing qualities 

Kariappa et a/. ( 1966) noted that, in case of Coorg Santra cranges, 

turbidity of syrup and breakage of segments can be prevented by 60° B syrup 

containi11g 0.05 per cent calcium chloride. The segments were finn even after 

four months storage at room temperature. 

Freeze dried finn, fully ripe, strawberries and saturated with a sugar 

solution containing 70-80 % by weight and then coated with a gel or arabic 

gum. The product had a good aroma and a natural colour and does not shrink 

during processing (Jung and Oswato, 1970). 

Labelle ( J 971) reported that preheating of freshly pitted cherries at 

140°F for 5-20 min promoted firming, sufficiently to pennit pasteurisation of 

fruit in bulk without excessive tearing. Addition of calcium up to 0.04 % of 

final product led to SO per cent greater fumness . 

A four per cent calciumchloride dip treatment reduced softening a11d 

development of senescent breakdown 'Mclntoch' apple but did not 

significantly modify quality of 'Cortland' or 'Bald win ' apples (Betts and 

Bramlage, 1977). 

Souty eta/. (1981) noted that canning apricot, Cv. Rcuge du Ronsillon, 

can lead to textural problems because of pectic degradation. Processing apricot 

haJves with CaC12 improves canned product texture. 

Tioga strawberries were canned in a heavy syrup and processed at 

I 00°C for I 5 minutes. Effect of adding 0.25 % CMC and 0.1 % CaCI2 to the 

syrup or coating fruit in 0.25 % CMC before syrup addition were studied. 

Sensory and physico-chemical results indicate that addition of CMC/CaCI2 to 

the syrup gave the best quality fruit (Mohamed eta/, 1988). 
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David ei a/ ( 1989) reported that infiltration of apricot patterson cultivar 

fruits. which are susceptible to rapid softening, with calcium chloride before 

processing resulted in definite firming of the canned apricot. 

Di!Terential responses to CaCh levels and storage duration by various 

textural measurements indicated that supplemental Ca not only increased 

firmness retention during storage, but also induced different pattems of textural 

change. Calcium chlride at 4 per cent has a greater firming effect, but caused 

severe surface damage (Abott el a/., 1989). 



III. MATERIAL AND METHODS 

3.1 ORANGE 

The present investigations were undertaken in collaboration with the 

Regional Fruit Research Station, Katol, which is a premere research station for 

citrus fruits under Dr. Panjabrao Deshmukh Krishi Yidyapeeth Akola, 

Maharashtra. Nagpur Mandarin oranges (Citn1s reticula/a Blanco) of optimum 

maturity were harvested from the citrus orchard of the R.F. R.S. Katol. The 

research covered three years data on oranges involving six crop seasons during the 

year 1994-95, 1995-96 and 1996-97. 

3.1.1 ExJlerimental materials 

Freshly harvested oranges were packed in 2 types of improved corrugated 

Fibre Board boxes, traditional wooden boxes and packed loosely in mini lorry 

(only with paddy straw as cushining material) in order to assess the suitability of 

the corrugated paper boxes as compared to the traditional wooden boxes for long 

distance transport . Two mini truck loads were thus transported to Bangalore to a 

distance of 1055 kms. After arrival at Bangalore, the boxes as well as the loosely 

packed oranges were examined for their condition and keepi ng qualities in storage 

at room tempcrature over a period of 43 days. Various types of boxes (packages) 

used are described below : 

3.1.1.1 Traditional wooden box (WB) 

Traditional wooden boxes used in this studies were made of inferior tirnbcr 

like that of mango, deal wood etc. The size of the traditional wooden box was 

LIS" X 813" X Hl3". 

3. I. 1.2 One piece corrugated fibre board cartons (CFB-1) 

Design of the cartons used was as follows : 

One piece corrugated (5 ply) fibre board cartons of the following 

dimensions. 



External Length 

Width 

Height 

470mm 

280mm 

280mm 

55 

A longitudinal groove on both broad sides for easy lifting of the carton of 

size, length 7.5 em x width 1.25 em, ventilation holes of 1.25 ems diameter on 

each side - lengthwise 4 in number. Holes are located equidistant from each 

other. 

Grammage 5 ply 175 x 175 x 200 x 175 x 175. 

Total layers of fruits in the carton 

Number of fruits (Mandarin) per carton 

Quantity net to be packed 

4 

80 to 120 

14 ± 1 kgs/carton 

3.1.1.3 Two JJiece telescopic corrugated fibre board carton (CFB-2) 

Two piece telescopic corrugated fibre board carton with two trays each with 

the capacity to hold 30 fruits. 

Quantity net to be packed 7 kgs 

Dimensions 

Carton 

Internal Top Botton 

Length 505mm 495 mm 

Width 310mm 300mm 

Height 143mm 140mm 

Flaps - Long sides : Length 495mm 

Width 149mm 

Broad sides Length 149mm 

' Width 300mm 



rruit size used for packing 60-70 mm dia. 

Total number of fruits peT package= 60 

In each layer tray 6 x 5 = 30 

I land holes on both sides 70 mm long x 20 mm wide 

No. of oranges in a carton = 60 

o. inserts used in the box 

3.1.2 Experimental methods 

3.1.2.1 Post harvest treatments (Common to aU boxes) 
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After harvest, the fruit were collected on bamboo mats in layers. They 

were spread on levelled floor matted and cushioned with paddy straw to allow 

them to rest and cure for 24 hours to subside their metabolic activity. While 

packing the sound oranges were selected based on their uniformity in normal 

shape. size varying from 55 mm to 80 mm (equatorial diameter), smooth skinned 

and free from damage or bruises. Fruit selected were also free from blotchyness, 

white fl y and insect attack . Selected fruits were having sugar acid ratio of not less 

than I. 9. Most of the fruits selected were having TSS not less than 8° Drix . 

Depending upon the size of the orange, they were packed in quantities of 

60, 80, I 00 and 120 fruits in a carton/or box as the case may be. 

Washing and drying : Prior to packing in the various boxes, the fruits were 

washed in chlorinated cold water, followed by rinsing in plain water. Drying was 

done with the help of a fan . 

3.1.2.2 Chemical treatment (Common to aU fruits which are packed in boxes) 

I. After washing the fruits were dipped for 20 minutes in 0.1 per cent (1000 

ppm) solution of Thiabendazole (TBZ) a fungicide. TBZ is formulated 

for agricultural use as a wettable powder containing 90 per cent active 

ingredient 'Tecto 90' [manufactured by Merck, Sharp and Dhome (Aust.) 

Pvt . Ltd.]. The concentration ofTBZ for treating citrus fruit was 0.1 per 



cent ( I 000 ppm). lt was prepared by mixing the required quantity of TBZ 

powder (Tecto, 90 ® ) with water while treating the fruit s with the help of a 

bamboo basket dipping in the tank, it was ensured that the concentration of 

tec to was not allowed to fall below a minimum level of 0.08 per cent 

(800 ppm). 

Preparation of the suspension : The correct procedure for mixing TBZ powder 

with water was followed to ensure thorough wetting and dispersion of the 

material. The powder was well stirred with a small quantity of water to fonn a 

smootl1 paste, before adding further water and transferring the mi xture to a 

tank. 

2. One lot each of oranges were waxed diping in 6 % HI-SHI NE wax 

emul sion. 

3.1.2.3 Sorting 

Once again the oranges were sorted for discarding damaged and 

defecti ve oranges. Bruised, sunburned, insect damaged, rotted and oranges 

havi ng sli ghtest indication of sooty mould and blotch etc. were discarded, thus 

ensuring that tl1ere is no initial presence of any pathogens. Sizing and grading 

was done as per the recommendations of the market planning and design 

centre of the Directorate of Marketing and Inspection, Ministry of Agriculture, 

Department of Rural Development, Government oflndia, Nagpur. 

3.1.2.4 Packing 

Paddy straw was used as a cushioning material inside all types of boxes 

used in thi s study. At the bottom of tl1e box a layer of straw was laid as a bed to 

absorb the shock. Oranges were arranged over this in rows. A tl1in layer of 

stra'~ " as aga in lai\1 over the oranges. Four to six layer of oranges were 

accommodated in this fashion. Before closing the box, adequate cushioning of 
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straw was given. Wooden boxes were nailed, or closed with the help of 

adhensive tapes finnly to hold the box intact during handling and transportation . 

Treatments 

Control 

Packing in traditional Wooden Box (WB) as described earlier 

Packing in one piece corrugated fibre board cartons (boxes) -

(CFB-1) (No. of boxes used= 10) 

Packing in two piece telescopic corrugated fibre board cartons 

(boxes)- (CFB-2) (No. of boxes used = 10) 

Grading in three size 

i) Large -diameter 70 mm to 80 mm Grade I 

ii) Medium - diameter 65 mm to 70 mm = Grade II 

iii) Small- diameter 55 mm to 65 mm Grade 111 

Control consisted of freshly harvested fruit s without any 

treatments but cured for 24 hours and packed loosely over a 

layer of paddy straw in a mini lorry and transported over a 

distance of I 055 kms. After arrival , they were transferred to 

crates for storage studies at room temperature (25°C to 30°C 

and R.H. 45-55%) 



3.1.3 Observ:1tions 

The following physical parameters and chemical constituents o r ontnf!.~S 

used for the transportation and storage stud ies wen: recorded . 

3.1.3.1 Physical parameters 

T.:n fruits were selected randomly from each box of oranpp, and th..: 

observattons "ne n:corded on the followinf!. physical charactensti ..:s 

3.1.3.1.1 Wl•ight of tht' fnlit 

lndtvtdual fruit was wt:i):!.htcd on a sensiti ve electronic halanc..: and the 

average w<.: tf!.hl or len fruits wen: calcu la!t:d and cxpr.:sscd in grant s 

3.1.3 .1.2 Siz<" and shape of thl' fruit 

rlh.' :-. 1/ l' \\aS llh.·asuJcd 111 ..:~...·n tlllll"tl"l ~ a ~.:ru:-i s tht...• dl.lllh..'!l.'l 1,, I \\ ,• 

readiJtgs taken at ng.ht angles to each other and the height or the <>rang...: hont 

base to apex recorded. The shape index was determined by dividin g. the polar 

diameter by the transverse diameter. 

3.1.3.1.3 External colour 

Royal Horticultural Socie ty, London ' s Horticultural Colour chart was 

used to record the colour of the fruit as a standard reference for compan son 

(visual observation) . 

3.1.3.1.4 Firmness offruit 

The ftmmess of the fnnt was measured 111 t..:nns of pr essure rcqu11ed Ill 

rupture the frull and expressed 111 kg/em' using a hand pcncuo rnctcr (tlf!a\\:t­

Seikai Co ., Japan) . 
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3.1.3.1.5 Weight of peel and segments 

Oranges were peeled and weight of peel and segments recorded 

separately after taking the weight using an electronic balance. 

3.1.3.1.6 Pulp to peel ratio 

The pulp to peel ratio was calculated by dividing the weight of segments 

by weight of peel. 

3.1.3.2 Chemical composition of fruits 

The chemical constituents were determined by blending the 

representative samples in a mixer grinder to get unifonn juice, which was used 

for analysis. 

3.1.3.2.1 Total soluble solids 

Total soluble solids were recorded using a Enna hand refractometer (0-

320 Bri x) range. The T.S .S was expressed as 0Brix after making necessary 

temperature corrections. 

3.1.3.2.2 Acidity 

Titrable acidity was analysed by titrating a known aliquot of sample 

against standard 0.1 N NaOH using phenolpbthi!I\IZ.i,as indicator and was 

expressed as per cent citric acid (Ranganna, 1997). 

3.1.3.2.3 Sugaus 

Reducing and total sugars were estimated by using Lane and Eynon 

( 1923) method with modifications as suggested by Ranganna ( 1979). 

Total sugar were estimated after acid hydrolysis of 50 ml aliquot of the 

deleaded sample with 5 ml of concentrated hydrochloric acid at room 

temperature for 24 hours. 



Gl 
Non reducing sugars were obtained by deducting the value for reducing 

sugar from total sugar. All types of sugars were expressed in per cent. 

3.1.3.2.4 Sugar : Acid ratio 

The values obtained for total sugars were divided by the corresponding 

values of acidity and expressed as sugar : acid ratio. 

3. t .3.3 Observations during storage 

3. t .3.3. t Physiological loss in weight 

Ten fruits were marked in each lot and their initial weights were 

recorded . Subsequently marked fruits were weighed on every 10 days and the 

loss in weight was noted from their initial weight and percent loss was 

computed and presented as cwnulative physiological loss in weight. 

3.1.3.3.2 Disease incidence and rotting 

The stored fruits were examined everyday for incidence of disease and 

rotting of fruits whenever infected fruits were observed. They were cowlled 

and discarded. The rotting was expressed in per cent taking in to account, the 

nwnber of fruits stored and nwnber of fruits disposed off dwing storage . 

3.1.3.3.3 Temperature ofstorage room 

Maximum and minimwn temperature of the room where the fruits were 

stored were recorded daily with a maximum I minimum thermometer during 

the study, and expressed in celsius and presented in Appendix I. 

3. 1.3.3.4 Relative humidity 

Dry bulb and wet bulb temperatures of the storage room were recorded 

dai ly using dry and wet bulb thermometer and used for computation of relative 

hwnidity with tl1e help of hygrometric tables and expressed in per cent. 
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3.1.3.4 Sensory Evaluation 

The fruits were subjected to sensory evaluation by a panel of 10 judges 

The evaluation was carried out on a 100 point scale prepared on the basis of 

principles of sensory evaluation (Amerine et a/., 1%5), which had marks for 

peel colour (15), pulp colour (15), texture of fruit I pulp (20), flavour (20) and 

taste (30). The score card used for sensory evaluation is furnished below. 

Sensory evaluation score card 

Name of the product 

Date of judging 
~. · 

Sample 
code Peel colour 

( 15) 
I 

2 

3 

4 

5 

6 

7 

8 

Orange 

Time 

Score 
Pulp colour Texture Flavour Taste Total 

(15) (20)" (20) (30) ( 100) 

Note : Please give marks for samples as given below 
,.--,-:c - ---·--

If they are Peel colour Pulp colour Texture Flavour Taste 
(15) -(15) (20)' (20) (30) 

Very good 13-15 13-15 16-20 16-20 25-30 

Good 9-12 9-12 11-15 11-15 17-24 

Average 5-8 5-8 7-10 7-10 9- 196 

Bad/poor 0-4 0-4 0-6 0-6 0-8 

Name and Designation of the evaluation 

Signature 
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Flow chart of post-harvest handling of oranges 

Harvest optimum ripe fruits and collect in crates 

1 
Empty the crates on levelled floor matted and cushioned with paddy straw 

Allow <h= <o "" Md '"" fo' 24t••~ <o <Ob•id< ""'' mctaboli' "b~<y 
Select for uniformity in colour and size, size varying from 55 nun to 80 rnm 

(equatorial diameter), smooth skimmed and free from damage. Fruits 
selected should have TSS ofrj. 8° Brix 

l 
Wash in chlorinated water followed by rinsing in cold water 

l 
Dip for 2 minutes in 0.1 per cent TBZ solution and dry 

l 
Wax by dipping in 6 per cent HI-SHINE wax emul sion 

1 
Once again sort for unwanted fruits 

Sire.,..., fo' pa,kin.l(Uug<, M«<i= Md Small) 

1 
Pack in the boxes using paddy straw as a cushioning material. Arrange oranges 

in rows and again a layer of straw. Upto six layers of oranges could be 
accommodated depending upon size of the box 

l 
Scure the box tightly/fi rmly for transport 

l 
Storage at room temperature after transport 
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The present investigation on varietal evaluation of mango (Mangifera 

indica L.) Cvs. Bombay Green and Hybrids Mallika and Ratna for canning the 

slices in sugar syrup were carried out at the Analytical and quality control 

laboratory, Centre for processed foods and the processing laboratory of the 

Division of Horticulture, University of Agricultural Sciences, Gandhi Krishi 

Vignan Kendra, Bangalore, during the two consecutive years 1995-96 and 1996-

97. The details of the experimental materials used and the methods adopted for 

the investigation are presented in this chapter. 

3.2.1 Experimental Materials 

Mango fruits of variety Bomby Green and hybrids Mallika and Ratna were 

obtained from UAS orchards and ripened in paddy straw. The foll owing physico­

chemical constituents of mature and ripe mango fruits of the above three varieties 

were st udied during the course of present investigation . 

3.2.1.1 Physical parameters 

For this study, 10 fruits of each variety were selected randomly and the 

observations were recorded on the following physical characteristics. 

3.2.1.1.1 Weight offruit 

Individual fruit was weighed on sensitive electronic balance and average 

weight often fruits was recorded in grams. 

3.2.1.1.2 Volume offruit 

The volume of fruit was determined by water displacement method and 

recorded in millilitres. 

3.2.1.1.3 Specific gravity 

Specific gravity is a single non-destructive test that can be employed for 

judging fruit maturity and was determined by dividing the value of fresh weight of 

fruit by that of volume of the fruit. 



3.2.1.1.4 Length of fruit 

The length of the fruit from stalk end to the apex of fruit was 

detennined with the help of vernier callipers in centimeter. 

3.2.1.1.5 Breadth and Width of fruit 

The maximum linear distance between two shoulders of the fruit was 

considered as the breadth of fruit while the linear distance between the cheeks 

considered as width of fruit and was detennined with the help of vernier 

callipers in centimeter. 

3.2.1.1.6 Colour of the peel 

The peel colour of representative mango fruit was compared with 

Horticultural colour cha11 issued by British Colour Council , London and 

respective colour values were recorded . 

3.2.1.1.7 Colour of the pulp 

A homogenate of the representative fruit pulp sample was compared 

with Horticultural Colour Chart issued by British Colour Council, London and 

respective colour values were recorded. 

3.2.1.1.8 Weight of peel 

The pulp free peel of the fruit was weighed separately on sensitive 

electronic balance and average weight of ten fruits was recorded in grams. 

3.2.1.1.9 Weight ofstone 

The pulp free stone was weighed separately on sensitive electronic 

balance <md average weight of ten fruits was recorded in grams. 
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3.2. 1.1.1 0 Weight of pulp 

The pulp was weighed on sensitive electronic balance and average 

weight of ten fruits was recorded in grams. 

3.2. 1.1.11 Pulp : Stone ratio 

The pulp to stone ratio was calculated by dividing the weight of pulp by 

weight of stone, . 

3.2.1.1.12 Length ofstone 

The length of stone from stalk base to the apex was detennined with the 

help of vernier callipers in centimeter. 

3.2.1.1.13 Breadth of stone 

The maximum distance between the shoulders of the stone was taken as 

the breadth and was detennined with ~e help of vernier callipers in centimeter. 

3.2.1.1.14 Width of stone 

The maximum distance between the cheeks of the stone was taken as 

the widtl1 and was determined with the help of vernier callipers in centimeter. 

3.2.1.1.15 Firmness offruit 

The firmness of raw as well as ripe ten representative fruits was 

measured in tenus of pressure required to rupture through the fruit in Kg!cm2 

using hand penetrometer (Ogawa Sakei Japan 0-12 kglcm2 range). 

3.2.1.2 Chemical composition of mango fruit and its products 

The followng chemical constituents were determined from ilie mango 

fruit and its products. 
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3.2.1.2.1 Moisture 

The percentage of moisture was estimated by oven drying a known 

weight of sample at 5S-60°C to a constant weight (A.O.A.C., 1975). 

3.2.1.2.2 Total soluble solids (TSS) 

Total soluble solids were recorded by using an 'Erma' hand 

refractometer and values were corrected at 20°C using temperature correction 

chart (Rangarutll, I 977). 

3.2.1.2.3 Total Titratable Acidity 

Acidity in per cent citric acid was analysed as described earlier in case 

of citrus fTuits . 

3.2.1.2.4 Sugars 

Reducing, non reducing and total sugars were estimated by using Lane 

and Eynon (1923) method with modification suggested by Ranganna (1979) as 

described for citrus juices in earlier chapter. 

3.2.1.2.5 pU 

The pH of mango fruits and its products was detemlined by using a 

digital pH meter. 

3.2.1.2.6 Ascorbic acid 

Ten grams pulp of the representative fruit was blended with three per 

cent metaphosphoric acid to make final volume of 100 ml and then filtered by 

using filter paper. Ten rnl aliquot was titrated against 2, 6 DicWorophenol 

indophenol dye to a pink colour end point. The ascorbic acid content was 

expressed as mg per 100 gms of pulp. 
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3.2.1.2. 7 Carotenoid pigments as ~-carotene 

The total carotenoid pigments (expressed as 13-carotene) were determined 

with the method described by Roy (1973). The carotenoid pigments were 

extracted from the sample with light petroleum ether and acetone mixture (3 : 2 by 

volume) by grinding with acid washed sand. The extracts were decanted off into 

a I 00 ml volumetric flask . Total carotenoids in the clear extract were detennined 

by using spectrophotometer at 450 nm. The results were expressed in tenns of 

13-carotene as Jlg/ 1 00 g of the sample. 

3.2.1.2.8 Canning of slices 

Trials were conducted for canning of mango slices. Fully mature fruits 

were harvested and allowed to ripen by conventional method with paddy straw at 

ambient temperature. Sound and uniformly ripe fruits were selected for 

processing. 

3.2.2 Experimental details 

3.2.2.1 Treatments 

I . Three varieties of mango Ratna, Mallika and Bombay Green 

No. of Replications 

No. of cans in each replication 

Size and type of can 

3 

20 

A2Y, OTS plain cans 



3.2.2.1.1 

Desi~n of the experiment - Factorial R.C.B.D. 

3.2.2.1.2 Observations 

Arter cannin~ the mango slices in sugar syrup with the ~hove 

tl'eatmcnt s. the ~armed product was analyst:d periodically ~t rq_!,ular rnten al s 

for l.. ccprng, quality. improvement in quality if any, texture. 11 :1\'lHtr . colour. 

firmlll: ss o!' the sli ces. physical and chemi cal paramct <.:rs and overall 

acceptabtlrt~ 

3.2.2.1.2.1 Following observations were recorded at 3, 6 and R month s storgc 

at room temperature. 

A Visual observatron 

B. Cut-out analysis of cans 

I. Vacuum in~nches I cm 2 J 
2. Head spacelcn1) 

For spoilage 

3. Drained weight of slices gm l ·/· ) 
4. Texture of sliceslkg /cm2

) 

5. Net weight of slices (gm) 

6. Conosion of can if any visual 

7 Bn:akage of slices %. 

3.2.2.1.2.2 Observation on physico-chemical parnmeten 

S.S (" f3rr x of syrup and sltecs) 

2 11-uu otcne pg) I OOg 

:l . Titratable acidi ty% 

·I pll 

~ .-\ scorbrc acrd rn g) IOO g slicc::s 



.\.2.2. t.L1 0'11'~ .,,"H·,~mQterS 

I. ( 'oluur of fruit slices 

2. Taste and flavour 

3. Mouth feel of fruit slices 

4. Taste and flavour of syrup 

5. Colour of syrup 

6. Consistency of slices I syrup 

3.2.3 Flow chart for Canned mango slices in sugar syrup 

~· () 

For processing canned mango slices in sugar syrup the foll owi ng steps 

were followed : 

Flow chart No. I for canned slices in sugar syrup 
Selection of fruits 

I 
Washing 

I 
Preparation of fruits (Peeling) 

I 
Cutting into slices (wHh !).s .stee\ kn·,va.s ) 

I 
Preparation of 400 Brix syrup + 

Addition of citric acid to the syrup@ 0.25 % 
I 

Filling the product in sterilized cans (si3 a. A 2-Y2-) 
I 

Addition of boiling sugar syrup 
I 

Exhausting for 10 minutes 

I 
Sealing 

I 
Processing in boiling water for 25 minute s 

I 
Cooling and labelling 

I 
Storing the product at a cool dry place for ~ mon-th > 



7"L 
3.2.3.1 Canning of mangoes 

Canning trial was conducted by selecting sound, healthy, ripe but finn 

mango fruits. Fruits were washed with water and hand peeled by US~Vlg s .s.S-teel 

pQ.12.\in g knivtS.The fruits were cut into 5 to 6 longitudinal slices by keeping 

the knife very close to the stone. Slices obtained from ripe fruits were weighted 

before filling into A 2 y, size plain OTS cans at the rate of 540 to 550 glean. 

Sugar syrup of 4o0 Brix strength with 0.25 per cent acid was prepared 

by adding cane sugar and citric acid to the boiling water. The syrup containing 

ci tTic acid (@ 0.25 per cent) was filtered through a muslin cloth to remove 

impurities. Brix hydrometer was used to measure the syrup strength . 

Boiling hot sugar syrup of 40° Brix with 0.25 per cent ci tric acid was 

added to the filled cans at the rate of 250 mllcan and the cans were clinched . 

These cans were exhausted for I 0 minutes. As soon as the temperature at the 

centre of the can reached 80°C, they were sealed using hand operted double 

can sean1er. Sealed cans were processed in boiling water for 25 minutes 

followed by prompt cooling in running water. Cans were labelled and finally 

kept at room temperature for further observations on the quality of the canned 

slices and organoleptic evaluation. The product was analysed at every 3, 6 and 

8 months interval during storge. 

3.2.4 Organoleptic evaluation 

The organoleptic evaluation of canned slices for quality characters such 

as appearance, colour, flavour and texture and overall acceptance was assessed 

by a panel of 7 judges using a Hedonic scale (Amerine et a/., 1965). The 

followin g chart was used for evaluation of the products. 



3.2.4.1 Organoleptic evaluation score card for canoed mango slices 

Product : Canned mango slices 

Date · Name: 

72 

Using the Hedonic scale on display would you please rate each of the 

samples by placing a number in the appropriate column. Rank the samples 

from higher to lower score in descending order of acceptabili ty. 

Sl. Sample code 
No. Appearance 

2 

3 

4 

5 

IS 
---

Hedonic scale 

Like extremely 

Like very much 

Like moderately 

Like slightly 

Ne itl1er like nor disliked 

10 

9 

8 

7 

6 

3.2.-t.Z Storage of mango products 

Quality assurance 
Flavour Texture 

Dislike slightly 

Dislike moderately 

Dislike very much 

Dislike extremely 

Overall 
acceptabi lity 

5 

4 

3 

2 

Signature with date 
and designation 

Canned mango slices prepared (tinned) were stored at ambien t 

temperature to study t11e chemical and physical changes such as colour and 
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extent of spoilage for a period of eight months and observations were recorded 

at an internal of 3 months in all the samples. However, product could not be 

stored for more than 8 Y2 months, hence last observation was recorded at the 

end of 8'h month. 

3.2.4.3 Change in colour 

The colour change of the products was recorded by visual observations 

and grouped into the following categories : Original characteristic colour, 

slight change in colour and complete change in colour from its original. 

3.2.4.4 Spoilage 

The spoilage of the products was recorded as follows No spoilage, 

slightly spoiled and fully spoiled. 

3.2.4.5 Statistical Analysis 

The data obtained from the observations of various parameters in three 

replications were subjected to two way analysis of variance with interaction as 

suggested by Fisher (1963) and Suderraj eta/. (1972). 



IV. EXPERIMENTAL RESULTS 

4.1 ORANGE 

Results obtained through various experiments I trtals conducted over a 

period of 3 years are presented in this chapter under the following headings. 

4.1.1 Evaluation of post harvest problems causing loss due to various 

reasons 

4.1.1.1 Losses at field level during harvest 

Results fTom table I indicate that fruits at field level during harvest were 

subjected to losses due mainly to disease, bruises and rindbreak. Of the total 

quantity of fruits harvested (3032 kg), the percentage of diseased fruits ranged 

fTom 3. 13 to 5.06 per cent, that of bruised fruits from 1.66 to 2.25 percent. Out 

of the total 3032 kg fruits harvested, 55.50 kg were found to be bruised 

amounting to 1.95 per cent loss. Rind break losses were found to be 1.39 

percent,(12.57 kg lost due to rind break from a total of 46.20 kg). The total 

average losses were calculated at 7.37 per cent. It was observed that Mrig 

season crop that is monsoon blossom crop bad more losses as compared to 

Ambia bahar oranges. 

4.1.1.2 Losses in oranges during transport (.ove.l'" I on g disrfa .,ccz o-f WS5 "'"") 

A mini lony loaded with 500 kg fruits without any packaging and 

transported loose over a cushion of paddy straw and covering a long distance 

of road jowney caused a loss of 60 kg fruits amounting to 12 percent during 

the trial. During the subsequent trti31s, these losses were 11.00 % and 9.6 %. 

Thus the average mean losses were more than 10.86 per cent. When the same 

mini loiTY was loaded with 200 kg oranges packed in corrugated fibre board 

boxes (Type CfB- 1 ). The losses recorded were only 15 kg of fruit or 7.50 per 

cent. When 220 kg of fruits were packed in corrugated fibre board boxes (type 



Plate Ia Oranges packed in 11ooden boxes. Condition of 
boxes after unloading from truck 



Table 1: Losses in Oranges at field level 

Year Se ason Harvested (Kg) Diseased Bruised Rind Break 

Qty(Kg) %lost Qty(Kg) %lost Qty(Kg) %lost 

1994-95 A 435 17.5 4 .02 9 .0 2.06 5.0 1. 14 

M 550 22.00 4.0 11.0 2.0 7.0 1.27 

1995-96 A 385 16.0 4.15 8.0 2.07 6.7 1.74 

M 316 26.0 5.06 6.0 1.88 6.8 2.15 

1996-97 A 406 20 .0 4.92 7.0 1.72 2.7 0.66 

M 355 12.0 3.38 8.0 2 .25 8 .0 2.25 

1997-98 A 330 12.0 3.63 5 .5 1.66 6.0 1.80 

M 255 8.0 3.13 5.0 1.86 4.0 1.50 

Mean= 4 .03 % Mean= 1.95% Mean= 1.39% 

A=AmbiCI.J M=Mrig 
Average losses at fi.erci level= 7.37 % 

Tc t1:t \ L osses -= 14·74 'j6 -..J 
C:l 
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CFB-2), only 14 kg fruits were lost causing only 6.3 per cent loss. The total 

mean losses were recorded at 9.29 per cent. 

4.1.1.3 Losses at whole sale level 

Table 3 depicts the losses in mandarin oranges at (a) whole sale level 

and (b) at retail level. The losses were recorded at four whole sale markets and 

four retail markets. Total average losses at whole sale markets were found to 

be 3.91 % due to disease, 2.52% due to bruising, 1.95 % due to rind break and 

I .26 % due to over ripened fruits . Titus a total of 9.68 % losses occurred at 

whole sale market alone. 

4.1.1.4 Losses at retail level 

On an average 8. 1 % losses were recorded (Table 3). Losses at retail 

level were comparatively lesser than at wholesale level. Like at wholesale 

level, fruits bad to be variously discarded due to diseases, brui ses rind break or 

due to over ripening. The respective losses due to these factors are in the range 

of 1.75% to 2.70% due ro diseases, 2.10% to 3.50% due to brusing of fruits , 

1.4 % to 2.25 % due to rind break and 1 % to 1.6 percent due to over ripe 

frui ts. thus a total of 8.1% fruits were lost at retail level. 

4.1.2 Physical characteristics of Nagpur mandarins 

4.1.2.1 Weight of the fruit 

The average weight of the fruit was found to be 152.25 g. The fruit 

weight was in the range of 148 g to 156 g per fruit. 

4.1.2 .2 Size and shape of the fruit 

Table 4 dipicts the size and shape of the fruit. The characteri stics shape 

of all the season fruits was found to be Oblate i.e, fl attened at the stalk end and 

lkprcss~d at the stigma end . The fruit had a pronounced tip at the stalk end. 
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Table 2: Losses in Orange during transport (to'55" )<.M) 

Transport mod e Type of placement Quantity (Kg) 

Min i lorry Paddy straw 500 

Mini lorry Paddy straw 360 

Mini lorry 
'WB-t-

Paddy straw 250 

Mini lorry C.FB 1 200 

Mini lorry C.FB 2 220 

Total losses in Orange during transport; 9.29 

Quantity lost (Kg) 

60.0 

40.0 

24.0 

15 .0 

14 .0 

%lost 

12.0 

11.0 

9.0 

7.5 

6.36 

Mean; 9.29% 

--.J 
..._y 



Table 3: Losses in Orange at 

a . Whole sal e level b. Retail level 

Market 1 Market 2 Market 3 Market 4 Market 1 Market 2 Market 3 Market 4 

%loss % 
lo~ 

Quantity 

unloaded 

Quantity 

discarded 

Diseased 32 4 ·0 44.4 3.70 37.5 3.7 21.0 4.2 13.5 2 .7 8.0 2 · 0 8.64 1.8 8.75 1.75 

Bruised 8.4 2.3 19.8 1.65 30 3 .0 16.5 3.3 17.5 3.5 9.4 2.35 10 .08 2.1 12.5 2.5 

Rind 16 2.0 32 .8 1.90 19.0 1.9 10.0 2.0 11.25 2.25 5.4 1.35 6 . 72 1.4 7.5 1.5 

Break 

Over ripe 8 .0 1.0 12.6 1.05 16.0 1.6 7.0 1.4 10.0 2 .0 6.8 1.7 7.2 1.5 10.0 2.0 

Total( %) 9.3 8.3 10.25 10.90 10.45 7 .4 6.8 7.75 

-
Total average losses at wholesale level : 9 .68% Total average losses at retail sale level : 8.10% 

" OJ 
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Table 4: Physical c haracteristics of Nagpur mandarin· oranges harvested at different seasons 

Season J Month of Fruit Fruit 

harvest at full diameter length 

maturity (Cm) (Cm) 

1" crop April 6.2 6.9 

2nd crop July 6.8 6.5 

3•d crop Dec. 7.5 6 .4 

January 7.2 6.8 

Fruit Fruit firmness 

weight Kgjcnl 
(g) 

155 2.9 

152 3.2 

148 2.8 

156 2.6 

Peel thickness 

(!J'rn) 

3.0 

2 .8 

2.6 

2.9 

PeH colour 

Deep orange 

Yellowish green 

Yellowish green 

Deep orange 

....J 
~ 



which added to the dimensions of the polar diameter. The average diameter 

was found to be 6.92 em. The average fruit length was foWld to be 6.45 em. 

4.1.2.3. Peel Colour 

Peel colour was visually observed and recorded (Table 4). It was seen 

that oranges harvested during the months of January - April had a deep orange 

colour, while fruits harvested during July had yellowish green colour. 

December crop had yellowish orange colour. 

4.1.2.-t Fruit firmness (Texture) 

f-ruit finnness was recorded (Table 4) with the help of a fruit pressure 

tester as described in the previous chapter. It was foWld to be in the range of 

2.6 kg /cm2 to 3.2 kglcm2 during the four harvests. 

4. 1.2.5 Weight of rag and peel 

Table S depicts the data on the mean rag and peel weight percentage of 

oranges over a period of 43 days. There were significant differences among 

different grades during different times of the storage period. In large sized 

fruits, there was slight increase in rag and peel weight upto third week of 

storage, beyond which there was a greater decline. In case of medium sized 

fruits, decline in rag and peel weight was less at the third week of storage, 

beyond which there was greater decrease in rag and peel weight. Similarly in 

case of small sized fruits, there was marginal decrease in rag and peel weight 

content up to thi rd week, beyond which the decrease was much greater.( f= i~. NC>-1) 
l F l ~ No 1.A) 

With regard to effect of packaging, the data reveals tlmt the rag and peel 

weight increased steadily upto the sixth week and then decreased, in case of 

fruits packed in wooden boxes and the increase was felt upto 43'" day. 

Corrugated fibre board box-1 packaging revealed an increase in rag and peel 
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Table 5 \- lean and interaction effects of grading and packaging on the rag and peel wetght (%) of oranges 

Grade of 
fruit 

Large 

\ tediUm 

Small 

\lean 

SE 
CD 10 05 ) 

Large 

\ •led1um 

Small 

\1 ,'2:0 

SE 
CDt<lll 'l 

\\"B 
<o 10 

i-1 3 48) 

'3 60 
!46 06) 
~:' 20 

CFB-1 
Si 20 

(-14 63) 
54 10 

(48 41) 
56 60 

;<675) (5706) 
-, ::'00 - 54 00 

t-18 76) (50 03) 

WB 
53 30 

1-13 99) 
5-190 

;48 5~) 
'7 60 

ttJO] :'l 

" :c· 
I ' 11 u.:; I 

G 
0 084 
0131 

CFB-1 
53 70 

(44 85) 
55 50 

(4 9 91) 
57 80 

(~_2~ 
" 70 

I <; I I S) 
·c; 

_8th~\ 
CFB-1 
<~ on 

14~ 77) 

'5 ~0 
(48 30 ) 
56 co 

(56 .!lL 
55 00 

(50 06) 
p 

0 QQ7 

0 268 

53 90 
(47 09) 

0 50 
(4 05) 
0 50 

0.. 05) 
18 :: o 

118 :'0 1 

p 

00 12 OOI J 
0 035 (1 0-1 '' 

F-= t!;!SI :=;~~l~ f:c a nt Jt ~- 0 n lt'~;."'l 

22"d da\ ~ ==---= _:::_ -= -· ~ ~·'d., ~~-= 
Control Mean \\'B CFB-1 CFB-2 Control 'I ra n \\11 (·rn-t- Cf'B:2 C ontr;; l ~tean 

5Tio 5T5iJ 51 20 5 190 ~3 2o 05()- 52 ~ ti - 'J- 00 5~~ <3-1 0 o<o -- 39-50 
149 74) (45 90) (4 3 65) (44 85) (46 17) (-1 05) (3-1681 1-1 3 94) 145 08) (-16 51) (-1 05 ) (34 89) 
5540 5460 5390 5430 5590 050 5510 :i-140 55 10 5620 050 4160 

(49 16) (4 7 98) ! (46 80) (49 5 1) (48 64) (4 05) 137 ~5) (47 95) (49 80) (48 93) (4 05) (37 .68) 
56 90 56 21 ' 55 60 56 70 56 90 0 50 56 70 <6 90 57 20 57 20 0 50 43 00 

(5643) (5660) ; (5762) (5794) (5884) (405) (4461) (~ O:'J _ (57 56) (60 48) (4 05) (45 00) 
5480 54 10 53 60 54 30 55 33 0 50 54 70 

(51 78) (50 16) : {49 36) (50 77) (51 21) (4 05) (38 85) 
54 40 54 83 55 60 0 50 41 33 

(40 94) (50 81) (51 97) (4 05) (39 19) 

GXP I G p GXP 
0167 1 0021 0024 0041 
0 464 ! 0 05 7 0 066 0 I 15 

36'" da 
Control Mean I WB CFB-1 CFB-2 

0.50 40.35 53 70 53 90 0 50 
(4 05) (34 99) {43 48) (45 14) (4 05) 
0.50 27.90 56.20 55 90 0 50 

(405) (26 .63) (4951) (5085) (405) 
0 50 29 I 0 57 I 0 57 80 0 50 

(-I 05) (31.80) i (60 55) (59 49) ~_Q_5_l_ 

0 50 32 43 55 70 55 90 0 50 
t4 05 ) Q~i5 !.J!i_ (J_IJ;2)_ (4 05) 
G:\P G P 
l) 025 
0 Oo9 

0 019 
o o< 

0 02 
o on 

Control Mean I WB 
0 50 27 20 ' 54 70 

(4 05) (24 18) ! (45 02) 
0 50 28 30 56 70 

(4 05) (27 II) ' (50 15) 
0 50 29 00 <7 60 

(-I O'i) (32 03) , (60 75 ) 
0 50~--- - ,6 ' 3 

1-l ~L'-) 1~7 77j_ ,, I ~ ~ J 

G:\P 
0 03 
,_, j l • 

Ftg~~s 1n bracke~ are ~ngula;\ransf'Q;~l~dc-alu ~·:. 

G P G X P 
0 02 0 0~ 0 03 
00'4 006 0 10 

43"' dav 
CFB-1 CfB-2 
54 20 0 50 

(45 42) (4 05) 
56 80 0 50 

(50 67) (4 05) 
58 20 0 50 

f?O 6_!)_ (4 051 
56 40 0 50 

, ,~ ~ -~) (4 05 1 
G -- -p --

n '·S () ()U 

{ ' ~ -~ .: 1) :n 

Control 
0 50 

(4 05) 
0 50 

(4 05) 
0 50 

Mean 
27 50 

(24 64) 
28 63 

(27 23) 
29 20 

~<!:~ _(3_2_i6) 
050 2~-13 

(4 0' 1 (28 %) 
'G\:i' 

() lh 
H -11 ~ 

'\u!t' : I I i· r·uit' \\C I'<' -Jured :11 roo m tcrtlplT:ttun· (1:' to 31 °{ and i<il -1:' lo 

='~" .. j 

2) l 11n t.-ol fnril> '"·n· l,qll in plas tir tTatcs lor· >lor:t!!c at room 
ten qll.:r:ttun· 



FIC NO. I 

r---------------------------------------------------
Interaction effects of grading and packing on the rag 

and peel weight of oranges on 8th day 

W8 CF'0 -1 CF0 ·'7 cor-n H<ll 

Types of boxes 

Interaction effects of grading and packaging on the 
rag and peel weight of oranges on 15th day 

Wll CFB- 1 CFB-2 C:C>NIHOI 

Tyf"'sol bolos 

Interaction effects of grading and packaging on th e 
rag and peel weight of oranges on the 22nd day 

WI! CFI~1 CFB-2 Ct)NII~lll 

Types of boxes 

(] j,H ~ 

C l .uo~ 

L_ ________________________________________ __ 
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FIG NO. lA 

Interaction effects of grading & packaging on rhe rag 
& peel weight(%) of oranges on 29th day 

JO 
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0 

WB CFB-1 CFB-2 CONTROt. 

Typeofboxea 

Interaction effects of grading & packaging on the rag & 
peel weight (%) of oranges on the 36th day 

we CFB-1 CFB-2 CONTROL 

Interaction effects of grading & packaging on the rag & peel 
weight ('lo) of oranges on the 43rd day 

Type of boxes 



weight upto 21" day, while that of 

increase in rag and peel weight upto 15th day. 

control fruits there was an 

The interaction of grading with packaging reveals that packaging large 

sized fruits in wooden boxes resulted in a graded increase in rag and peel 

weight upto 43'" day, while with CFB-1 boxes, the increase wasnoi.fupto 36'" 

day. Similarly in CFB-2 box packaging and · · control, the increase was 

no\.~ upto 29th day and 15'" day, respectively. For medium sized fruits, there 

was gmded increase in rag and peel weight upto 43'd day in case of wooden 

boxes and CFB-1 box packaged fruits, while CFB-2 box packaging and control 

recorded an increase in rag and peel weight upto 22"d day and 15u' day, 

respectively. 

For small sized fruits, wooden box packaging revealed an increase in 

rag and peel weight upto 43'd day while in CFB-1 boxes it was upto 43rn day. 

In case of CFB-2 boxes, there was increase in rag and peel weight upto 22"d 

day, while in control, it was upto 151h day only. 

4.1.2.6 Juice content(%) 

Results from Table 6 indicated a gradual decline in mean juice weight 

(%) of oranges during storage. In case of large sized fruits, the juice content 

reduced from 48 per cent in I st week to 11.7 per cent in 61h week. On the other 

hand, medium sized fruits can be stored upto 21 days only with moderate loses 

in fruit weight, beyond which there were heavy losses in juice content. For 

small sized fruits, losses in juice content were moderate upto 3m week and 

from 4th week the losses were beyond economic limits.(JOig. N c .2. ~>< 2.A ) 

With regard to packaging, in general the treatments differed 

signilicanlly from each other. Packaging with wooden boxes was found to be 

economical with moderate losses in juice content upto 43'" day, while for 
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Table 6 Mean and interaction effects of grading and packaging on juice content(%) of oranges 

Grade of ' s•• dav IS"' day 
fruit WB CFB-1 CFB-l Control Mean WB CFB-1 CFB-2 Control Mean 

' Large 48 .30 48 60 47 50 47.60 48.00 47 .90 47.90 46.80 0.5 47.0 
(47 03) (45 88) (44. 72) (40.77) (40.77) (46.91) (45.65) (44.34) (4 05) (35 .24) 

Medmm 46.20 45 .80 44.60 44.20 45 .20 45.90 45.20 44.10 0.5 44.75 
(44.45) (42.04) (42 22) (41.35) (41.35) (43 .71) (41.00) (41.87) (4 .05) (32.66) 

Small 44 .60 43 .43 43 .80 42.80 43 .66 44.20 43.10 42.90 0.5 43.08 
(33 75) (33.50) (34.43) _(34 .12) (34.12) (33.56) (32.622 (31.73) (4 05) (25.49) 

Mean 46.37 45 .95 45 .30 44.87 45.62 46.00 45.40 44.60 0.50 44.93 
(4174} (40.45) (40.45) (38.15) (40.35) (41.39) (32.62) (39.3 I) (4 05) (39 71) 

G p GXP G p GXP 
SE 0.01 0.01 0.02 0.02 0.02 0.04 
CD (0 .05) 0.03 0.03 0.05 0.051 0.06 0.010 

29 .. day 36'"dav 
WB CFB-1 CFB-2 Control Mean WB CFB-1 CFB-2 Control Mean 

Large 46 .60 45 .60 45 .90 0.50 34.90 46.20 46.10 0.50 0.50 23.33 
(46 5 I) (45 .70) (43.42) (4.05) (34.91) (47.03) (45.40) (4 .05) (4.05) (25.12) 

Medium 44.70 44.20 0.50 0.50 22.48 43.90 43.50 050 0.50 22.18 
(42.00) (40.60) (4 .05) (4 .05) (22.70) (41.00) (39.70) (4 .05) (4 05) (22.20) 

Small 43 .10 42.10 0.50 0.50 21.60 42.70 41.70 0.50 0.50 21.40 
. (29.60) (32.06) (4 .05) (4.05) (17.43) (30.10) (31.10) (405) (405) (17.31) 

Mean 44 .80 44 30 16.10 0.50 26.31 44.30 43.90 0.50 0.50 22.30 
(3940) (39.40) (17.20) (4 05) (25 00) (39.40) (38. 71) (4 05) (405) (21.55) 

G p GXP G p GXP 
SE 0 02 0 02 0.04 0.02 0.02 0.04 

l cocoos) 0.06 0 03 0 10 _o.o5 0.10 0 10 -- - - --

F- test s1gmficant at 5 % level Figures in brackets are angular transformed values 

22"" day 
WB CFB-1 CFB-2 Control Mean 

47.10 47.20 46.40 0.5 35 30 
(46.57) (45.42) (43 .71) (4 .05) (34 94) 
45.50 44 .80 43.90 0.50 33 .68 

(42.60) (40 72) (41.60) (4 .05) (32.32) 
43 .70 42.80 42 .60 0.50 32.40 

(32.62) (33 00) (30 11) (4 .05) (24.95) 
45.43 44.93 44.30 050 33 .80 

(40 60) (39 71) (38 50) (4 05) (30 74) 
G p GXP 

0.05 0.06 0.11 
0.15 0.17 0.30 

43'" day 
WB CFB-1 CFB-2 Control Mean 

45.30 050 0.50 050 11.70 
(45.50) (4 .05) (4 05) (4 05) (24.70) 
43.20 43 .20 0.50 050 21.90 

(40.40) (40.02) (4 05) (4 05) (22.12) 
I 1.00 10.73 050 0.50 5.70 

(30.00) (30.00) (4 .05) (4 .05) (17.00) 
33 .00 18.14 0.50 0.50 13 .80 

(38.60) (38.40) (4 .05) (4 .05) (21.30) 
G 

0.10 
0 21 

-

p GXP 

--·-

00 
(j,.) 

I 
I 



50 
49 
48 

'E 47 
.!i 46 

~ ~ 
.!:! 43 
~ 42 

41 

"" 39 

FIG NO. 2 

Interaction effects of grading & packaging on juice 
content(%) of oranges on the 8th day 

WB CFB-1 CFB-2 CONTROl 

Typoolboxu 

Interaction effects of grading & packaging on juice 
content(%) of oranges on 15th day 

Typoolbouo 

Interaction effect of grading & packaging on juice content 
(o/o) of oranges on 22nd day 

~ l -
10 

0 -

WB CFB-1 CFB-2 CONTROl 

Typeof boXH 



50 

40 

~ 
30 8 . 20 

~ 10 

FIG NO. 2A 

Interaction effects of grading and packaging on juice 
content(%) of oranges on 29th day 

WB CF£3..1 ~2 CONTRQ 

Typeolboxu 

Interaction effect of grading & packaging on juice content 
(%) of oranges on the 36th day 

Type ofboxn 

Interaction effect of grading & packaging on juice content(%) of 
oranges on 43rd day 

Type afbox• 



CFB- 1 box packaged fruits, it was economical upto 35th day. Corrugated fibre 

box-2 packaging was also found to be economical upto 5'h week of storage, 

whi le in case of 

upto 14'h day only. 

· control fruits, juice content was in acceptable limits 

The interaction effect of grade with packaging reveals that large sized 

frui ts responded to wooden box packaging upto 43 'd day by keeping the j uice 

content in economic limits. CFB-1 packaging was f01md good upto 36'h day, 

whil e corrugated fibre box-2 packaged and control fruits were good 

in mai ntaining juice content in economic limits upto 291
h and 15'h days, 

respectivd y. In case of medium sized fruits, packaging with wooden boxes or 

CFH- 1 boxes was equally good upto 43rd day, while corrugated fibre box-2 

packaging and control were good upto 22nd day , CFB- 1 box 

packaging were equally good upto 36th day, while corrugated fibre box-2 

packaging and 

respecti vely. 

· control were good up to 21 '1 day and 15'h day, 

4. 1.3 Chemical properties of Nagpur mandarin oranges 

Chemical parameters analysed are recorded in Table 7. It is evident 

from thi s table that moisture present in fruits~nges from 75 .80 per cent to 

91.2 per cent depending upon the size of the fruits and ripening. Acidity varied 

from 0.4:l per cent to 0.47 per cent. Reducing sugars were present in the range 

of 2.!!7 per cent to 3.52 pe cent whereas total sugars ranged between 4.97 to 

5.32. Total soluble solids (T.S.S0 B) recorded ranged between 10.0°8 to 
0 

12.5°B and the average was 11·25B,Brix I acid ratio was ranging between1}· ~to 

16·74,/\scorbic ac id (Vitamin C) was recorded in the range of 26.18 to 42.20 

rng)IOO g,j uice. 
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Table 7 Chemical parametetrs ofNagpur Mandarin oranges a-t \,en-vest 

'SRNO ----
Chemical parameters Range Average 

--
-J- Moisture percentage 75.80to9LI2 83.46 

2 T.S .S " Brix I 0.00 "B to 12.5 11 .25 
OB 

~ 
---

Acidity percentage .43 to .47 .45 

~ Reducing sugars percentage 2.87 to 3.52 3. 19 

---s- Total sugar percentage 4.87 to 5.31 5. 14 

6 Ascorbic acid "'""""" , .... 26.18 to 42.2 34 .19 

-J:-_. Total carotenoid pigments ua'IOOajuice 408.90 to 1080.5 744.7 
8 "Brix : Acid ratio 13 .03 to 16.74 14.07 

• --- --- - - -



4.1.4 Effect of size grading and improved packaging on transportation 

and storability of oranges 

4.1.4.1 l<:ffect of size grading and packaging on physiological loss of 

weight. 

Data presented in Table 8 on the mean physiological loss of weight 

index showed significant differences among different sizes of fruits at every 

stage of sampling dwing storage. In general there was a decline in the 

physio lo!:\ical loss of weight with progress in storage. On most of the days of 

sarnplin& small sized fruits showed more physiological loss of wei!:\ht 

compared to other sizes. With regard to the effect of packa!:\ing material on 

physiological loss of weight, it was observed that the untreated fruits lost more 

weight till 8 days, beyond which fruits were unfit for storage. Among other 

packaging materials, the loss gradually increased upto 36 days with packagin!:\ 

in wooden boxes, 43 days with CFB-1 boxes, while CFB-2 box showed a 

dec li11e after 21 days as shown inlFig. NC 3) · 

T he interaction of grade with packaging material indicated a gradual 

increase in physiological loss of weight only with large sized fruits packed in 

wooden boxes with progressive increase in duration till 43'd day. For medium 

and sma ll sized fruits similar trend could be observed till 4J'J and J6'h day, 

respectively. \ Fi g NO 3A) 

4, 1.4,2 Effect of size grading and packaging on the firmness (texture) of 

fruits 

Results from Table 9 depicting changes in texture or firmness of 

oranges tndicated that there was a gradual decline in the texture expressed as 

forced req uired to penetrate the fruit in kglcm2 as the time progressed and 

fruits softened inespective of the size or grade of the orange. Textme of large 

sized fruits in general was higher. When large and medium sized fruits could 

be stored upto 43 days and beyond and more than 36 days, respectively. It was 
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Table 8 : Mean and interaction effects of grading and packaging on the PLW (%)of oranges 

I Grade of 8"' day 15"' day 22- day ! 

fruit 1 WB CFB-1 CFB-2 Control Mean WB CFB-1 CFB-2 Control Mean WB CFB-1 CFB-2 Control Mean ' 
: Large I 0 70 0.56 2.90 10.40 3.64 2.60 2.20 6.91 0.5 3.04 3.50 3.41 10.33 0.5 4.42 I 

(4 80) (3 .92) (9 .71) (18 77) (9.30) (9 .21) (846) (15 .23) (4 .05) (9.24) (10.69) (1063) (18.73) (4 .05) ( 1103) 
Medium 3.34 0.60 4.70 10.50 4.78 4.73 1.52 10.30 0.50 4.30 6.40 2.30 10.71 0.50 5.00 

(10.5 1) (4 .27) (12.53) (18.86) (I 154) (12.55) (7 .07) (18.68) (4.05) (10.59) (14.58) (8 .65) (19.09) (4 05) (1159) 
Small 1.17 1.60 7.80 11.03 5.40 3.72 3.51 10.30 0.5 4.50 5.50 5.50 10.61 0.50 5.52 

(6 .22) (7 .17) (16.17) (19.53) (1228) (11.11) (10.79) (18.70) (4 .05) (11.16) (13 50) (13.56) (19.00) (4.05) (12 .53) 
Mean 1.74 0.90 5.11 10.60 4.60 3.70 2.40 9.16 0.50 3.93 5.10 3.73 10.60 0.50 500 

(718) (5 12) (12.80) (19.06) (11.04) (10,95) (8.77) (17.53) (4 .05) (10.33) (12 93) (10.95) (18.94) (4 05) 
G p GXP G p GXP G p GXP 

SE 0.009 0.01 0.01 0.007 0.008 0.013 0.005 0.005 0.009 
CD (0.05) 0.02 0.02 0.04 0.01 0.021 0.037 0.013 0.014 0.025 

29"' day )(?'day 43 ... day 
WB CFB-1 CFB-2 Control Mean WB CFB-1 CFB-2 Control Mean WB CFB-1 CFB-2 Control Mean 

Large 4.70 4.50 10.60 0.50 5.07 5.74 5.91 0.50 0.50 3.20 8.13 7.40 0.50 0.50 4.12 
(12.44) (12.20) (18.98) (4.05) (11.92) (13.85) (14.06) (4.05) (4.05) (9.00) (16.55) (15.72) (4.05) (4.05) (10.09) 

Medium 7.41 4.30 0.50 0.50 3.20 8.75 2.62 0.50 0.50 3.84 10.40 8.81 0.50 0.50 5.04 
(1 5.79) (11.92) (4 .05) (4.05) (8 .95) (17.18) (13.70) (4.05) (4 .05) (9.74) (18 76) (17.25) (4.05) (4 05) (I 1.03) 

Small 6.93 7.20 0.50 0.50 3.80 10.42 8.41 0.50 0.50 5.00 10.60 10.20 0.50 0.50 5.50 
(15 .26) (15 .52) (4 .05) (4 .05) (9 .72) (18.82) (16.84) (4.05) (4.05) (10.94} 118.97) {18.64) (4,05) {_4 .05) __ (10.85}_ 

Mean 6.33 5.31 3.90 0.50 4.00 8.30 6.70 0.50 0.50 4.00 9.70 8.80 0.50 0.50 4.90 
(14.49) (13 .21}_ _(9 .03) (4 .05) (10.20) (16.61) (14.87) (4 .05) (4.05) (9 .89) 118.09) (17.20) (4.05) (4.05) (10.851 

G p GXP G p GXP G p GXP 
SE 0 01 0 01 0.02 0.004 0.005 0.008 0 003 0 003 0 005 ' I CD (0 05) 

! 
0 03 0 03 0 06 0.01 0 01 0.02 0.007 0 08 0014 i 

-- ----

F- test s1gnificant at 5% level F1gures in brackets are angular transformed values 

CXl 

--~ 



12 

10 

;j 8 

l: • 
cr • 

FIG NO.3 

Interaction effects of grading & packing on the PLW 
of oranges on 8th day 

WB CFB-~ Cf&2 CONTROL 

Types of boxes 

Interaction effects of grading and packing on the 
PLW of oranges on 15th day 

Typesofbolol& 

Interaction effects of grading and packing on the 
PLW of oranges on 22nd day 

WB CFB-1 CFB-2 CONTROl 

Typos~ boxe1 

~l 

I
a'•" I ....... 
a'""' 



12 

10 

_ , 
~ 
~ 6 

0.. ' 

12 

~ 8 

~ · ..J 
ll. ' 

FIG NO. 3a 

Interaction effects of grading and packing on the 
PLW of oranges on 29th day 

we Cfll-1 CFB-2 CONTROl 

Type• of boxu 

Interaction effects of grading and packing on PLW of 
oranges on 36th day 

WB CFB-1 CFB-2 CONTROl 

Types of boxu 

Interaction effects of grading and packing on PLW of 
oranges on 43rd day 

WB Cfll-1 Cfll-2 CONTROl 

Types of boxes 

1~=- 1 



Table 9 Mean and interaction effects of grading and packaging on the firmness (kglcm2
) of oranges 

Grade of 8"' day IS' dav 
fruit \VB CFB-1 CFB-2 Control Mean WB CFB-1 CFB-2 Control Mean 

Large 2 35 2.32 2.39 2.22 2.32 2.25 2.25 2.35 -- 154 
I ( I 69) (1.68) (170) (1.65) (1.68) (1.66) (1.66) (1.69) (0.70) (1.43) 

Medium I 2.18 2.39 2.22 2.18 2.25 2.22 2.42 1.81 -- 1.46 
( I 64) (170) (1.65) (1.64) (1.66) (1.65) (1.71) (1.52) (0.70) (1.40) 

Small 2.39 2.25 2.28 2.15 2.28 2.25 2.25 2.12 -- 1.48 
(170) (1.66) (1.67) (1.63) (I 67) (1.66) (1.66) (162) (0 .70) (1.41) 

Mean 2.32 2.32 2.28 2.18 2.28 2.25 2.32 2.09 -- 1.48 
{1.68) (1.68) (1.67) (1.64) (1.67) (1.66) (1.68) (1.61) (0.70) (1.41) 

G p GXP G p GXP 
SE 000 0.00 0.01 0.00 0.01 0.01 
CD (005) 0.01 0.01 0.02 0.01 0.01 0.03 

29"' day 36"' day 
WB CFB-1 CFB-2 Control Mean WB CFB-1 CFB-2 Control Mean 

Large 2.28 2.25 2.32 - 1.54 2.25 2.15 - - 0.86 
(1.67) (I 66) (1.68) (0 .70) (1.43) (1.66) (1.63) (0.70) (0 70) (117) 

Medium 1.93 2.28 -- - 0.84 1.84 2.25 - - 0.82 
(1.56) (1.67) (0.70) (0.70) (116) (!.53) (1.66) (0 70) (0 70) (1.15) 

Small 2.22 2.25 -- - 0 89 2.15 2.18 - -- 0.86 
( I 65) (1.66) (0 70) (0 .70) (1.182 Jl.63) (I 64) (0. 701 (0 70) (1.17) 

Mean 2.12 2.25 0.56 -- 1.06 2.09 2.18 -- -- 0.74 
(1.62) (I 66) (I 03) (0 70) {1.25) (1.611 {_1 .64) (0 70) (0 .70) (1.16) 

G p GXP G p GXP 
SE I 0.00 0 01 0 0 1 0.00 0.00 0.01 
CD (0 05) 0 01 0 02 0 03 0.01 0 OJ 0.02 

F- test s1gm fi cant at 5 % level Figures m brackets are angular transfom1ed values 

I 

I 
I 

22"• dav 
WB CFB-1 CFB-2 Control Mean 
2.28 2.32 2.25 - 1.54 

(1.67) (1.68) (I 66) (0 70) (1.43) 
2.15 2.39 -- - 0.89 

(1.63) (1.70) (0 .70) (0 70) ( 1.18) 
2.25 2.28 - -- 0.89 

(1.66) (1.67) (0.701 (0 70) (1.18) 
2.25 2.32 0.54 -- 1.08 

(1.66) {1.68) (1.02) (0 70) (126) 
G p 

0.00 0.00 
0.01 0.01 

43ro day 
WB CFB-1 CFB-2 
2.18 2.12 --

(1.64) (1.62) (0.70) 
1.84 2.18 --

(1.53) (164) (0 70) 
2.12 2.18 --

( 1.62) (1 .64) (0 70) 
2.06 2 15 --

( 1.60) (I 63) (0 70) 
G p 

0 00 0 00 
0 0 1 0 01 

GXP 
0.01 
0.02 

Control Mean 
-- 0.86 

(0 70) (117) 
-- 0.79 

(0 70) (0 .79) 
- 0.86 

(0 70) (0 86) 
-- 0.84 

(0 70) (I 16) I 

GXP 
0 0 1 
0 02 

OJ 
OJ 
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TablelO Mean and in teraction effects of grading and packBging on TSS 0 8 of Oranges 

Grades 8'" Day 15'" Day 22m Da~ 

\\B CFB-1 CFB-2 Control \Jean \VB CFB-1 CFB-2 Control I \1c:lft \\'B CFB-1 CFB-2 Control \lean 

l.a rge I' I I• 12w I 1220 I --' ~ .1 I; 114 I' 58 15 I:! I 14 78 14 64 ! •) ltl 1478 16 28 I~ 'l ::! I l) ')~ 

(5 ~~) (5 22) (5. 14) (5 52 ) (5 30) (5 .40) (5 6~) I (5.62) (1.411) • t452) (5.62) (5.88) t5 821 I ( 1.40) (H>R) 

\1 edi um ! 12 ~2 12 92 12 .30 13 14 12 92 14.78 13 58 14 78 9 20 15.92 15. 12 14 'R <) iti 
(5 24) t5.14) (5. 16) (5 }2) (5 24) (5.62) (5 40) (5 .62) ( 1.40) (4 52) (5 .82) (5.68) (5 62) tl 40) (9 Ill ) 

Small 1 1292 ' 1292 12.40 1240 12 52 13 .58 7.58 12.72 8 50 13.90 14.34 14 12 9.20 
1 (5 24 ) (5 24) (5.18) (5.18) (5 20) (5 .62) (5.40) (5.24) (1.40) (U6) (5.46) (5.54) (5 50) ( 1.40) (4 48 ) 

\1ean I 12 84 12 92 12.30 13 .24 12 82 14.00 14 12 14. 12 8 94 14.90 15.24 14 90 
' (5. 26) (5 14) (5 .16) (5.34) (5 .26) (5.48) (5 .50) (5 .50) (1.40) (4 46) (5 .64) (5 .70) (5 64) ( I 40) 

SE I G p Gx P G p GxP G p G x P 
on 0.0 0.02 0.0 0 .0 0.0 0 .0 tltl 0 01 

CD 0 02 

I 
0.02 0.04 0.02 0.02 0 .02 0.01 0 02 004 

(0 01) ! 

F-test stgnifica m at 5o/olcvel. Figures in brackets arc squared uansfonned , ·alucs 

-
Grades 29

10 
Day 36

10 
Day 43

00 
D ay 

WB I CFB-1 CFB-2 Control Mean WB CFB-1 CFB-2 Control Mean WB CFB- 1 CFB-2 Control Mean 

Large 16.28 1 16.76 17.12 . 10.60 20.50 17.24 - 3.22 24.34 17.48 - 7.00 
(5.88) (5.%) (6.02) (1.40) (2 .82) (6.56) (6.12) (1.40) ( 1.40) (3.86} (7.12) (6.08) (1.40) (1.40) (4.0) 

>,1edium 21.04 1604 - 6.28 22.52 17.36 • . 6.68 23.08 18.70 . . 7.00 
(6.64) (5 .84) ( 1.40) (1.40) (3 .82) (6.86) (6.06) ( 1.40) (1.40) (3 .92) (6.94) (6 .28) (I 40) ( 1.40) (4 .0) 

Small 16.tlJ 16.04 s 54 17.60 17.48 . . 5.98 18. 14 20.38 . . 6.76 
(S .KJ) 15 84) (1.40) (I Jt) ) (' 62) (6. 10) (60~) ( 1.40) (UO) t J 74) (6.40}_ (6 .54) [ ( I -! ill I ( 1-ltl) (3 94) 

\1ea n L I"' --;' 1 16 2~ 3.32 . I 7.3 2 20.24 11.36 . 6.36 22 .24 18.84 ' • . . 692 
I ((;. l;l t5 88) (2 94) ( Utl) ~ t -l 0~) (6 52) (6 06) ( 1.40) (1.40) (1 941 (6 82) (6.30) i (I J ilt I (I 40) (1 9X) 

SE G p GxP I I G ! p GxP G I p G'P i 
I I O.tll ' I 011 ! llO.:! tl tlJ tl .O 00 00 I 1111 (102 

CD I! 06 tl 08 I! 1.:! 00:! ' 0 <l2 I 0.02 I . 0112 f·lt: r, f)J ! 

J.Q_OI)_ i I I ' i I I I ' 
; _ j 

F·tC:>t stg.mfi.:am :li 5''. ,k ,cl Ftgurcs 111 br.Kk:-b arc :-queued lr.msfonncd \a lues 
X 
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not possible to store small sized fruits beyond 36 days in respect to maintaining 

the to.:xture quality of fruits within reasonable limits. 

With respect to the packaging, it was observed in general that traditional 

wooden boxes proved to be significantly superior to CFB-1 type of cartons 

only in respect of texture of the fruits. CFB-2 type of cartons were found to be 

very good . Control fruits recorded significantly lower texture, where it was not 

possible to store fruits beyond eight days. Fruits in corrugated fibre board 

boxes (type l) could not retain tl1e best texture beyond 29 days. 

The data on interaction of grading and packaging showed that for large 

sized fruits the firmness of the fruits can be maintained upto 43 days with 

wooden packages, while in initial stages (say upto 29 days), packaging with 

any type of container proved equally good and significantly superior to control. 

The finnness of medium sized fruits can be retained upto 43 days by packing 

them with CFB-1 type of boxes followed by that with wooden boxes. The 

corrugated fibre box-2 packaging was as poor as untreated control for medium 

Slt.cd fruits after 14 days. On the other hand, small sized fruit s could be 

preserved with acceptable texture with any packaging material up to 15 days, 

followed by either packaging with CFB-1 boxes or wooden boxes upto 43 

days. Any packaging material had no relevance in maintaining firmness 

hc·yond ·B days. ( F i ~ J4 o4, f' ~· NO 4-A) 

4.1.4.3 Effect of grading and packaging on total soluble solids of fruits 

Results presented in Table- I 0 on tile TSS content of orange show that 

the TSS was significantly higher in large sized fruits over other sizes during 

most or tlH.: period in storage, followed by medium sized fruits . While TSS 

content of large sized fruits increased upto 43'd day respectively, in case of 

medium and small ~ized fruits, it increased upto 36'h and 29'h day. The TSS 

content of fruits gradually increse upto 43'd day by adopting wooden boxes, 

no 



while C'FB- 1 box packing could promote higher TSS content beyond 43 days. 

On the other hand corrugated fibre box-2 packing could retain higher TSS till 

21 ' ' day, while in control it was possible only till 81
h day. 

The interaction effect of grade with packaging highlighted that medium 

and large sized fruits can be stored under ambient conditions maintaining high 

TSS values without any type of packaging material upto 8 days. TI1e large 

sized frui ts could be effectively stored upto 43 days in CFB- 1 box packagi.ng 

and upto 281h day with corrugated fibre box-2 packaging. However, this group 

significantly responded well to TSS content even with wooden boxes 

packaging from 36tlt to 43'd day, whereas medium sized fruit s indicated TSS 

content from 141
b to 43'd day. Highest TSS content was recorded with large 

sized fruits packed with wooden boxes after 43 days storage. ( !"i ~- tto .s JS A) 

4, 1.4.4 Effect of grading and pac.kaging on acidity of oranges 

Results from Table II on the changes in acidity during storage 1evealed 

that in general there was reduction in acidity during the entire storage period . 

In case of large sized fruits, with wooden box packaging, the acidity reduced 

from the initial 0.43 to 0.39 per cent at the end of storage period ; for CFB- 1 

packaged fruits, the reduction was from initial 0.47 to 0.39 per cent after 43 

days ; and for corrugated fibre box-2 packaged fruits the reduction in acidity 

was from initial 0.44 to 0.324 per cent on 29th day, while in w1treated control 

fruits the reduction was from initial 0.45 to 0.43 per cent on 7'h day. 

Similar trend in reduction in acidity was observed in case of medi um 

sized fruits, where in wooden box packaged fruits recorded reduction in acidi ty 

from i111tia l levt:l of 0.42 to 0.30 per cent after 43 days ; with CFB- 1 box 

packaging, the reduction was from 0.44 to 0.37 per cent on 43'd day ; with 

cotTugatcd fibre box-2 packaged fruits the reduction was from initial level of 
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Table !I : Interaction effect of grading and packaging on acidity (% citric acid) of oranges 

-- - --
: Grade III fruit s 
I 

Grade I fruit s Grade II fruits 
lLO.Y~~) l Mcz.dium) \ s~r~a\1) 

>-- - --

0 day 29 day 36 day 0 day 29 day 36 day 0 day 29 day 3t day 
twa 0.43 0.42 0.390 WB 0.42 0.64 0.38 WB 0.46 0.68 ( }7 

0 day 29day 36 day 0 day 29 day 36 day 0 day 29 day 3t day 
CFB-1 0.47 0.45 0.386 CFB-1 0 .44 0.60 0.374 CFB-1 0.45 0.66 {,; 82 

0 day 15 day 30 day 0 day !4 day 21 day 0 day 14 day 2Jday 
CFB-2 0.44 0.43 0.324 CFB-2 0.43 0.698 0.328 CFB-2 0.45 0.398 0380 

0 day 8 day 0 day 8 day Oday 8 day 
Cootrol 0.45 0.430 - Control 0.43 0.422 - Cootrol 0.46 0.47 

:,;) 
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0.43 to 0.328 per cent on 22"d day. ln case of WJtreated control fruits, the 

reduction was from an initial level of0.43 to 0.42 per cent on 7'h day. 

Likewise, in case of small sized fruits, with wooden box packaging, 

acidity decreased from an initial level of 0.46 to 0.37 per cent on 43 'd day . 

With CFB box -1 packaged fruits the reduction in acidity was from initial 0.45 

to 0.38 per cent after 43 days. ln case of corrugated fibre box-2 packaged 

fruits l.he reduction in acidity was from 0.45 per cent initial level to 0.38 per 

cent on 22"d day, while in WJtreated control there was a slight increase in 

acidity fTom initial 0.46 per cent to 0.47 per cent. C F t ~· f.) 

4.1.4.5 Effect of gradmg and packaging on total sugar of oranges 

Results from Table-12 revealed that in general all grades of fruits under 

all treatments showed an increasing trend in total sugar content during the 

storage period. 

In case of large sized fruits with wooden box packaging, the total sugars 

content increased from an initial level of 4.97 to 7.17 per cent towards the end 

of storage life. Similarly, the total sugars content of CFB-1 packaged fruits 

increased from 5.21 to 6.54 per cent. Likewise the total sugar content of 

corrugated fibre box-2 packaged fruits and · control fruits increased 

from initial levels of 5.31 per cent to 6.02 per cent (30"' day) and 5.42 per cent 

( ~day). respectively. 

In case of medium sized fruits, with wooden box and CFB-1 packaging 

there was an increase in total sugars content from initialleve1s of 5.22 per cent 

and 5.25 per cent to 5.88 per cent and 5.86 per cent, respectively after 36 days. 

In con·ugated fibre box-2 pakcaged frui.ts and untreated fruits , there was 

increase in total sugars content fTom 5. 14 per cent and 5. 12 per cent initial 

levels to 6.20 per cent (22nd day) and 5.38 per cent (8"' day), respectively . ( ~i~.7) 



Table 12 : Interaction effect of grading and packaging on total sugar content (%) o-f DTCtn~~ 

Grade I fruits Grade II fruits 
! 

I 
0 day 29 day 36 day Oday 29 day 36 day 

WB 4.97 5.54 7.17 WB 5.22 5.57 5.88 WB 

0 day 29 day 36 day Oday 29 day 36 day 
CFB-1 5.21 5.29 6.54 CFB-1 5.25 5.30 5.86 CFB-1 

0 day 15 day 30 day Oday 14 day 21 day 
CFB-2 5.31 5.37 6.07 CFB-2 5.14 5.41 6.20 CFB-2 

0 day 7 day Oday 7 day 
Cootro1 5.21 5.42 - Cootro1 5.12 5.38 - Cootro1 

-- ·---------

Grade III fruits 

0 day 29 day 
5.10 5.60 

0 day 29 day 
5.12 5.31 

Oday 14 day 
5.21 5.39 

0 day 7day 
5.22 5.41 

36 day 
6.81 

36day 
5.89 

21 day 
6.12 

~ 
~ 
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FIG N0. 8 
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Likewise, in case of small sized fruits, total sugars content in wooden 

box packaged, fruits increased from initial 5. 10 to 6.81 per cent on 43'd day ; 

fruits with CFB-l packaging revealed that there was an increase in total sugars 

content from initial level of 5.12 to 5.89 per cent after 43 days, cotrug,ated 

tibre box- 1 packaged, fruits initial total sugar content of 5.21 incre11sed to 6. 12 

per cent on 22"d day, while in case of control fruits, there was increase in total 

sugars content from 5.22 per cent initial level to 5.41 per cent on 8'h day . 

4.1.4.6 Reducing sugars 

Results from Table 13 revealed that in general all grades of fru its under 

all treatments showed an increase in reducing sugars content during their 

storage period. 

Large sized fruits with wooden box packaging revealed an increase in 

reducing sugars content from initial level of3 .12 per cent to 6.47 per cent after 

y. days ; while CFB-1 packaged fruits showed an increase in total sugar 

content from initial 3.26 per cent to 6.43 per cent also after 50 days. 

Corrugated fibre box-! packaged fruit showed an increase in reducing sugar 

content from an initial level of 3.52 per cent to final level of 6. 70 per cent on 

30'h day. Reducing sugar content in control fruits increased from an initial level 

of 2.87 per cent to 2.91 per cent on 8th day. 

In case of medium sized fruits, packaging with wooden boxes resulted 

in an increase in reducing sugar content from initial 3.4"1 per cent to 6.51 per 

cent after %days, while in CFB-1 box packaged fruits, it increased from initial 

3. 12 per cent to 6.49 per cent also after 43 days. ln case of con·ugated fibre 

box- 1 packaged fruits the reducing sugar content increased from initial level of 

4 02 per cent to 6.39 per cent on 2 :1!'" day. ln case of control fruits, the increase 

in reducing sugar content was from an initial level of 3.1 per cent to 3.28 per 

cent on 29'h day. 
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Table 13 : Interaction effect of grading and packaging on reducing sugar content(%) 

Grade I fruits Grade II fruita 

0 day 29 day 36 day 0 day 29 day 36day 
WB 3.12 3.94 6.47 WB 3.41 3.96 6.51 

0 day 29 day 36 day Delay 29day 36 day 
CFB-1 3.26 3.91 6.43 CFB-1 3.12 3.97 6.49 

0 day 15 day 30 day 0 day 14day 21 day 
CFB-2 3.52 4.42 6.70 CFB-2 4 .02 4.64 6.39 

Delay ?day Oday ?day 
Control 2.87 2.91 -- Control 3.10 3.28 -

~ 

Grade In fruits 

0 day 29 day 
WB 3.17 3.99 

0 day 29 day 
CFB-1 3.87 4.02 

0 day 14 day 
CFB-2 4.12 4.78 

0 day 7 day 
Control 2.89 3. 10 

36 day 
6.50 

36 day 
6.46 

21 day 
6.42 

:.::! 
C) 
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Witl1 regard to small sized fruits, in case of wooden box packaged fruits 

the increase in reducing sugar content was from initial 3.17 to 6.50 per cent on 

:?t'day, while in case ofCFB-1 packaged fruits it increased from initial 3.87 

to 6.46 per cent at tlle end of storage. Likewise, in case of corrugated fibre 

box-2 packaged fruits, tlle reducing sugar content increased from initial 4. 12 to 

6. 42 per cent on 2.'-6-l' day ; while in case of control fruits, tlle increase was from 

2.89 to 3.1 per cent on 8th day.(Fi~ - Ho S) 

4.1.5 Organoleptic evaluation 

Data presented in Table 14 on the changes in scoring showed marked 

superiority on large sized fruits followed by medium sized fruit at most stages 

of storage. However, acceptable scoring was observed only upto 81h day in 

respect of all ilie grades. 

On tl1e other hand, packaging of fruits either with wooden boxes or wiili 

CFB-1 boxes could result in superior rating upto 43 'd day. The corrugated 

fibre hox-2 packaging was also significantly superior till 151h day while control 

was best only upto 81h day as can be seen in l'abl(l. ~ · 

Data on interaction of grading and packaging _indicated that fruits in 

control scored highest points only upto 81h day. Ratings were at par 

in large and medium sized fruits and were significantly superior to small ones. 

The corrugated fibre box-2 packaging resulted in significantly superior 

rating wi tll respect to medium sized fruits, followed by large sized fruits till 

29'h day, while for small fruits iliis packaging was significantly effective on ly 

ti ll1 5'h day. 



Table 14 Mean and interaction effects of grading and packaging on the organoleptic scoring of '"anges 

8'" da - 22"" day 
CFB-2 Control WB --::c=r=B-:-1-"C:::CF::::B:::'-~2 ------;;Co-o-nt-ro---:1----:-M:-e-an---.,1 

3.86 4.03 2.52 

Medium 
(0 70) (2 09) (2 13) (0 70 (174) ' 

- 3.66 - -- 138 1 

(0 .70) (2 .04) (0 70) (0 70) (137) I 
Small 3.74 -- -- 1.29 I 

{2.06) (0.70) (0 .70) (134) 
Mean 3. 74 0.80 - 1.465 1 

(2.06) (11 7) (0 .70) (148) 
G P GXP 

SE 0.00 0.01 0.02 
CD (0 05) 0.02 0.03 0.05 

~~ I ~- I r~ 
CFB-1 CFB-2 Control Mean CFB-1 CFB-2 Control Mean WB CFB-1 CFB-2 Control Mean 

Large 4.34 3.54 - 2.49 4.07 1.51 4.16 4.16 1.54 

Medium 

Small 

Mean 

SE 
CD (0 05) 

(2 .20) (2.01) (0.70) (1 .73) (2 .14) (0.70) (0.70) (142) (2.16) (2 .16) (0 70) (0 70) (143) 
3.95 146 4.07 - - 1.54 4.16 4.29 1.57 

(2 .ll) (0.70) (0 70) (1.40) (2 .14) (0.70) (0.70) (1.43) (2 .16) 12.19) (0 .70) (0 70) (144) 
4.12 1.43 4.42 1.63 4.42 4.38 1.63 
2.15 1.39 2.22 146 2.22 12.21) (0 .70) (0 .70) (1.46) 

4.29 I 57 
(2 19) (0 70) (0 .70) (1.44) 

G P GXP 
0 00 0.01 0 0 1 

0.02 0 04 ~ ( j 01 0.02 0 03 

:,.::) 

OJ 



CFB- 1 box packaging of fruits was effective for larger and medium 

sized fruits UP to 43 days. While small fruits retained their admi ssible 

rating till 43 'd day when packaged with CFB-1 boxes. 

With respect to the effect of packaging with wooden boxes it was 

effective for large, medium and small sized fruits till 36, 29 and 2200 days, 

respectively . 

4.2 MANGO 

The experimental results of trials on processing by pre-treatments of 

Ratna, Bombay green and Malli.ka varieties of mango are presented as follows. 

4.2.1 Physical characteristics of nuuago fruits at harvest and on ripening 

4.2.1.1 Physical parameters at harvest 

The data on various physical parameter studied are presented in 

Table 15 . 

4.2.1.1.1 Weight offruit 

On perusal of the data, it is observed that Mallika fruits were 

characterised with maximum fruit weight in both the years (340 .00 g and 

325 .70 g. respectively) followed by Bombay green (280.00 g and 225 .88 g) 

whil e Alphonso fruits recorded tl1e minimum (225.90 g and 245 .00 g). 

4.2.1.1.2 Volume offruit 

The pattern in the volume of fruit belonging to different varieties was 

more or less similar to that of fruit weight. The variety Mallika recorded 

maximum volume (330.50 ml) followed by Bombay green (204.60 ml) and 

minimum was recorded in Ratna (225 .90 ml) during 1995, sim ilar trend was 

obsen ed for the volup1e of fruit in the year 1996. 



Table 15 : Physical characteristics of different varieties of mango at harvest 

during 1995 and 1996 (Average of 10 fruits) 

100 

Particulars 
Ratna Bombay green Mallika 

Weight of fruit (g) 

Volume of fruit (ml) 

Specific gravity 

Length of fruit (em) 

Breadth of fruit (em) 

Widtl1 of fruit (em) 

Colour of peel 

Colour of pulp 

Firmness of fruit 
(kg I cm2

) 

Note : 

SG : Scheeles Green 

YW : Yell ow ish white 

FY · Faint ye llow 

1995 
228.22 

225 .90 

1.00 

9.20 

5.50 

6.80 

SG 
86~ 
YW 

30.00 

1996 1995 
225.80 280.00 

245.00 204.60 

1.00 1.03 

9.64 12.00 

1.50 8.00 

7.25 8.00 

SG SG 
86. 8~ 
YW FY 

30.00 28.00 

1996 1995 1996 
295 .88 340.00 325.70 

210.00 330.50 308.00 

1.03 1.02 1.02 

13.25 15.40 16.08 

7.80 6.60 6.70 

7.75 8.60 8.50 

SG SG SG 
86~ 86~ 86~ 
FY YW YW 

29.00 30.00 29.00 
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4.2.1.1.3 Specific gravity 

In all the varieties studied, the specific gravity was more than 1. 00 and 

it ran~:~ed between 1.03 (Bombay green) and 1.00 (Ratna) (Table 15) during 

both the years of study. Further, very little differences in specific gravity were 

noticed runong the vatieties. 

4.2.1.1.4 Length offruit 

The data from Table 15 reveal that the Mallika fruits recorded 

maximum fruit length (15.40 em and 16.08 em) followed by Bombay green 

(12.00 em and 13 .25 em). However, Ratna fruits were characterised by the 

minimum fruit length (9.20 and 9.64 em) at harvest in both the years of study. 

4.2.1.1.5 Breadth offruit 

Distance between the cheeks represents the breadth of fruit which was 

higher in Bombay green fruits (8 .00 and 7.80 em) and lowest? in Mallika fruits 

(6.60 em and 6.70 em) during 19095 and 1996, respectively. 

4.2.1.1.6 Width of fruit 

It is c lear from the Table 15 that Mallika fruits recorded maximum 

width (8 .60 em ru1d 8.50 em) while minimum was recorded in Ratna (6 .80 and 

7.25 em) at harvest during 1995 and 1996, respectively. 

4.2.1.1. 7 Colour of peel 

The data pertaining to the colour of peel (Table 15) depicted that at 

harvest Ra111a and Mallika fruits were characterised by Scheeles green colour 

whi le little lighter Scheeles green was recorded for Bombay green variety in 

both the years of study. 

4.2.1.1.8 Colour of pulp 

The change in the colour of the pulp of all the varieties is given in 

Table 15. It was observed that Ratna and Mallika fruits were simi lar with 
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respect to pulp colour at harvest, while Bombay green variety exhibited faint 

yellow colour during both the years of study. 

4.2.1.1.9 Firmness of fruit 

The data of the firmness of fruit of different varieties are given in 

Table 15 . The maximum firmness was observed in Ratna (30.00 kglcm2 and 

30.00 kglcm2
) while, variety Bombay green recorded minimum (28.00 kglcm2 

and 29.00 kg /cm2
) during 1995 and 1996. 

4.2.1.2 Physical parameters on ripening 

Data representing the physical parameters on ripening are indicated in 

Table 16. 

4.2.1.2.1 Weight of peel 

It is evident from the data presented in Table 16 that the Bombay green 

mango fruits on ripening recorded highest weight of peel (35.15 g and 40.00 g) 

followed by Mallika (35.00 g and 34.80 g) whereas, Ratna frui ts were 

characterised by the lowest weight of peel (25.50 g and 30.00g) during 1995 

and 1996. 

4.2.1.2 .2 Weight of pulp 

The data corresponding to the weight of pulp of mango fruits on 

ripeni ng (Table 16) indicated that the Mallika fruits produced higher quantity 

of pulp (2 1 0. 70 g and 220.78 g, respectively) followed by Bombay green 

(200.00 g and 205.46 g) while lower pulp weight was observed in Ratna fruits 

( 150.80 g and 140.90 g) in 1995 and 1996. 

4.2. 1.2.3 Weight of stone 

It is evi dent from the data presented in Table 16 that the weigh of stone 

of Mallika fruits was max.imwn (40.10 g) followed by Bombay green and 
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Table 16 : Physical characteristics of different varieties of mango on Ripening 

during 1995 and 1996 

Particulars 
Ratna 

1995 
Weight of peel (g) 25 .50 

Weight of pulp (g) 150.80 

Weight of stone (g) 25.10 

Pulp to stone ratio 4.80 

Pulp to peel ratio 5.91 

Colour of pulp SY 

Length of stone (em) 7.50 

Breadth of stone (em) 2. 00 

Width of stone (em) 2.80 

finnness of fruit 18.50 
(lbs/sq inch) 

Note · Average of 10 fruits 

SY : Saffron yellow 

IY : Ind ian ydl ow 

1996 
30.00 

14090 

28.30 

4.97 

4.69 

SY 

6.80 

1.50 

1.95 

17.00 

Bombav green Mallika 
1995 1996 1995 1996 
35.15 40.00 35.00 34.80 

200.00 205.46 2 10.70 220.78 

36.90 30.90 40.10 38.1 2 

5.69 6.64 5.05 5.79 

5.97 5.13 5.80 6.21 

IY IY IY 1Y 

8.20 8.30 9.98 10.54 

1.80 2.00 1.80 2.15 

3.30 2.60 3.86 4.50 

12.50 12.75 16.50 16.00 
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minimum (25 .1 0 g) was recorded in Ratna fruits during 1995. Simi lar pattern 

of weig,ht of stone was recorded during the subsequent year, 1996. 

4.2.1.2.4 Pulp to stone ratio 

The values for pulp to stone ratio recorded on ripening of frui ts are 

presented in Table - 16. 

The data revealed that Bombay green recorded maximum pulp to stone 

ratio (5 .69) followed by Mallik~5 . 05) and minimum was observed in Ratna 

(4.80) during 1995 . However, in 1996 higher values of 6.64, 5.79 and 4.97 

were observed in Bombay green, Mallika and Ratna varieties, for pulp to stone 

ratio , respectively. 

4.2.1.2.5 Pulp to peel ratio 

It is clear from the Table 16 that the variety Mallika ranked first (5 .80) 

followed by Bombay green and last was Ratna (5 .971 ) during 1995. Slightly 

higher values were recorded during 1996. 

4.2.1.2.6 Colour of the pulp 

The data presented in Table 16 reflects that the pulp of Ratna variety 

exhibited Saffron yellow colour which is most desirable while Bombay green 

and Mallika varieties were characterised by Indian yellow colour on ripening 

during both the years. 

4.2.1.2. 7 Length of stone 

The data furnished in the Table 16 indicated that the length of stone on 

riperwtg ranged from 7.50 em in Ratna to 9.98 em in Mallika during 1995 . 

Whereas in the subsequent year it varied from 6.60 in Ratna to 10.54 em in 

Ma llika 



4.2.1.2.8 Breadth ofstone 

Maximum breadth (2.00 em) was recorded in Ratna followed by 

Mallika and Bombay green and the minimum (1.80 em) was noticed in 

Bombay green and Mallika during 1995. Not much differences were found in 

the subsequent year 1996 (Table 16). 

4.2.1.2.9 Width of stone 

Table 16 reveals that the width of the stone on ripening was rughest in 

Mallika fruit (3.86 and 4.50 em) followed by Bombay green and the lowest 

width was recorded by Ratna fruits (2.80 and 1.95 em) during 1995 and 1996. 

4.2.1.2. 10 Firmness of fruit 

The data of firmness of Ratna, Bombay green and Mallika as influenced 

by ripening are given in Table 16. 

The maximum firmness (18 .50 lbs/ sq. inch) was observed in Ratna 

variety fo llowed by Mallika (16.50 lbs/sq. inch) and the minimum ( 12.50 

lbs/sq. Inch) was observed in Bombay green during 1995. Similar pattem was 

observed in the subsequent year for firmness of fruits of different varieties 

under study . 

4.2.2 Chemical composition of mango fruits at harvest and on ripening 

4.2.2.1 Chemical composition of mango fruits at harvest 

'llle data pertaining to the chemical composition of m;mgo varieties at 

harvest are presented in Table 17. 

4.2.2. 1.1 Moisture 

The variety Ratna recorded max.~ mum moisture content (82. 90 %) 

foll O\\Cd by Bombay green (78.20 %) while Mallika fruits recorded the 

mmimum (75 .80 %) during 1995. Similar trend was observed during 1996. 

105 



Plate .ta \Iango variety Bombay green at harvest 



Table 17 : Chemical composition of different mango varieties at Harvest 

during 1995 and 1996 

10f> 

Particulars 
Ratna Bombay green Mallika 

1995 1996 1995 1996 1995 1996 
Moisture (%) 82.90 83 .10 78.20 79.30 75 .80 75.90 

TSS (0 B) 7.90 8.50 9.00 10.50 6.50 7.00 

Titratable acidity(%) 3.40 3.30 1.25 1.30 2.80 2.60 

Reducing sugars(%) 1.80 1.50 2.00 1.90 1.30 1.20 

Total sugars(%) 2.90 2.75 3.40 3.30 2.30 2.15 

Sugar.acid ratio 0.80 0.80 2.92 2.53 0.82 0.82 

pH 2.85 2.75 2.60 2.70 2.95 2.85 

Ascorbic acid 80.60 90.50 145.50 148.50 35 .00 36.70 
(mgl 100g) 
P-Carotenl!. 425.00 350.80 80.80 85 .70 310.00 320.00 
(llg/1 OOg) 
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4.2.2.1.2 Total soluble solids 

Total soluble solids of mangoes, a measure of maturity index, is an 

impor1ant parameter since it forms a guide to utilize the mango for processing 

into different products are presented in Table 17. 

The TSS of mango fruits at harvest ranged from 6.5°8 (Mallika) to 

9.0°8 (Bombay green) during 1995 . However, in 1996 it ranged from 7.0°8 in 

Mallika to 10.50 °B in Bombay green 

4.2.2.1.3 Titratable acidity 

Maximum titratable acidity of fruits at harvet was recorded i.n Ratna 

fruits (3.40 per cent and 3.30 per cent) followed by Malli.ka fruits (2 .80 per 

cent and 2.60 per cent) whereas the mini.mwn was recorded in Bombay green 

( 1.25 and 1.30 %) during 1995 and 19961 

.t.2.2 .1.4 Reducing sugars 

At harvest ( 1995) the variety Bombay green recorded the highest 

reducing sugars (2.0 %) followed by Ratna (1.80 %) and the lowest ( 1.30 %) 

was recorded in variety Mallika (Table 17). Similar observations were seen 

during the subsequent year, 1996. 

4.2.2.1.5 Total sugan 

Maximim total sugar content at harvest was recorded in Bombay green 

(3.40 %), while the minimum was recorded by variety Mallika (2.30 %) in the 

year 1995. 

During 1996, the total sugars among the different varieties varied from 

2. 1 S per cent (Mallika) to 3.30 per cent (Bombay green). 
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4.2.2.1.6 Sugar I acid ratio 

Table 17 reveals that the variety Bombay green with higher reducing 

and total sugars recorded higher value for sugar acid ratio (2 .92) while the 

minimum value was recorded by Ratna (0.80) during 1995. Not much 

di !Terences were observed in 1996 in all the varieteis. 

4.2.2.1.7 pH 

Hydogen ion-concentration i.e, pH of mango fruits at harvest as 

reOected from the data presented in Table 17 ranged from 2.60 in Bombay 

green to 2.95 in Mallika in 1995 while during 1996 it ranged from 2.70 in 

Bombay green to 2.85 in Mallika. 

4.2.2.1.8 Ascorbic acid 

Table 17 revealed that the ascorbic acid content of mango fruits at 

harvest was found maximum in Bombay green fruits ( 145 .50 rng/ 100 g) 

foll owed by Ratna fruits (80.60 mg/IOOg), while the minimum was recorded in 

Mallika fruits (35.00 mg/ IOOg). In the subsequent year also Bombay green 

recorded the highest ( 148.50 mg/100g) followed by Ratna 90.50 mg/ 100g) 

whih.: the minimum was noticed in Mallika (36.70 mgllOOg). 

4.2.2.1.9 Total carotenoid pigment expressed as JJ-carotene 

t\ t harvest the carotenoid content was maximum in variety Ratna 

(425 .00 ~g/IOOg) followed by Malliak (310.0~g/100g) and the minimum was 

in variety Bombay green (80.80 llg!IOOg) during 1995. Similar trend was 

observed during the year 1996. 1. 

4.2.2.2 < 'bemical composition of mango fruits on ripening 

The data regarding the chemical composition of mango fruits on 

ripenmg of Ratna, Bombay green and Mallika varieties arc presented in 

Tahk IS 



Plate -U.> i\lango varie ty Uornbay green on Ripening 



4.2.2.2.1 Moisture 

The moisture content declined on ripening of fruits . Optimwn ripe 

Ratna fruits showed the maximwn moisture content (78.80 %) while, Bombay 

green frui ts showed the minimum (72.40 %) during 1995 . In the year 1996 

also Ratna recorded the highest moisture content (80.85 %) followed by 

Bombay green (76.20 %) and the minimum was found in Mallika (74 .50 %). 

4.2.2.2.2 Total soluble solids 

On ripening of fruits at optimum stage the total soluble solids increased 

in all the varieties (Fig. ) . The maximwn total soluble solids were observed 

in vareity Mallika (21.5 Og) during 1995. During the year 1996 also Mallika 

recorded highest total soluble solids (22.5° B) followed by Ratna ( 18.80°B) and 

the lowest was seen in Bombay green (18.5°8). 

4.2.2.2.3 Titratab1e acidity 

Tnratable acidity (Table 18) decreased from harvest to ripe stage. The 

maximum tilratable acidity of fruits after ripening was found in Ratna (0.40 %) 

while mmimum was recorded in Bombay green (0.30 %) during 1995. In the 

subsequent year titratable acidity ranged from 0.28 per cent in Bombay green 

to 0.40 per cent in Mallika. 

4.2.2.2.4 U.educiog sugars 

The data regarding change m reducing sugars are also presented in 

Table 18. 

Higher values for reducing sugars were recorded in all the varieties after 

they wt:re ripened for processing as compared to at harvest time. Mallika 

ranked first (5.40 %) followed by Ratna (5.32 %) and the last in order was 

Bomba) g.n:cn (2 .9? %) during 1995 . In the year 1996 the reduci ng sugars 

content rangt:d from 3.00 per cent (Bombay green) to 5.70 per cent (Mallika). 
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Table 18 Chemical composition of different mango varieties on Ripening, 

during 1995 and 1996 
r- - - ----------

Particulars 
Ratna Bombay green Mallika 

1995 1996 1995 1996 1995 1996 
Moisture(%) 78.80 80.85 72.40 76.20 73.75 74.50 

TSS (0 13 ) 17.80 18.80 17.75 18.50 21.50 22 .50 

Titratable acidity (%) 0.40 0.37 0.30 0.28 0.30 0.40 

Reducing, sugars(%) 5.32 5.54 2.95 3.00 5.40 5.70 

Total sugars(%) 16.20 15.90 15.50 16.00 17.50 18.80 

Sugar-acid ratio 40.50 42.97 51.66 57.10 58.33 47.00 

PH 4.20 4.15 3.90 3.80 5.35 5.45 

Ascorb ic acid 80.30 85 .25 135.50 140.00 25 .25 28 .80 
(mg/ IOOg) 
Total Carotenoids 13350.0 13225.0 4250.0 3990.0 8950.0 9500.0 
8 -Carotenoids 

_w_IOOg) 



4.2.2.2.5 Total sugars ll.L 
Variety Mallika exhibited maximum total sugars ( 17.50 %) while 

minimum was recorded in Bombay green (15.50 %) in 1995 . During 1996, it 

ranged from 15.90 per cent (Ratna) to 18.80 per cent (Mallika). 

4.2.2.2.6 Sugar I Acid ratio 

Table 18 showed that variety Mallika ranked first (58 .33 %) for sugar I 

acid ratio while variety Ratna appeared to be the last (40.50). In the subsequent 

year, sugar /acid ratio ranged from 42.97 (Ratna) to 57.10 (Bombay green). 

4.2.2.2.7 pH 

High pH values were recorded after the fruit were ripe, as compared to 

pH values at harvest. On ripening Mallika fruits showed maximum pH of 5.35 

and 5.45, respectively during tl1e years 1995,19~,while Bombay green recorded 

maximum (3. 90 and 3.80, respectively) during the two years. 

4.2.2.2.8 Ascorbic acid 

On ripening Bombay green recorded maximum values (135 .50 mg I 

IOOg ) followed by Ratna (80.30 mgllOOg) and ilie minimum was seen in 

Mallika fruits (25.25mg/100g) during 1995. In the year 1996 similar trend 

was noticed for the ascorbic acid content on ripening of different varieties. 

4.2.2.2.9 Total carotenoid pigments expressed as 13-carotene 

It could be seen from the data presented in Table 18 iliat total carotenoid 

(13-carotene) content increased from harvest to the ripe stage. There was a 

manyfold increase in the carotenoid content at the ripe stage • Ratna 

fruits exhibih.:d the maximum carotenoid content on ripenign ( 13350 ~g/IOOg 

and 13225 ~g/ IOOg) followed by Mallika (8950 ~g/100g and 9500 ~g/IOOg) 

while the minimum was recorded by Bombay green (4250 ~g/ I OOg and 3990 

~g/ IOOg) during both the years of study. 



4.2.3 Chemical composition of mango stlces during storage 

4.2.3.1 Cut out analysis of canned mango stlces 

11 2 

4.2.3.1.1 Physical characters of canned R.atna. Bombay green and Mallika 
mango slices in syrup at in1tlal, three, six and eight months of 
storage are depicted in Table 19 

4.2.3.1.1.1 Vacuum 

From the Table 19 it is clear that there was no substantial loss of 

vacuum during storage for both the years. Since it is seen that there was 

significant difference among the varieties for vacuum except at six months of 

storage during 1995, a vacuum of 11.6 to 13.2 inches was observed in all the 

varieties tested, whlch was due to the fact that proper temperature was 

maintained for the preservation of slices.( "Fi $· 9) 

4.2.3.1.1.2 Head space 

Table 19 depicted that the head space was uniform in all the canned 

samples during both the years of study. The head space ranged from 7.0 mm 

(Mallika) to 7.80 trun (Bombay green) at initial stage whlle at eight months of 

storage, it was slightly increased with non-significant difference and ranged 

from 7.4 mm (Mallika ) to 7.75 mm (Bombay green and Ratna) during 1995 . 

During the year 1996, variety Bombay green recorded maximum head space 

(8 .60 mm) followed by Mallika (8.40 mm) and the minimum was noticed in 

variety Ratna (8.00 mm). Similar trend was also seen at the end of eight 

months of storage period.l'Fi ~·~ 

4.2.3.1.1.3 DraiDed weight 

The results of the cut-out examination of the canned slices summarised 

in Table 20 indicate that there were significant differences in drained weight of 

the canned slices in all the varieties during 1995. The drained weight was 

almost uniform in all the samples and the percentage ranged from 49.60 to 

52.82 per cent in Bombay green, 54.15 to 56.80 per cent in Ratna and 53 .78 to 

55.84 per cent in Mallika. There were non-significant differences during 1996 



Table 19 : Cut-out analysis of canned mango slices(Physical characteristics) 

1995-96 
Parameter Variety Initial Storage Eeriod {months} 

3 6 8 
\'acuum Ratna 13.30 13.30 13.20 13.10 

(inches) Bombay green 11.70 11.70 11.60 11.50 

Mallika 12.70 12.70 12.50 12.40 

F-test • • NS NS 

CD at5% 1.19 1.19 -- -

Head space Ratna 7.20 7.20 7.70 7.75 

(rnm) Bombay green 7.80 7.80 7.75 7.75 

Mallika 7.00 7.10 7.40 7.40 

F-test • • • • 
CD at5 % 1.94 2.14 2.11 

Initial 

12.60 

13.60 

13.00 

• 
0.62 

8.00 

8.60 

8.40 

NS 

1996-97 
Storage Eeriod {months} 
3 

12.60 

13.60 

12.80 

• 
0.72 

8.30 

8.60 

8.60 

NS 

6 
12.20 

13 .40 

12.60 

• 
0.65 

8.50 

8.60 

8.40 

NS 

8 
11.00 

13 .40 

12.50 

NS 

8.50 

8.60 

8.40 

~ 

I­
~ 

NS 
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in drained weight and there was a gradual increase in the drained weight 

percentage in both the years. (PSi.11.) 

4.2.3.1.1.4 Internal condition of can 

Table 20 revealed that all the varieties initially and upto three months 

of storage period showed normal appearance of the can after cut-out analysis, 

however, at eight months of storage slight feathering was noticed in the can s 

of Ratna and Mallika and heavy feathering in Bombay green variety. Similar 

trend was observed during 1996. 

4.2.3.1.1.5 Clarity and colour ofsyrup 

It is evident from the data presented in Table 20 that the varieties which 

retained shape and texture of the slices without distingrating on canning gave 

clear syrup and original colour to the canned produt. Fairly clear yellow colour 

of syrup was observed in the varieties Raina and Mallika till six months of 

storage ; while at eight months of storage at ambient conditions it could not 

retain the clarity as it was in the initial stages during both tl1e years. Variety 

Bombay green showed the clarity of syrup and yellow colour till only three 

months of storage period while later the syrup turned turbid. 

4.2.3.1.2 Cut-out examination of caDDed maago slices : chemical 

parameters 

Chemical parameters of canned mango slices of different varieties are 

swnmari sed in Table 21 . 

4.2.3.1.2.1 Total soluble solids ofslices 

The data presented in Table 2 1 indicate that the variety Mallika showed 

highest TSS (31 .34°8 ) followed by variety Ratna (31 .0°8) and the lowest was 

observed in variety Bombay green (28 . 15°8). During storage, the difference 

was not perceptible and it ranged from 0.10 to 0.20 per cenl In both the years 



Plate Sa 1\lallika hybrid mango after ripening 



Table 20 : Cut-out analysis of canned mango slices physical characteristics 

Parameter Variety 

Drained wt. R.atna 
(inches) Bombay green 

Mallika 

F-test 
CD at 5% 

Internal R.atna 
condition Bombay green 
of the can Mallika 

Clarity and R.atna 
colour of Bombay green 
the svruo Mallika 

Note : 

SF : Slight feathering 

FY : Fairly yellow 

1995-96 
Initial Storage Qeriod {months} 

3 6 
54.15 54.20 55 .57 
49.60 50.30 52.32 
53.78 54.90 55.10 

• • • 
1.94 2. 15 2.10 

Normal Normal Normal 
Normal Normal S.F. 
Normal Normal Normal 

FCY FCY FY 
FCY CY TB 
FCY FCY FY 

HF : Heavy feathering 

CY : Clear yellow 

8 
56.50 
52.82 
55.84 

• 

S.F 
H. F. 
S.F. 

TB 
TB 
TB 

1996-97 
Initial Storage ~riod {months} 

3 
52.49 53 .98 
51.82 53.57 
55.84 54.58 

NS NS 

Normal Normal 
Normal Normal 
Normal Normal 

FCY FCY 
CY CY 

FCY FCY 

FCY : Fairly clear yellow 

TB : Turbid 

6 8 
54 .98 56.80 
54.32 55.10 
55.68 56.68 

NS NS 

S.F. H.F 
S.F H. F. 

Normal S.F 

FY TB 
JB JB 
FY TB 

,.... 
01 
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Table 21 : Cut-out analysis of canned mango slices in syrup chemical parameters 

1995-96 
Paran1.:ter Variety Initial Stora~e 2eriod {months} 

3 6 8 
TSS (B), Ratna 31.00 31.00 31 .20 31.40 

Slices Bombay green 28.15 29.12 29.25 29.27 

Mallika 31.34 31.40 31.41 31 .40 

F-test • • • NS 

COatS% 0.82 0.82 0.80 -

TSS (>B) Ratna 31.30 31.30 31.36 31.37 

Syrup Bom~ay green 30.10 30.10 30.10 30.10 

Malli.ka 33.00 33.00 33.00 33.10 

F-test • * * • 
COat 5 % 0.89 0.89 0.91 

Initial 

30.58 

31.25 

30.83 

NS 

NS 

31.80 

32.50 

32.56 

NS 

1996-97 
Storage ~riod {months} 
3 

30.56 

31.25 

27.87 

• 
0.53 

31.80 

32.50 

32.64 

NS 

6 
31.60 

31.40 

30.86 

• 
0.28 

32.20 

32.60 

33 .12 

NS 

~ 

~ ..... 
~ -

8 
31.00 

31.40 

30.86 

NS 

NS 

32.21 

32.59 

33 .12 

NS 
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significant results were observed for TSS of slices except at initial stages of 

1995 . However, the trend was slightly increasing in both the years of study. 

4.2.3.1.2.2 Total soluble solids of syrup 

In respect of TSS of syrup, slightly higher values were recorded and 

there was a gradual increase in TSS during storage in 1995 and 1996. 

Sigt1i!icant differences were observed during 1995 with the TSS of syrup and it 

ranged from 30.10 (Bombay green) to 33 .00°B (Mallika) at initial stages of 

analysis while at eight months of storage period it varied from 30.1°8 

(Bombay green) to 33.10°8 (Mallika). During 1996, slight differences in TSS 

were recorded in the varieties. Maximum being Mallika (32.56°B) and 

minimum being Ratna (31 .80°8), however, variation observed was non­

signi!icant.(F; ~ l2., ~<~-13) 

4.2.3.1.2.3 Tit ratable acidity of slices 

The acidity content of the canned slices slJowed increase trend during 

tl1e last phase of storage. However, tlle differences were non-significant during 

both the years of studies 1995 and 1996 (Table 22). The acidity content was 

low in all the three varieties and it ranged between 0.31 to 0.34 per cent.lFi% 14} 

4.2.3.1.2.4 Tit ratable acidity of syrup 

Table 22 again shows tllat tllere was no noticeable change in the 

titratable acidity of the syrup. ln comparison to slices the acidity values were 

low for the syrup during 1995 and 1996. Significant results were recorded 

during 1995 while in the subsequent year differences were fow1d non­

significant. 

4.2.3.1.2.5 Total sugars 

Total sugars continuoulsy increased during tlJe storage period of eight 

months 111 both the years (Table 23). lnitially, the total sugars cotnent (Fig.16) 



Plate 5b Canned !\lallika slices after storage of 8 months 



Table 22 : Cut-out analysis of canned mango slices in syrup chemical parameters 

1995-96 
Parameter Variety lnitial Storage eeriod {months) 

3 6 8 
Titratable Ratna 0.33 0.33 0.34 0.34 
acidity(%) 

Bombay green 0.34 0.36 0.36 0.36 Slices 
Mallika 0.31 0.31 0.32 0.32 

F-test NS NS NS NS 

CDat5% 

Titratable Ratna 0.31 0.31 0.3 1 0.31 
Acidity(%) 

Bombay green 0.29 0.29 0.30 0.30 
Syrup 

Mallika 0.30 0.30 0.30 0.30 

F-test • • • • 
CD at 5% 0.005 0.005 0.008 

lnitial 

0.31 

0.31 

0.32 

NS 

0.27 

0.30 

0.28 

NS 

1996-97 
Storage eeriod {months} 
3 6 

0.31 0.32 

0.32 0.33 

0.32 0.33 

NS NS 

0.27 0.27 

0.30 0.30 

0.28 0.28 

NS NS 

,..... 
1-­
~ 

8 
0.32 

0.33 

0.33 

NS 

0.7 

0.30 

0.28 

NS 
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of the crumed slices were observed to range from 17.59 per cent (Bombay 

green) to 19.84 per cent (Ratna) whereas, after eight months of storage period 

the total sugars content of the canned slices ranged from 19.25 per cent 

(Bombay green) to 20.60 per cent (Ratna). During 1996, Ratna ranked higher 

for total sugars (19.76 %) and lower being Bombay green (18.75 %) at initial 

stages of analysis while at the end of eight months storage period, Ratna 

recorded maximum (22.10) ru1d Mallika recorded minimum (20.82). The 

results were statistically significant in both the years. 

4.2.3.1.2.6 Sugar I Acid ratio 

Sugar acid ratio significantly increased during both the years throughout 

the storage pe1iod but it was gradual (Table 23). During 1995, Ratna showed 

higher sugar I acid ratio of 62.79 followed by Mallika (62.07) and Bombay 

green recorded the least (57.55). At the end of six and eight months of storage 

non-significant results were noticed. In 1996, Ratna recorded highest sugar I 

acid ratio of 68 .17 followed by Bombay green (63 .18) ru1d Ma!Jika (b2 .37) 

after six months of storage. After eight months of storage also Ratna recorded 

higehst rat io of 70.00 and Bombay green minimum of 63 .20. C F l%-1'7) 

4.2.3.1.2 . 7 Total carotenoids expressed as jl-caroteoe 

The data pertaining to carotenoid content of canned mango slices are 

p,..«.Sen'ltd in Table 23. In general, it is evident from the data that ~-carotene 

content of the canned slices showed a decline (Fig.1S) during eight months of 

storage pc:riod in both the years runongst the varieties under study . Highest 

carotenoid content were noticed in Ratna (12100.00 J.!g/ 100g) followed by 

Mallika (-180040 J.!g/ IOOg) while lowest was recorded in Bombay green 

(3000 .00 J.!g/1 OOg). However, after storage period of eight months, carotenoid 

content of Ratna was 11401 0 J.!g/ IOOg and that of Bombay green 2220 .00 

J.!g/ IOOg during 1995. Slightly lower values were recorded in the subseq uent 



Table 23 : Cut-out analysis of canned mango slices in syrup : Chemical parameters 

1995-:>6 
Parameter Variety Initial Storage Eeriod {months) 

3 6 8 
Total sugar Ratna 19.84 20.20 20.47 20.60 
(%) Bombay green 17.59 18.01 18.26 19.25 

Mallika 18.79 18.09 19.47 20.50 

F-test * • • * 
CDat5% 

Sugar acid ~a 62 .79 63 .94 63.04 64.00 
ratio Bombay green 57.55 58.91 58.18 60.00 

Mallika 62.07 62.73 62.86 63.00 

F-test • • NS NS 
CD at 5% 2.56 2.54 -- --

Total caro- Ratna 12100.00 11808.30 11611.00 114010.00 
tenoids (B- Bombay green 3000.00 2737.20 2422 .80 2220.00 
carotene) Mallika 4800.40 4331.20 4134 .00 3940.00 

(~g/ lOOg) 
F-test • • • • 
CD at5 % 65 .30 <1 9.41 108.28 

Initial 

19.76 
18.75 
19.32 

• 

65 .57 
61.71 
61.54 

* 
3. 15 

11377.20 
3030.80 
4708.40 

• 
-UO 

1996-97 
Storage Eeriod {months) 

3 
20.53 
19.47 
19.69 

* 

68.04 
64 .14 
62 .72 

* 
3.30 

10994.00 
2645 .00 
4321.20 

• 
-UO 

6 
21.11 
19.89 
19.83 

* 

68. 17 
63.18 
62 .37 

• 
2.83 

10806.40 
2461 .20 
4144 .80 

• 
49.92 

8 
22 .10 
20.90 
20.82 

• 

70.00 
63 .20 
63.30 

• 
2.80 

10500 ( 
2380.0 
4000.5 

~ 

l\.) 

0 

• 
-1 5.60 
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Cut-out analysis of canned mango slices in syrup: 
Chemical parameter Total sugar(%) for the year 1995· 

96 

1
··-·-1 
• - I 

lntial 

Storage period in months 

Cut-out analysis of canned mango slices in syrup 
Chemical parameter Total sugar (%) for the year 

1996-97 

I
C Ratna I 
• Bombay green 

OMa!hka 

lnlial 

Storage period in months 



70 

60 

~ 50 

~ 
'C 40 
·;:; 
"' ;;; 30 
0> 
::J 
rn 20 

10 

0 

72 

70 

:8 
68 

~ 66 
'C ·;:; 

64 
"' 
~ 62 
::J 
rn 

60 

58 

56 

FIG NO. 17 

Cut-out analysis of canned mango slices in syrup: 
Chemical parameter Sugar acid ratio for the year 
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12 .l 
year for carotenoid yet the results were highly significant among the varieties 

for both the years. 

4.2.4 Organoleptic evaluation ofClUIDed Maago slices 

Canned mango slices were organoleptically evaluated at initial stage 

after processing and after eight months of storage at ambient temperature 

condi tions (Table 24). 

4.2 .4. 1 Appearance 

From comparative organoleptic values as shown in Table 24 it is 

evident that Ratna and Mallika ranked best (9.70) among all the varieties tried 

for canning in respect of appearance at initial stage of storage till eight months. 

Next to Ratna and Mallika was Bombay green in order of preference with the 

scores 7.60 . In the year 1996, also Ratoa was found the best in appearance, 

followed by Mallika and least score was recorded in Bombay green . It was 

observed that there was not much decline in the score for appearance of the 

canned slices during storage in all the varieties. (F!§-38) 

4.2.4.2 Flavour 

The maximum organoleptic score for flavour was recorded by Ratna 

(8 .80 and 8.75) fotlowed by Mallika (8.70 and 8.75) and the minimum was 

found in Bombay green (7.80 and 7.70) during 1995 and 1996, respecti ve ly 

(Table 24 ). However, it was also noticed that during storage the quality score 

d1d not decline much to dislike the product of all the varieties. lFi~-1 '0) 

4.2.4.3 Texture 

Data on texture of canned mango slices is presented in Table 25 . 

Accord ing to the table texture of Mallika was fow1d to be the best (4.40) 

follow..:d by Ra tna (4 .20) and least was Bombay green (3 .70) during 1995 and 

1996 . ( t' i~· 18) 



Plate 6b Ca nned IJombay green slices after 6 months 
storage 



Table 24 : Organoleptic quality parameters of canned slices of mango varieties (Scores out o.f 1.0) 

Parameter Variety lnitial 

Appearance Ratna 9.70 
Bombay green 7.60 
Mallika 9.70 

Flavour Ratna 8.80 
Bombay green 7.80 
Mallika 8.70 

Texture Ratna 9.80 
Bombay green 7.90 
Mallika 9.68 

Overall Ratna 9.80 
Acceptability Bombay green 7.95 

Mallika 9.78 

1995-96 
Storage Eeriod {months) 

3 6 8 
9.55 9.15 9. 10 
7.50 7.40 7.30 
9.52 9.20 9.15 

8.50 8.40 8.35 
7.75 7.60 7.55 
8.55 8.50 8.45 

9.70 9.65 9.60 
7.80 7.60 7.55 
9.65 9.64 9.60 

9.75 9.70 9.65 
7.90 7.85 7.80 
9.75 9.75 9.73 

Initial 

9.75 
7.65 
9.58 

8.75 
7.70 
8.75 

9.75 
7.85 
8.80 

9.85 
8.00 
9.83 

1996-97 
Storage Eeriod {months) 

3 6 
9.70 9.70 
7.75 7.40 
9.38 9.3 5 

8.65 8.60 
7.60 7.50 
8.70 8.60 

9.70 9.6~ 
7.80 7.65 
8.78 8.75 

9.80 9.75 
7.95 7.90 
9.80 9.75 

l~ 
~~ 

8 
9.20 
7.35 
9.25 

8.55 
7.40 
8.40 

9.60 
7.60 
8.73 

9.65 
7.85 
9.73 
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Organoleptic quality parameters of canned slices of 
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It was observed that the texture retention is the main criteria for the 

canning of slices. Ratna and Mallika performed extremely good in both the 

years of study, in maintaining the original texture. However, Bombay green 

recorded minimum values for the texture. 

4.2.4.4 OveraU acceptability 

Overall acceptability scores are presented in Table 24 Ratna was 

adj udg.ed best by the panelist for overall quality followed by Mallika and 

13ombay green during both the years of study (1995 and 1996). The overall 

acceptability ratings ranged from 7.95 (Bombay green) to 9.80 (Ratna) in 1995 

and 8.00 (Bombay green) to 9.85 (Ratna) in 1996. There was not much 

decline in the score of all the varieties during storage. 

4.2.5 Change in visual. characteristics of canned mango slices 

Change in the sensory properties of canned mango slices was observed 

and the n:sults obtained are presented in Table 25 . 

4.2.5.1 Colour of canned mango slices 

l ·,,l ,>w vr' ..:lllmro llllliigo slt.::cs w~&S a:;(urttUll1 onwge tn 'cu t<'l) ~dllla 

and Mallika and Saffron yellow in Bombay green at initial cut-out analysis 

dunng 1995 and 1996. At eight months of storage, slight differences were 

noti c.:d in variety Bombay green, where the colour was observed to ht: sa ll'l·on 

yell ow, whereas, Ratna and Mallika maintained original colour in both the 

years of study. 

4.2.5.2 i\licrobial spoilage 

The product. canned slices was completely free from the mi crobial 

spo il a!).c till e ight months of storage period in both the years of study among a ll 

the vam: t1cs 



Table 25 Organoleptic quality parameters of c~nned slices of mango varieties 

1995-96 
Variety Initial Storage J?':T ~t><l (months) Initial 

3 r, 8 
Colour 
Ratna NO NO ' •0 NO NO 
Bombay green SY SY w SY SY 
Mallika NO NO ~ ;o SY NO 

Note : NO :Nasturtium orange 61 0 
SY : Saffron yellow 7 

Texture of slices 
- (lbs/sq. inch) 

Ratna 4.20 4.20 400 4.00 4.20 
Bombay green 3.70 3.70 JIJ() 3.60 3.70 
Mallika 4.40 4.30 430 4.20 4.36 

• 

1996-97 
Storage Eeriod ~month s1 

3 6 8 

NO NO NO 
SY SY SY 
NO NO SY 

4.20 4.00 4.00 
3.70 3.56 3.50 
4.30 4.30 4.30 

f-­
i\) 
.,:::.. 



V. DISCUSSION 

5.1 ORANGE 

An investigation on evaluation and improvement in packaging, 

transportation and storage of Nagpur mandarin oranges (Citrus reticulata 

Blanco) was carried out using various types of boxes and packaging systems. 

The findings of the investigation and the interpretation of the data is di scussed 

in thi s chapter, under various headings as follows : 

5.1.1 Study of post harvest problems causing losses due to various 

reasons. 

5. 1.2 Physical properties of Nagpur mandarins 

5. 1.3 Chemical properties ofNabrpur mandarins 

5. 1.4 Effect of size grading and packaging on transportation and 

storability of oranges. 

5. 1.5 Organoleptic evaluation 

5.1.1 Study of post harvest problems causing losses due to various 

reasons. 

5.1.1.1 Post harvest problems in oranges 

The investigation on harvest and post harvest handling losses of Nagpur 

mandarin oranges revealed that total losses from field level to consumer level were 

found to be3~·44per cent (Tables I, 2 and 3). 

The losses at field level were found to be 7.37 per cent. Losses 

occurred mainly due to diseases, bruises and rind break. A study conducted on 

post hancst losses in coorg mandarins revealed losses to the extent of R . ~ rer 

.:t·nt .tt h.u' csung stage ltsdf (Anon, 1':190). 



lltswas ( 1969) has reported transportation losses in oranges from 6 to 

30 .7 p~ r e..: nt. whill! Dalal ( 1998) has reported losses in o ranges to be in the 

ran ~~ of ~ to I ~ per cen t during transport . 

I h..: pe rcentage of fruit damaged in transit was found to be 9.29 per cent 

w luch ""·' I'< Hi nd to h~ fairl y low in a ll th <: season crops tran spmt..:d in min i 

lorn 

I '"~<:s at whole sale and relllil market averaged 9.68 per cent and 8 .1 

p<:t n:nt. •..:,pectively . S imilar result s regarding assessme nt of post harvest 

losses or 17 I per cent and 18.36 per cen t in mandarin ~ at whole sale and 

r..:tatl, k'c: lt..: specti ve ly were reported (Anon. 1990). 

l . oss~:s at harvest level are caused due to diseases, 
~ 

bruises 

and nnd break while harvesting . Such fruits are treated as uirmllrkrrh:lble fruits 

and tlts..:a rdcd at farm level itself. During transport, losses are caused due to 

fri c tion among the fruits themselves resulting in bruises and rind break . At 

"hulcsail: and retail market level s, the fruit s are treated as unmr1-r\<.e\ub\E:. if 

they <u..: diseased, bruised, ri11k broken or overripe . 

5.1.2 Physical properties of lllllndarin orange 

5.1.2.1 Weight of fruit 

The weight o f the fruits harvested during different seasons I months 

wen: tan g,ing from 148 g to 156 g and the average weight was 152.25 g . 

Nagpur mandarins tend to be heavier than Darjeeling fruit (/\non, 1984 ). 

Javanda and hi s co-workers ( 1973) reported a weight range for inner canopy 

!'nut (·t:l f!.) to outer cm10py fruit (96 g) . It is therefore possib le tha t the weigh t 

lnss nta) occur in fruits ex posed to temperatures above or below the opti ma l 
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range ( 13- 18°C), due to growth curtailment (Samson, 1980). Growth of 

grapefrui t in Southem Iran is reported to occur only w1der the protective leaf 

canopy (Samadi and Cochran, 1975). 

5.1 .2.2 External colour 

The surface of the Nagpur mandarins was glossy, oil glands were visible 

only on the surface with a hand lens. Nagpur mandarins are harvested when 

there is a colour break from green to yel \ow. This colour break usually 

coincides with maturity and a satisfactory sugar-acid ratio in the fruit. In the 

tmptc:< a Ill : I sugar acid ratio is utien satisfactory (Samson. Jl)SO). In tlus 

case. the sugar acid ratio was 11 .25 : 0.45, which is nearer to that 

reco mmended for tropical oranges (Samson, 1980). It is concluded that the 

extemal colour is a good indicator for maturity of Nagpur ma ndarin oranges. 

These observations are in accordance with the observations of Gandhi ( 1956 ). 

Oranges harvested during the months of January to April had a deep 

orange colour. Thi s may be due to greater sw1shine and higher tempt:ra turcs 

durin !:( the day as compared to July harvested fruits, when tempcra tun:s and 

sunshine is less during day time. 

5.1.2.3 Fruit firmness 

In general there was a decrease in fruit texture or hardness of fruit s uf 

all !:(l"a(lcs in all tht: treatments . 

Grade I Oranges : Texture was greater in corrugated fib re board box-2 stored 

!:\radc I fruit s upto 29 days, followed by wooden boxes and CFI3- J type boxes 

used for packagi ng. From 5'h week onwards, the linnness was grea ter in fruit s 

127 
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stored in wooden boxes as compared to CFB- 1 type boxes. Finnness was least 

in untreated contTOI fruits after 8 days itse lf. 

Grade II : Fi nnness was observed to be greater in CFB- 1 boxed fruits followed 

by fruit stored in wooden boxes upto o 111 week of storage. Finnness of untreated 

control fru its was the lowest. 

Grade Ill : During the I" week, wooden box stored fruits had greater firmness. 

followtd by co1Tugated fibre box - I and CFB-2 and control fru its, 

respectively . During z•d week, wooden box and CFB-1 stored fruits were 

equally fi nn and greater in finnness than corrugated fibre box-2 stored fruit s. 

Form 1"1 week onwards, the firmness in CFB-1 boxes stored fruits was greater 

.;ompared to wooden box stored fruits . 

Sunilar effect of reduction in finnness of fruits during storage has been 

n:po11..:d by Shan tha Krishnamurlby ( 1989) in banana and by Robe11o e1 a/. 

( 1990) in guava. 

l'h..: linnness of fruit ti ssue at harvest is mainly due to physical 

propcrti.:s of cell wall and middle lamella, which conlai11 pecti n, a cementing 

matenal. During storage, due to ripening enhancement during early part and 

due to s.:tH::scenct: at later stage, this pectin material w1dergoes degradation and 

gets comertcd to pectic acid, which losses the quality of keeping the ti ssue 

bound to~etl11::r thereby resultin g in tl1e reduction in finnness of the fruits . 

5.1.2.-t Rag and Peel weight 

In ~cncral it was observed that the rag and peel content of fruits 

increased during the storage period in all the grades under all tn::a tments. 
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In general , the rag and peel weight was found to be brreater in control 

fruit s up to ( I' ' week) followed by corrugated fibre box-1 , wooden box and 

CFB-2 stored fruits . During 3'd week, the rag and peel weight was grea ter in 

corrugated fibre box-! stored fruits followed by CFB-2 and wooden box stored 

fruit s. There after, the rag and peel weight was found to be greater in CTR- 1 

stored fruits compared to wooden box stored fruits. Likewise, in genera l it was 

observed that the rag and peel weight was found to be greater in small sized 

fruit s upto .,;" week ; thereafter, during ;.Jh week rag and peel w.:ight was 

greater in medium sized fruits, followed by large sized fruit s during .Z," and )" 

weeks. 

Similar increase in rag and peel weight during storage at room 

temperature conditions was reported by Bal and Chohan ( 1983) in kinnow 

mandarin oranges and by Pruthi e/ al. (1984) in kinnow and malta oranges. 

The rag and peel weight being hi~C er under co tTugated fibre box 

packaged and control conditions may be attributed to greater 
o.f mo·,,{ur<L 

desiccatton , as compared to wooden box and CFB-1 box packaged fruit s. Due 

to greater desiccation under control and corrugated fibre box packaged 

conditions, fi·eshness could not be retained for long and hence the peel drying 

was faster, which resulted in greater rag and peel weight. 

5. 1.2 .5 .Juice content 

In general there was a decreasing trend observed in juice con tent during 

the storage period in all the grades under all treatments . 

In general , the juice content in wooden box packaged fruits was greater 

than in other tTeatments, followed by CFB-1 box, corrugated fibre board box-2 
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and control fruits. Juice content was greater in large sized fruit s, followed by 

medium sized and small sized fruits. 

Similar observation of decrease in juice content was repotted by Singh eta/. 

( 1978) in mandarin and sweet oranges, Bal and Chohan ( 1983) in kinnow 

mandarin, and by Pruthi eta/. ( 1984) in kinnow mandarin and malta oranges. 

The higher juice content recorded during storage in all grades of fruit s in 

wooden box packaging and CF B-1 boxed fruits, may be attribu ted to much lesser 

desiccation of moisture which was observed as compared to corrugated fibre box-2 

and control fruits. Wooden box and CFB-1 packages reduced desiccation, 

thereby retaining freshness over longer duration and hence the juice cont ent was 

probably more in wooden box and CFB-1 type box packaged fruits . 

5.1.3 Chemical properties of Nagpur mandarin oranges 

5.1.3.1 Moisture 

It is clear from the results that the moisture content of oranges have a wide 

range from 75.8 per cent to 91. 12 per cent. This wide range of moi sture present is 

due to seasonal variation during the growth period, patticularly the rainfall. 

Seasonal variation in harvesting the fruits would also affect the moi sture content. 

For example Nagpur mandarins picked in spring will be exposed to dty and wann 

conditions. Desiccation of the fruit can therefore be more. Shamouti oranges 

loose water to the leaves in periods of water deficit, thus the so il moi sture level 

also plays a role (Rokach, 1953). Greater moisture content is found in fru it grown 

in humid areas (Monsellse and Turrell, 1969). On the other hand oranges have 

less pulp moisture if grown in hot dry regions (Turrell eta/., 1964). 



The differences in moisture content may therefore be connected with 

climatic conditions, as well as genetic determinants of post-harvest losses. 

5.1.3 .2 Acidity 

There was a reduction in ac idity during the enti re storage period . During 

maturity and ripening the fruit acidity tends to drop, and thi s continues upon 

harvesung as the acids are continually respired (Kadota and Muira, 1983). The 

overall trend in reduction of acidity over a period of time has been reported by 

Pruth i ~ ~ a/. ( 1984). 

5.1.3.3 Effect of grading and packaging on total sugars of oranges 

Total sugars showed in increasing trend during the storage irTespective 

of any treatment. As it is, Nagpur mandarins posses the greatest amounts o f 

total sugars . The average percentage initially of total sugars and the increase 

over a period of storage were also reported by Chopra and Joshi ( 199 1 ). Total 

sugars also show an increasing trend because they get concentra ted over a 

peri od of time due to evaporation of water from the fruit due to phys iological 

loss<:s in wei ght. The values obtained in this study are slightly hi gher than 

those obtained by Jawanda e/ a/. ( 1973) and Bajaj and Mehata ( 19li:l ). 

:'\ . 1.3 .-t Reducing sugars 

Reduc ing sugars, that is mainly glucose and fructo se al so showed an 

increasi ng trend over a period of storage. 111 all types o f boxes used for 

packagi ng and in all grades of fruits, reducing sugars increased during the 

storage . The figures obtained in this study correspond to those reported by 

Ramana et a/. ( 1980) for coorg mandarins. Hulme ( 1971) reported that both 

to tal sugars and reducing sugar content ri se with the fruit maturity even after 

harvest during storage . 
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5.1.3.5 Effect of growing and packaging on total soluble solids of oranges 

Total soluble solids was found to be significantly higher in large sized 

fruit s. foll owed by medium sized fruits . In general there was an increase in 

total sol ubl e solids in all the grades of fruits in all treatments. 

The total soluble solids of mandarin oranges consist of sugars. acids, 

water >o luble pectins and polysaccharides, alcohols, free fatty acids. esters. 

inorganic salts, aldehydes and ketones (Hulme, 1971 ). Out of these 

constituents. sugars, water soluble pectins and polysaccharides tend to increase 

over a period of time considerably and therefore correspondingly there is a 

spurt of increase in TSS content of the fruits. The total soluble solids content 

ri ses w1th maturity also in citrus fruits and the ratio of total soluble solids to 

ac idity dctcm1ines picking time and optimal organoleptic assessment by 

consu111ers (Saini c/ ul., 1985). Proper temperature during maturity and 

npcning also increases the total soluble solids. 

The differences in TSS content of large and small size fruit s was also 

obscncd by Singh eta/ . ( 1989) in mango and by Tondon c/ ul . ( 1989) in guava 

fruit s. The increase in total soluble solids content in the fruits may also be due 

partially to hydro lysis of polysaccharides and concentration of juice as a result 

of moi,turc loss by transpiration and rcspiration . 

5.1.4 Effect of size grading and packaging on transportation and 

storability of oranges 

5.1.-t.t J<:ffect of size grading and packaging on physiologicnl loss of 

wei~ht 

There was a regular decline in the physiological loss in weight with 

progress in storage. Among the three grades of fruits, small sized fruits 

-



showed more loss of weight as compared to others. Control fruit s were unfit 

for storage beyond 8 days. Use of wooden boxes results in increase o f PL W 

till 36 days. whereas packaging in CFB- 1 boxes took 43 days and CFB-2 boxes 

sho" cd a dec line after 2 1 days it se lf. Large sized fruits shou ld not be packed 

in " oodcn boxes. 

There was significant increase in percentage PLW in general in all 

grades of fruit s with all packaging materials . 

Grade I fruit s It was found that control fruits showed the highest 

Pl.\\' as compared to other treatments, followed by cotTuga ted fibre box- I 

stored frui ts. Wooden box packaged fruits showed the least percentage PLW 

of all trea tments, followed by CFB-1 packaged fruits. 

Grade II fruit s: There was an increase in PLW gradually in all the treatments. 

Untn:a ted fruits showed highest PLW as compared to other tn;;;tment s. 

followed by corrugated fibre box - 1 stored fruit s . The PLW was equal in 

\\ Ooden boxes and CFB- 1 box stored fruit s. 

Grade Ill fruit s . Like in the earli er cases, control fruit s n;corded the 

hi gho.:s t I' I :w w mpared to other treatments, foll owed by corrugated !ibn; box-1 

stored fruit s. The least PLW was recorded in CFB-1 box stored fruit s, fo llowed 

b) wooden box stored fruit s. 

Packaging in wooden boxes or CFB box-1 significantly reduced the 

weight loss as compared to corrugated fibre box-2 and control in all grades of 

fruit s. Similar effec t of reducing weight loss was observed by Floyd el a/. 

( 1968) in Florida oranges, Sadashivam e/ a/. ( 1972), Choudhaty and 1\.umb~u·e 
' 



( 1979) in sweet orange and Alfaro et a/. ( 1986) in Valencia late oranges. The 

reducti on in weight loss by keeping in wooden boxes and CFB box-1 can be 

attributed to the reason that these packages act as barriers for moisture loss and 

also crea ted high humidity in the package there by retarding the moi sture loss. 

In general , PLW was found least in Grade I fruits, fo ll owed by Grade II and 

then Grade Ill. 

Sim ilar effect of maximum per cent PLW was noted in grade 'C' (smallest) 

while minimum in grade A (largest) was observed by Singh eta/. ( 1989) in Florida 

oranges, Tandon et a/. ( 1989) in Guava fruits . Similarly, Karmarkar and Joshi 

( 1940) and Carlone (1951) reported higher per cent PLW in small than larger size 

fruit s of banana, chikoo, apples etc. 

Greater percentage PLW in small fruits as .compared to larger fruits can be 

attributed to thinner peel which results in more rapid loss of water and facilitated 

greater gaseous exchange, thereby enhancing respiration and ripening. Thi s may 

also be allributed to more surface area of larger fruits in relation to volume/weight 

of the fruit. 

5.1.5 Organoleptic evaluation 

In general, for grade I fruits, colour, flavour and freshness were retained for 

the longest time in case of wooden box packaging (43 days), followed by C'FB- 1 

packaging (36 days), corrugated fibre box-2 packaging (28 days) and lastly control 

(7 days) . 

Similarly, 111 the case of grade II fruits, CFB-1 box packaging were 

found to be equally good in retaining acceptable good scores upto 36 days; 



while in corrugated fibre box-2 packaging, acceptable scoring was retained 

upto 2"d week. In control, scoring was rated 'good' only upto I"' week. 

On the other hand, for small sized fruits, CFB-1 packagi ng had a 

wm parat ivc advan tage over wooden box packaging as the scoring was retained 

as ' good ' for six weeks in the forrner packaging, while in the latter packaging, 

it was good only upto 61
h week. 

5.2 MANGO 
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In the present investigation experiments were conducted to ilSSQ.S the 

canning quality of the three mango varieties, M 0.1\tl<.~ ,Ratntt ~n<d e,omba;~reeh · 

n, t. results obtained over a period of 2 years, in the present investigation are 

critica lly di scussed in this chapter. 

5.2.1 Physical Characteristics Of Mango Frujts At Harvest And On 

Ripening 

5.2. 1.1 Physical parameters at harvest 

5.2. 1.1.1 Weight of fruit 

The variety Mallika was characterised with higher fruit weight in both 

the y.:ars of study at harvest while Ratna was characterised with comparatively 

lower fruit weight mainly due to basic genetic variation . This ty pe of 

observations were also reported by Najuodaswamy et a/. ( 1966a and b) ; Singh 

and Tripathi , ( 1974) ; Reddy and Singh (1989) ; Badiyala and Awasthi , ( 1990) 

in different varieties of mango. 

5.2.1.1.2 Volume of fruit 

Like the weight of fruit , volume was also maximum in Mallika and 

minimum in Ratna during both the years of study. The differences observed in 
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the vol ume of the fruit amongst the varieties Wider study could be attributed to 

tht: , aneta I di!Terences with respect to fruit weight and size. Palani swamy el at. 

{l974b), Yadaw et a/. (1984), Ranjana and Huddar (1991) also reported 

idenucal observation to these findings. 

5,2, 1.1.3 Specific gravity 

The difference in the specific gravity of fruits at harvest could be 

attributed to the difference in the corresponding weight and volume of the fruit. 

Similar kind of observations were made by Popenoe ( 1960), Moti and 

Gan!:\awar ( 1972), Garg e l a/. ( 1975), Dabhade and Khadekar ( l980a,b ), Roy 

and Joshi ( 1988) in mango. 

5.2. I. 1.4 Size of the fruit (length and breadth) 

Length of the fruit was observed higher in Mallika fruits and it was 

lower in Ratna during both the years. From the present investi gation, it can be 

concluded that length and breadth of fruits are highly variable traits and they 

art: ve1y much influenced by the nutritional as well as environmental factors 

and also the basic varietal differences amongst them. Simil ar trend was 

obs\!rved in mango varieties by several workers, Nanjundswamy et ul. ( l966b ), 
Pande.y 

Lodh et at. (1974), Sadhu and Bose (1976), Awasthi and "( 1979). Limaye et 

ul. (1984), Reddy and Singh (1989), Badiyala and Awasthi ( 1990), Ranjana 

and Huddar(1991). 

5.2.1.1.5 Colour of peel and pulp of fruit 

The observation showed that the varieties Ratnma and Mallika 

atta ined Scheeles green colour whereas Bombay green recorded lighter Scheeles 

green shade in 1995 and 1996. Further, colour of the pulp at harvest among the 

varieties, Ratna, Bombay green and Malika exhibited yellowish white and faint 
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yellow shades, due to the basic varietal differences. In both the years of study, 

similar colour of peel and pulp was recored that indicated the exact stage of 
Ob.!V1rvo.-l<o'1 s. o r> 

harvest for processing into products. A the colour of the peel and fruit pulp 

are in agreement with Joshi (1975), Nanjundaswamy et al/ 

( 1966b), Kri shnamurthy and Subrarnanyam (1970) and Patil ( 1990) in different 

mango varieties. 

5.2.1.1.6 Firmness f fruit 

The progressive decline in the firmness of fruits was due to the fact that 

when the fruits ripe, the pectin boW1d in the millions of cell s in the fruit 

(tissues) gets converted to pectilt acid and the fruits become soft and therefore 

the finn ness of the fruit which was highest at harvest, declined on ripeing. The 

differences between varieties are due to the variation in the skin thickness. It 

may also be due to the loss of fibre, calcium pectate and hemicellulose, which 

keep the cells, boW1d together,or Q.noh~Q.m<-"'-l t..f ee.\\s c.n d t '/e.. 0-f c.ell e.lc. . 

.fc..., ; n~ tl,e e !'Lc1e'mltS. 

Similar observations on fruit , firmness have also been reported by Garg 

e/ a/. ( 1975), Chikkasubbana and Huddar (1982), Yenna e/ a/. ( 1986), 

Medi coll el a/. ( 1988), Sahni and Khurdiya ( 1989a) and Medlicoll e / a /. 

( 1990) . 

5.2.1.2 Physical parameters on ripening 

5.2.1.2. 1 Weight of peel 

Bombay green was characterised with higher weight of peel while 

variety Ratna exressed lower weight of peel. This suggests that on ripening 

there was corresponding decrease in the weight of peel and hike in the 

proponi on of weight of pulp, such differences in the physical u·aits could be 

attributed to the basic verietal characteristics. Teotia and Awasthi ( 1966), 



Suryaprakash Rao et a/ ( 1968), Roy et a/. ( 1972), Bhat11agar and 

Subramanyam ( 1973), Rodg~ignez ( 1977), Reddy and Singh ( 1989) and Patil 

(1990), Ranjana and Huddar (1991) also recorded identical observations on 

this line . 

5.2. 1.2.2 Weight of pulp 

The present investigation revealed that Mallika fruits produced higher 

pulp followed by Bombay green and the lowest was recorded in variety Rat11a . 

Thi s may be due to the fact that basically the weight and size of the fruits as 

well as the skin contributed to tl1e weight of pulp. It could be also reasoned that 

the loss of moisture on ripening differed significantly among the varieties 

studied. Nanjundaswamy eta/. (I%6b), Satyavati eta/. (1972), Kulkarni and 

Rameshwar (1981), Ghosh eta/. (1985) and Patil (1990) also recorded the 

observation analogous to these findings. 

5.2. 1.2.3 Weight of Stone 

Variety Mallika possessed maximum weight of stone followed by 

Bombay green and minimum was recorded in variety Ratna. The variation in 

stone weight amongst tl1e varieties under study appeared to be due to the basic 

gem:tic variation amongst them. The result similar to these findings were also 

reported by Palaniswamy eta/. (l974b), Shukla and Bajpai (1978), Kulkarni 

and Rameshwar ( 1981) and Patil ( 1990) in different mango varieties. 

5.2.1.2.4 Pulp to stone ratio 

The data revealed iliat variety Bombay green recorded as high as 

5.69,pulp to stone ratio while as low as 4.80 was recorded in variety Rat11a. In 

the subsequent year all the varieties recorded higher values of pulp to stone 

ratio . This might be due to the effect of variety and season. Identical results 

133 
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wen: also reported by Garg el a/. ( 1975), Sya mal and Mishra ( 19R7), Reddy 

and Sing,h ( 1989) and Patil ( 1990), Ranjana and Huddar ( 1991 ). 

5.2. 1.2.5 Pulp to peel ratio 

Mallika ranked first in pulp to peel ratio while Ratna ranked last, due to 

basic difTerences in the varieties. The pulp to p~l ratio observed in the present 

study were well within the range of those reported by Rivas el a/. ( 1984 ). 

5.2.1.2.6 Length of stone 

The variation in length of the stone in all the varieties all the varieties 

observed in both the years of study could be attributed to the varietal variation 

an10ng the mango varieties. Similar kind of reports were aslo made the by 

Sadhu and Bose (1976),Ghosh el a/. (1985), Naik (1985) and Patil (1990) 

Ranjan a and H uddar ( 1991 ) 

5.2. 1.2. 7 Bre.adth of stone 

Breadth of stone was observed highest in Bombay green followed by 

Rat11 a and lowest was seen in Mallika in 1995 and 96. The distance between 

the shoulders which was lowest in Mallika indicated its higher pulp content 

and immense benefit 1b the processing for canning to get bigger slices. 

However, other varieties did not differ much in the breadth of stone. Sadhu and 

Bose ( 1976), Naik (1985), Patil (199l'l) and Ranjana and Huddar (1991 ) have 

also obtained the same results in mango. 

5.2.J.l.t Width of stone 

Variety Bombay green recorded maximum width and minmum was 

recorded in Ratna during 1995 and 1996. These basic varital differences 
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wn tributing to the width of stone were also recorded by Sadhu and Bose 

( 1976 ), Naik ( 1985) Patil ( 1990) and Ranjana and Huddar ( 199 1 ). 

5.2.2 Chemical composition of sound and fully mature mango fruits at 

harvest and on ripening 

5.2.2.1 Moisture 

Ranta showed maximum moisture content both at unripe and ripe stage 

followed by Bombay green and minimum was recorded in Mallika. The 

amoun t of moisture content varied among the different varieties at harvest and 

on np.: n111g. Higher values were recorded during 1995 while lower va lues were 

recorded in 1996. This might be due to the effect of variety and season. The 

decline in the moisture content from harvest to the ripe stage could be 

attributed to the loss of moisture due to respiration and transpiration of the fruit 

during storage . The results reported were in conformity with the results of 

Laksluninarayana et a/ ( 1970) ; Satyavati et a/. (1972) ; Elahi and Khan 

( 1973 ): Roy et a/. ( 1970) ; Tandon and Kalra ( 1983) and Patil ( 1990) 

5.2.2.2 Total soluble solids 

The TSS of fruits at harvest and on ripening registered a significant 

enhancement during the period of ripening. The data of TSS indicated that at 

harvest variety Mallika showed higher values while lower TSS was observed 

tn Bombay green in both the years of study. Similar pattem was seen in the 

nex t year of study. However, on ripening, Mallika recorded hi ghest TSS and 

more or less si milar values were recorded by both Ratna and Bombay green 

varieties. 

An increase in the TSS during ripening process of the mango fruits 

could be attributed to the hydrolysis of starch into sugars. Soule and Hatton 



(1955) and Srinivasan and Shanmugavelu (1971) studied the changes in total 

soluble solids content of mature and ripe mango fruit and they also have 

reported the similar kind of results . In addition, K.rishnamurthy e/ a/. ( 1960), 

Roy and Bi swas ( 1981) and Patil (1990) also have reported on similar findin gs. 

5.2.2.3 Titratable acidity 

The investigation showed that maximum titratable acidity of fruits at 

harvest was recorded in Ratna whereas the minimum was recorded in 13ombay 

green. On ripening also similar trend was observed. In both the years of study, 

the values were more or less similar. Teotia e/ a/. (1968), Kapur ( 1974), Pande 

el a/. (1974), Rangawala (.1975) and Sahni and Khurdiya (1989a) have also 

reported on similar line of work. 

The major organic acids of mangoes are malic and citric acid which 

constitute 90 per cent of titratable acidity of mangoes. A gradual decrease in 

the titratable acidity was observed in all the varieties from harvest to the ripe 

stage in both the years. This decrease could be due to (i) increase in respiration 

rate (ii) dilution of acids due to increased volume of fruits (iii) reduction in 

translocation of acids from leaves to fruits and synthesis of carbohydrates from 

organic acids. 

5.2.2.4 Reducing sugan 

The results in the present investigation revealed that there was a 

continuous increase in the reducing sugar content of mango fruits from harvest 

to ripe stage irrespective of varieties. At harvest the Bombay green fruits 

recorded the maximum reducing sugars followed by Ratna and the lowest was 

recorded in Mallika in both the years of study. ln contrast to this, on ripening 
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Mallika ranked higher and Bombay green ranked lower in the reducing sugars 

content during 1995 and 1996. 

The study also revealed that the percentage of reducing sugars to total 

sugars was less at harvest as well as on ripening of the fruits irrespective of the 

variety . It was also observed, higher the reducing sugars higher the sweetness. 

Similar reports have been quoted by Teotia and Awasthi ( 1966), Elal1i and 

Khan (1973 ), Baldry eta/. (1976), Awasthi and Pande (1979, 1980), Prasad 

(1984) and Salmi and K.hurdiay (l989a). 

5.2.2.5 Total sugars 

Variety Bombay green recorded highest total sugars while Mallika 

recorded the lowest. After ripening variety Mallika exhibited highest total 

sugars along with higher total soluble solids. The increase in the total sugar 

content can be attributed to the conversion of starch and other pectinaceous 

matter into sugars during ripening. Sugars accumulate in the fmit due to high 

rate of enzyme activity compared with the rate of utilization in respiration as 

opined by Eskin et a/ ( 1971 ). The results obtained in the present investigation 

are in conformity with those obtained by Krishnamurthy et a/. ( 1960), Garg et 

a/. (19710, Fuchs eta/ . (1980), Joshi and Roy (1985b) and Patil (1990). 

5.2.2.6 Sugar I Acid Rado 

Sugar acid ratio consistantly increased from unripe stage to fully ripe 

stage in all varieties. The increase was not only consistent but also was several 

fold more and significant in both the years for all the varieties. The observed 

differences in sugar I acid ratio between two years of study in Ratna, Bombay 

green and Mallika varieties are attributable to the increasd magnitude of sugars 

as well as the decrease in the acids as the fruits advanced from harvest to 
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ripening. Ratna ranked first with maximum sugar I acid ratio which indicatecf 

that it is a very good variety for processing since higher sugar ac id ratio is the 

most desirable character required for processing. 

Rep011s on similar line have been quoted by Sarkar et ul ( 1979). Ghosh 
Ambit 

eta/ ( 1985 ), Pal eta/. ( 1987) and pan eta{ ( 1988). 

5.2.2.7 pll 

It was reflected from the data that the pH of mango fruit increased fro m 

harvest to ripe stage. As expected, there was variation in pH of fi·uits among 

the different varieties on ripening, however, at harvest not much variation was 

seen . The increase in pH during storage could be due to corresponding 

decrease in acidity caused by degradation of organic acids during ripening. 

In the present study, it was noticed that there was one and half to two 

fold increase in the pH of fruits between different varieties in both the years of 

study. These findings are 111 accordance with Kri shnamurthy and 

Subramanyarn ( 1970), Thomas ( 1975), Joshi (1983), Godoy and Rodriguez 

( 1989), Salmi and Khurdiya ( 1989a) and Pati1 ( 1990). 

5.2.2.8 Ascorbic acid 

Variety Bombay green appeared to show maximum ascorbic acid 

content while Mallika showed minimum ascorbic acid content. On ripening 

also similar trend was observed with respect to ascorbic acid content of 

different varieties. Ascorbic acid content went on declining as the fruits were 

ripening, since ascorbic acid was involved in respiration . Thus, a decreasing 

trend from harvest till ripening can be ascribed due to oxidation of ascorbic 

acid as it is a reducing agent. It is reported by Hulme ( 1970), that the rate at 

which this change occurs is largely conditioned by pH . As the pH increased, 
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the ascorbic acid conten decreased. Identical observations were also reported 

by Shani and Khurdiya ( !989a), Thomas and Oke ( 1980) and Patil ( 1990). 

5.2.2.9 Carotenoids as ~-carotene 

Total carotenoids expressed as ~-carotene were found to be maximum 

in Ratna at both harvest and on ripening during 1995 and 1996. There was 

many fold rise in the carotenoids content at ripe stage in all the varieties 

compared to harvest. The values of ~-carotene were responsible to give the 

favourable and most pre-dominant orange colour for Ratna whereas in Bombay 

green due to lower carotenoids content the colour was not desirable. Mallika 

variety ~ l:tS between these two vareties with comparatively better 

carotenoids in both the years of study. 

In the year 1995 slightly higher value of ~-carotene were recorded while 

during 1996 a little lower range was recorded. Th is is evidently due to the 

effect of season and also the variety. The development of carotene and gradual 

disappearance of green chlorophyll during ripening has been explained by 

Goodwin ( 1952) that although there is no appreciable direct conversion of 

chlorophyll into carotene, phytol from sugars, other than chlorophyll , mi ght be 

in intermediate in carotene formation . 

The results obtained in this investigation are in line with investigations 

of Jacob rl a/. (1970), Roy (1973), Lodh eta/. (1974), Passera and Ali (1978), 

Verma r l a/. (1986), Sahni and Khurdiya(t989a) and Patil (1990) 



5.2.3 Physical characteristics of canned mango slices 

5.2.3.1 va,·uum 

The investigation revealed that there was no substantial loss of vacuum 

during the storage of canned mango slices of all varieties in 1995 and 1996. 

The uniformity in all the varieties tested for vacuum indicated that proper 

temperature was maintained during processing of slices. Similar findings were 

also reported by Siddappa and Bhatia ( 1955), Nanjundaswamy ct a/ ( 1966a), 

Teotia and Awasthi (1966), Satyavati eta/. (1972), Palaniswamy eta/. (1973), 

Garg f.'/ a/. (1975), Awasthi and Pande (1980), Kulwal (1980) and Khurdiay 

and Roy ( 1986), but contradictory to these results Adsule and Roy ( 1975) 

reponed downward trend for vacuum till nine months of storage in canned 

mango pulp. 

5.2.3.2 He;ul s11ace 

The results of the cut out examination revealed that there wert: 

significant differences among the varieties for head space during 1995 and 

1996. However, the slight increase in head space was observed at eight 

months of storage in all the varieties. The results are in accordance with Mehta 

eta/. ( 1971) and Adsule and Roy ( 1975). 

5.2.3.3 Drained weight 

Significant differences were noted in drained weight of slices among the 

varieties tested during 1995 . During 1996, the differences were non-significant 

among the varieties. There was a gradual increase in drained weight of slices 

till eight months of storage. The present results were also reported by earlier 

workers, Siddappa and Bhatia ( 1955), Palaniswamy el a/. ( 1973) and Khurdiya 

and Roy ( 1986 ). 
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5.2.3.4 Internal condition of can 

All the cans among the varieties were normal and there was no visib le 

corrosion of the cans. It was also noticed that variety Bombay green showed 

slight l~atheri ng of c Cl.11s at eight months of storage during 1995 and 1996. The 

results obtaint:d in this investigation could be supported by the results obtained 

by Satyavathi eta/. ( 1972) and Palaniswamy eta/. ( 1973). 

5.2.3.5 Clarity and colour of syrup 

The liquid portion exhibited fairly clear yellow colour in variety Ratna 

and Mallika even upto eight months of storage i.n both the years . However, 

variety Bombay green showed slight turbidity of the syrup. The clarity of syrup 

depended upon fruit texture at canning and also on variety. Ratna and Mallika 

varieties retained shape and texture of slices on canning and resulted in clear 

yellow colour of syrup . These findings are similar to the results obta ined by 
Ambit 

Satyavathi eta/. ( 1972), Palaniswamy e/ a/. ( 1973) and pan el a/. ( 1988). 

5.2.4 Chemical parameters of cut out examination of canned mango slices 

5.2.4.1 Total soluble solids of slices 

Variety Mallika showed highest TSS of slices and Raina was next in 

order during 1995 to 1996. Significant increase was observed for the total 

soluble solids during storage among all the varieties but the differences were 

not perceptible. This variation in the total soluble solids could be due to the 

varietal differences. Similar magnitude of increase in total sol ubl e solids was 

observed by Palaniswamy e/ a/. (1973), Kapur (1975), Garg e/ a/. (1975), 

Awasthi and Pande (1975) and Khurdiya and Roy (1988). 



S.2.4.2 Total soluble solids of syrup 

The results revealed significant differences among the varieties for TSS 

of syrup with increased trend during both the years of study. 1-towevt:r. non­

significant trend was observed in the subsequent year for the TSS of syrup. 

This could be due to the basic varietal differences and the effect of season . 

Similar observations were made by Adsule and Roy (1975}, Kapur eta/. 

(1985) and Khurdiya and Roy (1988). 

5.2.4.3 Tit ratable acidity of slices 

Acidity of the slices was more or less uniform till six months of storage 

however. it increased at the end of eight months period in all the varieties. The 

differences were found to be non-significant and there was no specific trend of 

titratable acidity in both the years of study. However, increased acidity could 

be due to genetical differences. Similar increase in per cent acidity have also 

been reported by Nanjundaswamy el a/. ( 1966a) and Patil ( 1990) in mango 

pulp . 

5.2.4.4 Tit ratable acidity of syrup 

Investigation showed that there was not much variation in the titratable 

acidity of syrup. However, variety Ratna recorded highest acidity during 1995 

while Bombay green recorded highest titratable acidity in 1996. The varieties 

did not show any specific trend and also varied significantly in one season and 

non-significantly in another season. This could be due to the innuence of 

season and variety. Similar findings were also reported by Nanjundaswamy et 

a/. ( 1966a) and Khurdiya and Roy ( 1986) 
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5.2.4.5 Total sugars 

Total sugars were higher in variety Raina over a period of eight months 

storage during 1995 and 1996. Next in order of preference was variety Mallika 

followed by Bombay green. There was a gradual but significant increase in the 

total sugar content of all the varieties under study. This may apparently be due 

to the hydrolysis of polysaccharides and inversion of non-reducing sugars to 

reducing sugars and on the whole accounting for increased total sugars. The 

results are in conformity with those reported by earlier workers, Adsule and 
Amb~ 

Roy ( 1975) and,pan et al. ( 1988). 

5.2.4.6 Sugars/ acid ratio 

The results presented · connote that the variety Ratna expressed higher 

sugar/ acid ratio from initial to eight months of storage followed by Mallika . 

The varieties differed significantly in both the years of study. Variety Bombay 

green and Mallika ranked second for the sugar I acid ratio overtaking Mallika . 

The higher sugar/ acid ratio would be contributing to an excellent product with 

characteristic flavour, attractive colour, taste and texture as reported by Garget 
A"'bil 

al ( 1975). The results of the findings were in confirmi ty with ,pan et al. 

( 1988) 

5.2.4.7 Total carotenoid expressed as J3- carotene 

The carotenoid pigments in plants are chiefly 13- carotene and its 

derivatives. Results from the data show that the variety Ratna contained 

highest amolmt of carotenoid pigments followed by Mallika and the lowest 

was recorded in Bombay green. With higher carotenoids naturally Ratna 

yielded an excellent product with characteristic mango colour. 
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The findings further revealed that there wre significant variations 

among the varities and as the storage period prolonged tht:re was loss of 

carotenoids. This decrease was more pronounced in varieties having initially 

high carotenoid contents i.e ., Ratna. The loss in the carotene content of the 

fruit slices was marked during the first six months of storage and thereafter it 

continued at a slower rate . The decline in carotenoid pigment could be mainly 

due to the presence of residual oxygen. These resu.lts are in agreement with 

those reported by Bose and Das ( 1958), Adsule and Roy ( 1975), Garg e/ ul. 
A mba 

( 1975) and pan el a/. ( 1988). 

5.2.5 Organeleptic evaluation of canned mango slices 

5.2.5. I Overall acceptability of canned mango slices 

5.2.5.1.1 A1111earance 

Differences were observed for the appearance of the canned mango 

slices of different varieties. It was observed that variety Ratna pcformed the 

best. Next to Rat:na higher magnitude of appearance was observed in variety 

Mallika. These differences could be attributed to the basic varietal character. 

5.2.5.1.2 Flavour 

There was considerable difference among the varieties for flavour 

rating. It is clear from the organoleptic score that Ratna was adjudged superior 

to the rest of them in 1995 and also in 1996. This high quality rating may be 

due to more appropriate sugar I acid blend in that variety which might have 

increased the taste and palatability. Variety Mallika was found to be second 

best in flavour rating, while Bombay green obtained minimum score. This may 

be due to the fact that Bombay green has slight terpentine flavour which is not 

liked by majority of judges. These results are in conformity with Bose and Das 

( 1958) 



5.2.5.1.3 Texture 150 
T<:xture retention is the main criteria for the canning of slices in which 

Ratna pcrfonned the best. The score rating was comparatively higher than 

Mallika and Bombay green. The investigation also revealed that variety 

Bombay green showed very good texture though less than the other two 

varieties inspi te of a lot of fibrous pulp which did not get disintegrated during 

processing. Si milar observations were recorded in both the years of study . 

5.2.5.1.4 Overall acceptability 

The study revealed that variety Ratna obtained highest score of 9.80 and 

9.85 in 1995 and 1996 for overall acceptance by the judges. The variety Rallla 

acquired the best qualities of appearance, flavour and texture whereas Mallika 

appeared to be second with high magnitude of texture retention . Variety 

Bombay green was also on par with other varieties. The overall acceptance of 

canned mango slices variety wise depended on the individuals choices for a 

particular variety. 

5.2.6 Change in visual characteristics of canned mango slices 

5.2.6.1 Colour of canned mango slices 

Canned mango slices stored at ambient temperature for eight months djd 

not a!Tect the colour of Ratna and Bombay green varieties. Mallika showed 

sli ght change from nasturtium orange to saffron yellow afier 8 months of 

storage, due to reduction of carotenoid pigments during storage . This is in 

accordance with the report of Salmi and K.hurdiya (1989b). 

5.2.6.2 Microbial spoilage 

There was no microbial spoilage of canned slices of all the varieties 

during storage for eight months due to the fact that proper precautions were 



taken during, processing pertaining to time and temperature and also due to 

presence of hig,h concentration of sugar which prevented the growth of micro­

organi sms by osmosis (Frazier and Westoff, 1978). 

15i. 



VI. SUMMARY 

6.1 ORA NGE 

agpur mandarin oranges are famous all over India and abroad for it s 

cxcel krll qualities for fresh as well as for processing. The Vidarbha region of 

Maharashtra where the production of Nagpur mandarin oranges is co rr ccntrated 

because of the most ideal soi l and climatic conditions most congineal to citrus 

is ca lled Californ ia of Maharashtra. The demand for Nagpur oranges which has 

marke t not only in India but also in the far fetched parts of eastem countri es, 

requires long di stance transport which necessi(ates proper grading and 

packagi ng. which could maintain the garden fresh quality to match with the 

demands of the consumer. 

J'he prevailing system of bulk transport and transport in wooden boxes 

without proper grading and improper sizes of boxes do not compl uy with the 

requirements. Moreover use of wood is being objected to by several 

environment protection groups who are against the destruction o f fo rests 

for such purposes. Use of wooden boxes also results in damage to 

the fruits quite considerably . Wooden boxes cause bruising of fruit s because of 

their abrasive surface as against the smooth surface demanded by the delicate 

skin of the fruit s. Secondly, the non-processed biological material of the jungle 

wood o tTers a congineal substratum for micro ;:. organisms which inflict 

damages to the oranges, deteriorating their quality . 

Keepi ng the above considertaions in mind, the present investigation on 

packagi ng and tTansportation of Nagpur mandarin oranges was undertaken at 

the Regional Fruit Research Station Kato l, Dr. Panjbrao Deshmukh Krishi 

\ ' rdya pccth . :\kola in co ll aboration with the US-AID/CTD, Centre for 



processed foods, Division of Horticulture, University of Agricultura l Sciences. 

GK \'K . Bangalore during the years 1995-98. The objecti ves of the 

investi gation were : 

I . To standardize the post harvest treatments for sale transportation and 

storage of fruit s. 

2. To study the changes in the fruit during storage. 

3. 'lo control the spo il age by various means. 

The highlights of the present investigation are summari sed in this 

chap1<:1 

6.1 .1 Study of post-harvest problems and physico-chemical properties of 

Nagpur mandarin Oranges 

6.1.1.1 Post harvest losses in Nagpur mandarin Oranges 

The losses in orangs at field level were fow1d to be 7.37 per cent due to 

diseases, brui sed and rind break. Average losses during transport atiOJ• to i on ~:; 

distances without any packaging were found to be 10.66 per cent whereas 

oranges packed in CFB-1 type card board cartons and transported over long 

distance had only 7.5 per cent losses. When orages were packed is can·ugated 

libn: board boxes-type 2, the losses were estimated to be only 6.3 per cent. 

Tota l ave rage losses at whole sale level were recorded to be 9.68 per cent and 

total average losses at retail level amounted to 8.1 per cent. Total post harvest 

losses in oranges were thus found to be 34.4-4 per cent. (ia.bt~ 1+2.+3) 

6. 1.1.2 Physical properteis of N agpur mandarin oranges 

The average fruit diameter of oranges was recorded as 6.92 cm and the 

kng,th o l' the fruit s was 6.65 em, depicting a typical orange shape of !'rut. The 

a"erag<.: frui t weight was recorded as 152.75 g, fruit fi m1ness was recorded in 
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the range of 2.6 kg/cm2 to 3.2 kg/cm2 the average being 2.87 kg/cm2 Peel 

thickness ranged between 2.6 mrn to 3 mm, whereas peel colour was ranging 

from ye llowish green, yellowish orange to deep orange depending upon the 

season of harvesting. 

6.1.1.3 Physico-chemical changes in Nagpur mandarin oranges during 

transportation and storage 
ba. 

For grade I fruit wooden box packaging was found to"best since fruits 

could be retained in good condition for upto 43 days . Corrugated libre board 

box- I packaged fruits could be retained upto 36 days without any marked 

changes in quality but beyond 36 days, the quality was little affected. Control 

fruits were in good condition only upto 8 days. 

For grade II fruits wooden box packaging and CFB-1 and CFB-2 boxes 

were found to be equally good with little variation in quali ty, · which was 

maintained till 43 c\6.)'Sof storage. Control fruits could not be stored beyond 8 

days. 

With regard to grade Ill fruits, CFB-2 box packaging was found the best 

as it retained fruits in good condition upto 56 days, while wooden box 

packaging was good only upto 42 days. Control fruits deteriorated after 8 days . 

6.2 MANGO 

The investigation on canning of mango slices (Mangijera indica L.) cvs. 

Ratna, Bombay green and Mallika (Hybrid) were carried out at the processing 

laboratory at Gandhi Krishi Vignana Kendra, University of Agricultural 

Sc iences. llang,alore during the years 1995-96 and 1996-97 with the following 

objo.:<.:tl\ es . 
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I. To study the change in quality attributes particularly texture of slices 

due to processing and storage over a period of time . 

2 To study the comparative acceptability of canned mang,o slices alier 

a long, period of storage upto 8 months. 

3. To evaluate the varietal response of Ratna, Bombay green and 

Mallika to canning as slices in sugar syrup. 

The findings of the investigation are swnmarised below ; 

6.2.1 Physical characteristics of mango fruits at harvest and on ripening 

The physical characteristics such as weig,ht, volume specilil: g,ravity, 

size of fruit (Length and Breadth), colour of peel and pulp, finnn.: ss of fruit 

were recorded at harvest. The average weight of fruit was highest in Mallika 

(332 .50 g) and it was lowest in Rat11a (227.0 I g) during the two years 1995 and 

1996. Vo lume of fruit was maximum in Mallika (319.65) and minimum in 

Ratna (235 .45 ml) . The specific gravity among the varieties varied [rom 1.00 

(Raina) to 1.03 (Bombay green). Mallika recorded maximum avcrag,c length of 

fruit ( 15.74 em) and Ratna recorded minimum (9.42 em). The breadth o f 

Bombay green was fow1d highest (7 .90 em) and that of Ratna was lower in 

both the years. The average width of Mallika fruit (8.55 em) was hi g,her and 

Ratna r.:cordcd the lowest of (7.02 em) . 

At harvest Bombay g,reen recorded scheeles green colour of the peel 

during both the year of studies. Scheeles green colour of peel was recorded in 

Ranta and Mallika, respectively. Firmness was fowtd to be hi g,hes\ in Ratna at 

harvest during, 1995 and 1996 while on ripening also Ratna recorded hi ghest 

finnn c's 
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On ripening the weight of peel was highest in Bombay green (35 . 15 g), 

weight of pulp and stone was highest in Mallika (210 .70 g and 40 .10 g, 

respectively), during 1995 . In the year 1996 similar trend was observed. The 

pulp to stone ratio was maximum in Bombay green and the pulp to peel ratio 

was maximum in Mallika in both the years of study. On ripening the variety 

Ra111 a exhibited saffron yellow colour while Bombay green and Mallika 

exhibited Indian yellow colour. The length and width of stone was higher in 

Mallika and breadth of stone was higher in Bombay green . 

6.2.2 Chemical composition of sound and fully matured mango fruit s at 

harvest and on ripening 

During the process of ripening, total soluble solids, reducing and total 

sugars, sugar/acid ratio, pH and 13-ca.rotene content increased and att a ined a 

peak at ripe stage in both the years in all varieties under study. Tho.: moisture 

content. titratable acidity and ascorbic acid content showed a declin..: in all the 

varieties under study on ripening. 

6.2.3 Chan~e in chemical composition of canned mango slices 

Total soluble solids, acidity and pH of slices and syrup were found to 

increase during storage in all the three varieties of mango studied during the 

two years. 111ere was a significant increase in reducing sugars, total sugar and 

sugar /acid ratio af1er canning and storage for 8 months. However, the 

carotenoid pigments significantly decreased over a period of storage during 

both the yea rs of study in all three varieties. 

6.2A Organoleptic evaluation of canned mango slices 

\\ .llh higher organolepti ..: score lor appearance, llavour , tcx tur..: and 

0\erall ac..:eptability the \ari ety Ratna produced an exce ll ent ..:anm:d product 



among the varieties tried. Mallika also scored well for overall acceptance as 

compared to Bombay green during the storage of eight months in both the years of 

study. 

Recommendations : Oranges 

As a result of these studies, a "Systematic Flow Chart" of various 

operations to be carried out ri ght fTOm the time of harvest of oranges, their curing, 

washing. sorting and grading which has to be done without fail has been 

standardised . For successful transportation and safe and longer storage of oranges 

they must be treated with 1000 ppm of Thiabendazole' along with waxing, and 

packed in corrugated Fibre Board Boxes for long distance tTansport. 

Future line of work : Sta11dardise "The Cool-chain" 

It will be worthwhile to standardise the complete chain of operations for 

successful long distance tTansportation using C.F.B. boxes for packaging of 

Nagpur Mandarin oranges under refrigerated transport system (Refer Trucks) . 

Mango 

Alphonso mangoes are becoming increasingly scarce for processing. 

Mallika hybrid, Ratna hybrid and Bombay green mangoes could be used for 

processing very successfully. Some research work on other products viz., mango 

nectar, mango juice and canned mango pulp for export can be undertaken. 
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APPE'IDIX I 

Me teoro logi ca l data from July, 1995 to March, 1996 

Regiona I Frui t Research Station Ka to I 

Met. Month Dates Temperature Relative Humidity Rainfall No.of 
Week Rainy 

Max . Min . Avg. Morn . Even. Avg. (mm) Days 

26. Ju n e 1995 25 -1 31.1 23.7 27.40 86 68 77 70.9 4 

27. . 2-8 36.0 23.5 29.75 77 48 62.5 4.6 

28. . 9-15 29.3 22 .9 26.10 88 72 80.0 65 .2 4 

29. . 16 -22 32.1 23.5 27.80 80 54 67.0 2 .0 Ni l 

30. . 23-29 34.0 23.3 28.65 85 61 73.0 19 .8 3 

31. August 30 -5 29 .9 22.6 26 .25 92 82 87 143.3 7 

32. . 6-12 28 .4 22.0 25.50 86 76 81 19.3 4 

33. . 13 - 19 30.1 21.5 25.80 85 62 73.5 5 .2 

34. . 20-26 31.4 20.9 26.16 85 48 66.5 Nil Nil 

35. Septembe r 2 7 -2 34.2 22.6 23.40 84 47 65.5 12 .0 2 

36. . 3-9 33.6 22 .2 27.90 77 47 64. 0 Nil Nil 

37. . 10 - 16 33.1 23. 1 28.10 88 56 72.0 26.1 

...... 
00 



Met. Month Dates T emperature Relative Humidity Rainfall No.of 
We e k Rainy 

Max. Min. Avg. Morn. Even. A vg . (mm) Days 

38. " 17 -23 32. 1 22.2 27.15 90 59 74.5 79.2 3 

39. " 24-30 33.7 22.6 28.15 89 61 75.0 36.0 

40. October 1-7 34.1 21.9 28.00 84 44 64.0 Nil Nil 

41. " 8-14 35.6 19.5 27.50 76 32 54.0 Nil Nil 

42. " 15-21 35.9 19.9 27.70 68 26 47.0 Nil Nil 

43. " 22-28 34.1 19.1 26 .80 71 35 53.0 Nil Nil 

44. November 29-4 34.3 18.3 26.30 66 30 48.0 Nil Nil 

45. " 5-11 33.2 17.4 25.30 73 21 47.0 Nil Nil 

46. " 12.18 31.6 19.2 25.40 69 35 52.0 1.8 

47 . " 19.25 33.9 20.0 26.95 73 21 52.0 4.4 

48. December 36 -2 28.5 18.4 23 .45 87 58 72.0 27.4 3 

49. " 3 -9 29.3 15 .3 22.30 79 32 55.5 Nil Nil 

50. " 10 -16 29 .5 12 .9 21.20 65 28 46.5 Nil Nil 

51. " 17 -23 27.9 15.6 21.25 91 51 7 1.0 8.1 2 

~ 

00 _ , 



Met. Month Dates Temperature Re l ative Humidity Rainfall No.of 
Week Ra in y 

Max. Min. Avg. Morn. Even. Avg. (mm) Da;rs 

52. " 24-31 29 .6 11.6 20.60 74 31 52.5 Ni l Nil 

Jan. 1996 1-7 28.7 14.8 21.75 83 51 57.0 16.4 2 

2 " 8-14 30.1 15 .1 22 .60 82 3 1 56.5 Nil Nil 

3 " 15-21 32.1 14.0 23 .30 74 26 49.5 Nil Nil 

4 " 22-28 31.4 14 .4 22.4 69 24 46.5 Nil Nil 

5 February 29-4 30.4 14 .2 22.3 58 25 41.5 Nil Nil 

6 " 5- 11 31.1 13.9 22.5 46 19 32.5 Nil Nil 

7 " 12-18 33.7 15.1 24.4 46 19 32.5 Nil Nil 

8 " 19-25 36.3 15 . 1 26.0 43 14 28.5 Nil Nil 

9 March 26-4 36.4 16 .9 26.65 45 12 28.5 Nil Nil 

10 " 5 - 11 35 .2 16.9 26.05 40 14 27.0 Nil Nil 

1 1 " 12-18 37.3 20 .3 28.80 40 16 28.0 Nil Nil 

12 " 19-2 5 39 .5 21.2 30.35 33 14 23.5 Nil Nil 

....... 
:0 
:0 



APP ENDIX II 1H8 
Monthly Te mperature and relative humidity as re corded at 

USAI D I CTD Labo ratory , Division of Horticulture, UAS , GKYK, 

Bangalore during ex perimentation. 

Year Month Temperature ·c RH (% ) 

Maximum Minimum Mean 

1995 Ma y 28 20 65 

June 23 18 70 

July 24 19 70 

August 25 19 68 

September 24 18 75 

Octobe r 21 18 7 0 

Novem b er 23 21 68 

Decem ber 21 19 67 

1996 Janua r y 24 17 63 

Feb ru ary 22 18 54 

March 26 19 53 

April 27 21 60 

May 28 22 62 

June 25 22 70 

July 24 21 71 

August 23 20 76 

Septem b e r 24 21 71 

Octobe r 25 20 70 

November 23 21 72 

Decem ber 23 19 73 

1997 Jan u a ry 22 18 74 

February (up to 1 5 11•) 23 20 7 1 
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ABSTRACT 

I. Nagpur Mandarin Oranges (Citrus re/iculata Blanco) are famou s a ll over 
India and abroad for its excellent qualities for fresh as well as for processing. 
There is a tremendous demand for Nagpur oranges for local consumption as 
well as for export market, which necessitate proper grading and packaging 
during long distance transport to maintain the quality. 

2. Keeping the above consideration in mind, the present investigation on 
packaging and transportation of Nagpur mandarin oranges was undertaken, 
during the years 1995-98. The main object of the experiment was to 
standardise the Post harvest treatment for safe transportation and storage of 
frui ts and to study the changes in the fruit during storage. 

3. Mango (Mangifera indica Linn.) is another very important crop having a 
tremendous demand in the foreign markets in its processed form . Alphonso 
Lultivar is by far the best variety for processing, but the demand for fresh 
market is so great that the cost of fruits is prohibitive for its use in processing. 
Therefore a varietal trial for processing of three varieties viz., Ratna, Bombay 
green and Mallika was undertaken to assess their suitability for processing as an 
alternative to Alphonso, during the year 1995-97. 

4 . The experimental results reveal that the losses in oranges at fi eld level itself 
were found to be 7.37 per cent. Average losses during transportation to long 
distances without any packaging were found to be 10.86 per cent, whereas 
oranges packed in CFB- 1 type boxes had only 7.5 per cent losses. When 
oranges were packed in corrugated fibre board box type-2, the losses were 
found to be only 6.3 per cent. 

5. Grade - I fruits packed in wooden boxes kept well upto 43 days, but the 
same fruits packed in CFB Box-1 retained excellent qualities for 36 days. 
Control fruits could retain the qualities for 8 days only. 

6. For grade - II fruits, wooden box packaging, as well as CFB-1 and CFB-2 
box packaging were found to be equally effective in maintaining quality for 
upto 43 days. 

7. For grade - Ill fruits, CfB-2 box packaging was found to be the best for 
retaining good qualities upto 43 days. 



8. Total soluble solids, acidity and pH of slices and syrup were found to increase 

dunng storage of canned slices in all the three varieties of mango. There was a significant 

Increase in . ·;:- , . . total sugars, and sugar/acid ratio after canning and storage 

for 8 months, however, carotenoid pigments significantly decreased over a period of 

storage in both the years of study in all the three varieties. 

9. With higher organoleptic score for appearance, naYour, texture and overall 

acceptability, the variety Ratna produced an excellent canned product. Mallika was 

second best and Bombay green was also found to be equally good. 
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