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INTRODUCTION



IVT&ODUCTION

Among the pro-harvest factors affecting the quality 
and storage life of fruits the time of harvest ie of con­
siderable importance. The harvest has to be mads at 
optimum maturity so as to ensure the post-harvest quality 
aa vail aa storage life. While premature harvest mainly 
results in the poor quality of rip# fruita, overmaturity 
may end up in reduced storage life of the produce. Fixing 
of optimum maturity standards has therefore been one of 
the aspects, which has received considerable attention from 
the aoiantista engaged in the field of post-harvest physiology.

Mango is one of the major fruit crops grown in Kerala. 
However, re sear oh on aango in Kerala has, ao far, been con­
fined only to propagation and cultural aspects. The harvest 
of mangoes in the State at present is based on visual judge­
ment rather than on scientific considerations. The oause of 
inconsistent quality of mango fruita available in the markste 
of Kerala could often be traced to harvesting of fruits at 
improper maturity. Fixing of optimum maturity standards for 
mangoes in Kerala will be of wider praotioal utility. Under 
the climatic conditions of Kerala the earliest possible har­
vest before the early rains has greater significance, sinoe 
the quality of fruita are greatly impaired even by the early 
ahovere.
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The storage life of mangoes all the more is affeoted 
by the stage of harveat. Designing inexpensive storage 
methods is as important as fixing optimum maturity standards. 
Harvesting of fruits at optimum maturity coupled with sui­
table storage method will ultimately help the fruit grower 
and consumer to reduce storage loss as well as to ensure 
the quality of fruits.

The present studies were taken up in order to study the 
physioo-oheaioal changes taking place in five varieties of 
mangos vis., Bennet Alphonso, Mundappa, Suwaraarekha, Olour 
and Neelum in order to fix optimum maturity standards.
Storage experiments were also taken up to find out the most 
suitable methods of storage for these varieties.

The suitability of the five varieties for canning wae 
also assessed.

The objectives of the preeent series of studies may 
be summarised ae follows*-

i) to study the physioo-chemical changes of fruits during 
the course of maturity to fix optimum maturity standards

ii) to find out the beet method of storage 

iii) to study the suitability of the varieties for canning.



REVIEW OF LITERATURE
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BSrifiV ©7 LITERATURE

The storage life of any fruit is largely governed 
by tbs stags of maturity at harvest, variety, method and 
conditions of storage mainly temperature and relatire 
humidity. Each variety of fruit may respond in a diffe­
rent way to each method of storage vhioh in turn depends 
on the stage of maturity at harvest* Biochemical and 
physical changes associated with growth and maturity of 
mango fruits and possible correlation between chemical 
constituents and quality of tha fruit vera tha object of 
study of several workers in the past, which are briefly 
reviewed below.

1. BIOCHEMICAL CHANGES BUSING MATURATION

1.1. Carbohydrates

The natural drift of metabolic changes in developing 
fruits of Krishanhhog and Langra varieties of mango at 
different growth stages have been studied by Singh ft al.
(1937) to find out whether there is axqr correlation with 
the above changes and the storage behaviour. They reported 
that the star oh content of mangoee rose during the first 
49 days and subsequently decreased, probably due to the 
hydrolysis of starch into sucrose, accompanied by a fail 
in aoid content.
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Leley et al. (1945) working on Alphonso mango found 
that during the poriod of adolesoonoo (first 60 days) starch 
and nonroduoing sugars ineroasod continuously while reducing 
sugars decreased* The period of naturetion (next 50 days) 
was biochemically characterised by the accumulation of 
starch, the increase being from to 15$ at the time of 
maturation* Soule and Hatton (1955) reported that immature 
fruits of Haden, 2111t Irwin, Sensation and Keitt varieties 
had low T.S.S* while mature fruits had higher T.S.S. (7.2-6.4) 
and T.S.S./acid ratio (6*1-23*1). An increase in starch 
oontent and T.S.S. during the picking season (May 10-July 29) 
was reported in Haden, Irwin, Sill, Sensation, Kent and 
Keitt varieties of mango by Soule and Harding (1956). In 
Egypt, Azzouni and Salsaa (1956) concluded that the evalua­
tion of T.S.S. was an important index of maturity as the 
same increased with maturity in all varieties they studied 
(Hindi-Be-Zinnara-9$, Mahrouka-6,9$ and Pairi-d$).

Fopenoe and Long (1957) reported that starch content 
was related to maturity of hard green mangoes. The starch 
oontent at full maturity varied with variety* It was usually 
5$ in hard green mangoes while in Irwin and Zill varieties 
it was 7$ and 12$ respectively* The starch content, however, 
was not considered by them as useful commercial measure* 
Popenoe et al. (1956) on ths other hand reported that Haden 
and Zill varieties of mango wore acceptably mature when the
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fruits contained %  starch. They concluded that starch 
content of fruits vas the beet index for predicting maturity. 
Mukherjee (1959) reported that starch oontent increased 
froe 0 %% to 9# at the end of the period of aaturity in 
Bashehari, Langra and Fajri Zafrani varieties. He con­
sidered this factor as quite useful in judging the oorreot 
stage of aaturity.

Harding and Hatton (196?) found a olose association 
of starch oontent and aaturity of fruits. Teaotia et a^.
(1967) working on maturity determination in Langra mango 
found that the star oh oontent and starch-to-aoid ratio wars 
the best indices for judging fruit maturity* The fully 
mature fruits had tha highest staroh-to-aoid ratio of mere 
than 4*

From an investigation on maturity indication in mango 
varieties - Dashehari and langra - Singh (1967) oonoluded 
that 50$ of the total starch at maturity was strongly 
correlated to maturity of unrips mangoes as Indiestsd by 
organoleptic tests after artificial ripening* As the period 
of maturation advanced the T.S.S. and T.S.S./acid ratio in­
creased and these constituents also had strong correlation
with maturity.

Supporting Leley et a^. (1943)* Mukherjee (1959) and 
Popenoe and Long (1957), Lakehminarayana et al. (1970) from
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their study on developmental physiology of aango fruit 
concluded that accumulation of ataroh continued at a slow 
rate froa 0# to 4$ up to 12th week and at a rapid rate froa 
4$ to 9# during 12th to 16th week period. According to 
thea the nonreduoing sugars and total sugars in the initial 
saaples shoved a gradual increase upto the stage of full 
maturity whereas the reducing sugar content {%) was reduced 
to a lover level (2$). Askar e£ al. (1972) also supported 
this view and he emphasised the T.S.S. oontent as a possible 
parameter for predicting maturity.

Singh et a^. (1976) reported that fully aature fruits 
of variety Neelua were characterised fey T.S.S. (11.6#), 
total sugars (8.1-8.2#) and starch content (6.6-6.7#). 
According to Singh et al. (1978), the T.S.S. percentage and 
starch/acid ratio were the indices of maturity for the cul- 
tivars Taimuria and Sukul.

1.2 . Acidity

Singh et al. (1937) reported that the acidity of peel 
and the kernel decreased during the period of adoleeoenoo 
and the same in the flesh showed a gradual decrease during 
the period of maturation along with the accumulation of 
starch. Leley et al. (1943) found a gradual deorease in 
acidity when the fruits reached aaturity. The aoid content 
of the fruit was not found to bo a good oriterion for



maturity in Haden, ae it did not change appreciably until 
ripening (Harkness, 1949)*

Harding et al. (1934) reported that, in general, the 
pH value of juice increased ae picking season advanced. 
Similar results were reported by Soule and Hatton (1933) in 
Florida mangoes. Azzouni and Salama (1936) reported from 
Egypt that a continuous increase in pH value occurred ae 
the fruits of Hindi, Pair! and Mabrouka varieties advanced 
towards maturity. They concluded that in all the three 
varieties, the fully mature fruits had a pH value of about 3.

Singh (1967) reported that though in the varieties 
Baehehari and langra the aotive acidity (pH) shoved a sli.ht 
and continuous increase, unlike langra it waa not correlated 
with maturity in Baehehari. Krishnamurtby and Subrsmanyam
(1970) also showed the possible correlation of pH with 
maturity.

lakshainarayana et al. (1970) reported that in the 
variety Alphonso the aoidity reached its peak around 3th 
week and it decreased at harvest maturity being only %  in 
the flesh. In the peel the aoidity decreased during the 
period of adolescence and thereafter it remained steady 
at 1% till harvest. Askar et al. (1972) also supported 
tois view.
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1.3. Asoorbio aoid oontent

The asoorbio aoid content of the fruite greatly 
contributes towards quality especially in respect of its 
nutritive value. This constituent is subjeoted to frequent 
changes during growth, saturation and ripening of aango 
fruit. Sinoe mangoes are very rich source of asoorbio 
aoid, some efforts were made to oorrelate it with fruit 
maturity.

Crawford and Perry (1933), though tried to oorrelate 
asoorbio aoid oontent with maturity, observed no clearcut 
and striking relationship between these two. Mustard and 
lynch (1943) found that Florida mangoes when picked at the 
beginning of change of colour had a lower asoorbio aoid 
oontent than either fully ripe or green mangoes. Harding 
et al. (1934) also found that there was little connection 
of maturity with asoorbio aoid oontent of mango fruit, though 
they found a gradual decrease in asoorbio aoid oontent 
throughout the picking season. A similar dsorease in asoorbio 
aoid oontent was reported by Soule and Hatton (1933).

As the fruits reached maturity a downward trend in 
asoorbio aoid oontent was reported lay Spenoer et al. (1936) 
and aoeording to them little change accompanied the matura­
tion period in Amini, Mulgoa, Pieo, Sashehari, Langra and 
Fajri varieties of mango. Azzouni and Salama (1936) reported
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that in general, the highest ascorbic aoid content was 
present in freshly picked mature fruits and thereafter a 
gradual decrease took place until the minimum level reached 
in the ripe fallen fruits.

Singh and Chadha (1961) reported that the ascorbic 
acid content (317.18*570 mg/100 g of flesh) decreased during 
the first seven weeks after fruit set to a very low level 
(12.2*105.4 mg/100 g of flesh). Singh (1967) reported that 
the asoorbio acid content could not be correlated with 
maturity in varieties Daahehari and iangra* He found that 
though in the variety Dashehari the asoorbio aoid content 
decreased gradually, no distinct and consistent ohange in 
asoorbio acid content was noticed in Langra.

Lakahainareyana et al. (1970) reported that in the 
variety Alphonso the asooroic aoid content of the whole 
fruit increased soon after fruitset, reached its peak value 
around 5th week, declined thereafter upto 8th week and then 
remained more or less steady till harvest. They reported 
higher asoorbio aoid content in the peel oompared to flesh 
and suggested that it might be due to the presence of 
phenolic constituents which react with 2,6-dichlorophenol 
indophenol. Lakshminarayana (19 73) reported that during 
ripening the fruits froa different pickings undergo change 
in chemical constituents such as ascorbic aoid, titrable 
acids, carbohydrates and carotenoids in a similar trend 
characteristic of a fully mature ripening fruit.
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1.4* Tannin content

The tannine are markedly astringent in taste. These 
influence the eating quality of the fruit to a great extent. 
Since fruite of some varieties contain appreciable quanti­
ties of tannins there exists the possibility of relating 
the tannin content of fruits with maturity.

Harding and Souls (1958) reported that the phenolic 
compounds (tannic aoid) generally remained constant froa 
one picking to another in various mango varieties grown in 
Florida. But it was found that tannins decreased gradually 
as aango fruits reached maturity. Though present in rela­
tively small quantities they could be suitably eaployed as 
indices of maturity (Azaouni and Salaam, 1956). Singh (1967) 
reported that in the varieties Langra and Dashehari the 
tannin oontent (ae gallotannic aoid) decreased as picking 
season advanced and appeared to have some relationship with 
fruit maturity. Lakshminarayana et al. (1970) reported that 
in initial stages of development the fruits of variety 
Alphonso were highly astringent, but it decreased towards 
maturity.

1.5. Maturity indices

The study of the metabolic changes in developing fruite 
of Krishanoaog and Langra mango by Singh et al. (1937) 
revealed that the growth rate increased during earlier stages



I I

and gradual!/ deolined with age. The respiration index of 
the fruit showed 2 maxima, one during the early stages and 
the other during the senescent stage. At all stages of 
development, respirator/ drift ran fair!/ parallel the 
percentage of reducing sugars. It was experimental!/ shown 
that the decline in respirator/ activity was due to the 
hindrance of the gaseous exchange through the hard endocarp 
and flesh/ ae so car p. An inverse relationship was indicated 
between the acid contents of the fruit and the respiration 
quotient. He divided the life cycle of mango fruits into 
four stages, eaoh characterised by osrtain physiological and 
chemical changes * juvenile phase (7*21 da/s), adolescent 
phase (21-49 days), climacteric phase (49-77 da/s) and 
senescent phase (77 da/s).

Leley et al. (1943) studied the physiological changes 
occurring in Alphonso mango during growth and ripening. He 
divided the life of the fruit (105 da/s) into 3 phases - 
adolescence (first 60 days), maturation (next 30 da/s) and 
senescence (next 15 days). He suggested to harvest the 
fruit at the highest weight during the period of maturation 
when respiration remained at a constant low value. The 
particular time of harvest in this preclimacteric phase 
depended on the type of storage and transport conditions.

Lakshminarayana (1973) reported that though the harves­
ted fruits underwent climacteric in COg production irrespective



of the stage of development, the length of preclimacteric 
phase depended principally on the stage of maturation of 
the fruit when out* Various workers have suggested diffe­
rent criteria to assess maturity index at harvest of the 
fruit to suit different purposes*

The skin colour in mango is essentially due to the 
preeenoe of pigments in a few oell layers near the surface 
of the fruit. The fruit colour along with general appea­
rance is commonly used as an index of maturity fcy the con­
sumers while making purohaoes* These characteristics, 
however, seem to change continuously throughout the life of 
the fruit especially during maturation and ripening*

Cheema and Dhani (1934) working on export of Alphonso 
mango to Europe reported four different stages of maturity 
termed as A, B, G and D, based on shape, eiee and colour of 
the fruit. The fruits having shoulders in line with the 
stem-end and olive green akin colour were identified with 
stage A* The stage B was indicated by the shouldere out­
growing the stem-end and olive groon skin colour of the fruits. 
During the stage C the shoulders of the fruit outgrew the 
stem-end and skin colour lightened towards yellow. The 
stage D included ripe fruits having typical flush developed 
on the akin and were considered suitable only for local 
markets* They considered stage B as the boat stag# for 
pieking unripe mangoes for expert*
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Leley et al. (1943) reported that at the time of matu­
ration, fruits of variety Alphonso had their shoulders 
outgrown the atea-end, together with lightened skin colour 
and yellow flesh, liar loth (1947) suggested that in South 
African aango varieties (Peach and Sabre) the 'black* green 
colour disappeared at maturity* Harkness and Cobin (1950) 
concluded that Haden mangoes could be picked based on the 
percentage of colour-break fruits.

Proa the study on standardisation of maturity in 
varieties Dashehari and Langra, Singh (1967) suggested that 
in Dashehari the skin colour changed froa green to light 
yellow especially near the etem-end as the fruit reached 
maturity, whereas in langra there were no colour changes. 
Jacobs (1970) reported that the stage of maturity for air 
export in ov. Haden was when the dark green colour had acquired 
a yellowish tinge starting froa the bloom end and also a change 
in flesh colour from white to yellow starting froa the seed.
Rao et al. (1970) reported that the skin colour was not a 
reliable index of maturity in v&r. Beneshan.

Malevski et al. (1977) reported that the external colour 
would serve as maturity index in the ov. Haden. Both maximum 
yellow and maximum red colour intensity oould serve as good 
indices.

Krishnamurthy and Subramaayam (1970) suggested that the 
parameters for optimum maturity of the fruit of variety Pair!
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were olive green surface colour and 200 ♦ 20 g in weight 
with outgrown shoulders. Lakshainarayana et al. (1970) 
observed that Alphoneo aangoee reached harvest maturity in 
16 weeks after fruitset. The weight continued to increase 
till harvest. The growth of fruit in terms of length, dia­
meter and weight slowed between 9 and 14 weeks at the time 
of development of the stone. The moisture oontent of the 
fruit at maturity was about 30$. Lely veld (1975) reported 
that rapid growth rate started to decrease in mature fruits

a/nd Smi H-v
with an average length of 30 am. Lelyveld A(1979) reported 
that fruits that would sink in water have attained physiolo­
gical maturity. The practical method to assess this stage 
was when a combined 15$ slowly rising and sinking fruits 
were found.

Popenoe and Long (1957), Harding and Soule (1953) and 
Hukherjee (1959) suggested that specific gravity was a deter­
mining factor associated with maturity. Aocording to 
llukherjee (1959), the speoifio gravity fell in early stages 
from 0.935-1.02 to 0.96*0*935 upto 4th week and then increased 
to 1.03. Jaoobs (1970) reported that fruits of Haden variety 
reached harvest maturity with a specific gravity of 1.02. On 
toe contrary, Rao et al. (1970) reported that since sinkers 
and floaters (in water) alike produced ripened fruits of satis­
factory quality, specific gravity might not be a good index 
of maturity. Singh et al. (1976) reported speoifio gravity



of 1.037 with fully mature fruits of variety Neelum.
Singh et al. (1973) also confirmed speoifio gravity ae a 
reliable index of maturity. According to him, the optimum 
time of harvest for Taimuria and Sukul cultivars were the 
aeoond weeks of July and August respectively •

Mann and Singh (1976) reported that number and colour 
of lenticel might serve ae indices of maturity* With 
Dashehari, lenticel numbers per unit area declined with 
advancing fruit maturity* With langra, the same remained 
fairly constant. With both Dashehari and Langra, enhanced 
palatability was associated with later picking accompanied 
by a change in lenticel colour from creamy white to brown.

Kao and Srinath (1967) studied the important role of 
atmospheric temperature in determining the time taken from 
flowering to maturity of mango fruits. Their study was based 
on ths observations by Oppenheimer (1947) and Osterwalder (1949) 
that it was possible to forecast the date of maturity of fruits 
in normal seasons, once ths average temperature sum of a 
variety was worked out for a number of seven years. They 
ooncluded that the normal maturation period of the fruit 
(var. Beneehan) was 117 days on an average with a standard 
error of 0.66. 1426 + 44.3 CDD (Centigrade Degree Days) were
approximately needed for Beneehan mangoes to attain maturity 
in Palestine areas. In support of this view Iyer et al. (1976) 
found that the fruits on periphery of the tree reached maturity 
earlier than fully snaded fruits in the interior with higher
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fruit weight, higher percentage of edible natter, higher TSS, 
higher glucose, fructose and sugar/acid ratio.

Teaotia and Bhan C1966) reported that to obtain high 
quality Indian pineapples, it could be harvested when the 
specific gravity was in the range of 0.93 to 1.02, TSS content 
14.3 to 17$ and XSS/acid ratio 20.63-27*24 and when the 
fruit had developed a yellowish to brownish yellow oolour. 
Earlier harvesting is possible when the TSS is 101*12.5 and 
skin oolour is greenish yellow. Chandha et al. (1972) repor­
ted that for canning purpose pineapple fruit (var. Kew) 
should be harvested within 1 ̂ 0-160 days of maturity.

Tripathi and Oangwar (1971) revealed that for guava 
(var. Chittidar) specific gravity was a good index for fixing 
maturity.

2. CHANGES DURING RIPENING

2.1. Carbohydrates

Leley et al. (1943) reported that starch was completely 
hydrolysed during ripening in Alphonso mango with the forma­
tion of sucrose, further studies by Mukherjee and Prasad 
(1972) and Gutierrez et al. (1976) supported their view and 
reported a gradual increase in sucrose, glucose and fructose 
with progress of ripening. Modi and Reddy (1967) observed 
five fold increase in the total pentose content and observed 
that synthesis of fructose was 1*3 times more than that of 
glucose.
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2.2. Organic acide

Tha nonvolatile organic acids ware among tha meg or 
cellular constituents undergoing changes during ripening.
The citric acid, malic acid and aacorbic acids decreased 
during ripening with a pH shift from 2*0 to 5.5 (Modi and 
Reddy, 1967; Mattoo, 1969 arid Baque at al., 1977).

2.3. Proteins and aminoaeids

In mango 19 common aminoaeids have been detected, of which 
alanine, tryptophan, iso leucine, valine and glycine increased 
progressively with ripening whereas lysine, proline and 
threonine were oatabolised during ripening and a small net 
increase in protein content occurred during ripening 
(Mattoo, 1969). This wae contrary to the report by Tines and 
Grierson (1966) that a coneietent decline in aminoaeids 
occurred during ripening in oarambola.

2.4. Lipids

Ripening wae associated with an increase in glyceride 
content and change in fatty aoid composition. Considerable 
increase in the levels of total lipids has been observed in 
the ripening mango (handyopadhyay and Ghoiap, 1973).

2.3. Volatile products

The volatile components were responsible for the speoifio 
odour of fruite. Ethylene wae one of the most important
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volatile compounds produoed during climacteric by the fruits. 
It being an auto catalytic accelerator of ripening, stimulates 
activities of oatalase and peroxidase tear inactivating their 
inhibitors (Biale et al.. 1954* Burg, 1962 and Mattoo and 
Modi, 1969).

2.6. Enzymes

The chemical and phyeioal changes during ripening were 
mainly attributed to enzymes. The enzyme activity was mainly 
regulated by ]S carotene and fatty acids (Mattoo et al., 1963). 
The main enzymes were oatalase, peroxidase, glyoolytie enzymes, 
hydrolytic enzymes, invertase, transaminases, citrate oleavage 
enzymes and ohlorophyllase. The inhibitors of the enzymes 
disappeared during ripening (Pantastico et al., 1973).

2.7. Tannine

Pope (1929) reported that there was considerable amount 
of tannin in the harvested fruits which decreased considerably 
as ripening proceeded. Singh (1967) observed that mature 
mango fruits contained 2.673 to 3*303 per oent of tannins 
(ae galiotannic acid) which decreased during ripening 
(1.365-0.470).

2.3. Pigments

Pantastico et al. (1975) reported that after the fruit 
was mature chlorophyll degradation would be started by the 
enzyme ohlorophyllase. There was drastic synthesis of
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earotenoids during the laet stages of ripening.

2.9* Peotio substanoes

Pentzer and Heinee (1954) reported that the inaoluble 
intracellular and oellwall eonatituente auoh aa pectin 
compounds and hemicelluloee were degraded at later stages 
of ripening by respiratory mechanism. Therefore, as the 
fruit ripened* insoluble protopectin decreased and soluble 
pectin increased. When fully ripe, the peotio substances 
again decreased forming peotio aoid. Pectin and its hydro* 
lytic produots formed a good source of volatile emanations*

5. PRESERVATION

The harvested fruit is a variable biological system 
which undergoes a succession of complex changes - physiolo­
gical and biochemical - at the expense of the stored food 
material which declines and accelerates the process of aging 
as evidenced by change of colour, texture, flavour and quality 
(Dalai and Subramanyam, 1970). Several workers have tried to 
limit these post-narveat physiological activities and extend 
the shelf life of mango fruits, adopting different storage 
methods.

The fruits respire by taking in oxygen and giving out 
CO2 and heat. There is also loss of moisture from the fruits 
through natural pores by transpiration. The enzymatic break­
down of reserves and lose of resistance to microbial invasion



reduce the storage life of fresh fruits. Removal of heat 
without loss of qualily is the most desired method for 
extension of storage life of fruits. Pre-cooling and refri­
gerated storage at optimum conditions reduce the metabolic 
rate with relative increase in storage life (Dalai and 
Subramanyam, 1970).

Mann and Singh (1975) in their study on the effeot of 
pre-cooling (hydrooooling) on Langra fruits whether it would 
be able to withstand certain transit period before it was put 
in cold storage, concluded that Langra mangoes at diffarant 
stages of maturity after preoooling and then two or four days 
exposure to room temperature eould be successfully stored for 
55-45 days, depending upon the stage of maturity. Pre-oooling 
helped in increasing the satisfactory storage life by why of 
suppression of intensity of respiration and prolongation of 
the duration of respiratory climacteric. When fruits were 
picked from the tree, the rate of respiration became faster 
and the process of pre-cooling removed field heat and saved 
the fruit from meeting an early physiological death. Fruits 
of advanced aaturity remained in good condition only for 
shorter duration due to the short proolioHotorio phase after 
separation from the tree.

Studios at Central Food Technological Research Institute, 
Mysore (CFTRI) have shown that pre-cooling of mango in air 
or by water prior to storage at optimum oool temperature was
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not useful In controlling the low temperature breakdown. 
Incorporation of scald inhibitors, fungicides and ripening 
stimulants in water used for hydrocooling was of little use 
in controlling the low temperature breakdown (Dalai and 
Subramanyam, 1970).

The mango fruit has short storage life at ambient 
temperature and is vulnerable to miorobial infection during 
storage. Investigations on cold storage of mangoes at The 
Cold Storage Eesearch Scheme laboratories, Kirkee, India have 
shown that fruits at B and C stages of maturity were suitable 
for cold storage (45-48°F) and storage below 45°F resulted in 
severe pitting and rotting of fruits without ripening on 
transference to 68°F or to room temperature (Cheema et al..1939).

From the study on cold storage of Indian fruits, Karaarkor 
and Joehi (1940) reported that out of 28 varieties of mango 
tested rally Six were found to keep well in oold storage (45-48®F). 
Eipe yellow fruits turned brown at 52°F and below. Only fruits 
which were still green and hard kept well at 45~4S°F and 
ripened satisfactorily at ordinary temperature. Below 45°F, 
the fruits suffered from chilling injury with pits and sunken 
areas on the skin and the same was very severs at 35°F.

Work at CFTKI (1952) has shown that fully grown fruits 
of fiaspuri and Seedling mangoes had a storage life of 42 days 
when the same were stored at 42-45°F (EH 85-9056) whereas 
Alphonso mangoes had a storage life of 28 days (47-50°F and 
85-9056 EH). Such fruits ripened uniformly at a temperature
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of 62-65°7 after removal froa ©old storage* Singh et al* 
(1932) reported that the optimum conditions for oold storage 
of Bangalora were storage temperature of 42-48°!' and RH of 
85-90$, the storage life being 7 weeks.

Vickers (1964) reported that three varieties of mango 
ie., Apple, Boribo and Hgowe were stored at 40-44°I for two, 
three and four weeks respectively. The score for appearance 
and taste of mature fruits after two weeks was highest for 
apple. Apple and Ngowe ripened rapidly after removal froa 
the store and were suitable for consumption only if they were 
marketed close to the port of unloading. Jacobs (1970) re­
ported that for coId-stored fruits susceptibility to oold 
injury varied with ripeness of fruite and temperature of 
storage and a high incidence of decay occurred in fruits from 
orchards subjected to very thorough pest control measures. 
Dalai and Subramanyam (1970) reported that fruits stored at 
50, 55 and 65°F were soft and their peel developed yellow 
colour. But such fruits showed greater loee in weight, failed 
to ripen and wore highly susceptible to infection. In con­
trast, green mature mangoes stored at 85°! ripened uniformly 
with development of desired aroma, flavour, colour and taste 
with reduced storage life of 12-15 days. Srivastava et al. 
(1971) observed no marked deterioration in either variety 
(Heelum and Romani) for the first 62 days of storage at 4°C 
when they were placed at the climacteric stage, except for a
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considerable decrease in tha Vitamin C content. Sadaslvsn
(1971) reported that fruit a of Neelum showed chilling injury 
at 6 ♦ 1°C and 9 + 1°C within 15 days. Iherefore, fruits 
of this variety ahould be s tor ad at a temperature above 
9 + 1°C. Asia at al. (1975) obsarrad positive oorralation 
betwoan rising storags taaparatura (0 to 15°C) and loss of 
aoidity as wall as fall of aloohol - insoluble solids.

Mukherjee and Srivaetava (1979) reported that tha 
freezing point of juice was lowered as TSS content of tha 
fruit increased by gradual hydrolysis of starch to sugars at 
room as wall as low taaparatura. Therefore, by gradually 
increasing the T.S.S. chilling injury even at 5.5°C could be 
eliminated that would otherwise have chilled at 7°C.

lakshminareyana and Subraaanyaa (1970) reported that 
fermentative dsoarboatylation occurred in oold stored mangoes 
(var. Alphonso) in atmosphere containing 10 or 15% carbon 
dioxide. Singh (1977) reported that in gas storage with 
different concentrations of COg at 45°F, 48°F and 52°F, 
Alphonso mangoes suffered either froa internal breakdown or 
rotted more quickly than fruits kept under ordinary cold 
storage conditions.

Kane and Mareellin (1979) reported that mango fruits 
(vare. Amelia and Julie) with least storage rot and best 
eating quality would be obtained when stored in an atmosphere 
containing %  COg and %  Og and the storage life was four 
weeks.
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Apelbaum et al. (1977) reported that ripening of mango 
fruits was markedly delayed when the pressure in the storage 
ohamber was reduced to below 100 am Eg. The prolongation of 
storage life was inversely related to the pressure. Fruits 
stored at 75 am and 100 am Hg pressure started to ripen only 
after 35 and 25 daye respectively as against 16 days in the 
case of control fruits (760 am Hg). All fruits stored at 
subatmospherio pressure ripened 5*4 days after transference 
to shelf life at 25°C. Belov 50 am Eg. the fruits were 
dessiooated. The application of wax emulsion to freshly 
harvested fruits protects them froa excessive moisture loss, 
higher rate of respiration and heat build up or thermal de­
composition and ae a result the texture and quality of the 
fruits will be maintained as near the fresh condition as 
possible for a long time. Incorporation of an approved 
fungicide to wax emulsion protects the fruits from microbial 
spoilage (Dalai et al., 1971).

Mathur (1956) reported that fruits of mango (var. Badami) 
treated with 2.7% solids of aqueous fungicidal wax emulsion 
and stored at room temperature were kept for 19 days as against 
12 days for the control. This treatment was found to lessen 
physiological loss in weight, increase re tens ion of vitamin C 
and moisture, delay ripening and decrease wastage. Singh et al. 
(1967) reported that out of various wrapping materials, per­
forated polythene wae most effective to lessen physiological 
loss in weight at a temperature of 54°C.



At CFTRI, two aqueous wax emulsion composition (W and 0) 
were standardised containing 12 per oent total solids, for 
extending the storage life of fresh fruits and vegetables.
The research at CFTRI have shown that for mango fruits the 
best concentrations of wax emulsion (W) are 6 or 4 per oent 
with incorporation of suitable fungicides (SOPP WE - 0.5% 
or Flit 406 WE - 0.4% or Flit 406 PHS 3WE - 1%). The storage 
life of Alphonso, Badaai, Boabay-Calcutta and Himsagar - 
Calcutta were 13, 14, 3 and 6 days respectively as against 
11, 7, 6 and 4 respectively in the control with wax emulsion 
(W/b) at ambient temperature (70-90°F). Storage temperature 
above 110°F was found uneconomical. It was estimated that for 
waxing 100 mangoes it costed only 26 paise (Dalai et al., 1971). 
On the oontraxy, Ram end Date (1971) considered waxing 
(containing 6.4% SOPP) uneconomic for Teimuria and Kataki 
Bihar, since the storage life was extended by only three days.

Deol and Bhullar (1972) reported that weight loae and 
losses due to diseases and physiological disorders were the 
least with fruits (var. Samar Bahist) stored (at room tempe­
rature) after treatment with fungicidal wax.

Singh et al. (1967) and Deol and Bhullar (1972) studied 
the effeote of wrapping materials and growth regulators on
the storage life of mango fruit and concluded that at 34°C

UssweightAvas least with perforated polythene compared with 
cellophane tissue paper for the varieties Daehehari and 
Samar Bahist.



Cuevasruiz et al. (1972) reported that gamma irradiation 
(75 KradL) of fire Puerto Rican mangoes extended the shelf 
life lay seven days at 6S°7 and delayed fungal spoilage. 
Irradiation had no appreciable offset on ascorbic aoid, 
oarotenoids, carbohydrate and total aoidlty of the fruit.

Canning is one of the process of permanent preservation 
of aango. There is a lot of soops in India for canning 
industry since mangoes are harvested in large quantities*
In India, mangoss are usually canned in the form of slices. 
Only ripe, but firm onee of good variety ere well-suited for 
the purpose* The Indian varieties Dashehari, Safeda and 
Alphonso have proved to be best suited for this purpose 
(Singh, 1960).

The Pilot-plant studies at CFXfiX on the processing of 
important tropioal fruits and their economic stability have 
proved that for canning 686 mangoes, it costs Rb.71 V -  when 
cans of 1 lb butter size were used (Pruthi et al., 1955).

Studies at Philippines on the acceptability of canned 
aango Juice froa four varieties, at three oolour stages of 
maturity, have revealed that the variety Picco ie the best 
followed by Carabao, Katehaaita and Sipslpin in the decreasing 
order of acceptability. Juice from firm yellow fruit was 
preferred to that from fruit at lets advanced or more ripening 
stages* She results of analysis of the relation between 
acceptability of canned Julos and the physical and chemical



properties of the fresh fruit indicated that pH, TSS and total 
titrable aoidity of the fruit were better guide than penetro­
meter readings to the adequacy of fruit for processing 
(Leon and Lias, 1966)*

Effeot of poet-harvest treatments on control of serious 
storage diseases (Anthraonoss deoar and stem end rot) of

WgiS

Wang et al. (1964) reported that, of several post harvest 
treatments (hot water - 126°F, Lithane M-22 and Lowioide A-1$), 
hot water treatment for ten minutes gave very good control 
of anthraonoss (Colletotrlohum gloeosporloldsa) decay, when 
stored at 42.8° or 86°F. Jaoobs et al. (1973) reported that 
post-harvest immersion of green mature fruits in a benoayl 
suspension (55°C) for 5 minutes gave excellent control of 
anthraonoss during storage at 10°F. On the contrary, Spadling 
and Header (1972) reported that dipping in water, benoayl, 
thiabendazole or SOPP at 130°F for 5 minutes gave almost 
complete control of anthracnoee decay whereas the same at 
70°C for two minutes failed to control rot.

Research at CFTRI have shown that hot water (52°C) 
alone gave good control of diplodia stem end rot (Llplodla 
na talenale) /anthraono ee decay when applied one day after 
harvest, in the varieties Alphoneo and Pairi. Hot water 
(52°C) ♦ Zineb (0,379SOt one or seven daye after harvest or 
hot water + sodium diethyl dithio oarbomate (0.4$) seven days



after harvest alee improved colour, texture and aroma after 
seven days, with the onset of delayed climacteric 
(Suhramaxyaa and Moorthy, 1973)*

Chang (1975) reported that post-harvest hot water 
(52-54°C) treatment of Irwin mangoes for 10-30 minutes gavs 
fungistatic offset and were safely stored at a temperature 
of 20°C. Singh and Bhargava (1977) were of the opinion 
that dipping guava fruits for five minutes in Beniate 
2000/3000 ppm ♦ 0,2# V/V paraffinic mineral oil and water 
(25 ♦, 1°C) gave very good control of post harvest diseases.

Studies at I AH I have shown that diplodia stem end rot 
spread through the vascular system of pedicel and it caused 
development of only unripe fruits. Removing the infected 
pedicels from the stored mangoes was reoommsndsd to enable 
slightly infected fruit to bo used for looal consumption. 
The pedicel should be out so as to leave about 0.5 oa and 
the out-end ooated with Bordeaux paste (Srivastava and 
Urgapal, 1965).



MATERIALS AND METHODS



MATERIALS ARD METHODS

These JLnvestigstiona were carried out in the College 
of Horticulture, Vellanilclcara, during the year 1979-81. 
Twenty three year old trees, growing in the Instructional 
Farm, Mannuthy, were selected for the different field 
observations and the laboratory work was done in the College 
of Horticulture. Five different varieties viz., Bennet 
Alphonso, Mundappa, Suwaraarekha, Olour and Heelum were 
included in the studies.

Sampling methods

Studies on maturity of the fruit were conducted 
adopting the completely Randomised Design (CRD) and there 
were four replications for each treatment. Fruits of same 
maturity (days) were marked and observations were taken at 
seven days intervals starting from A stage (60-74 days after 
fruit set depending on variety). The following physical and 
chemical characters were recorded at the time of each 
sampling.

1. PHYSICAL CHARACTERS
1.1. length
1.2. girth (maximum)
1.3. weight of whole fruit (average of 10 fruits)
1.4. volume (by water displacement method)
1.5. specific gravity (weight/volume)



2. CHEMICAL CHARACTERS

The following chemical components were analysed after 
taking appropriate samples.

2.1. starch
2.2. sugars (reducing, nonreducing and total)
2.3. titrable aoidity
2.4. asoorbio acid oontsnt
2.5. T.S.S.
2.6. vitamin A (as carotene)
2.7* drymatter oontent
2.8. moisture oontent

1. PHYSICAL CHARACTERS

For the study of following physical characters, four 
samples of ten fruits were drawn froa four trees.

1.1. length
1.2. girth
1.3. weight
1.4. volume
1.5. specific gravity

The length was measured from the base to the apex of the 
fruits using a vernier calipers. Girth was measured at the 
maximum point using a non-elastic twine and a oentiastre seale. 
All these measurements were made in oentiaetre. Weight of
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in hot air oven at 70°C till there vae no further reduotion 
in weight. The moisture content vae worked out ae the Xoee 
in weight ae a result of drying and expressed ae percentage 
of the fresh weight.

3. STANDARDISATION Of THE STAGE OP HARVEST OP FRUITS

Along with fruits harvested for assessing the phyeico- 
oheaioaX changes, ten fruits of the same maturity (days) 
were ripened in wooden boxes. The temperature at whioh the 
fruits were kept for artifioiaX ripening vas 30 ♦ 1°C 
(&.H. 85-90#).

Organoleptic tests were carried out by a panel of ten 
judges and they rated the quality of the fruits by assigning 
marks, adopting the rating given by Singh (1967).

Garegory Marks
Poor <1.01
Pair 1.01 to 2
Good 2.01 to 3
Excellent 3*01 to 4

The average soore vas worked out for each sample froa
the ratings made by the panel of judges and comparisons 
made. The palatability ratings (score) was considered as 
the criteria of maturity of the fruits.

STORAGE STUDIES

Storage studies were conducted using fruits froa three



stages of maturity adopting seven methods of storage at 
two temperatures as detailed below.

1. A ( 8 ^

2. B (S2)
3. 0 (S5)

Methods of storage

1. Polythene bags (300 gauges)
2. Polythene bags (230 gauges)
3. Polythene bags (130 gauges)
4. Polythene bag (300 gauges) ♦ waxing
5. Waxing of the fruit
6. Pol/tii.n. tag (500 gaug..) ♦ lWn04
7. Control

Temperatures

1. 6 ♦ 0.5°C
2. Boom temperature (28-30°C)

Ten fruite of the same stage of development (A, B and C) 
seleoted at random from the periphery of the trees consti­
tuted one treatment. All the 42 treatments were tried in 
five replications. Soon after separation from the tree, the 
fruits were dipped in hot water (32-34°C) for 10 minutes 
(Chang, 1973) in order to get fungistatic effeot against 

gloeosporloldet and than ooolsd to room
tamperature.
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The hot water treated fruits were kept in poljrthene
2bags punched on an area of 2 ear, at the rate of 0.25 sq.cm 

per punch for aeration and then sealed and stored.

Poljrthene bag (300 gauges) + waxing
9The vaxed fruits were placed in punched (2 car) poly­

thene bags of 300 gauges sealed and stored.

Waxing of the fruit

The hot water treated fruits were dipped in paraffin 
wax emulsion (4$) containing Beniate (0.1*0.

Beniate (2 g) was added to the melted, undiluted 
paraffin wax and the latter was then diluted to 4$ by adding 
two litres of distilled water to 30 g of paraffin wax and 
then stirred well so as to form a colloidal suspension.

Polythene bag (300 gauges) » KMn04)

About 125 g of well dried sawdust taken in doth bags 
was soaked in saturated potassium permanganate solution for 
half an hour and excess solution was drained off before 
keeping in punched polythene bags containing the hot water 
treated fruits and the bags were then sealed.

Control

The fruits were kept in well aerated wooden crates and 
then artificially ripened in paddy straw.

One fruit from each replication was sampled out at 
4 days intervals from all the treatments for determining



the loee in weight and quality analysis. The chemical 
oharactere vis*, T.S.S., sugars, titrable aoidity, asoorbio 
aoid and oarotene oontent of the ripe fruits were determined. 
Ripening vas assessed based on oolour and texture. The 
economic storage life waa calculated as the number of days 
from harvest till the commencement of spoilage of 80 per oent 
of the ripe fruits, The storage life and the qualitative 
characters of the fruits at final sampling vaa considered 
as criteria of efficiency of the storage methode.

Permanent Preservation hr

The fruits of all varieties were harvested when fully 
mature and ripened at room temperature and oanned. Before 
oanning the fruita were analysed for ohemioal composition of 
the flesh viz., T.S.S,, reducing sugar, nonroduoing sugar, 
total sugar, aoidity and asoorbio aoid oontent. Also the 
flesh was scored for its physical appearanoe and taste.

The fruits were then hand peeled using sharp knife. The 
oheeks were then out out and quartered. The cans were then 
filled with 16 g each of the siloes along with sugar syrup 
(40°B) and citric aoid (0.23$). The cans were finally 
exhausted for seven minutes at 90°C sealed and then processed 
in boiling water for 30 minutes. The product was then cooled 
in cold water and stored at room temperature.

Sampling vas done from seventh month onwards and quality
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was assessed using the score oard given elsewhere. The 
external appearance of the can, appearance of syrup, vacuum 
pressure and drained weight were noted on eaoh sampling 
(Ranganna, 1977). Siloes and syrup were analysed separately 
for the cheaioal characters vis., acidity, reducing sugar, 
nonreduoing sugar, total sugar, T.S.S. and asoorbio acid 
oontent, at every sampling.

Score oard for quality grades of panned produot 
made from different varieties of mango

Quality Score

Excellent 5
Good 4

Colour Satisfactory 3
Pair 2
Poor 1
Excellent 5
Good 4

Aroma Satisfactory 3
Pair 2
Poor 1
Excellent 5
Good 4

Taste Satisfactory 3
Pair 2
Poor 1

Excellent 5
Good 4

Texture Satisfactory 3
Pair 2
Poor 1



Soore Category

1 1.4 Poor
1.5 2.4 fair

Satisfactory
Good
Excellent

2.5 - 3.4
3.5 - 4.4
4.5 5.0

STATISTICAL AMAHS IS

The proportionate changes (Pina value)

in all oharaetara determining tha quality of fruita vara 
obtained. Analysis of Tarianaa taehniqua for nested classi­
fication as explained in Snadeoor and Cochran (1967) vas 
adopted. Critical differences were oaloulated vhererer 
needed. Direot and indirect affects of tha different 
characters on maturity of fruit vara estimated by the 
method of Path Coefficients as given in Dewey and Lu (1959).



RESULTS
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R S S U L I 8  

GROWTH AND MATURITY OF THE FRUIT

Growth and maturity of the fruit in terms of length, 
girth, weight, volume and epecifio gravity from A stage 
to ripening, at weekly intervals are presented in Tables 
1.a, b, o, d and e.

1. PHYSICAL CHARACTERS
1.1• Length of fruits

In the case of Bennet Alphonso, the mean length of 
fruit at A stage (60 days after fruiteet) was 8 oa and at 
full maturity (116 days after fruitset) it was 9 om having 
an increase of only 1 cm during the period of 56 days.
Forty per oent of this growth in length occurred during the 
first 14 days followed by 55 par cent during the next fort­
night, 26 per oent during the third fortnight and 5 per oent 
during the last fortnight (Table 1.a and Fig.1).

For the variety Mundappa the mean length at A stage 
(67 days after fruitset) was 8 cm and at full maturity 
(116 days after fruitset) it increased to 10 oa showing an 
increase of 2 om during the period of 49 days. The increase 
in length was 47*5 per oent during the first 14 days and 
32 per oent during the next 14 days. Luring the next 14 days 
the increase in length constituted 15.5 par oent and towards 
the last seven days it accounted for only 5 per oent
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(Table 1 .b and Fig.1). In the case of Suvamarekha, Olour 
and Neelua also a similar trend vaa noticed (Tables 1.et d 
and e and Fig.1).

1.2. Girth of fruita

For the variety Bennet Alphonso, the mean maximum
girth of fruita at A stage vaa 16.5 cm and at full maturity«
it was 18 on. Out of this inorease of 1.5 on in girth, the 
first 14 days aooounted for 36.67 per oent inorease and the 
percentage of inorease in girth during the next 14 days vaa 
30. An inorease of 26.67 per oent vaa seen during the next 
14 days. The last 14 days constituted an increase of only 
6.67 per oent (Table 1.a and Fig.2).

In the oase of Mundappa, the mean maximum girth at 
A atage vaa 20.69 vhieh vaa 24.65 at full maturity. The 
first 14 da/s shoved an inorease of 54.55 per cent. An 
increase of 26.26 per oent vaa observed during the next 
14 days. The next 14 days aooounted for an inorease of 
14.14 per oent and the last seven days gave an inorease of 
only 5.05 per oent (Table 1.b and Fig.2). In Olour also the 
same trend vas observed (Table 1.d and Fig.2).

In the variety Suwaraarekha, the mean maximum girth at 
A stage vas 22.7 cm and at full maturity it vas 25.6 cm.
Out of an inorease of 2.9 cm, the first 14 days aooounted 
for 27.59 per oent. The percentage of inorease in girth



during the next 14 dayre vae 31*05 and the eaae rate vae 
observed during the next 14 days also. The last 14 days 
accounted for 10.34 par eent increase (Table 1.c and Fig.2). 
In Keelum also the trend vas more or less similar 
(Table 1.e and Fig.2)*

1.3* Weight of fruits

The data shoved that in the variety Bennet Alphonso, 
the mean weight of the fruit at A stage was 125 g and at 
full maturity it was 152.8 g contributing an increase of 
27.8 g during the period of 56 days. The maximum percentage 
of weight increase occurred during the second fortnight 
(50.51) and the minimum during the last fortnight (2.88) 
(Table 1.a and Fig.3)*

In Mundappa, the mean weight of the fruit at a stage 
vas 135.13 g and at full maturity 340.5 g. The total 
increase in weight was 155.32 g out of which 73.15 per oent 
oocurred during the first 28 dsys. Luring the next 14 days 
13.47 per oent increase of the total increase in weight 
occurred. The last sevsn days accounted for only 3.39 
per oent increase (Table 1.b and Fig.3).

The data showed that in Suvarnarekha, the mean weight 
of fruite at A stage vas 163.93 g and at full maturity it 
was 332.2 g. An increase in percentage of 75 oocurred
d.u.'T'-'Y'g j- i-rs t  J-otAir u i n k s  • T l,. Line re  a. j e  Cn. u i e i j A t

during the next 14 dsys was 17*35 par eent and the last



a

14 days accounted for 7*16 per oent inoreaee in weight 
(fable 1.o and Fig.3).

In Olour, the aean weight of fruit at A stage was 
136.83 g and at full maturity 241 g showing an Inoreaee of 
84*17 g during the period of 36 days* fhe first four weeks 
aooounted for an inorease of 73*64 per oent while an increase 
of 6.5 per oent was only noticed during the last two weeks 
(fable 1.d and Fig.3).

In Neelua the mean weight of fruit at A stage was 
80.51 g and 230.81 g at full maturity. Maximum inorease in 
weight of 73.19 per oent occurred during the first four 
weeks (fable 1.e and Fig.3).

1.4. Volume of fruits

The data revealed that in Bennet Alphonso froa A stage 
the inorease in volume was rapid during the first four 
weeks (fable 1 .a and Fig.4). In Mundappa the aean volume 
of fruit at A stage was 198.9 oe and at full maturity it 
was 339.82 oc. fhe first four weeks aooounted for an 
Inorease of 72.57 per oent (fable 1.b and Fig.4).

The data showed that in Suwaraarekha after A stage the 
Inorease in volume was rapid during the first four weeks 
contributing 91.21 per oent inorease of the total. The last 
four weeks contributed an inorease in voluae of 8.79 per oent 
only (fable 1.o and Fig.4).
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In Olour the increase In volume vae rapid froa 74th 
to 102nd day accounting for an inoraaaa of 75.6 par oant. 
Thereafter although tha total volume oontinuad to inoraaaa 
tha percentage of inoraaaa vaa low (Table 1.d and Fig.4).

Similarly in Neelum tha mean voluaa recorded an inoraaaa 
of 97.01 par oant upto 102nd dej and thereafter tha peroan- 
tage of inoraaaa daoraaaad (Fig.4).

1.5. Speoifio gravity of fruita

In Bannat Alphoneo tha apaoifio graTitjr of fruita at 
A ataga vaa 0.94 and it inoreaeed to 1.01 on 102nd day- and 
than remained constant up to full maturity (Table 1.a). In 
Mundappa tha apaoifio gravity inoreaeed from 0.93 at A ataga 
to 1.0 on 95th day and thereafter remained steady (Table 1.b). 
In Suvamarekha apaoifio gravity of 0.819 at A ataga inoreaeed 
to 1.0 at 109th day and thereafter remained constant till full 
maturity (Table 1,o). In Olour tha apaoifio gravity inoreaeed 
to 1.01 on 123rd day and then remained constant (Table 1 .d).
In Neelum the speoifio gravity at A stage vas 0.94 vhioh 
shoved a gradual increase upto 109th day (1.01), Upto full 
maturity tha apaoifio gravity remained the eame (Table 1.a).

The above results clearly indicated that in all tha 
varieties during maturation about 2/3 of the total growth of 
fruits took place during the first four vaeks after A stage.



paraaeters of aature fruits and palatabllity
of the rips fruits at different stagss of

# in variety Bsnnst Alphonso

Mature(dsjrs)
Girth Weight Voluae 
as g oo

Spsoifio Palatabi- 
gravity litjr

ratings(seers)

60 (A) 8.00 16.50 125.00 132.70 0.94 0.59

67 8.20
(20.00)

16.80
(20.00)

129.00
(14.39)

135.79
(16.67)

0.95 0.62

n 8.40
(20.00) 17.05

(16.67)
134.80
(20.86)

139.83
(21.79)

0.96 0.80

81 8,60
(20.00) 17.25

(13.33)
141.20
(23.03)

144.08
(22.92)

0.98 0.83

88 (B) 8.75(1 5.0 0)
15.50

(16.67)
148.86
(27.55)

149.16
(27.40)

1.00 0.95

95 8.90
(15.00) 17.72

(14.67)
151.30
(8.78) 150.85

(9.12)
1.00 0.98

102 8.95(5.00)
17.90

(12.00)
152.00
(2.52)

150.94
(0.49)

1.01 1.75

109 9.00
(5.00) 17.97

(4.67)
152.80
(2.88) 151.24(1.62)

1.01 1.95

116 (C) 9.00 18.00
(2.00)

152.80 151.24 1.01 2.00

123 (ripe]i 9.00 18.00 150.00 149.70 1.00 2.28

the Taluss given in parenthesis are the peroentage of 
inorease of total growth

A
B
C

- A stage 
• B stage
- C stage
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Table 1.b Pbysioal parameters of nature fruita and palatability
ratings of tbe ripa fruite at different stages of
naturity in variety Mundappa

Maturity Length Girth Weight Volume Specific Palatability(days) om om S 00 gravity ratings 
(soore)

67 (A) 8.00 20.69 185.18 198.90 0.93 1.21
74 8.52

(26.00)
21.88
(50.05)

225.21
(25.77)

230.91(22.72)
0,96 1.25

81 8.95(21.50) 22.85(24.50)
256.30
(20.02) 255.13

(17.19)
0.99 1.28

88 9.35(20.00)
23.62
(19.44)

280.00
(15.26)

277.95'
(16.19)

0.99 1.32

95 (B) 9.59(12.00) 23.89(6.82)
306.56
(17.10)

301,16
(16.47)

1.00 1.53

102 9.80
(10.50) 24.17

(7.07)
326.89
(13.09)

320.57
(13.77)

1.00 1.93

109 9.90
(5.00) 24.45

(7.07)
335.24(5.38) 334.24(9.70)

1.00 2.83

116 (C) 10.00
(5.00) 24.65

(5.05)
340,50
(3.39)

339.82
(3.96)

1.00 2.89

123 (ripe) 10.00 24.65 335.50 339.00 1.00 3.21

The values given in parenthesis are the percentage of 
increase of total growth

A - A stage
B - B stage
C - C stage
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Table 1.o Ph/Bioal parameters ef aature frulte and palatabiliiy
ratings of the ripe frulte at different stages of
maturity In variety Suwaraarekha

Maturity Length Girth Weight Toluae(days) oa aa g oo Specific Palatabi* 
gravity lity

ratings
(soore)

60 (A) 8.90 22.70 163.93 200.16 0.82 0.91
67 9.50

(19.35)
23.10
(13.79)

195.80
(18.94)

231.17(23.48) 0.85 0.91

74 10.00
(16.13)

23.50
(13.80)

225.14
(17.44)

260.88
(22.50)

0.86 0.95

81 10.50
(16.13)

23.90
(13.79)

258.20
(19.64)

291.75(23.38) 0.89 0.95

38 11.00
(16.13)

24.40
(17.24)

290.13(18.98) 320.59
(21.84)

0.91 0.98

95 (B) 11.40
(12.9 0)

24.90
(17.24)

308.26
(10.78)

324.48
(2.95)

0.95 1.00

102 11.80
(12.90)

25.30
(13.79)

320.16
(7.07)

327.04
(1.94)

0.98 1.52

109 11.90
(3.23)

25.50
(6.90) 329.74(5.70)

329.74
(2.04)

1.00 1.68

116 (C) 12.00
(3.23)

25.60
(3.44)

332.20
(1.46)

332.20
(1.86)

1.00 1.79

123 (ripe) 12.00 25.60 330.20 331.53 1.00 1.97

The values given in parenthesis 
inorease of total growth

are the percentage of

A - A stageB - B stage
C - C stage
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Table 1.d Physical parameters of mature fruits and palatability
ratings of the rips fruits at different stages of
maturity in variety Olour

Maturity
(days)

Length
om Girthom

Weight
S

Volume
eo

Speai>f <gravr c Palatabi­
lity ratings (soore)

74 U > 7.40 16.35 156.83 165.43 0.95 0.95
31 7.80

(22.22) 17.72(33.01) 175.63
(22.34)

183.33
(24.15)

0.96 0.95

88 8.20
(22.22)

18.20
(11.57)

188.38
(15.19)

194.41
(14.95)

0.97 1.05

95 3.60
(22.22)

18.90
(16.87)

205.26
(20.05)

207.52
(17.69)

0.98 1.21

102 (B) 9.00
(22.22)

19.50
(14.46)

218.31
(16.10) 221.47(18.81) 0.99 1.25

109 9.06
(3.33)

20.00
(12.05)

227.90
(10.80) 228.13(6.98)

1.00 1.59

116 9.10
(2.22)

20.30
(7.23)

235.53(9.06) 234.83
(9.04)

1.00 1.93

123 9.15(2.78)
20.50
(4.82)

240.00
(5.31)

238.10
(4.41)

1.01 2.92

130 (C) 9.20
(2.78)

20.50 241.00
(1.19)

239.56
(1.97)

1.01 2.95

137 (ripe) 9.20 20.50 237.00 235.82 1.01 3.39

Bae raluos given in parenthesis are the percentage of 
increase of total growth

A - A stage
B - £ stage
C - C stage
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Table 1.e Bhysioal parameters of aature frulte and palatability
ratings of tha ripe fruita at different atagaa of
maturity In variety Heelua

Maturity
(dtya)

Length Girth
OB

Weight
e

Volume Specific Palatability
oo gravity ratings

(score)

60 (A) 6.50 16.90 80.51 85.36 0.94 1.53
67 7.23(22.46)

17.50
(15.79)

110.26
(19.80) 115.94(21.21) 0.95 1.58

74 7.90
(20.62)

17.80
(7.89)

132.13
(14.55)

137.35
(14.86)

0.96 1.58

81 8.36
(14.15)

18.70
(23.68) 165.51(22.21)

170.10
(22.74)

0.97 1.63

88 8.80
(13.54)

19.50
(21.05)

190.51
(16.63)

193.41(16.18) 0.99 1.75

95 (B) 9.16
(11.08)

20.00
(13.16)

210.30
(13.17)

212.42
(13.20) 0.99 1.81

102 9.40
(7.38)

2 0 .3 0
(7.89)

225.13
(9.87) 225.13(8.82)

1.00 1.92

109 9.60
(6.15)

20.46
(4.21)

228.00
(1.91)

226.87(1.21)
1.01 2.92

116 9.70
(3.08)

20.65(5.00)
229.30
(0.86)

227.48
(0.42)

1.01 3.13

125 (C) 9.75
(1.54)

20.70
(1.32)

230.81
(0.53)

229.43
(1.35)

1.01 3.25

130 (ripe)> 9.75 20.70 226.35 225.22 1.01 3.71

The values given in parenthesis are the percentage of 
inorease of total growth

A - A stage 
B - B s tage 
C - C stage
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In general taere existed a relationship between length 
and vaight on one hand and maturity standard on tha other.
In the eaae of other parameters variations were noticed in 
relation to naturity standard* In all varieties exoept 
Mundappa significant correlation vas observed between speci­
fic gravity and maturity standard (fables 2.a, bv c, d and e). 
In Mundappa at 5 per oent level all other parameters had 
significant correlation with naturity • A 1 per oent level, 
the volune (0.365) and weight (0*851) of the fruits had 
significant correlation with maturity (fable 2*b). In 
Suwamarekha significant correlation (5 per oent level) vas 
observed between length, weight and speoifio gravity and 
naturity of the fruits* At 1 per oent level, only speoifio 
gravity (+0.876) and length (+0*805) were correlated with 
naturity (fable 2*o). In Olour, except volume all other 
physical parameters were signifioantly correlated with 
naturity (5 per oent level) and at 1 per eent level only 
specific gravity (+0*316) of the fruits had significant 
correlation with maturity (fable 2*d). In Heelum, maturity 
had significant correlation (5 per oent level) with all the 
physioal parameters studied* Only specific gravity and 
girth correlated with maturity at 1 per oent level in this 
variety (fable 2*e).
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Table 2.a Correlation be Ween maturity and the ph/Bical 
paraaetere in variety Bennet Alphonso

Charaoterb Girth Weight Voluae Specific Maturity
(ea) (g) f«*3\ gravity (Organoleptic

Kcm } quality)

1. **Length 0*99 0.979** 0.980* 0.979* ••0.828
2. Girth #*0.970 *#0.970 0.974* **0.878
3. Weight **0.999 0.999** 0.760*
4. Voluae 0.998** 0.750*
5. Speoifio gravity 0.769*

** Significant at 1$ level
• Significant at %  level



Table 2.b Correlation between maturity and the physical
parameters in variety Mundappa

Characters

i 
i

i 
ii

38 
i

Civ-* 
i1I11

Weight
(g)

Yoluae
(oa5)

Speoifio
gravity Maturity

1. Length ##0.996 0.992** 0.988** ••0.958 0.785*
2. Girth •#0.962 0.976** *#0.975 0.756*
3. Weight 1.00** *•0.922 ••0.851
4. Yoluae 0 .910* #*0.865
5. Speoifio gravity 0.609

** Significant at 1# level
* Significant at %  lerel



fable 2.o Correlation between maturity and the physicalparameters in variety Suvamarelcha

Characters Girth
(cm)

Weight
CgT

Voluae
(cm5)

Specific
gravity

Maturity

1. Length 0.356 ••0.997 »*0.971 *#0.978 ••0.805
2. Girth 0.342 0.298 0.380 0.445
3* Weight *•0.985 •»0.963 0.760*
4. Volume ##0.902 0.659
5. Specifio gravity **0.876

** Significant at 1% level
* Significant at %  level



52

Table 2«d Correlation between maturity and the physical 
paraaeters in yariety Olour

Characters Girth Weight Yoluae Specific Maturity
(oa) (g) (ca^) gravity

1. Length •«0.987 0.679* 0.630 ••0.980 0.730*
2. Girth 0.716* 0.668* *•0.991 0.786*
3. Weight «•0.998 0.740* 0.685*
4. Yoluae 0.691* 0.648
5. Speoifio gravity **0.816

** Significant at 1% level
* Significant at %  level



53

Table 2.e Correlation between maturity end the physical 
parameter a in variety Neelua

Character e Girth
(oa)

Weight
(g)

Voluae
(oa^)

Specific
gravity

Maturity

1. Length #*0.939 **0.994 **0.994 ## # 0.991 0.754
2. Girth **0.994 •*0.992 •«0.995 **0.772
3. Weight ##1.00 *#0.992 0.718*
4. Voluae **0.989 0.704*
5. Specific gravity 0.787**

** Significant at 1$ level
* Significant at %  level
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2* CHEMICAL CHARACTERS

2.1. Titrable acidity

In all the Yarietiea studied the aoiditjr of fruits 
declined during the course of saturation. There vas sub­
stantial variation between varieties throughout the period 
of saturation, at all stages of growth (Tables 3.atb,e,d and e 
and Fig.5). At full maturity, in Bonnet Alphonso and Olour 
sore or less the same aoiditjr was observed (Tables 3.a and d).

2.2. Reducing sugar

The change in reducing sugar content fros A stags to 
full maturity in all the varieties was inconsistent. In 
all the varieties studied the reducing sugar oontent waa sore 
at full maturity than that at A stage (Tables 3.a,b,o,d and e 
and Fig.6). At full maturity the reduoing sugars were maximum 
in Bennet Alphonso and it was minimus in Heelum.

2.3. Honreducing sugar

The change in nonreducing sugar content during maturation 
was irregular in all the varieties studied (Tables 3.a,b,o,d
and e). Only in the variety Olour an increasing trend vas
observed from A stage to full maturity (Table 3.d). At A stage 
the range in nonreducing sugar content vas from 2.9 to 
3.33 per oent and at full maturity it ranged from 3.93 to
3.01 per oent. Except in the ease of Bennet Alphonso and



Neelua the nonreduoing sugar content in all other varieties 
vas aore than that at A stage, at juii

2.4* Total sugar

In all the varieties studied the total eugar content 
shoved an inorease in the beginning followed by a decrease, 
ultimately again shoving an increase. Compared to A stage 
all the varieties exhibited higher content of total sugars 
at full maturity (Tables 3.a,b,c,d and e and Fig.7).

2.3. Starch

In all varieties, throughout the period of saturation 
the starch oontant gradually increased (Tables 3.a,b,o,d and 
e and Fig.d).

2.6. Carotene

Considerable inorease in carotene content vas observed 
throughout the period of maturation in ail the varieties 
studied. The rate of inorease vas slow at early stages, 
but, towards the end it vas rapid. At full maturity the 
oarotene oontant vas 0.0016, 0,00067, 0.0006, 0.0004 and 
0.00075 per oent in Bennet Alphonso, Mundappa, Suwaraarekha, 
Olour and Neelua respectively (Tables 3.a,b,o,d and e and 
Fig.9).

2.7. T.S.S.

During the period of maturation the T.S.S. content of



all the varieties shoved a similar trend as that of the total 
sugar oontent (Tables 5.a,b,o,d and e and Fig.10).

2.6. Moisture and drymatter

The data on moisture and drymatter oontent of the 
fruits in all the varieties during maturation are presented 
in Tables 3.a,b,e,d and e (Fig.11).

The moisture oontent shoved gradual decrease from 
A stage to full maturity in all tha varieties, whereas ths 
drymatter oontent exhibited just the reverse trend.

2.9. Asoorbio aoid

The asoorbio aoid oontsnt gradually deolinod towards 
maturity in all the varieties. At A stage the range in 
asoorbio aoid oontent was 12.3 to 67.38 mg/100 g and that 
at full maturity it ranged from 10.91 to 66.30 
(Tables 3«a,b,o,d and e and Fig.12).

2.10. Staroh/aoid and sugar/aoid ratio

In all the varieties studied, the staroh/aoid ratio 
increased up to full aaturity froa A stage. In Bonnot 
Alphonso, Mundappa and Suvarnarakha the augar/aoid ratio 
increased, then decreased, ultimately shoving an increase. 
On the other hand in Olour and Neelum, the same showed an 
increasing trend throughout the period of maturation. The



variation in eugar/aoid ratio among tha var la ties vas from 
2.16 to 4.23 at A stags and 6*61 to 17*63 at full maturity 
(Tables 3«a»b,o,d and #)•

Path Coefficient Analysis

When maturity of fruit vaa considered as a function 
of aoidity of fruit, reducing ougar oontent, nonreduoing 
sugar content, total sugar percentage, starch percentage, 
carotene oontent, T.S.S* and moisture content,the component 
ohemieal characters explained 98.40 per eont variation in 
maturity of fruits as explained by organoleptic tests of the 
ripened fruits (R^-0.984) (Table 4 and Pig.13). Reducing 
sugar content had the maximum positive diroot offoot (1.938) 
on maturity of fruit though the correlation coefficient vae 
only 0.634. This vao followed by starch percentage (1.733). 
Starch content had positive dirsot effeot on maturity though 
the correlation coefficient vas negative (-0.632). T.S.S. 
also had appreciable positive direot offset on maturity 
(0.947). Though the correlation coefficient of total sugar 
percentage on maturity vas positive, the direot effeot was 
-0.881. Carotene content, though had signifioant positive 
correlation (0.810) with maturity, its diroot offoot vaa 
negative and comparatively negligible (-0.087).



Table 3.a Chemical composition of mature fruita and palatability ratinge of the ripe
fruite at different stages of maturity in variety Bennet Alphonso

Matu­
rity(days)

Aci­
dity
*

Seduc­
ing
T "

Nonre-
duoing
sugar

Total
T

Staroh 
*

Carotene
*

T.S.S.
*

Mois­
ture
*

Dry- Asoor- 
matter hie 
£ aoidag/100 g

Starah/ Sugar/ Pala- 
aeid aoid tabi- 
ratio ratio 11 ty

ratings
(score)

60 (A) 3.52 4.20 5.35 9.55 7.80 0.00020 10.00 81.80 18.20 15.29 2.24 2.71 0.59
67 3.49 5.15 5.32 10.47 7.82 0.00020 10.50 81.50 18.50 15.29 2.24 3.00 0.62
74 3.48 5.15 5.32 10.47 7.82 0.00022 10.50 80.10 18.90 15.28 2.24 3.00 0.80
81 3.46 5.13 5.32 10.45 7.89 0.00026 10.40 81.00 1 9 .0 0 15.25 2.28 3.02 0.83
88 (B) 3.42 5.12 5.30 10.42 7.90 0 • 1 10.40 80.80 1 9 .2 0 15.25 2.31 3.05 0.95
95 3.42 5.00 5.40 10.40 7.92 0.00040 10.40 80.10 19.90 15.13 2.32 3.04 0.98
102 3.40 4.35 5.49 9.84 7.95 0.00055 9.80 80.00 20.00 14.95 2.34 2.89 1.75
109 2.32 4.20 5.49 9.69 7.95 0.00076 9.80 79.90 20.10 14.39 3.43 4.18 1.95
116 (C) 1.32 5.82 5.01 10.83 7.95 0.00160 11.00 79.90 20.10 14.39 6.02 8.20 2.00
123 1.00 6.20 5.55 11.75 1.90 0.00200 11.80 80.40 19.60 10.12 1.90 11.75 2.28
(ripe)

c noo



Table 3.b Chemical composition of aature fruits and palatability ratings of the ripe
fruits at different stages of maturity in variety Mundappa

. ® 
i

Ss! 
!

Aci­
dity5 Seduc­

ing
sujptr

Monre­
ducing 
sugar

Total
au^ar

Starch
*

Carotene* T.S.S.
%

MoXs- Dry- Ascor- 
ture aatter bio 
% $ a old

ag/100 g

Starch/ Sugar/ Pala- 
aeid acid tabi- 
ratio ratio lit?

ratings
(Score)

67 (A) 2.43 3.90 3.15 7.05 3.50 0.00010 7.10 82.00 18.00 12.50 1.44 2.90 1.21
74 2.42 4.30 3.05 7.35 3.51 0.00010 7.40 81.80 18.20 11.93 1.45 3.04 1.25
81 1.40 3.80 3.21 7.01 3.55 0.00015 7.00 81.20 18.80 11.68 2.54 5.01 1.28
38 1.38 3.30 3.21 6.51 3.85 0.00017 6.60 80.50 19.50 11.45 2.79 4.72 1.32
95 (B) 1.30 2.90 3.25 6.15 3.95 0.00020 6.20 79.50 20.50 11.89 3.04 4.73 1.50
102 1.30 2.60 3.93 6.53 3.95 0.00038 6.80 78.60 21.40 11.73 3.04 5.02 1.93
109 1.10 4.35 4.00 8.35 3.99 0.00050 8.50 77.20 22.80 11.70 3.63 7.60 2.83
116 (C) 1.00 4.52 4.00 8.52 4.00 0.00067 9.60 77.00 23.00 10.91 4.00 8.52 2.89
123(ripe)

0.58 9.38 4.25 13.63 0.93 0.00200 14.00 79.70 20.80 8.32 1.60 23.50 3.21



Table 3.c Cheaioal composition of aature frulte and palatability ratings of the ripe
fruits at different stages of Maturity in variety Smrarnarekha

! 
1

I I 
a 

i
i 

~
i

i 
i

I 
!i

Reduc­ing
sugar

Honre-
ducing
su^ar

Total
sugar

Starch
i

! 
J

! 
S

i 
j

i 
• 

1 
1 

H 
1

Mois­
ture
$

Dry- Asoor- 
aatter bio 
£ aoid ag/100 g

Starch/ Sugar/ Pala- 
acid aoid tabi- 
ratio ratio lity

ratings
(score)

60 (A) 1.95 2.50 2.90 5.40 3.30 0.00008 6.40 83.50 16.50 25.10 1.69 2.77 0.91
67 1.90 2.50 3.03 5.53 3.40 0.00018 6.60 83.10 16.90 25.10 1.74 2.84 0.91
74 1.80 2.15 3.08 5.23 3.45 0.00024 6.40 82.20 17.80 25.05 1.92 2.91 0.95
81 1.82 2.05 3.05 5.10 3.76 0.00029 6.00 81.40 18.60 25.00 2.07 2.80 0.95
88 1.82 2.05 3.05 5.05 3.82 0.00034 6.00 81.10 18.90 24.93 2.10 2.77 0.98
95 (B) 1.70 1.92 3.00 4.92 4.08 0.00040 5.90 80.50 19.50 24.52 2.40 2.89 1.00
102 1.20 2.00 3.55 5.55 4.08 0.00040 5.95 79.25 20.80 23.20 3.40 4.63 1.52
109 1.00 2.73 3.93 6.66 4.09 0.00048 6.90 78.40 21.60 22.12 4.09 6.66 1.68
116 (C) 0.90 2.95 3.98 6.93 4.09 0.00060 8.00 78.30 21.70 20.20 4.54 6.92 1.79
123(ripe) 0.20 8.90 3.95 12.85 0.60 0.00150 13.90 80.10 19.90 13.50 3.00 64.25 1.97

-----fit TIT T»~ TIT M  ~TP ■  —  —  — - T T  — ■ r » w » T w i ai ...  , l1 J.. 1. J... J.l "f i f  -



Table 3.d Cheaioal composition of nature fruits and palatability ratings of the ripe
fruita at different stages of maturity in Yariety Olour

Matu- Aci- Heduo- Honre- Total Starch Carotene T.S.S. Mois- Dry- Ascor- Starch/Sugar/ Pala- 
rity dity ing duolng sugar % f> $ ture natter bio aoid aoid tabl-
(dqys) $» sugar sugar % $ aoid ratio ratio 11 ty

$ $ ag/100 g ratings
(aoore)

74 (A) 1.89 5.59 4.40 7.99 7.07 0.00010
81 1.80 3.63 4.40 8.03 7.08 0.00010
88 1.76 5.63 4.42 8.05 7.10 0.00013
95 1.75 3.64 4.42 8.06 7.15 0.00015
102 (B) 1.66 3.65 4.44 8.09 7.25 0.00015
109 1.66 3.55 4.50 8.05 7.25 0.00025
116 1.60 3.42 4.63 8.05 7.25 0.00026
123 1.52 3.63 4.75 8.18 7.28 0.00029
130 (C) 1.30 3.80 4.79 8.59 7.28 0.00040
157(ripe) 0.90 6.95 4.98 11.93 2.04 0.00140

7.00 84.80 1 5 .2 0 67.58 3.74 4.23 0.75
7.10 84.10 15.90 67.50 3.93 4.46 0.95
7.20 83.70 16.30 66.85 4.03 4.57 1.05
7.40 83.50 16.50 66.84 4.06 4.61 1.21
7.50 82.70 17.30 66.80 4.37 4.87 1.25
7.20 81.60 18.40 66.55 4.37 4.85 1.59
7.20 80.40 19.60 66.50 4.53 5.03 1.93
7.70 78.30 21.70 66.43 4.79 5.38 2.92
8.50 77.90 22.10 66.30 5.60 6.61 2.95
12.50 79.10 20.90 46.10 2.27 13.26 3.39



Table 3.« Chemical composition of aature fruits and palatability ratings of the ripe
fruits at different stages of maturity in variety Neelua

Matu- Aoi- Hedue- Nonre- Total
rity dity ing duoizig sugar
(dare) f sugar su^or %

60 (A) 2.75 1.50 4.45 5.95
67 2.71 1.55 4.48 6.03
74 2.55 1.55 4.48 6.03
81 2.23 1.59 4.45 6.04
88 1.80 1.59 4.40 5.99
95 (B) 1.52 1.63 4.31 5.94
102 1.30 1.88 4.23 6.11
109 0.98 1.88 4.44 6.32
116 0.45 1.80 4.49 6.29
123 (C) 0.40 2.86 4.20 7.06
130 0.25 7.18 5.65 12.83(ripe)

Star oh 
%

Carotene
*

T.S.S.
%

Mois­
ture
%

5.13 0.00010 5.80 81.90
5.35 0.00014 6.20 81.80
5.45 0.00020 6.20 81.40
5.49 0.00023 6.20 81.10
5.90 0.00025 5.90 80.30
5.98 0.00030 6.10 79.70
6.15 0.00035 6.30 78.30
6.87 0.00042 6.30 77.20
6.90 0.00053 6.20 76.10
6.90 0.00075 7.10 73.80
0.25 0.00230 12.90 77.70

Dry- Asoor- Staroh/ Sugar/ Pala-
oatter hie aoid aeid tabl­

et aoid ratio ratio lity
ag/100 g ratings

(soore)

18.10 39.00 1.87 2.16 1.53
18.20 38.32 2.01 2.23 1.58
18.60 36.87 2.14 2.36 1.58
18.90 36.85 2.46 2.71 1.63
19.70 36.80 3.28 3.33 1.75
20.30 36.72 3.93 3.91 1.81
21.70 36.50 4.73 4.76 1.92
22.80 36.29 7.01 6.45 2.92
23.90 36.20 15.33 13.98 3.13
24.20 29.50 17.25 17.65 3.25
22.30 20.10 1.00 51.32 3.71

an
r o
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Table 4 Direct and indirect effects of chemical constituents on maturity of fruits

Indirect effeot via character
Characters r Direct

effect Acidity
*

Reducingsugar
Honrodu-
cing
su^ar

Total
SUĵ LT

Staroh 
*

Carotene
%

T.S.S.
*

. Moisture 
*

Acidity of fruit (56) -0.770 -0.142 - -0.865 -0.567 0 .4 8 2 0.831 0.060 -0.549 0.00600
Reducing 
sugar (%) 0.654 1.958 -0.063 — 0.409 -0.8 6 8 -1.741 -0.080 0.913 0 .0 0 0 3 0

lonreducing 
sugar (£) 0.949 0.749 0 .1 1 1 1.070 mm -0 .6 0 1 -1.003 -0.068 0 .6 9 0 -0.00060
Total sugar

C*> 0.766 -0.881 0.078 1.929 0.511 - -1.725 -0.084 0.939 0 .0 0 0 2 0

Star oh (£) -0.652 1.753 -0.067 -1.944 -0.428 0.867 - 0.082 -0.914 0.00003
Carotene (56) 0.810 -0.087 0 .0 9 8 1.809 0 .5 8 0 -0 .8 5 0 -1.657 - 0.916 -0.00030
T.S.S.(*) 0.815 0.947 0.082 1.888 0.550 -0.873 -1 .6 9 2 -0.084 - •0 .0 0 0 2 0

Moisture (56) -0.773 0.0008 -0 .1 0 1 -0.069 -0.586 0.168 0.067 0.027 -0.259 mm

r » Correlation ooeffients between maturity of fruit and the chemical constituents
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STORAGE STUDIES

The storage life and the qualitative changes of 
stored fruite under different storage methods were studied 
and compared.

In the treatment (storage in polythene bags 300
gauges) the storage life on an average was 24.6 days.
Significant difference was found between varieties, the 
variety Bennet Alphonso exhibiting the highest (30.1 days) 
and Suwamarekha the least (20 days) storage life. Bennet 
Alphonso was followed by Heelum (28*0/ days), Mundappa 
(24.4 days) and Olour (21.3 days) respectively (Table 5.a).

In the method Mg (storage in polythene bags 230 gauges)
also significant difference in storage life was observed 
between varieties. The storage life on an average was
23.7 days. Bennet Alphonso ranked first (30.1 days) followed 
by Heelum (26.8 days), Mundappa (23*7 days), Olour (20.9 days) 
and Suwamarekha (16.7 days) respectively (Table 3.a).

Trials with (storage in polythene bags 130 gauges) 
showed that Heelum and Suwamarekha were on par giving an 
average storage life of 23*2 and 22.8 days respectively. 
Bennet Alphonso significantly differed from the rest of the 
varieties giving an average storage life of 18.1 days. 
Mundappa and Olour were on par in storage life (17*3 days) 
(Table 3.a).
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In the method M^ (polythene beg 300 gauged ♦ waxing) the 
mean storage life was 24,5 days. Bennet Alphoneo, Mundappa 
and Heelua differed aignifioantly giving an average storage 
life of 30, 26,2 and 24,7 days respectively. Varieties 
Suwamarekha and Olour were on par (Sable 5.a).

In the treatment M^ (wasting of the fruits) the mean 
storage life vae 22 days, Heelua was significantly superior 
to other varieties giving an average storage life of 24 days. 
Heelum was followed by Mundappa (23,2 days) and Bennet 
Alphonso (23 days) which were on par, Suwamarekha and Olour 
differed significantly in storage life, the storage life being
20,7 and 19,6 days respectively (Table 5.a).

In method Mg (polythene bag ♦ KMnO^) all varieties 
responded differently. The mean storage life vas 25,5 days. 
Heelum gave maximum storage life (29*7 days) followed by 
Bennet Alphonso (29 days), Mundappa (25,6 days), Olour 
(23,1 days) and Suwamarekha (20,3 days) respectively 
(Table 5.a).

In the case of ILj (control) also, all varieties differed 
significantly. The mean storage life in the untreated oontrol 
vae 16.7 days. Heelua had the maximum storage life (19,5 days) 
followed by Suwamarekha (19,1 days), Bennet Alphonso 
(18,1 days), Mundappa (17,8 days) end Olour (15 days) res­
pectively (Table 5,a).
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In all methods of storage, fruits harvested at B stage 
(Sg) gave significantly prolonged shelf life. Under M.j, 
fruits from B stags reoerded an average life of 25*6 days, 
whereas it was 24*7 da/s for C stage (S^) and 23.6 da/s for 
A stage (S1). At Sg, the storage life of fruits under Mg,

M^, X y  and were 24.3, 20.1, 25.8, 24.3, 26,0 and 
18,4 da/s respective!/ (Table 5*b).

In all the five varieties studied, significant diffe­
rence in storage life was observed between the three stages 
of maturity. Of the three stages, for all varieties Sg gave 
the longest storage life of 23*5 da/s. Except Mundappa, in 
all other varieties Sg was followed by S1# An overall com­
parison showed that the varieties Bennet Alphonso and Keelua 
were significantly superior to other varieties giving an 
average storage life of 25*1 and 25 days respectively 
(Table 5.c).

The storage life varied widely between the two tempe­
ratures. At rooa temperature (29-30.0°C) the storage life 
was maximum for the waxed fruits kept in polythene bags 
(300 gauges) giving an average storage life of 19*6 days 
followed by fruits kept in polythene bags along with KMnO^ 
(18.4 days) as well as fruits stored after waxing (18.3 days) 
(Table 6. ). Storage at 6 ♦ 0.5°C brought about longest 
storage life for fruits under all methods compared to storage 
at room temperature. At this temperature, longest storage



Table 5.a Storage life (in day a) of fruits under different methods of storage

M1 *2 ____ ^4___ *5 “6 Mean

Bennet Alphonso 30.10
(5.486)

30.10
(5.485)

18.10
(4.257)

30.00
(5.474)

23.00
(4.786)

29.00
(5.357)

18.10
(4.259)

25.10
(5.01)

Mundappa 24.40
(4.940)

23.70
(4.870)

17.80
(4.213)

26.20
(5.121)

23.20
(4.817)

25.60
(5.059)

17.80
(4.216)

22.40
(4.75)

Suwamarekha 20.00
(4.475)

16.79
(4.087)

22.80
(4.779)

21.10
(4.592)

20.70
(4.548)

20.30
(4.500)

19.10
(4.375)

1 9 .2 0
(4.38)

Olour 21.30
(4.620)

20.90
(4.570)

17.80
(4.220)

21.00
(4.580)

19.60
(4.430)

2 3 .1 0
(4.810)

15.00
(3.874)

19.70
(4.44)

Neelum 28.01
(5.304)

26.80
(5.179)

23.20
(4.811)

24.70
(4.965)

24.00
(4.894)

29.70
(5.444)

19.50
(4.412)

25.00
(5.00)

Mean 24.60
(4.96)

23.70
(4.87)

18.60
(4.3D

24.50
(4.95)

22.00
(4.69)

25.50
(5.05)

16.70
(4.09)

The values given in parenthesis are the transformed values
O.D Varieties - 0.03? “ 1 * Po^ th*M  baSs 500 gauges
C.D Methods - 0.039 U2 ~ ta** 250 «*<*«••
0.D varlev * Method - 0.088 M, - Polythene bags 150 gauge.

- Polythene bags 300 gauges ♦ waxing
- Waxing of the fruit

Mg - Polythene bags 300 gauges + KMnO^
Xy - Control



Table 5*b Storage life (in days) of fruits harvested at different stages under
different aethode of storage

M1 M2

1 1 1 j j
*

1

M4___ UN 1 

‘
1 *6____ *7 Mean

S1 4*857
(23.6)

4.810
(23.1)

4.428
(19.6)

4.856
(23.6)

4.490
(20.2)

5.100
(26.00 4.04

(16.3)
4.65(21.6)

S2 5.064
(25.6) 4.953

(24.5)
4.484
(20.1)

5.074
(25.8) 4.93

(24.3)
5.10
(26.0) 4.29

(18.4)
4.85
(23.5)

"5 4.971
(24.7)

4.861
(23.6)

4.020
(16.2)

4.91
(24.1)

4.73
(22.4)

4.95
(24.5)

3.95(15.6) 4.63
(21.4)

Mean 4.96
(24.6)

4.87
(23.7)

4.31(18.6)
4.95
(24.5)

4.69(22.0) 5.05
(25.5)

4.09
(16.7)

The values giren in parenthesis are the Itransforaed values

0.3 (Methods) - 0.039 S.j - A stage
C.D (Stages) - 0.026 Sg - B stage
C.D (Method x Stage) 0.068 Sj - C stage



Table 5.e Storage life (in days) of aango -varieties harvested at different stages

Basnet Alphonso Mundappa Suwaraarekha Olour Veelua Mean

S 1 24*80
(4.980)

20*80
(4.560)

1 8 .9 0
(4.350)

19.70
(4.440)

24.40
(4.941)

2 1 .6 0
(4.650)

®2 26*80
(5.173)

24.20
(4.918)

2 0 .2 0
(4.495)

2 0 .2 0
(4.492)

26.80
(5.175)

23.50
(4.850)

S3 23.90
(4.887)

2 2 .3 0
(4.718) CD 

O 19.40
(4.400)

24.10
(4.909)

21.40
(4.630)

Mean 25.10
( 5 .0 1 0 )

22.40
(4.750)

1 9 .2 0
(4.380)

19.70
(4.440)

25.00
( 5 . 0 0 )

The -values given in parenthesis are the transformed rallies

C.D (-varieties) 0.033 si - A stage
C.D (stages) 0.026 ®2 * B stage
C.D (-variety x stage)- 0.057 *3 * C stage

CD
CD



life wae observed for fruits kept in polythene bags (500 gauges) 
as well as those stored in polythene (500 gauges) along with 
KMnO^ (34 and 33.9 days respectively), in both methods, 
storage life varied widely between varieties. Regarding 
fruits kept in polythene bags 300 gauges longest storage life 
was observed for the variety Basnet Alphonso (43.4 days) 
followed by Heelua (37.2 days) and the least for Suwarnarekha 
(26.9 days). Similar trend was there in the case of fruits 
stored in polythene bags along with KMnO^ (Table 7. ). Even- 
though at room temperature the waxed fruits gave significantly 
prolonged storage life (18.3 days) compared to the untreated 
fruits (7.5 days), at low temperature just a revere# trend 
was observed. The waxed fruits had a storage life of only 
26.6 daye while the untreated fruits oould safely be stored 
for 30.1 days.

1. Weight of fruits

The change in weight of fruits after ripening, kept 
under different storage conditions were studied and the 
results are presented in Tables 8.a,b and c.

In all varieties, the fruits ripened under and M^
maintained maximum weight. The lose in weight vas maximum 
under (0.089) and this vas on par with in the ease of 
varieties Bonnet Alphonso, Suvarnarakha and Neelum. In 
Bennet Alphonso vas on par with Mg and



Table 6 Storage life (in days) of fruita under different methods of storage at
room temperature

M1 *2 *3 M4 *5 *6 *7 Mean

Bennet Alphonso 19.90
(4.46)

1 9 .2 0
(4.38)

9.20
(3.03)

21.70
(4.66)

1 9 .0 0
(4.36)

18.80
(4.34)

8.90
(2.99)

16.20
(4.03)

Mundappa 18.60
(4.3D

15.50
(3.94)

11.20
(3.35)

18.70
(4.33)

1 9 .0 0
(4.36)

18.40
(4.29)

8.50
(2.91)

15.40
(3.93)

Suwamarekha 13.90
(3.73)

11.20
(3.34)

8.90
(2.98)

19.70
(4.44)

17.90
(4.23)

15.60
(3.95)

5.80
(2.41)

12.80
(3.58)

Olour 14.10
(3.76)

13.30
(3.65)

8.30
(2.88)

16.60
(4.07)

15.40
(3.93)

17.30
(4.16)

5.60
(2.36)

12.50
(3.54)

Beelum 20.50
(4.50)

18.10
(4.26)

1 3 .2 0
(3.64)

21.80
(4.67)

20.30
(4.50)

21.90
(4.68)

8.01
(2.82)

17.30
(4.16)

Mean 17.20
(4.15)

15.30
(3.91)

10.10
(3.18)

19.60
(4.43)

18.30
(4.28)

18.40
(4.29)

7.30
(2.70)

.r ------ Tr- m ------- ..■ .w -rw -r-M T — r T . ITO.

The values given in parenthesis are the transformed values
C.D (varieties) - 0.07
C.D (methods) * 0.08
C.D (variety x method)- 0.19



Table 7 Storage life (in days) of fruit* tinder different Methods of storage at
lov temperature (6 ♦ 0.5°C)

«1 *2 “3 M4 *5______ M6 ___ *7 Mean

Bonnet Alphonso 43.40
(6.59)

42.40
(6.51)

30.00
(5.48)

39.60
(6.29)

27.10 
(5.21)

40.60
(6.37)

30.60
(5.53)

36.00
(6.00)

Mundappa 33.60
(5.80)

3 1 .0 0
(5.57)

25.80
(5.08)

32.60
(5.7D

27.90
(5.28)

33.80
(5.81)

30.50
(5.52)

30.70
(5.54)

Suwaraarekha 26.90
(5.19)

27.20
(5.22)

26.20
(5.12)

24.50
(4.95)

25.80
(5.08)

28.80
(5.37)

24.90
(4.99)

26.30
(5.15)

Olour 30.30
(5.50)

50.00
(5.48)

3 1 .0 0
(5.57)

25.80
(5.08)

24.40
(4.94)

29.80
(5.46)

29.05
(5.39)

28.50
(5.54)

Yeelum 37.20
(6.10)

57.20
(6.10)

35.80
(5.98)

27.70
(5.26)

27.90
(5.28)

37.20
(6.10)

36.00
(6.00)

34.00
(5.83)

Mean 34.00
(5.83)

53.40
(5.78)

29.60
(5.44)

29.80
(5.46)

26.60
(5.16)

33.90
(5.82)

30.10
(5.49)

The rallies glren in parenthesis are the transformed ralues
C.D (rarieties) - 0.06
C.D (methods) - 0.07
C.D (rariety x method) - 0.16
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The loss in vaight vas significant between varieties, 
Olour giving tha least (0*037) followed 1qr Bonnet Alphonso 
(0*051), Heelua (0*056) and Suwamarekha (0*061) which vara 
on par* Tha weight loss vaa taiiiai in Kundappa (0*084) 
(Sable 8*a). For all varieties undar all asthods of storage 
tha aaan lose of vaight vaa on par with stages Sg and 
(Table 8*b).

2* Acidity of fruit

The raduotion in aoidity of fruits vae aaxiaua undar 
Uj (0*655) and (0*636) vhloh vara on par and least under 

(0*353)* Bonnot Alphonso shoved aaxiaua decrease in 
aoidity (0*580) followed ty Heelua (0*560), Suwamarekha 
(0*530) and Olour (0*510) respective!?. Mundappa gave the 
least decrease (0*431) (fable 9.a).

At all stages, the extent of decrease in aoidity after 
storage varied with varieties and asthods of storage 
(Sables 9«b and o). At S<j the least decrease in aoidity vas 
observed in fruits of Suwamarekha (0*415) followed b? those 
of Olour (0*53) and Mundappa (0*607) respective!?. She 
proportionate decrease in aoidity after storage vas aaxiaua 
in Heelua and Bennet Alphonso which were on par. At Sg and 
8^, the aoidity of ripe fruite significant!? varied between 
varieties, Bonnet Alphonso shoving the highest aoid content 
(Sable 9*b). Aaong the seven methods of storage, at S1 the 
decrease in aoidity of ripe fruite vas least under (0*4 1 1) 
and M^ (0*421) and highest under M^ (0*676) and My (0*692).
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The saae trend in aoid oontant was observed at Sg also.
At S y  M| and varied significantly, tha fruits ripened 
undar shoving tha highest aoid oontant vhile thoaa 
ripanad undar M^ ant My shoved tha Xaaat (fable 9.o).

5. Total sugar

Analysis of data in table 10.a ahovad that in all 
stages and in all varieties, tha fruits ripanad undar My 
gars tha highs at and aignifioant inoraaaa in total augar 
(0*70) follovad by thoaa kept undar M? (0.655) and M^ (0.650) 
vhioh vara on par. Tha total augar oontant vaa loaat in 
fruita atorod undar M y  vhila it vaa highsat vhon kapt undar 
My, for all Yariatiaa except Mundappa. in tha oaaa of 
Mundappa, Mg (0.772) and M^ (0.765) brought about signifi­
cant inoraaaa in total augar oontant oouparad to My. Undar 
all aathoda aignifioant differenoe vaa observed batvaan 
varieties. Undar M|, M y  Mj and My, Suvarnarakha ahovad tha 
highest inoraaaa in total augar oontant vhereas under Mg, M^ 
and Mg, kaalua ahovad tha highest. At all atagaa, tha extant 
of inoraaaa in total sugar oontant varied vith varieties and 
aathoda of storage. Tha varietal variation vaa aignifioant 
at all atagaa, at 8^ Veelua giving tha highest inoraaaa in 
total sugar oontant. For fruita harvested at Sg and S y  tha 
highest inoraaaa in total augar oontant vaa observed in 
Suvarnarakha (Sable 10.b). At all stages, tha total sugar



content was Maximum in fruits kept under Uj and minimum 
in those kept under M^ (fable 10.c).

4. Asoorbic aeid

She fruits ripened under had the highest asoorbic 
aoid oontsnt which was on par with Mg and the least in 
fruits ripened under which was on par with Mg, Mg and M^« 
She deoreaae in ascorbic aoid content of ripened fruits on 
storage varied with varieties* Olour showed the least 
dscrsaas (0*196) and for this variety showed the least 
decrease (0*13) while Mj had the highest (0*275) (Table 11*a). 
At all stages the ascorbic aoid content of the ripe fruits 
varied with varieties and methods of storage* At S1 and Sg 
fruits of Olour showed the lowest decrease in asoorbic aoid 
content and at S y  Olour was on par with Suvarnarekha* At 
all stages, fruits of Mundappa had the least asoorbic aoid 
content after ripening under different methods (Table 11.b). 
At Sf, Sg and the fruits ripentd undsr M,~ and Mg had the 
highest asoorbic aoid content (Table 11*o). At 8j, was 
on par with Mg, M^ and Mg and at Sg the same was on par with 
Mg, M1 and Mg. At S y  the lowest aaoorbio aoid content was 
observed in fruits ripened under Mg and this was on par 
with M7, Mg and Mj (Table 11*o).



'table 8.a Lose of weight of fruite under different methods of storage(g)

*1
Initial Final

*2
Initial Final “3Initial Final *4Initial Final

Bennet
Alphonso
Mundappa

Suwamarekha

Olour

Heelua

Mean

162.0 152.1 
(0.061)

231.2 213.2
(0.078)

305.1 322.4 
(0.079)

203.2 196.5 
(0.033)

180.6 171.8
(0.049)

216.8 203.8
(0.06)

181.3 168.6
(0.07)

236.2 214.2 
(0.093)

308.3 326.4 
(0.063)

208.3 199.6 
(0.042)

176.6 166.2
(0.059)

218.2 204.0
(0.065)

175.0 162.8
(0.07)

245.3 216.4(0.118)
301.6 323.8 

(0.079)
200.6 193.4 

(0.036)
182.5 166.4(0.088)
215.7 198.9 (0.078)

186.0 182.3(0.02)
232.6 221.2 

(0.049)
300.2 338.3

(0.034)
210.6 206.2 (0.021)
183.9 178.4(0.030)
218.6 211.8

(0.031)

The values given in parenthesis are the proportion of the loss of weight 
(1°taitiai#ig^t)
C.D (varieties) - 0.005
C.D (Methods) * 0.005C.D (Variety x Method) 0.0124

(oontd.)



Table d.a continued

Mean

Bennet 193.0 189.9 189.0 180.5 192.0 177.8 182.6 173.3
Alphonso (0.016) (0.045) (0.074) (0.051)
Mundappa 229.5 218.5 242.5 226.3 229.3 197.9 235.2 215.4    (0.084)

Initial
M5Final Initial

“6
Final *7Initial Final

193.0 189.9 189.0 180.5 192.0 177.8
(0,,016) (0.045) (0.074)

229.5 218.5 242.5 226.3 229.3 197.9
(0.,048) (0.067) (0.137)

305.9 340.0 305.8 338.4 302.1 323.2
(0,,017) (0.049) (0.082)

196.3 193.6 205.1 195.1 206*6 194.2
(0,.014) (0.049) (0.06)

194.6 189.3 198.9 189.4 192.6 175.1
(0.,027) (0.048) (0.091)

218.2 211.9 218.9 207.7 220.1 200.5

Mean

Suvamarekha 305.9 340.0 305.8 338.4 302.1 ?23.2 304.14 285.59
(0.061)

Olour 196.3 193.6 205.1 195.1 206.6 194.2 204.4 196.8
(0.037)

Keelua 194.6 189.3 198.9 189.4 192.6 175.1 187.1 176.6(0.056)

(0.029) (0.051) (0.089)



Table 8.b Loss of weight of fruits harvested at different stages of maturity
and storod under different methods(9)

“ 1 “ 2 *S “♦
Initial Final Initial Final Initial Final Initial Final

S- 203.3 187.8 205.6 189.6 200.6 182.7 205.3 197.5
1 (0.076) (0.078) (0.089) (0.038)

S9 220.6 210.7 221.9 209.5 218.3 202.6 220.2 214.5
2 (0.045) (0.056) (0.072) (0.026)

S, 226.5 212.9 227.1 213.0 228.3 211.6 230.3 223.9
5 (0.060) (0.062) (0.073) (0.028)

Mean 216.8 203.8 218.2 204.0 215.7 198.9 218.6 211.8
(0.06) (0.065) (0.078) (0.051)

The values given in parenthesis are the proportion of lose of weight
C.D (Methods) - 0.005
C.D (Stages) - 0.003
C.D (Method x Stage) - 0.006 (ooxxtd.)



fable 8.b continued

Initial Final

201.5 194.4 
(0.035)

225.6 219.7 
(0.026)

227.5 221.6
(0.026)

218.2 211.9
(0.029)



Initial

201.3
CO

230.3(0,

228.6
CO

220.1
CO

final
*7

179.2 
110)

212.6
077)

210.3 081)

200.3 
089)

Mm
Initial final

203.4 189.2
C0.07)

222.3 211.2 CO. 03)

228.3 216.3 
C0.053)



Table 9-a Change in acidity of fruita under different ae thods of etorageC*)

“i
Initial Final

“2
Initial Final *3Initial Final Initial Final

Bennet
Alphonso

2.76 1.45 
(0.475)

2.76 0.81 
(0.705)

2.76 0.74 
(0.732) 2.76 1.68 

(0.391)
Mundappa 1.57 0.92 

(0.415)
1.57 0.87 (0.448) 1.57 0.72 

(0.542) 1.57 1.09 
(0.305)

S uwamarekha 1.52 0.65 
(0.571)

1.52 0.56 
(0.632) 1.52 0.53 

(0.649)
1.52 0.94 

(0.380)
Olour 1.62 0.71 

(0.564)
1.62 0.64 

(0.603)
1.62 0.59 (0.638) 1.62 1.19

(0.267)
ffeelua 1.56 0.66 

(0.576)
1.56 0.59 (0.620)

1.56 0.60 
(0.618) 1.56 0.90 

(0.424)
Mean 1.80 0.86 

(0.520)
1.80 0.72 

(0.602)
1.80 0.66 

(0.636)
1.80 1.16 

(0.353)

The values given in parenthesis are the proportion of change in 
acidity (change in acidity)Initial acidity

C.D (Methods) - 0.021
C.D (Varieties) - 0.018
C.D (Variety x Method) 0.047

(oontd.)

or;G



Table 9«a continued

M5Initial Final

Bonnet
Alphonao

2.76 1.42 
(0.487)

Mundappa 1.57 1.05 
(0.329)

Suvarnarekha 1.52 1.07 
(0.297)

Olour 1.62 1.16 
(0.283)

Heelum 1.56 0.79 
(0.495)

Mean 1.80 1.12 
(0.378)

*6Initial Final

2.76 1.20
(0.567)

1.57 0.94
(0.404)

1.52 0.79
(0.477)

1.62 0.72
(0.555)

1.56 0.72
(0.536)

1.80 0.89
(0.508)



ULj Mean
Initial Final Initial Final

2.76 0.74 2.76 1.16(0.701) (0.580)
1.57 0.67 1.57 0.89

(0.574) (0.43D
1.52 0.50 1.52 0.71

(0.672) (0.530)
1.62 0.56 1.62 0.81

(0.655) (0.510)
1.56 0.52 1.56 0.69

(0.664) (0.560)
1.80 0.62

(0.653)



Table 9.b Change in acidity of fruit a harvested at different stages of msturity^J

Bennet Mundappa Suwamarekha Olour Heelua Mean
Alphonse

Initial Final Initial Final Initial Final Initial Final Ini- Final Ini- Final
tial tial

S- 3.54 1.26
(0.643)

2.42 0.95
(0.607)

1.95 1.14
(0.413)

1.89 0.89
(0.53)

2.75 0.98 2.51 1.09
(0.643) (0.567)

3.42 0.97
Z (0.717)

1.30 o*9 
(0.395)

1.70 0.79
(0.59)

1.66 0.77 1.52 0.67 1.92 0.84
(0.538) (0.558) (0.560)

S, 1.32 0.82
y (0.378)

1.00 0.71 
(0.290)

0.90 0.37
(0.57D

1.30 0.70
(0.459)

0.40 0.21 
(0.485)

0.98 0.55 
(0.437)

Mean 2.76 1.16
(0. 580)

1.57 0.89
(0.431)

1.52 0.71
(0.530)

1.62 0.81 
(0.50) 1.56 0.69 (0.560)

The values given in parenthesis are the proportion of change in acidity
C.D (varieties)
C.D (stages)
C.D (variety x stage)

0.018
0.014
0.031

o r
r o



Table 9.0 Change in  a c id ity  o f f ru it a  harvested a t d iffe re n t  stages o f m aturity
and stored under d iffe re n t  method a (%)

M1 Mg M, M4
Initial Final Initial Final Initial Final Initial Final

S. 2.51 1.08 2.51 0.88 2.51 0,81 2.51 1.48
(0.568) (0.650) (0.676) (0.411)

S9 1.92 0.84 1.92 0.72 1.92 0.62 1.92 1.15
Z (0.563) (0.625) (0.676) (0.403)

S_ 0.98 0.56 0.98 0.46 0.98 0.44 0.98 0.74
5 (0.430) (0.530) (0.554) (0.246)

Mean 1.80 0.86 1.80 0.72 1.80 0.66 1.80 1.16
(0.520) (0.602) (0.636) (0.353)

The values given in parenthesis are the proportion of change in acidity
C.D (methods) - 0.021
C.D (stages) - 0.014
C.D (method x stage)- 0.036 (contd.)



Table 9.0 continued

Initial Final
Mg M? Mean

Initial Final Initial Final Initial Final

2.51 1.45(0.421)
2.51 1.12

(0.554)
2.51 0.77

(0.692)
2.51 1.09

(0.567)
1.92 1.16 

(0.396)
1.92 0.84

(0.560)
1.92 0.58(0.696) 1.92 0.84

(0.560)

3

Mean

0.98 0.67
(0.317)

1.80 1.12
(0.378)

0.98 0.58(0.410)
1.80 0.89

(0.508)

0.98 0.42
(0.571)

1.80 0.62
(0.653)

0.98 0.55
(0.437)

QC



Table 10.a Change In total eager content of fruite under different methods of
storage (fc)

“l “z “3 “♦
Initial Final Initial Final Initial Final Initial Final

Bennet 10.27 10.74 10.27 10.89 10.27 11.55 10.27 10.70
Alphoneo (0.046) (0.060) (0.125) (0.042)
Mundappa 7.24 12.78 7.24 12.83 7.24 12.70 7.24 11.28

(0.765) (0.772) (0.754) (0.558)
Suwamarekha 5.75 11.01 5.75 11.36 5.75 11.62 5.75 10.19

(0.914) (0.976) U.020) (0.772)
Olour 8.22 10.89 8.22 10.74 8.22 11.05 8.22 9.25

(0.325) (0.307) (0.344) (0.125)
ffeelua 6.32 11.39 6.32 12.61 6.32 12.72 6.32 11.37

(0.802) (0.995) d.013) (0.799)
Mean 7.35 11.56 7.35 11.94 7.35 12.14 7.35 10.74

(0.570) (0.622) (0.650) (0.459)

The valuee given in parenthesis are the proportion of change in total sugar 
(QkgBgf-lh total sugar content)Initial total sugar content

C.D (methods) - 0.011
C.D (varieties) - 0.0096 °°n
C.D (method a variety) 0.025



Table 10.a continued

“5Initial Final
“6

Initial Final

Bennet
Alphonso 10*27 11.13 

(0.084)
10.27 11.20 

(0.091)
Mundappa 7.24 12.54(0.732)

7.24 12.50 
(0.727)

Suvamarekha 5.75 12.06 
(1.097)

5.75 10.85 
(0.887)

Olour 8.22 10.74 
(0.306)

8.22 10.29 
(0.252)

Neelua 6.32 12.99 
(1.055)

6.32 12.03 
(0.904)

Mean 7.35 12.18 
(0.655)

7.35 11.56 
(0.570)



*7Initial Final

10.27 12.00
(0.168)

7.24 12.62
(0.743)

5.75 12.21
(1.123)

8.22 11.16 
(0.358)

6.32 13.33(1.110)
7.35 12.51(0.700)

Mean
Initial Final

10.27 11.17
(0.088)

7.24 12.45(0.720)
5.75 11.32
(0.970)

8.22 10.58
(0.288)

6.32 12.35
(0.954)



Table 10.b C h a n g e  in total sugar content of fruits harvested at different stages of 
Maturity^)

Bennet Alphonso Mundappa Suwamarekha Olour Heelua Mean
Ini- Final Ini- Final Ini- Final Ini- Final Ini- Final Ini- Final
tial tial tial tial tial tial

S. 9.55 10.38 7.05 10.98 5.40 9.36 7.99 10.36 5.95 10.83 7.00 T0.49
1 (0.087) (0.558) (0.733) (0.297) (0.820) (0.499)

S9 10.42 11.35 6.15 12.88 4.92 11.05 8.09 10.78 5.94 13.22 6.94 12.47
2 (0.089) (1.094) (1.246) (0.333) (1.225) (0.797)

S, 10.83 11.77 8.52 12.88 6.93 13.38 8.59 10.61 7.06 12.83 8.12 12.32
5 (0.087) (0.512) (0.931) (0.235) (0.817) (0.517)

Mean 10.27 11.17 7.24 12.45 5.75 11.32 8.22 10.58 6.32 12.35
(0.088) (0.720) (0.970) (0.288) (0.954)

The values given in parenthesis are the proportion of change in total sugar content
C.D (varieties) - 0.0096
C.D (stages) - 0.0073
C.D (variety a stage) - 0.016

oo
i



Table 10.o Change in total augar content of fruita harvested at different stages of
maturity and stored under different methods (yo)

“l “ 2 “j “♦Initial Final Initial Final Initial Final Initial Final

7.00 10.28 
(0.468)

7.00 10.81 
(0.544)

7.00 10.75
(0.536)

7.00 9.55
(0.364)

6.94
(0.757)

12.19 6.94 12.56(0.810) 6.94 12.88 
(0.856)

6.94 11.21 
(0.615)

S- 8.12 12.07 8.12 12.77
5 (0.486) (0.511)

8.12 12.08 
(0.561)

8.12 11.35(0.398)

Kean 7.35 11.54(0.570)
7.35 11.92

(0.622) 7*35 12.13(0.650) 7.35 10.72
(0.459)

The values given in parenthesis are the proportion of change in total sugar content
C.D (methods) - 0.011
C.D (stages) - 0.0073
C.D (method z stage) - 0.0196 (oontd.)

00
00



Table 10.6 continued

M5 *6
Initial Final Initial Final

S. 7.00 11.17 7.00 9.71
1 (0.596) (0.387)

S9 6.94 12.78 6.94 12.50
2 (0.841) (0.801)

S- 8.12 12.41 8.12 12.42
5 (0.528) (0.530)

Mean 7.35 12.16 7.35 11.54
(0.655) (0.570)



Jfj Kean
Initial Final Initial Final

7.00 11.19 7.00 10.49
(0.599) (0.499)

6.94 15.19 6.94 12.47
(0.900) (0.797)

8.12 1 3 .0 2 8.12 12.32
(0.603) (0.517)

7.35 12.50(0.700)



Table 11 .a Change in asoorbio aoid content (ag/100 g) of fruits under different 
asthods of storage

*2 *3 M4
m m <  m r m tm  r r — -—  W y r r r - r > - i

Initial Final Initial Final Initial Final Initial Final

Bennet Alphonso 14.64 11.11 14.64 11.10 14.64 9.78 14.64 11.92
(0.241) (0.248) (0.332) (0.186)

Mundappa 11.77 7.52 11.77 6.79 11.77 6.72 11.77 7.65
(0.357) (0.423) (0.429) (0.350)

Suwamarekha 23.27 15.29 23.27 15.38 23.27 15.78 23.27 19.45
(0.343) (0.339) (0.322) (0.164)

Olour 66.89 58.19 66.89 51.97 66.89 51.90 66.89 54.52(0.130) (0.223) (0.224) (0.185)
Heelua 35.07 22.62 35.07 23.50 35.07 23.71 35.07 29.88

(0.355) (0.330) (0.324) (0.148)
Mean 30.33 22.30 30.33 20.84 30.35 20.44 30.35 24.05

(0.265) (0.313) (0.326) (0.207)
Jk

The values given in parenthesis are the proportion of cnange in ascorbic acid content 
(ohange In asoorbio aoid content) 
initial asoorbio acid oontant
C.D (Methods) - 0.039
C.D (Varieties) - 0.033
C.D (Methods x Varieties) 0.088

(o o n td .)



Table 11.a continued

“5Initial rinal

Bennet 
A1phoneo
Mundappa

Suvarnarakha

Olour

Heelua

Mean

14. 64 11.91(0. 182)
11.77 7.49(0.364)
23.27 21.29(0.085)
66.89 54.45(0. 186)
35.07 30.09(0.142)
30.33 24.26

CO.200)

Initial Final

14.64 7.96
(0,,456)

11.77 7.06(0,,398)
23.27 17.71(0.,239)
66.89 50.30

(0,,248)
35.07 19.15co.,454)
30.33 20.62

(0,,320)



*7Initial Pinal

14.64 10.64(0.273)
11.77 8.47(0,,280)
25.27 16.87(0,,275)
66.89 48.50

(0.,275)
35.07 22.66

(0.354)
30.33 21.23(0,,300)

Mean
Initial Pinal

14.64 10.92
(0.254)

11.77 7.59
(0.572)

23.27 17.45(0.250)
66.89 53.78

(0.196)
35.07 24.55(0.300)

CO



Table 11.b Change In ascorbic aoid content (ag/100 g) of fruits harvested at different
stages of maturity

Bennet Alphonso Mundappa Suwamarekha Olour Heelun Mean
Ini­ Final Ini- Final Ini- Final Ini- Final Ini- Final Ini- Finaltial tial tial tial tial tial

S1 15.29 10.96 12.50 7.82 25.10 17.77 67.58 59.60 39.00 26.29 31.89 22.969 (0.283) (0.374) (0.292) (0.118) (0.326) (0.280)
S9 15.25 11.86 11.89 7.61 24.52 18.68 66.80 52.10 36.72 25.15 31.04 22.63£ (0.222) (0.360) (0.238) (0.220) (0.315) (0.271)
S, 13.39 9.94 10.91 6.76 20.20 15.61 66.30 49.41 29.50 21.80 28.06 20*32p (0.258) (0.380) (0.227) (0.254) (0.261) (0.276)
Mean 14.64 10.92 11.77 7.39 23.27 17.45 66.89 53.78 35.07 24.55

(0.254) (0.372) (0.250) (0.196) (0.300)

fiie values given in parenthesis are the proportion of change in asoorbio acid content
C.D (Varieties) - 0.033
C.D (Stages) - 0.026
C.D (Varieties at Stages) - 0.057

GCro



Table 11 .o Change in asoorbio aoid content of fruits harvested at different stages
of aaturiV and stored under different aethods

M1 Mg M4
Initial Final Initial Final Initial Final Initial Final

81 31.89 24.97 
(0.217)

31.89 21.11 
(0.338)

31.89 20.51 
(0.357)

31.89 25.26 
(0.208)

S2 31.04 21.73 (0.300)
31.04 21.79 (0.298)

31.04 21.05 (0.322) 31.04 24.52 
(0.210)

“j 28.06 20.20 
(0.280)

28.06 19.39 
(0.302)

28.06 19.61 
(0.301)

28.06 22.42 
(0.201)

Mean 30.33 22.30 
(0.263)

30.33 20.84 
(0.313)

30.33 20.44 (0.326) 30.33 24.05 
(0.207)

The ralusa given in parenthesis are the proportion of change in ascorbic acid content 
C.D (Methods) - 0.039
C.D (Stages) “ 0.026 ^
C.D (Method x Stages) 0.068 contd.



Table 11.c continued

M5 Mg My Mean
Initial Final Initial Final Initial Final Initial Final

S. 31.89 26.05 31.89 21.59 31.89 21.53 31.89 22.96
1 (0.183) (0.323) (0.325) (0.280)

S« 31.04 25.30 31.04 21.54 31.04 22.57 31.04 22.63
2 (0.185) (0.306) (0.273) (0.271)

S_ 28.06 22.29 28.06 18.63 28.06 19.16 28.06 20.32
5 (0.207) (0.336) (0.306) (0.276)

Mean 30.33 24.26 30.33 20.62 30.33 21.23(0.200) (0.320) (0.300)
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5. Carotime content

The increase in carotene content was equal under all 
aethode (Table 12,a). fhe change in carotene content sig­
nificantly raried between rarieties. Mundappa showed the 
highest inorease (7.554) followed by Bennet Alphonso (4.612) 
and Olour (4.756) which were on par. fhe least inorease 
wae exhibited by Suwaraarekha (1.977). Fruits of Mundappa 
ripened under il4 (9.754), M1 (9.144), M? (7.541) and 
(7 .3 1) showed the highest inorease in carotene con­
tent and this was on par with Olour under (7.55).

At eaoh stage the inorease in carotene content varied 
with varieties and aethode of storage (Tables 12.b and o).
At &i, Mundappa showed the highest inorease (12.045) followed 
by Bennet Alphonso (3.912). Suwaraarekha brought about the 
least inorease (2.162) and this was on par with Keelua 
(2.657). At Sg, the fruits of Mundappa and Olour had the

mcvddid mhighest ̂carotene content whereas at S^, Bennet Alphonso 
ranked first (fable 12.b). Comparing the efficiency of 
different methods at S^, Sg and S y  it was found that at 
S1 the fruits ripened under M^ and at Sg, the same under

Increase in
and M1 had the highest^carotene content whereas at the 
fruits ripened under all methods had the same extent of 
increase in carotene content (Table 12.o).



6* T.S.S*

The T.S.S. oontent of fruite after storage under eaoh 
method vas different and the same varied with varieties. 
Generally Heelum reoorded the highestAT.S.S. and Bennet 
Alphonso the least (Table 13.a). For the latter the in­
crease in T.S.S. oontent under My (0.258) and M^ (0.197) vas 
significantly higher to all other methods closely folloved 
by Mg and M^. In the ease of Mundappa fruits stored under 
M^ had the highest T.S.S. content. In Suvamarekha, My and 
M^ were on par and significantly superior to all other methods. 
For Olour and Heelum the T.S.S. oontent of fruits stored under 
My vas significantly higher to that of those stored under all 
other methods.

At all stages, varietal variation in T.S.S. oontent 
vas significant. Fruits of Heelum harvested at Sg reoorded 
maximum increase in T.S.S. oontent (1.19) (Table I3.b). The 
increase in T.S.S. oontent varied between stages (Table 13.b). 
The fruits harvested at Sg recorded the maximum increase 
(0.711). The efficiency of eaoh method varied with stage of 
harvest. At S^t My was on par with M^ and the increase in 
total sugar oontent under these methods vas signifioantly 
higher to that under all other methods. The fruits ripened 
under M^ and Mg had the least T.S.S. content. At Sg as veil 
ae S^t My was signifioantly superior to other methods bring­
ing about an increase in T.S.S. oontent of 0.853 and 0.579 
respectively while vas the least effieient bringing about 
an increase of only 0.553 and 0.335 respectively (Table 13.o).



Table 12.a Change in carotene content of fruita under different methods of storage^)

"1
Initial Final

“2
Initial Final *sInitial Final Initial Final

Bennet Alphonso 0.0007 0.0025
(2.250)

Mundappa

Suvamarekha

Olour

Heelum

Mean

0.00032 0.0032 
(9.144) 

0.00036 0.0010 
(1.856) 

0.00022 0.0011 
(4.090)

0.00038 0.0017
(5.470)

0.0004 0.0022 
(4.585)

0.0007 0.004
(4.674)

0.00032 0.0025
(6.712)

0.00036 0.0011 
(1.981) 

0.00022 0.0011 
(4.156)

0.00038 0.0017
(3.567)

0.0004 0.0021
(4.218)

0.0007 0.0041
(4.920)

0.00032 0.0027 
(7.310)

0.00036 0.0012 
(2.303) 

0.00022 0.0012 
(4.250)

0.00038 0.0013 
(3.718)

0.0004 0.0022
(4.501)

0.0007 0.0038
(4.476)

0.00032 0.0034 
(9.754)

0.00036 0.0010 
(1.839)

0.00022 0.0011 
(4.153)

0.00038 0.0017 
(3.446)

0.0004 0.0023
(4.733)

The values given in parenthesis are the proportion of change in oaro tene content 
(change in carotene content) 

initial carotene content
C.D (Methods) - 1.214
C.D (Varieties) - 1.026
C.D (Method x varieties) 2.713

(oontd.)



Table 12.a continued

Bennet Alphoneo

Mundappa

Suwamarekha

Olour

Neelua

Mean

Initial Final

0.0007 0.0036
(4.176)

0.00032 0.0023(6.238)
0.00036 0.0010

(1.689)
0.00022 0.0018

(7.350)
0.00038 0.0017(3.420)
0.0004 0.0022

(4.570)

Initial Final

0.007 0.004
(4.644)

0.00032 0.0024(6.38)
0.00036 0.0009(1.750)
0.00022 0.091

(4.103)
0.00038 0.0017

(3.488)
0.0004 0.0020(4.070)

*7Initial Final

0.0007 0.0042(5.038)
0.00032 0.0027 

(7.341)
0.00056 0.0012 

(2.422)
0.00022 0.0013 (5.050)
0.00038 0.0018 

(3.704)
0.0004 0.0023(4.710)

Mean
Initial Final

0.0007 0.0039(4.612)
0.00032 0.0027 

(7.554) 
0.00036 0.0011 

(1.977) 
0.00022 0.0013 (4.736)
0*00038 0.0017 

(3.544)



Table 12.b Change in oarotene content of fruite harveated at different stage a of aaturitar(*/»)

Bennet Alphoneo Mundappa SuvamareJcha Olour Heelua Moan
Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final

S. 0.0002 0.002 0.0001 0.0013 0.00008 0.0003 0.0001 0.0005 0.0001 0.0004 0.0001 0.0007
1 (8.912) (12.043) (2.162) (4.200) (2.637) (5.99D

S0 0.0003 0.0017 0.0002 0.0019 0.0004 0.0014 0.00015 0.0013 0.0003 0.0021 0.0003 0.0021
2 ( 4.536) (8.343) (2.397) (7.9H) (6.062) (5.850)
S, 0.0016 0.0078 0.00067 0.0022 0.0006 0.0014 0.0004 0.0012 0.00075 0.0022 0.0008 0.0021
* (3.885) (2.276) (1.372) (2.093) (1.935) (1.613)

Moan 0.0007 0.0039 0.00032 0.0027 0.00036 0.0011 0.00022 0.0013 0.00038 0.0017
(4.612) (7.554) (1.977) (4.736) (3.544)

Tho values given in parontheeie are the proportion of chango in oarotene oontent
C.D (Varieties) - 1.026
C.D (Stages) - 0.794
C.D (Varieties x Stages) 1.776



Table 12.o Change in carotene content of fruits harvested at different stages of
maturity and stored under different methods^)

“1 “2 *S “♦Initial Final Initial Final Initial Final Initial Final

S. 0.0001 0.0006 0.0001 0.0007 0.0001 0.0007 0.0001 0.0009
1 (5.383) (5.683) (6.253) (7.554)

S9 0.0003 0.0023 0.0003 0.0019 0.0003 0.0019 0.0003 0.0018
* (6.800) (5.352) (5.460) (5.110)

8, 0.0008 0.0021 0.0008 0.0021 0.0008 0.0022 0.0008 0.0020
5 (1.565) (1.619) (1.790) (1.537)

Mean 0.0004 0.0022 0.0004 0.0021 0.0004 0.0022 0.0004 0.0023
(4.583) (4.218) (4.501) (4.733)

The values given in parenthesis are the proportion of change in carotene content
C.D (Methods) - 1.214
C.D (Stages) - 0.794
C.D (Methods x Stages) 2.102 (contd.)



Tabla 12.e continued

Initial final
"6

Initial final *7Initial final
Moan

Initial final

S, 0.0001 0.0006
(5.295)

0.0001 0.0006 
(5.290)

0.0001 0.0007
(6.478)

0.0001 0.0007
(5.99D

S9 0.0003 0.0024
2 (7.030)

0.0003 0.0019
(5.357)

0.0003 0.0021
(5.845)

0.0003 0.0021 
(5.850)

0.0006 0.0019
(1.398)

Maan 0.0004 0.0022
(4.570)

0.0008 0.0021 
(1.57D

0.0004 0.0020
(4.070)

0.0006 0.0022 
(1.812)

0.0004 0.0023(4.710)

0.0006 0.0021
(1.613)



Table I3.a Change in T.S.S. content of fruite under different methods of storage (V)

"i “ 2 “j “*
Initial Final Initial Final Initial Final Initial Final

Bennet Alphonso 10.47 11.56 10.47 11.83 10.47 12.53 10.47 11.71
(0.106) (0.130) (0.197) (0.118)

Mundappa 7.63 12.35 7.63 12.60 7.63 13.19 7.63 10.67
(0.619) (0.652) (0.729) (0.398)

Suwaraarekha 6.77 11.71 6.77 11.80 6.77 12.45 6.77 10.76
(0.730) (0.743) (0.839) (0.590)

Olour 7.67 9.93 7.67 10.34 7.67 10.79 7.67 9.13(0.295) (0.348) (0.407) (0.190)
Keelua 6.33 11.40 6.33 12.54 6.33 12.72 6.33 11.36

(0.801) (0.981) (1.009) (0.794)
Mean 7.77 11.74 7.77 12.20 7.77 12.71 7.77 11.02(0.511) (0.570) (0.636) (0.418)

The values given in parenthesis are the proportion of change in T.S.S.
(change inT.S.S.) 

initial f.S.S.
C.D (Methods) - 0.023
C.D (Varisties) - 0.019 (oontd.)
C.D (Methods x varieties)0.051



Table 13.a oontlnued

*5
Initial Final

**6
Initial Final

Bexmet Alphonso 10.47 11.52 
(0.100)

10.47 11.41 
(0.090)

Mundappa 7.63 11.78 
(0.544)

7.63 11.77 
(0.543)

Suwamarekha 6.77 12.73 (0.880) 6.77 11.31 
(0.67D

Olour 7.67 10.06 (0.312) 7.67 9.97 (0.300)
leilm 6.33 13.13 

(1.074)
6.33 12.15 (0.920)

Mean 7.77 12.80 
(0.580)

7.77 11.66 (0.500)



“7 Maan
Initial Final Initial Final

10.47 13.17 10.47 11.97(0.258) (0.143)
7.63 12.83 7.63 12.17(0.681) (0.595)
6.77 12.85 6.77 11.95(0.898) (0.765)
7.67 11.04 7.67 10.20(0.440) (0.33)
6.33 13.39 6.33 12.38

(1.115) (0.956)
7.77 13.05

(0.679)



Table I3«b Change in T.S.S. oentent of fruits harvested at d if for ant stages of 
■sturltr^)

S1 S2
Initial Final Initial Final Initial Final Initial Final

Sennat Alphonse 10.00 11.81 10.40 11.90 11.00 15.87 10.47 11.97(0.181) (0.144) (0.443) (0.143)
Mundappa 7.10 10.59 6.20 11.41 9*60 14*21 7.63 12.17(0.464) (0.841) (0.480) (0.595)
Suvamarekha 6.40 10.17 5.90 11.91 8.00 19.50 6.77 11.95(0.589) (1.018) (0.688) (0.765)
Olour 7.00 9.47 7.50 10.20 8.50 10.80 7.67 10.20

(0.355) (0.360) (0.270) (0.330)
Seelua 5.80 10.76 6.10 13.36 7.10 12.94 6.33 12.38(0.856) (1.190) (0.823) (0.956)
Mean 7.26 10.81 7.22 12.35 8.84 13.02

(0.489) (0.711) (0.473)

The values given in parenthesis are the proportion of change in T.S.S. content
C.D (Stages) - 0.015
C.D (Tarieties) - 0.019
C.D (Yarletles x Stage) 0.059



Sable 13.o Change in T.S.S. content of fruite harvested at different atagee of
maturity and stored under different methods (y0)

“ 1
Initial Final

*2
Initial Final *SInitial Final *4Initial Final

7.26 10.50 7.26 10.91 7.26 11.62 7.26 9.911 (0.446) (0.503) (0.600) (0.365)
so 7.22 11.91 7.22 12.43 7.22 12.83 7.22 11-21z (0.650) (0.722) (0.778) (0.553)

8.84 12.69 8.84 12.43 8.84 13.59 8.84 11.807 (0.436) (0.487) (0.537) (0.335)
Mean 7.77 11.74 7.77 12.20 7.77 12.71 7.77 11.02

(0.511) (0.570) (0.636) (0.418)

The values given in parenthesis are the proportion of change in U.S.S. eentent
C.D (Methods) - 0.023
C.D (Stages) - 0*015
C.D (Methods x Stages) - 0.039 (eontd.)



Table 13.o continued

M5 Mg Mj Mean
Initial Final Initial Final Initial Final Initial Final

81 7.26 11.22 7.26 9.90 7.26 11.65 7.26 10.81
(0.546) (0.363) (0.605) (0.489)

S2 7.22 12.53 7.22 12.14 7.22 13.38 7.22 12.354L (0.736) (0.682) (0.853) (0.711)
S- 8.84 12.95 8.84 12.99 8.84 13.96 8*84 13.02
j (0.465) (0.470) (0.579) (0.473)

Mean 7.77 12.80 
(0.580)

7.77 11.66 (0.500) 7.77 13.05 
(0.679)
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CAHHIMG QUALITI

Ripe fruits of the different varieties vers canned as 
slices in sugar syrup and their phyeioo-cheaical characters 
at speoific time-intervale of storage were studied for a 
period of U  months* The data on physical condition of the 
product ie., colour of flesh, appearance of syrup, taste, 
aroma, texture, vacuum pressure, drained weight and external 
appearanoe of the can are presented in Tables I4.a,b,c,d and e.

Regarding the chemical composition of fruits before 
canning, the T.S.S. per cent in Mundappa was 13*3, in 
Suwarnarekha 12*3, in Olour 12.2, in Neeluia 13.6 and in 
Bonnet Alphonso 13*0. The reducing sugar content was maximum 
in Mundappa (9,8 per cent) followed by Neelua (9*24 per cent), 
Olour (3.43 per cent), Suwamarekha (3,3 per cent) and 
Bennet Alphonso (3,13 per cent). In nonreducing sugar con­
tent also varietal variation was observed, being 4*3 per cent 
in Meelum, 4,2 per cent in Suwamarekha, 4*12 par cent in 
Bennet Alphonso, 4*1 per cent in Mundappa and 3*3 per cent 
in Olour. Total sugar was maximum in Mundappa C 13.9 par osnt) 
followed by Heelum (13*7 P«** cent), Suwamarekha (12.34 par 
osnt), Bennet Alphonso (12.3 par cent) and Olour (11.93 per cent). 
The titrable acidity was highest in Suwarnarekha (0.6 par cent) 
followed by Mundappa, Olour and Bennet Alphonso (0.3 per cent 
each) and least in Kselum (0.2 par cent). The aoidity in 
tarns of pH was highest in Suwamarekha (4.3) followed by
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Mundappa, Olour and Bannat Alphonso (4*5 aaeh) and lastly 
Neelua (4*9). In asoorbic mold oontant (mg/100 g) Olour 
ranked first (43.9), Neelua aaeond (15.8), Suwaraarekha 
third (14*1), Bonnet Alphonso fourth (8.0) and Mundappa 
fifth (5.9) (labia 15).

Bafora canning the flesh colour was excellent in 
Suwaraarekha, good in Mundappa, Olour and Bennat Alphonso 
and satisfactory in Neelua. In taste Neelua oaaa first 
(excellent) followed lay Mundappa and Olour (good) and finally 
Suwam&rekha and Bonnet Alphonso (satisfactory) (fable 16).

physicalThe data pertaining to the monthly x condition of the 
oanned product are given in fablea l4.a,b,o,d and a. Neelua 
proved to be the beat for canning, scoring the highest 
(34.5 par oant) followed loy Mundappa (71.5 par oent), Olour 
(65 par oent), Suwaraarekha (56.5 par oent) and Bonnet 
Alphonso (52 par oent) at last saapling on 22-6-81 ie., 14 
aonths after panning. At first saapling (22-11-80) ie., 
seven aonths after canning also Neelua scored the highest 
(85.0 per oent) and the quality was maintained even after 14 
aonths showing that this variety is the best suited for 
canning in terms of quality retention as well as shelf life, 
fhe reduotion in soore was only 0.5 per oent at the last 
saapling. fhe second best for canning was Mundappa sinoe it 
soored the second highest at first saapling (73.5 per oent) 
and the reduotion in soore after 14 aonths was only 2 per oent.
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At first sampling Mundappa was followed by OXour (68.5 par 
oent) and eren if alight!/ cloudy froa 12th month onwards 
it held the same rank and the reduotion in soore was
3.5 per oent. Aooording to the first saapling on seventh 
month, Bennet Alphonso oaae fourth (67.5 per oent), but at 
final sampling gave way to Suwaraarekha shoving that the 
latter is better to maintain the quality, the reduotion 
being 7.5 per oent whereas in Bennet Alphonso it was
15.5 per oent. In oaae of Suvarnarekha the syrup eeemed 
cloudy from 13 th month onward a. At final saapling the syrup 
was olear in Neelua, Mundappa and Bennet Alphonso• The poor 
quality with Bennet Alphonso might be due to poor aroma and 
texture.

The vacuum pressure of oans of all varieties vae in the 
satisfactory range ie., 15*15 lbe/aq.inoh even after 14 aonths. 
Vacuum pressure was the highest in Suwam&rekha (15 lbs/sq. 
inch) followed toy Neelua (14 Ibe/sq.JLnoh). Mundappa, Olour 
and Bennet Alphonso had tho earn# vacuum pressure (15 lbs/ 
sq.inoh). Appearance of the ean was normal in all the 
varieties. The drained weight vaa 49.35 per oent in Neelua,
49.7 per oent in Bennet Alphonso, 49.65 per oent in Mundappa,
43.5 per oent in Suwaraarekha and 48.44 per oent in Olour at 
last sampling.

Neelua maintained the excellent taste for 12 months. 
Thereafter also it maintained good teste even upto 14 months.



Table H.a Physical condition of the canned product (Variety Bennet Alphonso)

SI.
Ho.

Physical 
characterieties

Storage period in months ........................... ..........

7 8 9 10 11 12 13 14

1 Colour of 
flesh Good Good Good Good Good Good Good Good

2 Appearance 
of ayrup Clear Clear Clear Clear Clear Clear Clear Clear

3 Taste Satis-
factorj Satis­

factory
Satis­
factory

Satis­
factory

Good Good Good Satis­factory
4 Aroma Pair Pair Pair Satis­

factory
Pair Pair Poor Poor

5 Texture Good Good Good Good Good Pair Pair Pair
6 Vacuum pressure 

(lbs/s<|. inch) - - - - - - - 13.00

7 Drained weight
(*) 49.95 49.95 49.92 49.90 49.90 49.90 49.86 49.70

8 External 
appearance 
of the can

Korea 1 Normal Normal Normal Normal Normal Normal Normal

9 Score card 
▼alue (5C) 67.50 67.00 65.50 65.85 69.00 54.00 53.00 52.00

Sise of can * A24 
Da to of canning - 22-4**80 
Date of first opening - 22-11-80 
Date of last opening - 22-6-*81



SI. Physical

Table H.b Physical condition of the canned produot (Variety Mundappa)

Storage period in aonths
fo. charaotariBtica1 7 8 9 10 11 12 13 14

1 Colour of 
flash Good Good Good Good Good Good Good Good

2 Appaaranca 
of syrup Clear Clear Clear Clear Clear Clear Clear Clear

3 Taste Good Good Good Good Good Good Good Good
4 Aroaa Satis­

factory
Satis­
factory

Satis­
factory

Good Satis­
factory

Satis­
factory

Satis­
factory

Satis­
factory

5 Texture Satis­
factory

Satis­
factory

Satis­
factory

Satis­
factory

Satis­
factory

Satis­
factory

Satis­
factory

Satis­
factory

6 Yacuua pre- 
aaura
(lbs/sq.inoh)

- - - - - - tm 1 3 .0 0

7 Drained weight
(*) 50.20 50.20 50.10 50.04 50.00 50.00 49.90 49.65

8 External 
appaaranca 
of the can

Normal Normal Normal Normal Normal Normal Normal Normal

9 Score oard 
▼alue (*) 73.50 72.00 74.00 75.00 75.00 74.50 71.50 71.50



Table H.c Physical condition of the canned product (Variety Suwamarekha)

SI. Physical
Storage period in months

Ho. characteristics 7 8 9 10 11 12 13 14
1 Colour of flesh Good Good Good Satis­

factory
Good Good Good Satis­

factory
2 Appearance of 

eyrup Clear Clear Clear Clear Clear Clear Slightly Cloudy 
cloudy

3 Taste Satis- Satis­
factory factory

fair fair fair fair fair fair

4 Aroaa Good Good Good Satis­
factory

Good Satis­
factory

Satis­
factory Satis­

factory
5 Texture Satis- Satis­

factory factory
Satis- Satis­
factory factory

Satis­
factory

Satis­
factory Satis­

factory
Satis­
factory

6 Tioaw pressure (lbs/sq.inch) - - - - - - - 15.00
7 Drained weight

<*> 49.69 49.62 49.45 49.25 49.20 49.20 49.00 48.50
8 External appea- Horaal ranee of the can Horaal Horaal Horaal Horaal Normal Horaal Horaal

9 Soore card 
▼alue (£) 64.00 66.50 63.50 61.50 60.50 59.50 57.50 56.50



fable 14.d Physical condition of the canned produet (Varietur Olour)

SI. Physical Storage period in months
So* characteristics 7 8 9 10 11 12 13 14

1 Colour of 
flesh

Kxoo-
llent

Exce­
llent

Exce­
llent

Good Good Good Good Good
2 Appearance of 

syrup Clear Clear Clear Clear Clear Slightlycloudy
Cloudy Cloudy

3 Taste Good Good Good Good Good Satis­
factory Satis­

factory Satis­
factory

4 Aroaa Satis­factory Satie-factory Satis­
factory

Satis­
factory

Satis- Satis­factory factory Satis­
factory Satis­

factory
5 fexture Satia-

factory
Satis­
factory

Satis­
factory

Satis­
factory

Satis­
factory Satis­

factory
Satis­
factory

Satis-
faotory

6 Taouua pressure 
(lbs/sq.inoh) - - - - - - 13.00

7 Brained weight
<*> 49.90 49.83 49.78 49.45 49.22 48.90 48.75 48.44

8 External appea­
rance of the can Horaal Horaal Horaal Horaal Horaal Horaal Horaal Horaal

9 Score card 
ralue (£) 68*50 72.00 74.00 68.20 67.50 59.00 66.50 65.00



Tabic H.e Physical condition of the oanned product (Variety Neelua)

Storage period in aonths
Vo. oharaoteri0tioe 7 8 9 10 11 12 13 14

1 Colour of flesh Exce­
llent

Exce­
llent

Exce­
llent

Good Exce­
llent

Exce­
llent

Exce­
llent

Good
2 Appearance of 

Sjrrup Clear Clear Clear Clear Clear Clear Clear Clear
3 Taste Exce­

llent
Exce­
llent

Exce­
llent

Exce­
llent

Exce­
llent

Exce­
llent

Good Good

4 Aroaa Good Good fair Good Pair Fair Fair Good
5 Texture Good Good Good Good Good Good Good Good
6 V&euuua pressure 

(lbs/sq.ineh) - - - - - - - 14.00
7 Drained weight

(*) 50.50 50.50 50.40 50.32 50.23 50.28 50.16 49.85
8 External appea­

rance of the can Vernal Voraal Voraal Voraal Voraal Voraal Voraal Voraal
9 Score card 

value ($) 85.00 89.00 89.50 88.20 85.00 85.50 84.70 84.50
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Table 15. Cheaioal composition of the flesh before panning

Variety

Bennet
Alphonso
Mundappa

Olour

Neelua

V sugar i ing sugar
$

sugar i pH sold (ag/100

1 5 .0 0 8.18 4.12 12,50 0.50 4.50 8.00

15.80 9.80 4.10 15.90 0.50 4.50 5.90

12*50 8.50 4.20 12.54 0.60 4.50 14.10

12*20 8.45 5.50 11.95 0.50 4.50 45.90

15*60 9.24 4.50 15.70 0.20 4.90 15.80



1 1 6

Tabla 16 Phjreioal appaaranca and taata at the flash ha forananning

Variety Colour of flash Taste

Bennet Alphonso Good Satisfactory
Mundappa flood flood
Suvamarekha Szoollont Satisfactory
Olour flood Good
Nselun Satisfactory Szoollont

Tasto and Colour grades Scoro
1. Szoollont 1-1.4
2. flood 1.5-2.4
3. Satisfactory 2.5-3.4
4. fair 3.5-4.4
5. feer 4.5-5.0
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Bennet Alphonso maintained the satisfactory taste up to 
14 non the. But taste improvement (good) was notioed during 
11th, 12th and 13th months of storage. Suwamarekha main­
tained satisfactory taste only upto 6 months and thereafter 
it deoreased (fair). In Olour the taste was good upto 12th 
aonth and thereafter it was only satisfactory.

The oheaieal composition of the canned product (syrup 
and slices) during first and last opening is given in 
Tables 17.a and b.

During first opening the T.S.S. per oent of syrup was 
aaxiaua in Veeloa (39.3) followed by Bennet Alphonso (39.23). 
Mundappa had T.S.S. eon tent of 33 per oent followed by 
Suwamarekha and Olour (36 each). At last opening the change 
in T.S.S. was only 0.3 per oent in Veelua (39 per cent),
0.73 per oent in Suwamarekha (33.23 per oent), 1 per eent 
in Mundappa (37 per eent) 1.73 per oent in Bennet Alphonso 
(37.3 per oent) and 2.3 per oent in Olour (33.3 per oent).

The reduction in reducing sugar content of the syrup 
during the period of seven aonths was the least in Neelua 
(2.1 per oent). In Mundappa, the decrease was 2.7 per oent, 
in Suwamarekha 2.8 per oent, in Bennet Alphonso 3.8 per oent 
and 7.8 per oent in Olour. At last opening the reducing 
sugar content was aaxiaua in Heelua (40.2 per oent) followed 
by Bennet Alphonso (36.7 per eent). In Olour it was 
30.5 per oent, in Suwamarekha 29*3 per oent and in Mundappa
28.9 per cent.
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The nonreduoing sugar o on tent of the tqrrup at first 
and last opening was maximum in Mundappa, being 6.2 and 
6 par oent respectively shoving a decrease of only 0.2 per 
oent during the period of seven months. In Suvaraarekha 
the decrease in nonreduoing sugar content from 1st opening 
(4.0 per oent) to last opening (3.5 per oent) was 0.5 per 
oent. At first opening it vas 2.9 per oent, 1.3 per oent 
and 1.8 per oent in Olour, Beelum and Bennet Alphonso res­
pectively shoving a decrease of 1.5, 0.1 and 0.3 per oent 
respectively.

The data shoved that at first opening the total sugar 
o on tent in the syrup vas maximum in Bennet Alphonso (44.3 
per sent) followed lay Beelum (43*6 per oent), Olour 
(41.2 per oent), Mundappa (37.8 per oent) and Suvaraarekha 
(35.1 per oent) respectively shoving a decrease of 6.6, 5.2, 
9.3, 3.0 and 1.3 per oent respectively at last opening.

Regarding acidity in the syrup at first opening, it 
vas maximum in Neelua (0.45 per oent) and more or less the 
same in all the varieties at final opening exoept Bennet 
Alphonso (0.49 per oent). the increase in acidity vas the 
least in Neelum (0.17 per oent) followed by Bennet Alpheneo 
(0.19 per oent). The deorease was almost the same (0.26- 
0.27 per oent) in all the other varieties.

Compared to the first sampling, the asoorbio aoid 
content deorease in the syrup was the least in Beelum and 
Mundappa (0.1 per oent). In Suvernerekha, Olour and
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Bennet Alphonso the decrease vae 0.3, 0.7 and 0.9 per eent 
reepeotively. At final opening the eaae order in the level 
of asoorbic aold content (ng/100 g) vae followed ae that 
at flret opening, le., Olour (4*8), Heelua (3*7), Mundappa 
(3.5), Suwamarekha (2,3) and Bennet Alphonso (1*8) at first 
opening and 4.1, 3*6, 3*4, 2,0 and 0,9 per oent respective!/ 
at final opening*

The chemical anal/sis of the slices shoved that at 
first opening the T.S.S* per oent was the highest In 
Suwamarekha (30*5 per oent) followed by Olour, Heelua and 
Bennet Alphonso (30 per oent each) and finally Mundappa 
(29*3 per cent)* The T.S.S. content was found to increase 
ty 5*7 per oent In Mundappa (33*2 per cent), 3*3 per cent in 
Heelua (33*3 per oent), 5 per oent in Bennet Alphonso 
(35 per oent), 3*3 per oent in Suwamarekha (34.0 per oent) 
and 3*2 per oent in Olour (33*2 per oent). The increase in 
T.S.S. content of the slices at last opening ooapared to that 
before canning was 22*0 per oent in Bennet Alphonso, 21*7 
per cent in Heelua, 21*5 per oent in Suwamarekha, 21*4 per 
oent in Mundappa and 21*0 per oent in Olour*

At last opening the reducing sugar content of the siloes 
was aaxiaua in Heelua (28*37 per eent) followed by Bennet 
Alphonso (27*13 per eent), Mundappa (25*39 per oent), Olour 
(23*26 per oent) and Suwamarekha (20*57 per oent). Compared 
to first opening the reducing sugar content was low in 
Mundappa the decrease being 3*2 per cent* A similar trend



was observed in Olour also. She daoraasa was 1.84 par eant.
In all the other three varieties, lnoraasa in the reducing 
sugar content was obaarrad, tha lnoraasa being 9.05, 6.47 
and 4*33 par eant respectively in Bannat Alphonso, Keelua 
and Suwaraarekha. Before panning tha reducing sugar content 
vas maximum in Mundappa (9.3 par cant) followed bjr Keelua 
(9.24 par oent). But tha lnoraasa in reducing sugar content 
was maximum in Keelua (19.33 per oent) followed by Bannat 
Alphonso (13.97 par cent) and Mundappa showed only an lnoraasa

mof 15.59 per cant. Olour and Suwaraarekha showed an increase 
of 14.81 par oent and 12.23 par oent respectively.

At last opening, tha nonreduoing sugar content of tha 
slices was maximum in Mundappa (11.2 par cant) followed toy 
Olour (30.4 par oent), Suwaraarekha (9.3 per oent), Bennet 
Alphonso (3.3 par oent) and Kaalua (5.9 par cant). Before 
canning tha nonreduoing sugar content was maximum in Kaalua 
(4.5 par oent), but it gave only an increase of 1.4 par oent 
at last opening as against 7.1 par oent in Mundappa,
6.6 par oent in Olour, 5.1 par eant in Suwaraarekha and 
4.18 par oent in Bonnet Alphonso. At first opening Kaalua 
had tha highest nonreduoing sugar oontant (17.3 par oent) 
and tha lnoraasa was 12.8 par oent. Between first and last 
opening, tha nonreduoing sugar oontant had decreased consi­
derably in Kaalua (11.4 par oent), Suwaraarekha (4.5 par oent) 
and Bennet Alphonso (3.8 par oent), whereas tha saaa increased 
in Olour (4.8 par oent) and Mundappa (1.1 par oent).
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Before canning the total sugar content was aaxiaua in 
Mundappa (13*9 per oent) followed by Heelua (13*7 per oent) 
whereas after canning the aaae was the highest in Heelua 
(36*47 per oent) followed by Mundappa (53*59 per eent),
Bennet Alphonso (55*45 per oent), Olour (53*36 per oent) 
and Suvarnarekha (29*87 per eent). The aaxiaua increase in 
total sugar, due to panning based on the last saapling, was 
observed in Bennet Alphonso (23*15 per oent) followed by 
Neelua (22*77 per oent), Ihmdappa (21*69 per cent), Olour 
(21*41 per oent) and Suwamarekha (17*33 per eent).

The aoidity of flesh before earning was aaxiaua in 
Suwamarekha (0*6 par eent) followed by Mundappa, Olour and 
Bennet Alphonso (0*5 per oent eaeh) and Heelua (0*2 per oent).
At last opening aoidity was aaxiaua in Suwamarekha and 
Bennet Alphonso (0*71 per oent each) followed by Olour 
(0*65 per oent). Aoidity was the least in Mundappa and 
Heelua (0*59 per eent). At final opening the aaxiaua aoidity 
was exhibited by Heelua (0*39 per oent), followed lay Bennet 
Alphonso (0*21 per eent), Olour (0*15 per oent), Suwamarekha 
(0*11 per oent) and Mundappa (0*09 per oent). At first 
opening also aaxiaua increase in acidity was exhibited by 
Heelua (0*37 per eent) and the least by Mundappa (0*02 per oent). 
At first opening Mundappa proved aore stable in aoidity 
ooapared to other varieties* Between first and last opening 
Heelua and Suwamarekha proved to be the aost stable, the



table 17.a Chemical opposition of ayrup of the canned product

Variety

Bennet
Alphonso

T.S.S.
*

Reducing Honreduc- 
su^ar ing^eugar

Total sugar Aoidity Acidity Ascorbio acid
i pH (ag/100 g)

1st Last 1st Last 1st Last
open- open- open- open- open-open­
ing ing lng j«g ing

1st Last 1st Last 1st Last 1st Last
open- open- open- open- open- open- open- open­
ing ing ing ing ing ing ing ing

39.25 37.50 42.50 36.70 1.80 1.00

Mundappa 38.00 37.00 31.60 28.90 6.20 6.00
Suwaraarekha 36.00 35.25 32.10 29.30 4.00 3.50

44.30 37.70 0.30 0.49

37.80 34.80 0.34 0.80
35.10 53.80 0.35 0.62

5.20 4.80 1.80 0.90

5.20 3.50 3.50 3.40
5.10 3.50 2.30 2.00

Olour 36.00 33.50 38.30 30.50 2.90 1.40 41.20 31.90 0.38 0.65 4.70 3.30 4.80 4.10

Neelua 39.50 39.00 42.30 40.20 1.30 1.20 43.60 38.40 0.45 0.62 4.50 3.50 3.70 3.60



fable 17.b Chemical composition of slices of the canned product

Variety

Bennet
Alphonso

TiS»Si
*

Reducing
eu^ar

Honreduo- 
ing sugar

Total sugar Aoidity
$ $

Aoidity Aseorbie 
pH acid

(mg/100 g)
1st last 

open- open­
ing ing

1st last 
open- open­
ing ing

1st Last 
open- open­
ing i«g

let Last let Last 
open- open- open-open­
ing ing ing ing

1st Last 1st Last 
open-open- open- open* 
ing ing ing ing

30.00 35.00 18.10 27.15 12.10 8.30 30.20 35.45 0.60 0.71 4.30 4.30 2.60 1.10

Mundappa 29,50 35.20 28.59 25.39 10.10 11.20 35.69 35.59 0.52 0.59
Suvaraareicha 30.50 34.00 16.19 20.53 13.80 9.30 29.99 29.87 0.69 0.71
Olour 30.00 33.20 25.10 23.26 5.30 10.10 30.10 33.36 0.62 0.63
Heelua 30.00 35.30 22.10 28.57 17.30 5.90 39.40 36.41 0.57 0.59

4.40 4.30 3.60 3.40 
4.10 4.10 2.50 2.00 
4.20 4.20 4.90 4.10 
4.30 4.30 5.10 3.60
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increase being onlgr 0*02 per cent* Olour and Bennet Alphonso 
being tha laast atahla (0.11 par oant).

She statistical anal/sis pertaining to tha various 
data ara presented in Appendices.
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DISCUSSION



DI8CU8SI0H

The results of the studies on growth and maturity of 
the fruits, comparative effieieno/ of the different storage 
methods at diffar ant atags• of maturity and the suitability 
of varieties for panning of mango fruits are discussed below.

STUDIES OH GROWTH AND MATURITY 07 FRUIT

The studies on maturity of the five varieties of mango 
fruits have shown that the growth of fruite by way of increased 
length, girth, weight and volume continued till the fruite 
attained full maturity. The maximum increase (2/3) in these 
parameters occurred during the first four weeks of matura­
tion. The low rate of increase noticed in the present study 
towards the last phase is a natural growth phenomena and the 
reeulte are in agreement with the view of Singh et al. (1937) 
and Lelyveld (1975) that the growth rate gradually declined 
with age. During the period of maturation the specific 
gravity of fruite increased upto four to six weeks depending 
upon the variety and thereafter remained steady. Mukherjee 
(1959) also reported a similar growth trend in mangoes.

On correlating the physical changes of fruits with 
maturity standards it was found that there existed a rela­
tionship between length as wall as weight with maturity 
standard. The relationship between weight of fruite and 
maturity was explained ty Kriahnamurthy and Subramaniam (1970)
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who suggested that the parameters for optimum maturity of 
the fruit of the variety Pairi was 200 ♦ 20 g in weight with 
outgrown shoulders* Lelyveld (1975) reported that when the 
nature fruits attained a length of 80 an* the rapid growth 
rate decreased* In all Tarieties except Mundappa, signifi­
cant correlation was observed between specific gravity and 
maturity standard. Singh at al. (1978) confirmed specific 
gravity as a reliable index of maturity for the fruits of 
Heelua* In the present stud/ the speeifio gravity of fruits 
at A stage was in the range of 0.82-0.95 which gradually 
increased as the fruit matured attaining a value of 1*0-1*01 
towards the last stage* The increase in specific gravity at 
early stages might be due to the proportionate increase in 
weight in comparison to volume and this clearly indicated 
the accumulation or synthesis of food material within the 
fruit*

In all varieties studied, the aoidity showed a declining 
tendency throughout the period of maturation. This is in 
agreement with the findings of Leley et al. (1945), Harding 
et al. (1954) and Lakshminarayana et. al. (1970). Though the 
aoid content had significant negative correlation (-0*770) 
with maturity, it could not serve as a good criterion of 
maturity in all the varieties studied, where the direct effeot 
was very insignificant (0*142)* These results confirm the 
findings of Harkness (1949)*
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The change in reducing sugar content daring the period 
of maturation was inconsistent in all the varieties. In 
general the reducing sugar content at full maturity- was at 
a higher level ooapared to that at A stage as against the 
findings of Lakehainarajrana et al. (1970). The present work 
revealed that reducing sugar content could serve as a good 
criterion of maturity since it had the maximum positive 
dirsot effeot (1.958) on maturity.

The starch content which varied between varieties 
showed a gradual increase throughout the period of matura­
tion in all the varieties studied* The staroh/aoid ratio 
also showed a similar trend* At full maturity the starch 
content vas 7*95 per oent in Bennet Alphonso while in Mundappa, 
Suwamarekha, Olour and Keelua it vas 4*0, 4*09* 7*28 and 
6.90 per oent respectively• This observation supported the 
findings of Popenoe and Long (1957) and Mukherj ee (1959)*
The starch oontent also proved to be quite useful factor in 
Judging the correct stage of maturity since it had appreciable 
direct effeot (1*753) on maturity standard* Earlier 
Popenoe et al. (1953), Mukherjee (1959) and Teaotia et al.
(1967) had suggested that the direct evaluation of starch 
vas -toe best index for predicting maturity.

The T.S.S* content also had appreciable direct effeot 
(0*947) on maturity and therefore it might also serve as a 
criterion for judging maturity* Similar results were reported 
by Askar et al. (1972).
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In all the varieties stud lad, the oar o tana content 
want on increasing. As maturity advanced, the rata of 
lnoraaae was at a higher rata. Diaz (1980) raportad that 
during saturation tha B oarotana oontant inoraaaad and in 
ripa fruits the sane was twice aa oompsned to graan ut»ra 
fruits.

STORAGE STUDIES

In tanas of storaga life, among different method studied, 
storing fruits in polythene bags of 500 gauges with KUnO^ 
was found to be the best. The storage life of fruits in 
500 gauge polythene bags alone was also equally good and 
this was on par with storage of waxed fruits in 500 gauge 
polythene bags* In each method of storage, the shelf life 
varied widely between varieties. Of the above three methods, 
storage in 500 gauge polythene bags was the most effective 
for tha variety Bennet Alphonso while for Heelua maximum 
storage life was observed when fruits were leapt in polythene 
bags of 500 gauges along with KltnÔ . Of the five varieties 
studied, Bennet Alphonso and Heelum proved to have maximum 
keeping quality* Similar storage studies conducted by 
Garg at al. (1971) showed that treatment of mango fruite 
with Waxol-W emulsion as well as pre-packaging in 200 gauge 
polythene bags and storage at room temperature (29-55°C) as 
well as at low temperature (5.5-7.2°C) decreased rate of res­
piration and prolonged shelf life.



In all methods of storage, fruits harvested at B stage 
gave significantly prolonged storage life. Similar results 
were reported by Singh et al. (1952) who suggested that for 
prolonged storage life at 43°F and 68°7 mangoes should be 
harvested at B stage of maturity.

The storage life varied widely between the two tempe­
ratures. At room temperature the storage life was maximum 
for the waxed fruits kept in 500 gauge polythene bags 
followed by storage in polythene bags along with KMnO^.
Compared to storage at room temperature, storage at 6 ♦ 0.5°C 
brought about longer storage life for fruits under all methods. 
At room temperature, the storage life was maximum for the 
waxed fruits kept in 500 gauge polythene bags while at low 
temperature the same was maximum for the fruits kept in 500 
gauge polythene bags.

Similar increase in storage life at low temperature has 
been reported by several workers (Singh et al., 1952|
Mathur et al., 1955I Singh et al., 1967 and Mann and Singh, 
1975). Mathur et al. (1955) found that Seedling mangoes 
could best be stored for 42 days at a storage temperature of 
42-45°f. The prolonged shelf life at lower temperature ie 
evidently due to the low rate of metabolic activities that 
take place within the fruit at lower temperature.

The fruits ripened after waxing with or without polythene



covering maintained maximum weight irrespective of the 
varieties. The extent of change in weight of fruite ripened 
under different methods varied be tween varieties. Olour 
shoved the least decrease followed by Bennet Alphonso and 
Heelua. For all varieties under all methods, the fruits 
harvested and stored at A stage showed considerable decrease 
in weight (0.070) as compared to those harvested and stored 
at B (0.05) and C (0.055) stages. Garg et al. (1971) reported 
that in variety Dashehari skin coating (6# vaxol), pre-packag­
ing (1 kg lots in 200 gauge polythene bags with 0.6# venti­
lation) as well as a combination of both at room temperature 
(29-55°C) reduoed weight loss and spoilage end there was 
better retention of vitamin C and aoidity. The combined 
treatment was more effeotive than either alone. Deol and 
Bhullar (1972) from their study on the effect of wrappers 
and growth regulators on the storage life of mango fruits 
suggested that though weight loss was progressive with all 
treatments it was least with fungicidal wax and polythene 
wrappers. This could be attributed to the low rate of trans­
piration under suoh conditions. Lakahmiaarayana (1975) 
studied the storage behaviour of mango fruits harvested at 
different maturity (days). He oonoluded that the physiolo­
gical loss in weight of ripe fruits was greater until about 
the ninth week of maturity.

The fruits ripened without axy treatment as well as 
those kept in polythene bags (150 gauges) shoved the lowest
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aoid oontant while tha vaxod fruit* kept in polythene bag* 
had tha highest acidity. On ripeningf tha extant of deorease 
in aoidity raried with varieties* Bennet Alphonso shoved the 
highest deorease (0.58) followed by Neelua (0.560), Suvarna- 
rekha (0*53) and Olour (0.510) respeotively. The varietal 
response varied with stages* When the fruits were harvested 
at stage A and then stored, at the end of storage period the 
least deorease in acidity vas observed in fruits of Suwarna- 
rekha followed by Olour and Mundappa and it vas the highest 
in Neelua and Bennet Alphonso* At stages B and C, aaong the 
five varieties, fruits of Bennet Alphonso had the highest 
aoidlty. Regarding the fruits harvested at A and B stages, 
the waxed fruits with as veil as without polythene bags had 
the highest acidity and least in fruits ripened without any 
treatment as velllas tnose ripened in polythene bags (150 
gauges)* At stage C, on ripening, the acidity of waxed fruits 
with and without polythene bags varied significantly* Ihe 
highest acidity vae observed in waxed fruits kept in polythene 
bags while the lowest in fruits stored without any treatment 
as well as those kept in polythene tegs (150 gauges).

Singh et §i* (1937), Singh et al. (1967), Verna and 
Bajpai (1971) and Mann and Singh (1975) reported that during 
ripening the aeldity decreased irrespective of the oultivare 
and methods of storage* Singh 2Jt al. (1967) concluded that, 
of several wrapping materials and/or a coating of fungicidal



wax on the storage life of mangoes held at 54°C, the 
wax ♦ polythene treatment resulted in higher aoidity than 
other treatments. Terms and Bajpai (1971) stored four 
' oultivare' of mango at -20°F and suggested that during 
eaoh stage of ripening the aoid oontant of fruits varied 
with varieties. Bandy opadhyey and Gholap (1975) reported 
that ripening was associated with increase in glyceride 
content and change in fatty aoid composition. He suggested 
that the levels of more saturated acids changed little while 
the linolaic aoid level fell and linoleio and palmitoleio 
aoid levels increased and that the ratio of palmitic to oleic 
acid levels was below unity in ripe fruits while it was above 
unity in raw and half ripe fruits.

Under all stages and varieties, the fruits stored 
without any treatment shoved the highest total sugar content 
followed by the waxed fruits as well as those kept in poly­
thene bags (150 gauges). The waxed fruits kept in polythene 
bags had the lowest total sugar content. Under all methods 
the total sugar content of the ripened fruits varied signi­
ficantly with varieties. On ripening the fruits of Suwama­
rekha kept in polythene bags (500 and 150 gauges), as well 
as the waxed and untreated fruits had the highest total sugar 
content compared to other varieties. On the other hand, when 
the fruits were ripened in polythene bags (250 gauges), 
polythene bag + waxing and waxing alone, the variety Heelua
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increase inshowed the highestAtotal sugar content. In all methods, 
the varieties Bennet Alphonso, Mundappa and Olour proved 
inferior to Heelua and Suwamarekha. At all stages the 
total sugar content varied with varieties and methods of 
storage. At A stage the varietjr Heelua and at stages B and

Lncretts e  inC the variety Suwamarekha gave the highest /total sugar 
content.

Choudhry and Farooqi (1969) reported that irrespective 
of the methods of storage, the total sugars increased until 
the fruit was ripe. Veraa and Bajpai (1971) suggested that 
during storage (-20°F) the reducing, nonreducing and total 
sugar content varied with varieties. He found that in 
Fasail Kalan the reducing sugars decreased gradually in 
storage while the reverse trend was observed in the case of 
nonreduoing sugar content. Iakshainarajrana (1973) reported 
that the total sugars of ripe fruits Increased as maturity 
advanced and maximum sweetness was found in ripe fruits, 
harvested after 16 weeks development. Asia et al. (1975) 
from their study on the effeet of chilling and non-ohilling 
temperatures on the chemical compounds of mango fruits con­
cluded that the total sugar content increased with duration 
of storage, the increase being more pronounced at higher 
temperatures. The changes in the sugar oontent of the fruits 
held at 0°C for various periods were similar in pattern, but 
lees marked than at higher temperatures. The increase in
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total sugar content during ripening might be due to the con­
version of starch accumulated during maturation to reducing 
as well as nonreduoing sugars (Singh et al., 1937).

The waxed fruits irrespective of stage of harvest, 
ripened with as well as without poljrthene oovering had the 
highest ascorbic acid o on tent after storage. The fruits 
stored in poljrthene bags (150 and 250 gauges), poljrthene + 
KMnO^ and those stored without anjr treatment had the least 
and almost equal amount of asoorbio acid on being ripe. The 
asoorbio acid content varied between varieties. The fruits 
of Olour had the highest asoorbio aoid content after storage. 
For the same variety* significant difference in asoorbio acid 
content was observed between different methods of storage. 
Regarding Olour, the fruits stored in poljrthene bags 
(300 gauges) exhibited the highest asoorbio acid content 
while the least in those stored without any treatments. At

d e c v e a .s e . Ln

A and fl stages, the fruits of Olour showed the lowest ̂ascor­
bic aoid content while at C stage Suwaraarekha also had the

d ecrease , in
same amount ofAascorbio acid content after storage.

Mathur (1956) from his study on the effect of fungicidal 
wax on the storage behaviour of fiedami mango fruits suggested 
that treatment with fungieidal wax emulsion increased reten­
tion of asoorbio acid. Garg et a^. (1971) observed that 
treatment of Dashehari mango fruits with waxol-W emulsion, 
pre-packaging (1 kg lots in 200 gauge polythene bags) as well
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ae a combination of both brought about better retention of 
aeoorbio aoid by the ripe fruite ae compared to fruite 
etored without any treatment.

The carotene content inoreaeed on ripening and wae not 
affected by the methods of etorage. Modi et al. (1965) 
reported that oarotene content inoreaeed progressively during 
ripening since the concentration of mevalonic aoid also showed 
the same trend. Mevalonic acid in presence of oofactors ATP 
and Mg^* wae found to stimulate earotenogenia. Mattoo et al.
(1968) reported that during the climacteric rise, the heat 
labile and nondialysable inhibitors of ensymes present in 
unripe fruite disappeared. Dias (1980) found that the con­
centration of p oarotene in ripe fruite showed to be twice 
ae compared to green mature fruits.

The change in carotene content significantly varied with 
varieties. The fruits of Mundappa stored in polythene bags 
(500 gauged, polythene bags + waxing as well as without any 
treatment gave the highest increase in oarotene content. 
Similar changes were also observed in the case of fruits of 
Suwamarekha kept in polythene bagB (150 gauges) as well as 
in the waxed fruits of Olour kept in polythene bags. Com­
paring the efficiency of different methods at A, B and C 
stages, it was found that at A stage the waxed fruits kept 
in polythene bags and at B stage the waxed fruits as well as 
those kept in polythene bags (500 gauges) gave the highest



increase in carotene content. At C stage the fruits ripened 
under all methods had the same extent of increase in carotene 
content.

The method of storage also influenced the T.S.S. content. 
Fruits stored without axy treatment in general gdve the 
highest T.S.S. content, followed by storage in 150 gauge 
polythene bags. Varietal variation was however, noticeable.
For the variety Suvarnarekha, storage after waxing also

i r t c - r e .a . S ’n jt  H jeproved superior InT.S.S. content. For the variety Mundappa 
the fruits stored in polythene bags 150 gauges gave the 
highest T.S.S. content after storage.

Singh et a^. (1967) studied the effects of various 
wrapping materials and/or coating of fungicidal wax on the 
storage life of mangoes kept at 34°C. He eonoluded that the 
wax + polythene treatment resulted in lover T.S.S. than all 
other treatments.

The extent of increase in T.S.S. oontent of fruits 
varied with the three stages. The increase was highest when 
fruits were harvested at B stage.

In terms of storage life, among different methods studied, 
storing fruits in polythene bags 300 gauges with KMnO^ was 
found to be the best. The storage life of fruits in 300 gauges 
polythene bags alone was equally good. Storing fruits in 
polythene bags along with KMnO^ although improved the storage 
life, was not much pronounced.



The methods of storage besides affooting the sheIf 
life also profoundly influenced the qualitative changes 
that took place during storage. The loss in weight was at 
its maximum when the fruits were stored as such without any 
treatment. This loss in weight to a great extent could be 
reduced by different methods of storage. Of the different 
treatments, waxing was found to be the best in reducing 
the loss of weight in storage. This is interesting from 
the point of view of storage loss. Although waxing alone 
was not found to be aqfeffeotive as storage in 500 gauge 
polythene bags in terms of shelf life, superiority of waxing 
in conjunction with storage in polythene bags is demonstrated 
in the studies. In other words waxing alone as well as 
waxing and storage in polythene bags resulted in least 
storage loss.

The stage of maturity had profound influence on storage 
life ae well as on the quality of fruite at ripening. In the 
present study three stages of maturity were fixed for storage 
studies is., stage A, B and C. The three distinct stages were 
based on morphological characters of the fruit. The fruits 
having shoulders in line with the stem end and olive green 
akin oolour were identified with stage A. The stage B was 
indioated by the shoulders outgrowing the stem end and olive 
green skin colour of the fruits. At C stage the shoulders of 
the fruit outgrew the stem end and skin oolour lightened 
towards yellow.



Based on the morphological and visual characteristics 
it vas presumed that frulte attained maturity from A stage* 
The results have shown that maximum storage life and best 
ripening quality was attained when fruits were harvested 
at B stage. The stage A even if arbitrarily considered as 
mature, oannot be reckoned as best stage for harvest, since 
the loss in quality after ripening vas maximum. The total 
sugar and T.S.S. contents after ripening was always less 
in fruits harvested at A stage compared to B stage. When 
the fruits were harvested later at stage C the storage life 
as well as the extent of increase in total sugar and T.S.S. 
contents vas less as compared to the fruits at B stage. This 
showed that between the three stages harvesting at the stage 
B was definitely superior as far as quality in terms of total 
sugar and T.S.S. content vas considered. So also a later 
harvest resulted in frulte being acidic at the tine ef ripen.* 
lag. So the stage B can be fixed as the beat for harvest of 
mango under conditions ef Kerala.

The present studies enabled to fix the following 
maturity standards for the five varieties studied. The 
fruits oould be considered ae mature when it attained 8.75 cm 
length, 148.86 g weight, 5.12 per oent reducing sugar content,
7.9 per oent starch content and 10.4 per oent T.S.S. with 
speoifio gravity 1.0 for the variety Bennet Alphonso. For 
the variety Mundappa the above phyeico-oheaieal characters 
art 9*59 cm length, 306.56 g weight, 2.9 per oent reducing
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•agar oontant, 3.95 par eant a tar oh oontant and 6.2 par oant 
T.S.S, with apeoifle gravity 1*0. Savamarakha, Olour and 
Heelua oould ba oonaidarad mature when the length of fruite 
vaa 11.4 ca, 9.0 oa and 9*16 cm respectively while tha weight 
wae 308,26 g, 218.81 g and 210.3 g. For theee variatiaa tha 
apaoifio gravity at this ataga waa in tha range of 0.93*0.99. 
Tha reducing augar oontant at optiaua aaturity vaa 1.92,
3.63 and 1,63 p w  oant respectively in Suwamarekha, Olour 
and Heelua. The ataroh and T.S.S. oontenta in the fruite 
ware 4.08 and 3*9 par oant for Suwamarekha, 7.23 and 7.3 
par oant for Olour and 3*98 and 6.1 par oant for Heelua.

Tarja tal m llty.
Ae diaouaaad earlier, fruita atored in 300 gauge poly­

thene haga had hatter storage life. Among the varieties 
Bennet Alphoneo and Heelua had hatter storage life followed 
by Mundappa and Olour. Suwamarekha had the least storage 
life. The third beat in keeping quality wae Mundappa. The 
loss of weight in storage vaa minimum for Olour followed by 
Bannat Alphoneo and Heelua. Tha fruita of Heelua and 
Suwamarekha ware least aoidio on ripening. In total sugar 
oontant, the variety Mundappa eaae first followed by Heelua 
while tha eaae waa least in variety Olour. Tha retention 
of aeoorbio aoid oontant in a tor age vaa highest in Mundappa 
followed by Heelua. Bonnet Alphonso had aaxiaua oarotene 
oontant followed by Mundappa. The T.S.S. oontant wae highest
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in fruits of Neelua followed by Mundappa, Bennet Alphonso 
and Suwarnarekha respectively. So in terms of storage life 
as well as quality of fruits Neelua oaae best under Kerala 
conditions. In storage life Bennet Alphonso was on par with 
Neelua, but in quality Mundappa was the seoond best.

CANNING QUALITT

The change in T.S.S., reducing sugar, total sugar, 
aoidlty and asoorbio aoid oontent of the syrup between the 
first and last opening, during the period of seven aonths 
was least in Neelua whioh very well shows the stability of 
the variety for storage after panning.

At final saapling the T.S.S. per oent of the syrup 
was aaxiaua in Neelua followed by Bennet Alphonso, Mundappa, 
Suwaraarekha and Olour respectively. The nonreduoing sugar 
content after 14 aonths storage was aaxiaua in Mundappa and 
least in Bennet Alphonso. At last saapling the total sugar 
content was aaxiaua in Neelua and least in Olour. The aci­
dity of the syrup increased during storage period of the 
canned product. At last saapling, exoept Bennet Alphonso 
all other varieties reoordsd aore or less the same acidity. 
The asoorbio aoid content, both at first opening (7 aonths 
after canning) and towards the end of storage of toe product 
was high in Olour, followed by Neelua, Mundappa and Suwarna- 
rekha respectively. Bennet Alphonso recorded the least 
asoorbio aoid content initially as well as during the end 
of the storage of toe product.



At final sampling tha T.S.S., reducing sugar and 
total sugar oontant of tha slleea vaa aaxiaua in Naelua. 
Aoidity was also least in Heelua after the period of storage. 
Only in oase of other oheaioal constituents, other varieties 
expelled Heelua. In taste alao Heelua ranked first et last 
sampling. The results of tha experiment clearly shoved that 
Heelua vaa the beet suited for canning.

Tha next beet variety suitable for panning vaa found to 
bo Mundappa which recorded 33*2 per oent T.S.S., 33.39 
per oent total sugars, 0.39 P*r oent aoidity and 3.4 per eent 
ascorbic aoid contents of the flesh at final sampling. Tha 
least suitable variety for panning vaa found to bo Bennet 
Alphonso which recorded the least score and contained higher 
aoidity and lowest asoorbio aoid content.



SUMMARY
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S U M M A B Y

The main obj eotives of the present oorioo of studios 
were to standardise the stage of harrest as well as to 
identify the best methods of storage of mango fruits. 
Suitability of the Tar ie ties for panning also formed a 
part of the study. She salient results obtained from the 
studies are summarised below.

The studies on maturity of mango fruits have shown 
that the growth of fruits by way of increased length, girth, 
weight and volume vae maximum (2/3) during the first four 
weeks of maturation. The length ae well as weight of fruits 
proved to be reliable maturity standards. In all varieties 
exoept in Mundappa specific gravity also could be considered 
as a dependable standard.

Throughout the period of maturation the acidity showed 
a deolining trend while the starch content gradually increased. 
Since reducing sugar and starch contents of maturing fruits 
had maximum positive direct effects on maturity those para­
meters oould also serve ae reliable criteria of maturity.

Considerable increase in carotene content was observed 
throughout the period of maturation in ell the varietiee.
The moisture content showed a gradual deorease from A stage 
to full maturity while drymatter content exhibited Just a 
reverse trend. Towards maturity the asoorbio aoid content
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showed gradual decline. At full maturity Olour had aaxiaua 
asoorbio aoid oontant.

The maturity atandarda for the fire varieties of aango 
fruita studied were fixed In terms of nuaber of days froa 
fruitset, length, weight, apeolflo gravity, reducing sugar, 
Staroh and T.S.S. oontant of the fruita.

In terae of storage life, among different methods 
studied, storing fruite in polythene bags with KMnO^ wae 
found to he the heat. The storage life of fruite In 300 
gauge polythene bags alone, vaa also equally good, Ae the 
thiokness of the polythene decreased it had a pronounced 
effeot on the sheIf life.

Waxing the fruita and storing without any treatment 
vae not found to he aa effeotive as storing the fruita in 
polythene bags 230 and 300 gauges. However, when the fruita 
were waxed and than stored in 300 gauge polythene bags, the 
storage life vaa on par with storage in 300 gauge polythene 
hags.

Besides affeetlng the shelf life, the methods of storage, 
also profoundly influenced the qualitative changes that took 
place during storage. The loss in weight was at its maximum 
when the fruits were stored as such without any treatment.
Of the different treatments, waxing was found to be the best 
in reducing the loss of weight in storage.



Maximum reduction in acidity vae found to be in fruits 
atored without axy treatment ae well ae those stored in 
150 gauge polythene bags. The total sugar content was also 
high in untreated frulte. Here again storage ajthr <*>oncî

did not affect the quality to any appreciable extent. 
When waxing alone wee adopted or when the fruits were stored 
in 150 gauge polythene bags, the total sugar content of 
fruits was significantly superior to all other methods of 
treatments. But when waxing vae adopted in combination with 
polythene 300 gauges the increase in total sugar oontant vae 
least compared to all other methods of treatments.

Compared to all methods of storage waxing was moat 
effective in retention of asoorbio aoid during storage. More 
the thickness of polythene bags, the more vae the retention 
of asoorbio aoid content. The carotene content waa not found 
to be affected lay different methods of storage. Carotene 
content increased towards ripening, the extent of inorease 
being similar under all methods.

As in ease of acidity and total sugars T.S.S. vas also 
high in untreated fruits. The quality was slightly reduoed 
when the fruits were stored in polythene bags. The higher 
the thickness of polythene, the less vae the change in T.S.S. 
content.

Dae stage of Maturity had profound influence on storage 
life as well as on the quality of fruits at ripening. Between



tha three different stagea of maturity, aaxiaua storage 
life vae exhibited by fruits oolleoted froa B stage. In 
terae of quality alee this stage of harrest was found to be 
the best.

Aaong the v&rietiee, Basnet Alphonso and Heelua had 
better storage life followed by Mundappa and Olour. Suvarna 
rekha had the least storage life. The loss of weight in 
storage was aaxiaua for Olour followed by Bennet Alphonso 
and Heelua. The fruits of Heelua and Suwamarekha were 
least aoidio on ripening. In total sugar contents, the 
variety Mundappa oaae first followed by Heelua, while the 
saae was least in variety Olour. The retention of asoorbio 
aoid content in the storage was highest in Mundappa followed 
by in Heelua. Bennet Alphonso had aaxiaua oarotene content 
followed by Mundappa. The T.S.S. content was the highest in 
fruits of Heelua followed by Mundappa, Bennet Alphonso and 
Suwamarekha reepeotirely. In terms of storage life as well 
as quality of fruite Heelua vae found to be the beet.
Bennet Alphonso vae on par with Heelua in terras of shelf 
life, but in quality Mundappa waa the second best.

The beet variety suitable for canning vae found to be 
Heelua followed by Mundappa, Bennet Alphonso being the least 
euitable. Heelua exhibited stability of quality in terms 
of T.S.S., reducing sugar, total sugar, aoidity and asoorbio 
aoid oontant of the syrup, during the period of seven aonths 
between the first and last sampling.
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APPBHDIX X

Weather data for the period froa December 1979 to April 1980

Month
Temperature °C Relative humidity Total Humber 

(par oant) rainfall of rainy
C**) days

December 1979 32.2 19.4 95 45 Hil Hil
January 1980 33.5 20.5 80 42 Nil Hil
February 1980 36.0 22.0 90 30 0.5 1
March 1960 35.0 24.0 95 45 0.1 1
April 1980 55.0 25.0 90 55 18.0 6



APPENDIX II
Analysis of variance for the effoot of different storage methods on shelf 
life and quality of the ripe fruits

aean sun of squares
source ax

Shelf
life

Weight Aoidity Total
sugar

Asoorbio
aoid

Carotene T.S.S.

Teaperature 1 ••776.80 *«0.52 ••0.42 ••5.54 ••10.49 184.45* **5.06
Yariety 8 **5.21 *•0.05 »#0.42 16.85** ••0.72 _ •* 475.67 ••11.52
Method of storage 12 •*9.28 ••0.04 1.11** 0.51** 0.57 18.09 #*0.61
Stage of harvest 4 2.47 ••0.02 ••0.95 ••4.95 0.01 1114.22** ^ •* 5.15
Yariety x Method 48 0.40** 0.029**

*#0.06 «•0.08 „ **0.15 25.81 ••0.08
Yariety x Stage 16 0.18** 0.0019** **0.44 **0.79 ~  -  **0.15 245.26** ••0.47
Method x Stage 24 ••0.25 ••0.0011 *•0.12 ••0.05

$

0.04 50.57 ••0.57
Yariety x Method 
Stage

X
96 ••0.11 0.0007 *#0.09 **0.05 0.04* 2.60 **0.11

Error 840 0.05 0.001 0.009 0.005 0.05 28.75 0.01

* Significant at 5 per oent level
** Significant at 1 per cent level
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A B S T R A C T

The present investigations were carried out in the 
College of Horticulture, during the year 1979-80. The 
objectives were to study (i) the growth and maturity of 
mango fruite in order to standardise the harvest indices 
in five varieties vis., Bennet Alphonso, Mundappa, Suwama­
rekha, Olour and Neelua (ii) the effect of different storage 
methods on the shelf life of fruits harvested at three 
different stages (A, B and C) and (iii) the suitability of 
the varieties for canning.

Studies on physico-chemical characters of the fruits 
throughout the period of maturation were conducted with 
the view to fix optimum time for harvest. This study brought 
out that the length, weight, speoiflo gravity (exoept for 
Mundappa) reducing sugar, starch and T.S.S. contents could 
be taken as dependable maturity standard. Based on these 
parameters the maturity standards have been fixed for the 
five varieties studied.

The growth of fruits by way of increased length, girth, 
weight and volume was maximum during the first four weeks 
of maturation.

Proa A stage to full maturity the aoidity showed a 
deollning trend while starch oontant increased. The change 
in reducing sugar oontant was erratio throughout the period



of maturation. Toward® foil maturity tha moisture and 
asoorbio aoid oontenta ahowed gradual decline whereae an 
increasing trend was observed in oase of drjraatter content. 
Ae maturity advanced, the rate of inorease in carotene 
content also increased.

To prolong the shelf life, the most effective method 
was to store fruits in polythene bags of 300 gauge thioknsse 
along with KMnO^ which gave a mean storage life of 25.5 days. 
Storage in 300 gauge polythene bags alone was also equally 
good. The more the thickness of polythene, the longer was 
the shelf life.

Waxing of fruits wae not as effective ae storing fruits 
in 300 and 250 gauges polythene tegs, in terms of shelf life, 
hut the extent of reduotion in weight at the end of storage 
life was least in this method. Waxing was also effective 
in retention of acidity as well ae asoorbio aoid oontant 
during storage. In this method the total sugar content of 
the ripe fruits was not appreciably affected compared to 
other methods except control. The waxed fruits on ripening 
had the same extent of inorease in carotene content as those 
under the other methods. Waxed fruits at the end of storage 
period had significant increase in T.S.S. content me oompared 
to storage In polythene bags 250 and 300 gauges ae well ee 
in polythene togs 300 gauges along with waxing or KlfnÔ .



Storage of fruite in polythene Page of 500 gauge 
thickness, at the end of storage period, resulted in 
reduetion of aoidity and T.S.S. oontant compared to waxing. 
Compared to the untreated fruits, there was more retention 
of asoorbio aoid oontant in this method.

In terms of storage life as veil as quality of fruits 
at ripening, the best stage for harvest was found to be b 

stage.

Among the five varieties studied Bennet Alphonso and 
Heelum had better storage life followed by Mundappa, 
Suwamarekha and Olour respectively* The quality of ripe 
fruits varied with varieties. In terms of storage life as 
well as quality of fruits Heelua oame best. In shelf life 
though Bennet Alphonso oame seoond, in quality of ripe 
fruits Mundappa was the second best.

Heelua was found to be the most suitable variety for 
panning followed by Mundappa. Bennet Alphonso was the 
least suitable.


