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ABSTRACT
STUDIES ON EXTENDING THE SHELF LIFE OF SAPOTA
(ManilkXara achras (Mill.) Fosberg)
By
NIKAM SURYAKANT KISAN
Post Graduate Institute,

Mahatma Phule Krishi Vidyapeeth,

Rahuri 413 722

1954
Research Guide : Dr. D.P. Waskar
Department : Horticulture
The present investigation entitled, "Studies on

extending the shelf life of sapota (Manilkara achras (Mill.)

Fogberg)" with six packaging treatments and two storage
conditions was conducted in two sets of experiments with three

replications in Factorial Completely Randomised Design.

The packed sapota fruits c¢v. Kalipatti were stored
at room temperature (31.67-36.85°C ; 22.57-34.97 % R.H.} and
in low cost, low energy input cool chamber (20.24 to 21.57°C
91-95% R.H.) in March 1994. There was an increase followed by
gsubsequent decrease in TSS, reducing sugar and total sugar
content with corresponding decrease in acidity upon prolonged
storage undcr both the storge conditions irrespective of

packaging treatments. Total weight loss, rotting, fruit
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softening and fruit skin shrinkage increased with the
subsequent increase in storage in all the packaging treatments
and under both storage conditions. Fruits stored in cool
chamber followed the same trend of physico—-chemical changes

but at a slower rate.

The shelf life of unpacked sapota fruit was found
to be hardly 5 days at room temperature, however, the fruit
could be stored upteo 9 days when it was packed in polvyethylene
bag (100 guage and 1.2 % vents) . The shelf life of sgsapota
fruit when packed in polyethylene bag (100 guage and 1.2%
vents) + CFB box and in polyethylene bag (100 guage and 1.2%
vents } was extended upto 13 and 15 days, respectively in cool
chamber . Moreover, cool chamber has the added advantage of

easy construction and low cost.
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. INTRODUCTION

Sapota (Mapilkara achras (Mill.) Fosberg) is a

deliciocus fruit and valued for its mellow and sweet pulp. The
fruit tree is introduced from tropical America. In India
total area and production of sapota fruit crop are estimated
about 27,248 hectares and 3.96 1lakh tonnes, respectively
{Anonymous, 1992). In India, the states growing the sapota on
a commercial scale are Maharashtra, Gujrat, Andhra Pradesh,
Karnataka, Tamil Nadu, Kerala, Uttar Pradesh, West Bengal,
Punjab and Haryana (Cheema et al., 1954; Purseglove, 1868}.
It is not known when it was first introduced into India (Singh
et al., 1963), but the sapota cultivation was taken up for the

first time in Maharashtra in 1898 in a village named Gholwad

1., 1954).

p—-XN

in Thane district (Cheema gt

The area amd production of sapota in Maharashtra
are 3824 hectares and 24,476 tonnes, respectively with
productivity cf 6.92 tonnes/ha (Anonymous, 1992). In
Maharashtra, traditiconally it is grown mainly in coastal area
of Thane, Raigarh, Ratnagiri and Sindhudurg districts.
Presently, the Government of Maharashtra has launched an
ambitious thrust programme on plantation of wvarious fruit
crops .since 1990 under Employment Guarantee Scheme (EGS)
grants, hence it is expected that both area and production of

sapota will increase by many folds in near future.



The sapota fruit is a good source of sugars which
ranges from 12 to 18 per cent and has appreciable amounts of
protein, fat, fibre, calcium, phosphorus and iron. The usual
practice is to eat only the pulp. The fruit skin can also Dbe
eaten since it is richer than the pulp in nutritive wvalue
{Gopalan t al., 1971). The pulp is wutilized in the

preparation of sherbats and halwas (Singh et al., 1963). It
is said to be an excellent preventive againsi biliousness and
febrile attacks. The decoction is given in diarrhoea and in
paludism (Kirthikar and Basu, 1973). The mature fruits of

gapota are used for making mixed jams and they provide
valuable sources of raw material for the manufacture of

industrial glucose, pectin and natural fruit jellies. They

are also canned as slices.

The research efforts have helped to increase the
production of s%gpta but the purpose of obtaining maximum
profit will not Dbe served unless increased production is
supplemented with similar efforts to minimise their
postharvest losses. This fruit is highly perishable and rated
pecor for processability therefore mainly used for table
purpose only. The storage life of sapota fruit is short at
ambient temperature conditions. It is also sensitive to cold

storage (Lakshminarayana, 1980}. Hence, fruits reqguire

immediate marketing soon after harvest. Under these



circumstances, handling and marketing become important to
sustain 1ts increasing area and productivity for providing

remunerative price to farmers.

The postharvest losses in fruits like sapota are
high in tropical country like India, which ranges between 25-
30 per cent {(Salunkhe and Desai, 1884). These losses occur
due to lack of proper storage facilities, improper handling
during long distance transport, rapid ripening and microbial

spoilage. Extension of shelf-1life can be possible by checking

the rate of resgpiration, transpiration and microbial
infection. However, there is paucity of information on use
of variocus packaging materials, simple, cheap storage

structure for storage of sapota to maintain the quality during

storage.

In view of facts mentioned above, -the present

investigation was undertaken with following objectives.

i) To study the effect of various postharvest
treatments on physico-chemical characteristics of
sapota under different storadge conditions.

ii) To study the effect of various postharvest
treatments on shelf-1life and gquality of sapota

fruit under different storage conditions.
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=Z=. REVIEW OF LITERATURE

Fruits are alive, even when detached from trees.
Like all 1living organisms they carry out wvarious physiclogical
activities such as respiration, ripening and transpiration.
They are constantly subjected to spoilage caused by senescence
and microbial decay. Fleshy fruits are more complex in their
senescence., All the changes that occur do not represent
deterioration. In a real sense, fruit ripening may be

regarded as a special case of organ senscence (Moore, 1980).

Sapota is a climacteric fruit and in such fruit it
iz a well known fact that it contains high moisture and is
inherently more liable to deteriorate under tropical
conditions such as ours. The rapid postharvest changes are
observed 1in sapota before it reaches the edible ripe stage.
Several methods have been reported for extending the shelf-
life of sapota. Use of various packaging materials, storage
at low temperatures, pre-—treatment with fungicides, other
chemicals and skin coating with waxes, etc. are some of the
methods adopted for extending the shelf-life of sapota and
other fruit crops. A brief review of literature pertaining to

some of these aspects is presented hereunder.

2.1 Effect of packaging material
2.1.1 Polyethylene packaging
The water loss resulting from transpiration and

respiration causes not only shrinkage, drying and softening of



the fruit, but triggers the change from juvenile hormonal
balance to an optimum edible stage and then to senescent one,
leading to accelerated deterioration of the fruit (Ben-

Yehoushua, 1985).

A produce package is a dynamic syslem 11 wlhiach
respiration and permeation occur simultaneousl?. There is
uptake of O, by the produce and evoluation of CO,, C Hy and
H,0 and other volatiles. At the same time, specific
restricted permeation of these gases occur through the {i1lm

used for packaging (Hening, 1975).

é&ﬁzlt has heen found that polyethylene package retards
respiration and transpiration and helps to increase shelf-life
and retention of gquality of fruits (Salunkhe and Norton, 1960

-~

and Salunkhe et al., 1962). Gorini (1985) specifically
o E—

emphasized and advocated the packaging of fruits and

vegetables in polyethylene film of known permeability to

modify the internal atmosphere so as to extend the shelf-life

and prevent decay.

6?\/Kumbhar and Desai (1986) reported shelf-life of 11
days in sapota with fruit dip treatment for three minutes in a
solution of 75 ppm GA and packed in polyethylene Dbags (100
guage and 1.2 % vents). Weight loss under this treatment was

minimum (13.89 %) compared with the control (90.00 %). _Banik



et al. {(1988) found that sapota fruit kept in polyethylene bag

with permangnate silica gel at 10-12°C, could be stored well

upto 18 days with minimum spoilage.

Kariyanna et al. (1993) reported in sapota cv.
Kalipatti that packaging fruit in polyethylene bag (150 guage
and 1 % vents) reduced the physioclogical loss in weight {(PLW)
significantly, but the spoilage due to fungal rot was maximum.
However, this could be overcome by treating the fruit with
Bavistin (500 ppm ) before packaging. Fruit packed in
polyethylene bag possessed better sensory appeal when compared

toc other treatments.

Jain et al. (1979) observed minimum weight loss in
ber fruits cv. Umran stored in perforated polyethylene bag
(400 guage and 0.4 % wvents). Fruits had acceptible condition
even after 8 days of storage. ,QEEEEEE et al. (1980) found
that it was possible to extend the storage life upto 10 days
in Unmran and 12 days in Sanaur~2 at room temperature when the
fruits were treated with wax and stored in ventilated
polyethylene bags (100 guage and 2.5 to 3 o©om square area

punched) .

Jain et al. (198l1) also reported a lower weight
loss and a better physical appearance in ber fruit c¢v. Umran
stored for three weeks in perforated polyethylene bag (400

guage and 0.4 % vents). Banik et al. (1988) found minimum



loss in weight in ber fruit cv. Gola stored in perforated
polvyethylene bag (150 guage}.
(9 Baviskar (1993) reported in ber cv. Umran that the
I
fruit could be stored upto 11 days when it was treated with
waxcl (6 %) and packed in polyethylene bags and organcleptic

rating of fruit in terms of colour, flavour and texture was

maximum in this treatment.

v Sadagivam t al. (1973) found minimum weight loss
in orange fruit packed in polyethylene bag (100 guage and 0.2
% vents). Fungal infection was not observed 1in 100 guage
polypack where fruit remained healthy. Organoleptic
evaluation, c¢ost and consumer appeal were best with 100 guage

polypack with 0.2 % vents.

7 Choudhari and Kumbhare (1979) observed highest
loss, 1in sweet orange, in control followed by pack of 300
guage film and nil in film of 100, 150 and 200 guage with 0.3

and 0.4 % ventilations.

Khedkar et al. (1982} observed that guava fruit cv.
1.-49 when packed in 300 guage polypack had less weight loss,
more percentage of pulp and vitamin-C, no adverse change in -
fruit and had a high organcleptic score. Dhoot et al. (198B4)
reported that fruit of guava cv. Sardar treated with NAA at
150 ppm and packed in polyethylene bag had the best shelf-

life.



Jadhav et al. (1992) found among seven treatments,
400 ppm 2.,4-D + 0.5 % Topsin + 100 guage polyethylene
packaging with 2 % wventilation was coniparatively more
effective in enhancing the storage life of custard apple fruit
at ambient temperature for five days without affecting fruit
quality. Reddy and Nagraju (1993) recorded maximum shelf-life
in custard apple when fruit treated with 200 ppm GA and Topsin
0.5 % and packed in polyethylene bag (100 guage and 2 %

vents) .

C§\Bpullar et al. (1984) in mango, observed the bhest
4 was
fruit appearance at the end of storage when fruit4 packed in

perforated polyethylene bag or coated with 6 % wax emulsion.

Pota et al. (1987) reported storage life of
pomegranate uptoc twelve weeks in polyethylene bag (0.02 mm) at

10%with slight changes in quality.

2.1.2 Corrugated fibre board packaging (CFB)

Corrugated fibre board carton is made of kraft
paper manufactured from wood, bamboo and other biomass and
cellulosic waste like paddy straw, wheat straw, sugarcane
bagasse etc. Compared with the wooden box, this package is
lighter by 70-80 %, more convenient to handle and cheaper to

transport.



Joshi and Roy (19B6) also reported CFB box as an

5
effective alternative for transport and storage of mango cv.
Alphonso. They found lower spoilage and shrivelling in case

of fruit stored in CFB box with three partitions.

Ladania and Dhillon (1987) found, in Beauty
Beedless grape, CFB carton lined with perforated polyethylene
and equipped with quarter-size dual release 80, generators
gave excellent storage life. Fruit quality and eating quality

were fairly good.

s

C?jhnand and Maini (1982) reported that CFB cartons
were saéisfactory during transhipment and storage in
conventional cool store. The apple fruit in these CFB cartons
suffered only 3 to 5 per cent bruising damage as compared to
30 to 35 per cent encountered in conventional wooden Dboxes,
Lal Kaushal and Anand (1986) in their studies on grading and
packaging of apple observed that the guality of fruit remained
good when packed in CFB box. This box is lighter in weight,
recyclable, piilferproof in nature, easy to stack, handie and

pallatise not only for logal but also export market.

_— ==

/,Gupta t al. (1981) studied the effect of various
packagings on the storage behaviour o¢f Kaithali and Umran ber
and reported that hard-board corrugated carton of 8 to 9 Kg
(40 x Z2b = .20 cm ) size with six holes of one centimeter

diameter on two sides and paper cuttings as cushion retained



good fruit quality for 9 to 12 days. ~Singh (1987) reported
in transportation study by railway and bus, using different
package systems that ber fruit cv. Gola packed in CFB cartoh
was found good in terms of organoleptic acceptance. . BDaviskar
(1993) recommended the storage of ber cv. Umran ffuit in cool
chamber and cool store by giving wax treatment coupled with
polyethylene and CFB packaging where shelf-life was extended

upto 15 and 28 days, respectively.

Ladania and Nagvi (1993} reported that CFB box of
standard size for packading of Nagpur mandarin as preferred
by importers. The box should have 4-5 % ventilation holes on
lateral sides for better pre-cooling and aeration during
storage. In the domestic market the traditional wooden box

should be replaced with CFB box.

h/ﬁgggxﬂ et al. (1983) found packing guava fruit cv.
Allahabad Safeda in corrugated paper box better than bomboo
basket as it showed less mechanical injury,. higher

organcleptic rating and less decay.

2.1.3 Wooden boxes
Patil et al. (1988) reported in sapota, the fruit
packaging immediately after harvest in bamboco basket. It is

advantageocus t¢ use standard wooden box for packing and

transport over long distance by rail road.

10



t al. (1976) packed guava fruit in wooden

——

Singh
box while studying the effect of different packing materials,
containers and transportation on guava fruit, The best
results were obtained with fruits in perforated polyethylene

bag and in wooden box.

Pilania and Chauhan (19%3) packed grapes in wooden
box (30 x 30 x 13 cm ), cardboard box (37 x 25 x 10 cm 3} and
bamboo basket of 30 cm height with 40 cm diameter. Among the
packing materials used, maximum loss in weight of fruit was
recorded in bamboo basket with minimum in cardboard box. The
organcleptic rating was more in grapes packed in wooden box

than in cardbcard and bamboo basket.

Maini et al. (1982) found significantly less
bruising in tray-packed (wooden) apple. Shrivelling due tao
water loss was, however, greater in the trays when apple was
stored for five months and a fall in quality (TSS) was noted

after three months.

Chauvan et al. (1987} packed mangoe fruit cov.
Dashehari in wooden box with paper 1lining as cushioning
material to found effect of some chemicals and cocling on
shelf-1ife. Fruit was stored at room temperature and half of
the fruits in each treatment were packed in wooden bhox 1lined

with KMnO, soaked paper.

11



Patil et al. (1988) reported that citrus fruits are
usually packed in wooden box for transport to distant markets.
Excessive moisture loss during shipment can be reduced by
placing the fruit in individual cells. Ventijilation holes

must be provided at the bottom and top of the containers and

not at the sides.

2.2 Effect of storage environment

Fruit continues to respire even after the harvest.
The respiration of the fruit and vegetable involves many
enzymatic reactions. The rate of these reactions within the
physiological temperature range increases exponentially with
increase in temperature and may be described mathematically by
use of temperature quotient (Qp). Van't Hoff, the Dutch
chemist, showed that the rate of a chemical reaction
approximately doubles for eac% 10°C rise in temperature (Wills

et al.. 1981).

Salunkhe and Wu (1976) reported that all the fruits
continue to lose vapour after they are harvested. This water
ioss is rapid at low relative humidity. Humidity is dependent
on temperature and water has a greater tendency te¢ evaporate
as temperature rises. Thus if the fruit is at 10°C, the water
it contains has a greater tendency to evaporate than if it

were at 4.5°C.

12



2.2.1 Storage of fruits at room temperature (RT)

13

Flores and Rivas (1975) reported that sapota fruit

is - highly perishable if stored at room temperature and could
for _

not be kept,eight dayzﬁégﬁggggggfqumnesalJ (1986) observed

increased sghelf-life of sapota furit at room temperature for

upto eleven days when fruit was treated with 75 ppm GA and

packed in polyethylene bag (100 guage and 1.2 % vents).

igéb and Chundawat (1988) reported that under’

ordinary ‘conditions sapota fruit keeps well for 5-7 days.
They found rapid ethylene production, respiration and
catalase activity in sapota cv. Kalipatti at ambient
temperature of 29-31°C. Gggyam‘and Chundawat (1990) Treported
in sapota co¢v. Kalipatti the shelf-life of fruit could be
extended by 2.5 days at room temperature when fruit was dipped
in GA at 300 ppm, over the non-treated control fruit which

ripened in 5.2 days.

Bal et al. (1578) reported that ber fruit cv. Umran
remained satisfactorily upto nine days at room temperature.
Jawanda et al. (1980) reported that the storage life of bér
cv. Umran and Sanaur-2Z2 could be extended upto 10 days and 12
days at room temperature respectively when the fruits were
treated with wax and stored in perforated polé%hylene bags.

Bal (1982) found ripe fruit of ber cv. Sanaur-2 edible for

upto 7 days when stored at room temperature and fruit colour
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changed to greyish purple. Baviskar (1992) reported the shelf-
life of untreated ber cv. Umran fruit hardly 6 days at room
temperature, howerver, the fruit could be stored upto 11 days
when it was treated with waxol (6 %) and packed in perforated

-

polyethylene bag.

Garg et al. (1971) observed that pre-packed mango
fruit c¢v. Dashehari and treated with wax-emulsion stored at
room temperature and low temperature showed negligible loss in
weight and percentage spoilage. Bhullar et al. (1984) stored
fully mature Dbut unripe fruit of mango Cvs. Langra and
Dashehari at room temperature for uptc 12 days. The least
physiclogical weight loss and rotting and the best fruit

appearance at the end of storage at room temperature in

perforated polyethylene bag was observed.

Gupté et al. (1879} studied the storage behaviour
of four cultivars of guava and revealed that the fruit of
Apple Colour remained in consumers acceptable condition wupto
six days at room temperature. The decrease in TS8S and acidity
was lowest.hggsdkar et al. (1982) observed the extension in

postharvest 1ife of guava fruit cv. L-49 stored at room

temperature when packed in 300 guage polyethylene bag.

Jadhav et al. (1992) observed that custard apple

fruit when chemically treated and packed in polyethylene bag

(100 guage and 2 % vents) and stored at room temperature



remained good for five days over control without affecting

fruit quality.

2.2.2 Storage of fruits in cool chamber (CC)

The ancient Egyptian wused a primitive form of
evaporative cocling dating back to 2500 B.C. and so did
Moghals for better living during hot summer. Water during
the process of evaporation takes the heat from its surrounding
te effect cooling. EBEvaporative cooling congists of a wet
porous bed through which air is drawn, cooled and humified by

evaporation of water (Roy and Khurdia, 1986).

Roy (1982) repecrted that cool chamber could reduce
the temperature by 17 to 18°¢ during the peak summer months
and maintain a very high humidity about 95 per cent throughout
the vyear even when the atmospheric relative humidity falls
‘below 20 per cent. These chambers are ideal for the storage

of fresh fruits.

E;déy and Nagaraju (1993) reported increased shelf-
L

life of sapota fruit c¢v. Kalipatti when stored in evaporative
cool chamber. The cool chamber storage significantly reduced
physiological loss in weight and shrivelling. Higher
firmness due to delay in ripening and a delay in increase of
TSS, reducing the total sugars. decrease in acidity and less
rotting of fruit was observed leading to recovery of higher

per cent of marketable fruits.

15



.CHattopadhyay et al. (1994) reported storage life
of 29 and 20 days of sapota fruits treated with GA4 (100 ppm)
and Bavistin (500 ppm). respectively when fruits stored in

cool chamber.

Joshi et al. (1993) also reported that cool chamber

——

was found to increase the shelf-life of vegetables like

brinjal, c¢hilli, bell pepper, corriander leaves, amaranthus,
cluster bean, spinach, carrot., cabbage, drumsticks and fruits
like mango (Cvs Alphonso, Pairi, Kesar, Ratna), sapota,

banana, seedless lemon, kokum (raw and ripe) and karonda.

Gupta (1985) observed that Gola, Kaithali and Umran
ber fruits could be stored for 18,14 and 15 days. respectively
under evaporative cool storage conditions. Singh (1987)
reported the use of zero energy cool chamber for increasing
the storage 1life of ber fruit cv. Gola. The fruit kept in
Zzero energy cool chamber proved better in quality as well as
in biochemical and physioclogical factors as compared to fruit
kept at room temperaturg. Baviskar (1993) in her studies
reported the sheif-life of ber fruit cv. Umran upto 15 days in
cool chamber when treated with waxol coupled with polyethylene

and CFB packaging. Moreover, cool chamber had the added

advantage of easy construction, low cost and simple handling.

Aror and Narsimhan (1988) reported that the coorg

mandarin could be stored for 20 days under evaporative cool

16



storage conditions when treated with 6% fungicidal wax as
against a storage life of 5 days for untreated fruit stored at
room temperature; The evaporative cooling stcocrage gave six
times longer storage life for apples and four fimes longer

storage life for mandarins than ambient conditions.

@gékar (1989) from his studies on storage and
ripening of banana, observed that banana fruit cv. Basrai
could be stored in cool chamber upto 20.5 days as against 14

days at room temperature.

2.3 Changes in physico-chemical composition
2.3.1 Total soluble solids (TS8)

Singh and Mathur (1954) reported increase in the
percentage of TS5 in sapota at all temperature ranges.
Sundararajan and Rao (1967) reported that T53 content of
sapota ragnes from 18 to 25 %. They suggested to use T35

values as an indication of maturity.

Ingle g; al. (1981) while studying ripening process
in sapota fruit with different media for ripening observed
decrease in total soluble solids in all treatment. Ingle et
al. (1982) also reported decrease in total soluble solids
during ripening process in all treatments in sapota. The
decrease in TSS in case of iruil ripencd in paddy straw and
ethrel was comparatively rapid than the fruits treated with

2,4-D and wax emulsion.

17



Kumbhar and Desai {(1986) reported a rise in total
soluble solids (T55) in open sapota fruit at room temperature
upto 6th day and decrease thereafter. In polyethylene packed
fruit TS5 increased upto 9 days and decreased thereafter.
Similarly, in the untreated and the treated fruits with
different chemicals, the values of TSS increased upto 6 and 9
days, respectively and decreased thereafter. The untreated
open sapcta fruit showed fast rise and fast decrease in TS5,
Banik et al. (1988) while studying shelf-life of sapota fruit
reported increased TS5 in all treatments including control.
Guatam and Chundawat (1990} while studying postharvest changes
in sapota cv. Kalipatti observed accumulation of T3S during
the process of ripening. This accumulation was lower in case
of treated fruit with different chemicals as compared to
untreated control. Reddy and Nagaraju (1993} cbserved delay
in increase of TS5 in sapota stored 1In =zero energy cecol

chamber and delay in ripening process.

2.3.2 Titrable acidity

Ingle g; atl. (1881} observed, during ripeniqg
process of sapota fruit, decrease in per cent acidity in all
ripening media. However, the decrease was rather more in case
of fruit treated with paddy straw as compared to others. Ingle

et al. (1982) also reported decrease in per cent acidity

during ripening process of sapota in all treatments whitle

18



studying the effect of growth regulators on ripening of sapota
fruit. The decrease was rather more in case of paddy straw

than ethrel treated fruit.

Selvaraj and Pal (1984) reported that Lie total
titrable acidity in sapota, which was high in 30-day o¢ld
samples, declined steadily and reached minimum in ripe fruit.
Malic acid was the major acid in all developmental stages.
Kumbhar and Desai (1986) reported continuous decrease in
acidity of sapota fruit in all the treatments. However, the
decrease was slow in polyethylene packed fruit as against open
fruit and in treated fruit as against the untreated fruit. GA
showed slow decrease in acidity than IBA. Banik et al. (1988)
reported that the amount of titrable acidity of sapota

decreased as storage period advanced.

Guatam and Chundawat (1990) reported. in sapota c¢v.
Kalipatti, slow decline in titrable acidity throughout
the period of ripening. However, the trend of decline of
titrahle acidity varied among treatments being most rapid in

GA (30 ppm) and the lowest in the control.

—~Reddy and Nagaraju (1993) reported better firmness
of sapota fruit 1in cool chamber storage due to the slow

decrease in acidity than at room temperature.

19



2.3.3 Sugars

Ingle et al. (1981) reported that sapota fruit

20

exposed to different ripening treatments recpeded increase in

reducing sugars, except 1in case of paddy straw, during

ripening. The total sugars showed inconsistent trend.

Ingle et al. (1982) also found increase in reducing
sugars during ripening of sapota fruit. Increase was more
rapid with fruits treated with higher concentrations of
ethrel., Increase 1in reducing sugars was also noted in the

fruits treated with wax emulsion and 2,4-D. The total sugars

showed inconsistent trend.

Kumbhar and Desai {1986) while studying shelf-~life
of sapota observed rise in sugars in open fruit upto 6 day and
decrease thereafter. In polyethylene packed fruit, sugars
increased upto 9 days and decreased thereafter. Similarly,
in the untreated and the treated fruit the wvalues increased
upto 6 and 9 days, respectively and decreased thereafter.
Banik et al. (1988) reported in sapota that total sugars and

reducing sugars increased in all the treatments including the

control.

Guatam and Chundawat (1990) while studying
postharvest changes in sapcota c¢v. Kalipatti observed that
level of reducing sugars accelerated throughout the period of

ripening. Accumulation of reducing sugars and total sugars



during ripening is a function of starch metabolism which is
slower in treated fruits compared to control. Reddy and
Nagaraju (1993) observed delay in reducing the total sugars
thereby increase in shelf-life of sapota in cool chamber.

Lavskh £%.
2.3.4 Weight loss g yEy ey -

Ingle et al. (1981} reported increasing trend of
PIW wupto eating ripe stage in all the treatments in sapota.

In paddy straw, it was found to be maximum on Gth day as

compared to other ripening media.
Ehedbay (g2

Ingle et al. 1(1982) also reported increased
physioclogical loss in weight at eating ripe stage in ethrel
treated fruit as compared to paddy straw. Higher PLW was
ocbserved in the treatments given for accelerating ripening

process. \ o
Dhesr £4

Kumbhar and Desai (1986} while studying shelf-life
of sapota observed that the cumulative total weight loss
during the course of storage was considerably high in  open
fruit. After 11 days of storage, the weight 1loss in
polyethylene packed fruit was 46.3 % as against 72.1% in open
fruit. AR significant reduction in the weight loss was
observed in 75 ppm GA treated fruit packed in peolyethylene bag
after 11 days, the loss was 11.89 % as against 90.2 % in

untreated open fruit.
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Banik et al. (1988) reported in sapota that PLW
increased progressively as the storage period advanced. on
the Gth day of storage PLW was maximum in fruit under control
and least PLW was noted in fruit kept in polyethylene bag with
permangnate-silica gel at 10-12°C. Fruit treated with MH, NAA

and GA alone or in combination with wax emulsion recorded

less PLW as compared to control.

Guatam and Chundawat (1990) found PLW was due to
loss of water from fruit surface during ripening. The pattern
of PLW was identical in all treatments but the rates varied
with the treatments:being the lowest in kinetin (100 ppm),
followed by s=ilver nitrate (40 ppm), gibberellic acid (300
ppm) and conlrul. This reduction in PLW in these treatments
could De due to slow release of free water due to reduced
metabolism and reduced rate of transpiration. Kariyanna et al.
(1993) found that packaging the sapota fruit in polyethylene

bag (150 guage and 1 % vents) reduced the PLW significantly.

*

Reddy and Nagaraju (1993) also reported singificant
reduction in physiological loss in weight and shrivelling when

sapota fruit stored in zero energy cocol chamber.

\\}‘Qi\g 9\"\ N ﬁ hood c! T A
2.3.5 Rotting and spoilage

Salunkhe and Desai (1984) reported that the ripe
sapota is remarkably susceptible to mechanical injuries during

handling and transportaion. The fruit is also highly

22



susceptible to chilling injury. Sapota fruit is also

infected by insects viz. Nephopteryx engraphella Rag. and a

black borer. A Phytopthora sp. and a black yeast cause fruit

rot. Phytophthora palmivora cause fruit rot and infect both

immature and ripe fruits.

Kumbhar and Desai (1986) reported that upto 7th day
of storage of sapota, there was no rotting in any of the
treatments. Thereafter, at all the stages, the rotting in
open fruit was more than the packed fruit. Similarly, the
treated fruits had low rotting than the untreated fruits.
The vrotting was mainly the development of water scaked spots

which subsequently made fruits unmarketable.

Banik et al. (1988} recorded cent per cent
spoilage on the ch day of storage of sapota fruit. The fruit
kept in polypack with permangnate-silica gel at 10-12°C, could

be stored well upto 18 days with minimum spoilage (30 %).

Kariyvanna et al. (1993) reported in sapota that
though polyethylene packaging reduced the I'LW significantly,
but the spoilage due to fungal rot was maximum. However, this
could be overcome by treating the fruit with Bavistin 500 ppm

before packaging.
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3. MATERIAYT. AND METHODS

The present investigation '"Studies on extending the

shelf 1life of sapota (Manilkara achras (Mill.) Fosberg). cv.

Kalipatti" was conducted at the Postharvest Technology
Laboratory, Department of Horticulture, Mahatma Phule Krishi

Vidvapeeth, Rahuri, during the year 1993-94.

The experimental material, sapota fruits variety
Kalipatti were obtained from the experimental orchard. For
this purpose, fruits of uniform size, shape and colour were
selected for the experiment. The fruits were harvested at
proper stage of maturity and directly kept in bamboo baskets
underlaid with sapota leaves. The fruits were then brought to

the laboratory for further experimentation.

3.1 Experimental details

The experiment was conducted in Factorial
Completely Randomised Design with six packaging treatments and
two gstorage conditions. The treatments were replicated three

times. The treatment details are as follows.

3.1.1 Postharvest treatments
3.1.1.1 Packaging treatments
The following six packaging treatments were given
to sapota fruits.
1. Control (Untreated) (T;)
2. Polyethylene bag ( 100 guage and 1.2 % vents) (Tj)

3. Corrugated Fibre Board box (CFB) (Tj)
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4. Wooden box (T4)

5. Polyethylene bag ( 100 guage and 1.2 % vents ) +
Corrugated Fiber Board box {(CFB) (T5)

6. Polyethylene bag (100 guage and 1.2 % vents ) +
Wooden box (Tg).
3.1.1.2 Storage treatments
The sapota fruits were stored at two different
storage environments viz. at rcoom temperature (RT) and in cool
chamber (CC). The temperatures and relative humidities were
recorded for the above mentioned storage conditions during the

pericd of experiment.

a) Storage of sapota fruits at room temperature (RT)
Sapota fruits were stored at room temperature. They
were divided into twoe sets, one for observations on weight
loss and rotting during storage and the other lur Lhe physico-

chemical analysis.

b) Storage of sapota fruits in cool chamber (CC)

Based on the principle of direct evaporative
cooling, low ‘cost, low energy input, cool chamber has been
developed in the Division of Fruits and Horticultural
Technolegy., Indian Agricultural Research Institute, New Delhi.
The details of the design, construction and storage methods
are presented in Fig. 1. The structure is made out of cheap,
locally available raw materﬁal such as bricks, sand, bamboo,

vitiver grass (Khuskhus) and gunny bags, etc. with a source of

T-3U8 CE>
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water supply. The floor of this storage place is made with
single layer of bricks and the side walls with a double laver
of bricks. The space between the double walled bricks (3”) is
f£11ed up with riverbed sand. This is made under a temporary
shed (thatch) made out of locally available bamboo and sirki.
The design and the construction are made according to the
method described by Anon. (1985). Once,cihe coel chamber is
saturated with water, sprinkling of water once in the morning

and once in the evening is encugh to maintain the temperature

and relative humidifz:)

The treated fruits were kept in the plastic crates.

These plastic crates were Xkept in the coel chamber and covered

with polyethylene sheets to prevent the water from dropping on

material (Plate 1). The material was divided into different

setg for variocus observations according to the method
described earlier.

Table 1. Temperature (°C) and relative humidity (R.H. %)

conditions in the storage environment of sapota
fruits in March -1994.

o i iy i o T T — o .y £ o g A o o T ot S o o o o o o o i o i ot o . ft e o s s e i ot e . o .

Storage condition Temperature rasnyge (°C) R.1lI. range (%)
Room Temperature 31.67 to 36.85 22.857 to 34.97
{RT)

Cool Chamber 20.24 to 21.57 g1 to 95

(CC)

26



Piate - 1 Storage of sapota truits in cool chamber



3.2 Details of observations

The observations 1in respect of weight loss was
recorded daily. The observations regarding other biochemical
parameters were vrecorded initially and then at one day

interval for fruits stored at room temperature and in cool

chamber.
3.2.1 Physico-chemical analysis
3.2.1.1 Fruit softening

The progress of fruit ripening as dencted by fruit
softening was observed manually by finger feel at one day
interval. The intensity of softening was worked out on 0 to 4
scale as given below, as described by Kumbhar and Desai
(1986) .

Degree of softening Score

Hard 0 v
Slightly soft 1 v
Medium 2 v
Considerable 3.
softening

Complete 4
softening

At each observatiocon, the stage of softening of each
fruit under each treatment of packaging and storage was noted
and the score was given. The scores obtained by all the
fruits under a treatment were summed up and divided by the
number of fruits to obtain the average softening score of that

treatment on that day.
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3.2.1.2 Fruit skin shrinkage

The progress of development of fruit skin shrinkage
was observed visually at one day interval. The intensity of
skin shrinkage was worked out on 0 to 4 scale as given Dbelow,

ag described by Desai and Kumbhar (1986).

Intensity of shrinkage Score
No shrinkage 0
8lightly shrinkage 1
Medium shrinkage 2
Heavy shrinkage 3
Complete shrinkage 4

The average score for shrinkage was-worked out for

each treatment of packaging and storage as described earlier.

3.2.1.3 Total weight loss

The weight of fruits under each treatment was taken
at an interval of one day. At each observation, the rotten
fruit, if any, was removed and weighed. The weight loss was
worked cut and percentage of cumulative total weight loss both
on account of physioloegical weight 1loss and rotting was
reccrded. Weight loss was expressed as percentage.

Initial weight - Final weight

Weight logs (%) = ———— - x 100
Initial weight



3.2.1.4 Rotting percentage
At each observation o¢f weight 1loss the rotten
fruit, if any, was removed and weighed. The percentage of

weight loss on account of rotting was also calculated.

3.2.1.5 Total soluble solids (TS3)

Total soluble solids (%) were determined with the
help ¢f a hand refractometer and the values were corrected to
20°C with the help of temperature correction chart (A.O0.A.C,

18733 .

3.2.1.6 Total titrable acidity

Total titrable acidity (%) was determined by
titrating of Xknown quantity of macerated pulp diluted with
distilled water against standard sodium hydroxide solution,
using phenolphthalein indicator till pink <colour observed.
The percentage acidity was expressed in terms of malic aciad.

(R.C.A.C., 1975).

iy Relg
3.2.1.7 Sugars

Determination of sugars was done by the volumetric
method of Lane and Eynon (1923). The known gquantity of
freshly extracted pulp was taken in a conical flask and little
water was added to it. The sample was stirred well and poured
in to the volumetric flask. The conical flask was ripnsed 2 to
3 times. To it, neutral 1lead acetate was added for

clarification. The excess of lead acetate was precipitated

29



with saturated potassium oxalate solution and the volume was
made to 250 ml with distilled water. The mixture was stirred

well, allowed to stand for some time and then filtered.

i. Reducing sugar
The clear filterate was titrated against 5 ml each
of Felhing A and Felhing B sclutions using methylene blue as
an indictor, to brick red precipitate and the sugar content

calculaled on percenlage basis was presented.

ii. Total sugar

Estimation of total sugars was carried out by
taking 50 ml clear extract in 50-55 ml volumetric flask. Teo
this, 5ml of concentrated hydrochloric acid was added and kept
in hot water bath for half an hour for hydrolysis. After
hydrolysis, excess of hydrochloric acid was neutralised with
sodium carbonate. The mixture was transferred to 250 ml
volumetric flask and volume was made upto the mark. It was
titrated with 9ml each of Felhing A and Felhing B solutions
using methylene blue as an indicator and percentage of total

sugar was calculated.

3.2.2 Organcleptic evaluation

The organoleptic ewvaluation for assessing the
colour, flavour and texture at edible ripe stage of sapota
fruit was done by a panel of seven judges using a nine points

Hedonic scale (Amerine et al., 1965) as given below.

30



Organoleptic score Rating
9 Like extremely
8 Like very much
7 Like moderately
6 Like slightly
o} Neither like nor dislike
4 Dislike slightly
3 Diglike moderately
2 Dislike wvery much
1 Dislike extremely

The overall rating was calculated by averaging the

score. Sample which obtained a score
considered as acceptable. Storage life

score less than 5.5 was terminated.

3.2.3 Pathological studies
The fruits were observed
infection. The infected material was

organisms associated were identified.

3.3 Statistical analysis

of 5.5 and above were

of fruit obtaining the

daily for microbial

isolated, cultured and

Analysis of wvariance for all the characters except

organoleptic evaluation was done as per the method of analysis

of variance given by Gomez and Gomez {1984).

31



..... 0

M 2 e .._ ¥ : il i _.._._.m....._,_..... L _..._.. , ..._. ¥ o\ ‘.... ; : ...:... UM 3 ... Wt o | ....
S
! g, 'ty 'y, by o, Ty ) ; ﬁ/ .rlﬂ A 0 , !
5555555595555 )50 5955555555555 39555535555 555533555359 399555
i 1}

> S DI DODON ) ) DY) DI TR @mﬁﬁ_ﬁuﬁ_.,u_,u_r_\a,._m%ﬁ\_ﬁ, ALY,
e
| | .v;‘$mmﬁﬂhﬁﬁ%Wﬁ%%%ﬁﬁ?@@@ﬂ%ﬁ%ﬁﬁﬁ@ﬁ%ﬂ%&&ﬁﬁfit@&%ﬁ@@%ﬁ%%WMW%WV
LR LS L sz

W
i
et

D> e

: Ao oy et

ey P . R R Ny iy B ey ..IJI.. e

M , Il e e Sl g I bt S I T .,._\_..._._.‘.......,.__.m_w..__w.._.x..,..ﬁ.,._.us I I I O 0
rﬂ.llll R rl!... ./.....t..,l ??yfﬁﬂ%%ﬁﬂf%% _ oottt e S

(«

>

/]tl :

P s e b b b B D)
e .
CCCE fz@%fﬂf@ﬁ@A

«« (&

., U
e ._ ,\w@wx
S S
I b DN UMMM NN
< \\m.“\\...\._nn\\ﬂ,.w | AA%,_.\Q S vﬂﬂﬁﬁ%ﬂ (LY
(R

AN I MR
’ _ ittt ” Y s gl o

S el
Nk )

. 0 | -,.fl.. bog

0 () e I e B 0 I Sl RO _mw.. o ¥ QE v/.,/__,.w’. 3

: s, ot o et ot bt ettt b - st _

R A R LK

W DI DYDY
o

. Jr N 0 e T : : : e I e
s \\L.. Ot st st sttt sttt ot Bttt =
e \\...\.ﬂ\.\.g.“\.‘\.\.&.\@.\\. .\!..\.\...\.\...\ A g K\\x.—v\m\\.\d..\\\.ut\\\_\\\\i ..\\\\t,\\. e

ko it b i i PP e RN N

et
SIS O 3 SN 3 o T 3 S AN L b
%ﬁ%%i&%&%%%&@%&
n o T e i, - I o T T ) "

5 = %
. 5

b

=
b S
=
& >
3 =
4 .
=
-

| (A
. f-..-.. : .-..a o i, - - b N... o, - -
S S S e o S R

e AL T T W O :_I.-.......-_ ] e ARl T <, LA e e AL I ST e v gy ) )
(NN \_v\_ I O N T B N S SN __g O e U T 0 .
Pttt o) o A e o Wit 1 AN AP Bt e
&« Q\%\%%&K&%&ﬁ i
N A R LSRR
wv\ﬁ_, S quvwvﬁvmg%ﬂgﬁm 3 A N 3 A A 3 XM MM NN,
-\-!Q.\ - + fier o - sty .\.l.\--._l.— st * ! - ! i.-.-ot-- .\1.1.-‘.. sty et el reetts .lo“\. !...““\‘.-\...._sl "
C  ((( ( (  ( « U EEE@EEE
R e S e o e i e R S i R e

Wy Py gy Mgy T

by



= EXPERIMENTAI. RESULTS

The present investigation was undertaken with a
view to study the effect of different packaging materials and
storage environments on the shelf life and the changes in
physico—-chemical characteristics of sapota fruit (cv.

Kalipatti) during storage.

The periodical observations of physico—chemical
parameters were recorded. Data pertaining to total soluble
solids - (TSS %), acidity (%}, sugars (%), skin shrinkage, fruit
softening, total weight loss (%), weight loss due to rotting
(%), organoleptic evaluation of sapota fruits as influenced by
various packaging materials and storage environments are

presented hereunder.

4.1 Effect of wvarious packaging materials on the
changes in total soluble solids (per cent) of
sapota fruit at RT and in CC
The data on the effect of wvarious packaging

materials on the changes in TSS content of sapota fruit at RT

and in CC have been given in Table 2 and 3.

It was obvious from the statistical analysis that
with the advancement of storage period, there was a

significant increase in TSS content of sapota fruit till it

reached the peak, followed'py a gradual decline irrespective

e e -

of both : packaging materials and storage conditions. It was
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Table 3. Effect of various packaging materials on the changes
in TSS (%) content of sapota fruit in CC.

o e i e i ek i e i e e el oy e o o R o Sk ey i P . S T AL e A U S S 4L e S o o o o ek d it AR i i e o e i o s e e B bt e

Treatment TTyith T gth T eth T
Initial value  18.13  18.13  18.13
T1 21.33 19.87 18.53
Tz 22.08 23.13 24.17
T3 23.87 21.07 20.33
T4 24.67 20.53 19.27
15 23.20 24.23 21.60
T6 23.43 24,07 21.20
sE + 0.0s8 0.sa6 0.054



alsoc clear from data that the storage conditions such as RT
and CC had a significant effect on the TS5 content of =apota
fruit. The rise in TSS content of sapota fruit was at slower
rate in CC storage as compared to RT stored fruit. Similarly,
interaction of the packaging material and storage condition

was also found to be significant.

At the beginning ©of the storage, the TSS content of
sapota fruit was 1§;}3 per cent. On 3rd day of storage at RT,
the T59 content was the highest (19.53 per cent) in control
fruit (Ty) while the lowest (18.27 per cent) in fruit packed
in ventilated poiyethylene bag (T,). Treaﬁments Ty, Tg and Tg
had significantly low TS5 as compared to Ty. However, the
values of T85 of sapota fruit were sigﬁificantly lower in CC
that of RT storage. In €C storage, the TSS content was Lhe
highest (18.87 per cent) in control fruit (Ty) while the
lowest (18.07 per cent}) in the fruit packed in ventilated
polyethylene bag (Tjy). Treatments T4, Ts and Tgz showed

significantly low TSS as compared to T4.

On 5th day of storage at RT, the TSS content was
the highest (23.47 per cent) in control fruit (Tl) and the
lowest (20.27 per cent) in the fruit packed 1in wventilated
polyethylene bag (Tz). All other treatments showed
significantly low T88 values. The values for TSS content of

sapota fruit were significantly low in CC storage as compared
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to that of RT ones. The TSS content was the highest (21.20
per cent) in control fruit (T4} and the lowest (19.53 per
cent) in fruit packed in ventilated polyethylene bag (T,) and
stored in cool chamber (CC). Treatment Tg had significantly

low TSS as compared to T3, T4 and Tg.

It was clear that after the storage periocd of 7
days at RT, the TS5 content was the highest (23.53 per cent)
in fruit packed in ventilated polyethylene bag + CFB box (Tg)
and the lowest (21.67 per cent) in control fruit (Tq).
Treatments T,, T3 and T, showed significantly low TSS as
compared to treatment Tgz. However, the values of TS5 content
of sapota fruit were the highest (22.80 per cent) in control
fruit.(Tl) and the lowest (20.07 per cent} in fruit packed in
ventilated polyethylene bag (To) and stored in CC. Treatments
T5 and Tz had significantly low TSS as compared to treatments

Ta and T4 .

At the end of ch day of storage period at RT, the
values of TS5 content of sapota fruit were 24.27, 21.13,
20.73, 19.27. 18.67 and 18.00 per cents for T,, Ty, Tg., Ty, Ty
and Tl' respectively. However, in CC storage, the values of
TSS content of sapota fruit were the highest (24.23 per cent)
in cdntrol fruit (Ty)} and the lowest (21.73 per cent) in fruit
packed in ventilated polyethylene bag (Tz). Treatments T5 and

Tg had significantly low TS5 as compared to Tq and T,.
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At the end of stérage life of ¢ days at RT
conditions, sapota fruits in most of the packaging treatments
had lost its shelf 1ife. Therefore, the storage experiment at
RT condition was terminated for physico-chemical analysis. It
was interesting to note that in CC storage, the fruits were
found to be still in good condition. Hence further
15th

observations of TSS content of sapcta fruit on 11,13 and

day were recorded for CC storage only.

At the end of 11th day of storage in cool chamber,
the values for TSS content of sapota fruit were 24.67, 23.87,
23.43, 23.20, 22.08 and 21.33 per cents for T4, T3, Tﬁ, Ts, Ty
and T4, respectively while on 13th day of é%rage the wvalues
were 24.23, 24.07, 23.13, 21.07, 20.53 and 19.87 per cents for
Ts, Tg. Ty, T3, T4 and Ty, respectively. At the of 15 days of
storage period in CC storage, the values of TSS content of
sapota fruit were 24.17, 21.60, 21.20, 20.33, 19.27 and 18.53
per cents for T,, Tg, Tg, Tg, Ty and T4, respectively. At the
end of storage period of 15th day fruit packed in ventilated

polyethylene bag (T,) showed the highest 155 conlenl.

4.2 ~ Effect of wvarious packaging materials on the
changes in acidity (per cent) of sapota fruit at RT
and in CC
The data on the effect of wvarious packaging

materials on the changes in acidity of sapota fruit at RT and

in CC have been given in Table 4 and 5. It was obvious from
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Table 5. Effect of various packaging materials on the changes
in acidity (%) of sapota fruit in CC.

Treatment P
Initial value  ©0.27  0.27  0.27
T, 0.04 0.03 0.02
T, 0.1% 0.08 0.05
Ty 0.05 0.04 0.03
Ty 0.05 0.03 0.02
Ts 0.09 0.05 0.04
Te 0.07 0.05 0.03
s.E.+ 0.001 0o.000 o.c01

C.D. at 5% 0.004 0.004 0.0C4

e e e e e e e e e e e e e e e e e e e e e e e e e et v e i s e et e i i ot o i e e e e e i e e e e o e e o
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the data that the acidity was the highest at the time of

storage and decreased with advancement of storage period

Mttt e e TN e i 8 A o e o e

irrespective of  both packaglng ‘materials  and ~Btorage

v e S

R SN

cond:tlons The decrease ianaczd1ty *was ' Bfghrflcantly

P e
I - e e T . S

1nf1uenced by the packaglng treatment and also by the storage

condition. The 1nteract1on between packaglng materlal and

P—

storage condition was also significant.

Initially. acidity of sapota fruit was 0.27 per
cent. 2t the end of zrd day of storage period at RT, the
acidity was the highest (0.26 per cent) in fruit packed in
ventilated polyethylene bag (T,) and the 1lowest (0.14 per
cent) in control fruit (Tq). Treatments T5; and T, had
significantly low acidity as compared to treatments Ty and Tg.
While, in CC storage, the acidity was the highest (0.26 per
cent) in fruit packed in ventilated polyethylene bag (T, ) and
the lowest (0.21 per cent) in control fruijt (Tl)' Treatments
T3, T, and T5 showed significantly low acidity as compared to

treatment T5.

After the 51 day of storage period at RT, the

acidity was the highest (0.20 per cent) in fruit packed in-

ventilated polyethylene bag (T,) while the lowest (0.06 per
cent} in control fruit (T4}. Treatments T4 and T,; had
significantly low acidity than treatments Tg and Tg. The
values for acidity of sapota fruit were significantly low in

CC storage as compared to RT storage. The acidity in CC
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storage was the highest {(0.22 per cent) in fruit packed in
ventilated polvyethylene bag (T2} and the lowest (0.16 per
cent) in control fruit (Ty). The treatments Tg, T4 and T6

showed significantly low acidity as compared to treatment T5.

On 7th day of storage period at RT, the acidity was
the highest (0.14 per cent) in fruit packed in ventilated
polyethylene bag (T,) and the lowest (0.05 per cent) in
control fruit (T4) and in fruit packed in wooden Dbox (T4).
Treatment T3 had significantly low acidity as compared to
treatments Tg and Tg. However, the values of acidity were the
highest (0.18 per cent) in fruit packed in ventilated
polyethylene bag (T,) and the lowest (0.09 per cent) in
control fruit (T,)} stored in CC. Treatment T,y showed
significantly low acidity as compared to that of T3, Tg and
Tg -

At the end of Sth day of storage period at RT, the
values of acidity of sapota fruit were 0.08, 0.07, 0.05, 0.05,
'0.04 and 0.03 per cents for the treatments Ty, Tg, Tg: Tg:, T4
and Tl' respectively. However, in CC storage, the values of
acidity of sapota fruit were the highest (0.14 per «c¢ent) in
fruit packed in ventilated pclyethylene bag {T5) and the
lowest (0.05 per cent} in control fruit (Tl)' Treatments Ty
and T4 had significantly low acidity than treatments Ty and

Tg
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At the end of storage life of 9 days at RT stcrage
condition, fruits in most of the packaging treatments had lost
its shelf-life. But the fruits stored in cool chamber were
found to be in good condition. Therefore, the observations
for acidity (%) of sapcta fruit on 11, 13 and 15th day were

recorded for CC storage only.

At the end of 11th day of storage in cool chamber,
the values for acidity of sapota fruit were G.11, 0.09, 0107,
0.05, 0.03 and 0.04 per cents for Ty, Ty, Tg, Ty, T4 and T,,
respectively. After 13th day of storage period in CC storége,
the wvalues were 0.08, 0.03, 0.05, 0.04, 6.03 and 0.03 per
cents for Ty, Tg, Tg. Tz, T4 and T4, respectively. At the end
of 15th days of storage period, the values of acidity of
sapota fruit were 0.05, 0.04, 0.03, 0.03, 0.02 and 0.02 per
cents for Ty, Tg, Tg, T3, Ty and Ty, respectively. The fruits
packed in wventilated polyethylene bag (Tz) had the highest

acidity.

-

4.3 Effect of wvarious packaging materials on the
changes in reducing sugar (per cent) content of
sapota fruit at RT and in CC
The data on the effect of wvarious packaging

materials on the changes in reducing sugar content of sapota

fruit at RT and in CC have been given in Table 6 and 7.

Statistical analysis revealed that with the advancement of

storage period, there was significant increase in reducing

e e 3 mom———— ey s .

RS
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Table 7. Effect of various packaging materials on the changes
in reducing sugar (%) content of sapota fruit in CC.

Treatment TIERT TSGR T T e T
Initial value  3.85  3.85 3.85
'1“1 7.15 6.27 5.52
T2 6.85 7.38 8.08
T3 7.96 7.32 6.70
T4 8.04 7.02 6.61
TS 7.25 8.44 7.61
TG 7.42 8.23 7.37
sE + 0.064 0.104 0.028

e ek T AT Ak e M = . B " AL e T v . S S e gt T o M A o bt = e = A My o Pk o i T T i s e S e e e iy
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sugar content of sapota fruit till it reached the peak,

{gilgggg_*py a gradual decl1ne 1rrespect1ve of the packaging

e i i Aot AR T o S bl St s 1ot .

treatments and storage condltlons The data further revealed

e m—— T L b Tl e mip

e O, o 4 L
A e et

that the storage condltlons such as RT and CC had ™ a

significant effect on the reduCJng sugar content of sapota
fruit during storage. Similarly, there was a significant
difference 1in the reducing sugar content of sapota fruit due
to interaction Dbetween packaging material and storage

condition.

At the Dbeginning of storage, the reducing sugar
content of sapota fruit was 3.85 per cent. On 3¥9 of storage
period at RT, the reducing sugar content was the highest (4.95
per cent) in control fruit (T4) while the lowest (4.02 per
cent} in fruit packed in ventilated polyethylene bag (T;,).
Treatments Tg and Ty showed significantly low reducing sugar
content as compared to T3 and T4. 1In CC storage, the reducing
sugar content was the highest (4.39 per <cent) in control
fruit (Ty) and the lowest (4.01 per cent) in fruit packed in
ventilated polyethylene bag (T,). Treatments Tg and Tg had
significantly lower reducing sugar content than that of T3 and

T,.

On the Sth day of storage period at RT, the
reducing sugar content was the highest (7.88 per cent) in
control fruit (Tl) and the lowest (5.81 per cent) in fruit

packed in ventilated polyethylene bag (T,}. Treatments Tg and
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T6 showed significantly low reducing sugar content as compared
to that of T4 and T4. The values for reducing sugar content
of sapota fruit were significantly low in CC storage. The
reducing sugar content in CC storage was the highest (6.39 per
cent) in control fruit (Tl) and the lowest (4.62 per cent) in
fruit packed in ventilated polyethylene bag (To). The
treatments T3, Ts. and T showed significantly low reducing

sugar content as compared to treatment T4.

It was clear that after 7th day of storage period
at RT, the reducing sugar content was the highest (8.46 per
cent}) 1in fruit packed in ventilated polyethylene bag +
wooden box (Tg) and the lowest (6.19 per cent) 1in control
fruit (T;). Treatment T2 had comparatively low reducing sugar
content than the remaining treatments. However, the values of
reducing sugars were the highest (7.61 per cent) in control
fruit (T4) and the lowest (5.31 per cent) in iruil packed 1in
ventilated polyethylene bag (T;) and stored in CC. Treatments
T3. T5 and T6 had significantly lower reducing sugar content

as compared to that of T4.

At the end of oth day of storage period at RT, the
values of reducing sugar content of sapota fruit were 8.08,
7.71, 7.59, 6.67, 6.48B and 5.8B1 per cents for the treatments
T2, T5, T6' T3, T4, and Tl' respectively. However, in CC

storage, the values of reducing sugar of sapota fruit were the
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highest (8.31 per cent) in control fruit (Tq) and the lowest
{6.03 per cent) in fruit packed in ventilated polyethylene bag
(Ty). Treatments T4, Tg and Ty had significantly low reducing

sugars as compared to treatment Tg-

At the end of storage life of 9 days at RT, the
sapota fruits had lost its shelf-1ife. However, the fruits
stored in cool chamber were found to be gtill in good
condition. Therefore, the observation for reducing sugar
content of sapota fruit on 11, 13 and 15th day were recorded

for CC storage only.

In €C storage, after the 11th day of storage
period, the values for reducing sugar content of sapota fruit
were 8.04, 7.96, 7.42, 7.25, 7.15 and 6.85 per cents for T4,
Ty, Tg, Tg. Ty and T,, respectively. However, on 13'" day of
storage period, the values were 8.44, §.23, 7.38, 7.32, 7.02
and 6.27 per cents for Tg, Tg, Ty, Ty, T, and Ty,
respectively. At the end of 15th day of storage period, the
values of reducing sugars were 8.08, 7.61, 7.37, 6.70, 6.61
and 5.82 per cents for Tz, T5, T6, T3. T4 and Tl .

respectively.
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.4 Effect of wvariocus packaging materials on the
changes in total sugar (per cent) content of sapota
fruit at RT and in CC
The data on the effect of wvarious packaging

materials on the changes in total sugar content of sapota

fruit at RT and in CC have been shown in Table 8 and 9. The
data clearly indicated that the packaging treatments

significantly influenced the rise and correspondlng fall in

e e

total sugar content of fruits. The storage conditions also

T s e e s e adin

had a significant effect on total sugar content of sapota
fruit. The interaction between packaging tretament and
storage condition was also found to be significant. It was

also noticed from the data that, fru1ts experJenced the rise

1n total sugar content tzli 1t reached the peak followed by a

e TR

gradual d decline 1rrespect1ve of packaglng treatments and

storage conditions.

Dpm o

Initially, the total sugar content of sapota fruit
was found to be 8.14 per cent. On 3rd day of storage at RT,
the total sugar content of sapota fruit was the highest
(10.42 per cent) in control fruit (Ty) and the lowest (9.26
per cent) in fruit packed in ventilated polyethylene bag (Tz).
Treatment TS had significantly low total sugars as compared to
treatments T3, T4 and Tg. In CC storage, the total sugar

content was the highest (9.96 per cent) in c¢ontrel fruit (Tq),
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Table 9. Effect of various packaging materials on the changes
in total sugar (%) of sapota fruit in CC.

e et i i s S o e e et S . s e T o i S ot S o o 4 Ao o T ke e . o . S

Treatment BT S e
Initial value  8.14 s.14  s8.14
Tl 13.05 11.13 9.31
T2 12.46 13.72 15.20
T3 14.35 12.15 10.97
T4 14.53 12.08 10.55
T5 13.34 15.26 13.52
T 13.87 15.15 13.42
s.® + 0076 0043 0097

. ——— el P — e T 8 O o e o ] LU S S e SO o . o S ki i O e i e o ik e b . WP AN e o e k. i et iy Bl e o e e ke e A



while the lowest (8.47 per cent) in fruit packed in ventilated
polyethylene bag (T,). The teratment Tg showed significantly

lower total sugar content than remaining treatments.

After 5th day of storage period at RT, the total
sugar content of sapota fruit was found to be the highest
{14.51 per cent) in control fruit (Tl) and the lowest (11.59
per cent) in fruit packed in ventilated polyethylene bag (Tg).
However, the difference in total sugar content of sapota fruit
of remaining treatments was found to be negligible. The
values of total sugar content of sapota fruit were
significantly Jlow in CC storage. The total sugar content in
CC storage was the highest (11.39 per cent) in control fruit
(Tl) and the lowest (9.25 per cent) in fruit packed in
ventilated polyethylene bag (Tz). The treatment T5 had lowser

total sugar content than the remaining treatments.

On '7th day of storage period at RT, the total sugar
content was the highest (15.01 per cent) in fruit packed in
ventilated polyethylene bag + wooden box (T6), while the
lowest (13.06 per cent) in control fruit (T;). Treatment T,
showed significantly low total sugars as compared to remaining
ones. However, the values of total sugars were the highest
(12.97 per cent) in control fruit (Tl) and the iowest (10.35
per cent) in fruit packed in ventilated polyethylene bag (T3]
and stored in «cool chamber. The treatment Ts had

significantly lower total sugars than remaining treatments.
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At the end of 9P day of storage period at RT, +the
values of total sugar content of sapota fruit were 15.19,
13.45, 13.42, 12.10, 12.09 and 11.18 per cents for the
treatments T,, Ty, Tg., Ty. T4 and Tq, respectively. However,
in CC storage, the values of total sugars of sapota fruit were
the Thighest (14.67 per cent) in control fruit (Ty) and the
lowest (11.77 per <cent) in fruit packed in ventilated
polyethylene bag (T5;). The treatment Ty, had significantly low

total sugars as compared tc remaining ones.

At the end of storage life of 9 days at RT, the
fruits in most of the packaging treatments had lost its
shelf-life. But the fruits stored in cool chamber were found
to be stiil in good condition. Therefore, the observations
for total sugar content of sapota fruit on 11, 13 and 15th day

of storage were recorded for CC storage only.

On 11th day of storage period, in CC storage, the
values for total sugar content of sapota fruit were 14.53,
14.35, 13.87, 13.34, 13.05 and 12.46 per cents for T4, Tg. Tg.
Ts . T, and Tz . respectively. However, after 13th day of
storage period, the values were 15.26, 15.15, 13.72, 12.15,
12.08 and 11.13 per cents for Ty, Tg., Ty, Tg, T, and Tl'
respectively. At the end of 15D day of storage period, the

values of total sugars were 15.20, 13.52, 13.42, 10.97, 10.55

and 9.31 per cents for Ty, Tg, Tg. Tg, T4 and Ty, respectively.
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4.5 Effect of wvarious packaging materials on the
changes 1in softening of sapota fruit at RT and in
cC
The data in respect of the effect of various

- packaging materials on the progress of softening of sapota

fruit at RT and in CC have been given in Table 10 and 11. The

data presented in the tables revealed that the packaging

treatments significantly influenced the progress of fruit
softening. The storage conditions alsc had a significant
effect on fruit softening. The interaction between packaging
treatments and storage conditions was also found to Dbe
significant. The progress of fruit softening was at a faster
rate in fruits stored at RT than in CC. At all the stages

(days) of storage., fruit softening score was constantly high

in RT stored fruits as against the CC ones.

Cn Srd day of storage at RT, the fruit softening
score was the highest (1.97) in control fruit (Tl} and the
lowest {0.26) in fruit packed in ventilated polyethylene bag
(T5). Treatment T6 had significantly low score of fruit
softening as compared to remaining treatments. In CC storage,
the wvalues for sapota fruit softening were found to be 0.61,
0.30 and 0.19 for 11, T4 and t'g, respectively. The score of
fruit softening was nil in other treatments viz. T2, T5 and
Tg. which showed that there was no sign of softening in these

treatments.

53



54

abe.nyg
694°C 1560 ¥06°C 26670 GperE 508°0 X mcﬂ@mxumm
8L46°T L4970 ¥50°¢ 5040 6591 6950 abr.aoyg
11 _8BE"0 9811 L0V 0 8560 _beg" Butbeyoed
yA- S L BT Sl ¥ "3'8 A L e ¥ orAatg %G Q"3+ "3'8
64" 1 AR 2470 01 % 810 G2 uray
85°c 68T iBtE 091 210 PO R £v*0 000 2870 ?1
bz e PR poe &b 1 110 8¢ b0 000 ¥6°0 5y
bl S vEte 00" ¥ 6578 65" 1 GL°% 90" 1 050 £8°1 ¥
5O"% (18 00" ¥ &ere £0°1 oy s 260 610 $9°1 £y
T6"1 260 c6°¢ ¥£70 0070 b £1°0 00°0 9270 <)
gntE TR 00" ¥ 96°2 6" 1 00" ¥ 6271 190 £6°1 L3
000 0070 00°0 00”0 0070 00”0 00°0 00°0 000 anTeRA [RI}TUT
uray a9 iy uway 33 Rt ueay 39 1y
e y3= pat
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx e en ———— JudWIRS A}

*10) uT puR 1M 18 }InJgg Rrodesio Butuajsos ur sabuwyd ayl uo syetaajew bBuibBeyded snorawa 40 08443 0T 91qR)



55

Table 11. Effect of wvarious packaging materials on the changes
in softening of sapota fruit in CC.

e e o o e o e g e e el i et o YL o ke S ot e = s o o o o o A M T o T A Mt o it o o o AR Sy St o et . e e S

Treatment Bt
Initial value  0.00  o0.00  o0.00

Tl 4.00 4.00 4.00

T2 1.66 2.42 3.50

T, 3.04 4.00 4.00

T4 3.73 4.00 4.00

T5 2.06 3.01 3.91

36 2.18 3.33 4.00
sE +  o.s00 0481 0688
C.D. at 5% 2.776 1.482 2.120

o e e e e —— o R . e o - i AR S = — — A f— — - —



on uth day ©i storage periocd at RT, the fruit

softening score was the highest (4.00) in contreol fruit (Ty)
and the lowest (1.47) in fruit packed in ventilated
polyethylene bag (T,). Treatment Ty had significantly low
fruit softening score as compared to remaining treatments.
The wvalues for softening of sapota fruit were significantly
low in CC storage. The softening score in CC storage was the
highest (1.92) in control fruit (Tl) and the lowest (0.00) in
fruit packed in ventilated polethylene bag (Ty). Tfeatment T
had significantly lower fruit softening score than remaining
cnes.

At the end of 7th day of storage period at RT, the
values for fruit softening score were found to be 3.87, 3.54
and 2.92 for treatments T4, Ty and Ty, respectively. Complete
fruit softening (score : 4.00) was cbserved in treatments Tl'
T3 and Tg4. . In CC storage condition, the highest fruit
softening score was (3.04) in control fruit (T4y) and the
lowest (0.92) in fruit packed in ventilated polyethylene bag
(To). Treatment Tg had significantly low fruit softening
score as compared to other treatments.

At the end of the storage period of 9 days at RT,
the fruits in most of the packaging treatments showed complete
fruit softening. It was interesting to note that the fruits
stored in cool chamber were found to be hard. Therefore, the
cbservations for fruit softening on ch, 11th and 13th day of

storge were recorded for CC storage only.
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It was clear that on ch day of storage period, 1in
ccC, fhe values for softening of sapota fruit were 4.00, 3.73,
3.04, 2.18, 2.06 and 1.66 for Ty, Ty, Tg. Tg. Tg and T,.
respectively. However, after 11th day of storage periocd the
values for fruit softening were 3.33, 3.01 and 2.42 for T6, Ts
and Tz, respectively. Complete softening (score : 4.00) was
observed in treatments Tl' T3 and T4. At the end of 13th day
of storage period, the values for fruit softening were found
to be 3.91 and 3.50 for T5 and T2, respectively. Sapcta
fruits in other treatments viz. Tl‘ TB' T4 and Tg had shown

complete softening (score : 4.00}.

4.6 Effect of wvarious packaging materials on the
changes in skin shrinkage of sapota fruit at RT and
in CC
The data on the effect of wvaricus packaging

materials on the changes in skin shrinkage of sapota fruit at

RT and in C€C have been given in Table 12,13 and 14.

Statistical analysis revealed that with the advancement of

storage period, there was significant increase in skin

shrinkage of sapota fruit irrespective of the packaging
materials énd storage conditicns. The data further revealed
that the storage conditions such as RT and CC had significant
effect on the progress of fruit skin shrinkage druing storage.

Similarly, there was a significant difference in skin

57



38

Table 12. Effect of various packaging materials on the changes
in =zkin shrinkage of sapota fruit at RT.

e o LR T o A P bt o T A o ot o S b T R o P A Y . T i (ot e e M St o s S o o Sl o AL . S o a1 e P . T i o . S g o o —

Treatment ~~—;;E ———————————— 5;5 ———————————— g{ﬁ ~~~~~~~~
Initial value  0.00  0.00  ©0.00 -
T, 0.25 1.16 3.75
T, 0.00 0.09 0.48
Ty 0.07 6.72 1.88
14 0.09 6.99 1.98
Te 0.00 G.28 1.12
Tg 0.00 0.60 - 1.61
sE + o111 0.8 0.3



Table 13. Effect of various packaging materials on the changes
in skin shrinkage of sapota fruit at RT and in CC.

ki, el e A i ban S SRS e S ek el S e ik . e St i ot o i ) e S Tt il e s e s T o i W el e e P ke it e oo e 4 e e o P oy S e . S St T

Day after storage (7th day) )
Treatment = = =  ——r—m e e e
RT cC Mean
Initial wvalue 0.00 ¢.00 0.00
T, 4.00 0.51 2.26
To D.75 Q.00 0.38
Ty 3.54 0.13 1.84
T4 4.00 0.15 2.08
Ts 2.83 0.0% 1.47
Tg 3.39 0.12 1.76
Mean 3.09 0.17
S.E. + C.D. at 5%
Packaging 0.919 2.679
Storage . 1.593 4.639
Packaging x 2.252 6.561

Storage
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Table 14. Effect of various packaging materials on the
changes in skin shrinkage of sapota fruit in CC.

ot et et o i g it i i o s g A . o o o . e A e oy S Mt i . Py A Pk s T et A k. e o te i oy o e T S oy o AR S o . ok TR e . S . e e e

Treatment ———;gﬁi:—————————;IEE———;;——————I;EE———:;———
Initial value  0.00 000 0.00
Ty 1.54 3.34 4.00
Ty 0.24 1.03 2.29
Ty 0.72 2.04 3.87
Ty 0.93 2.22 3.90
Ty 0.47 1.61 2.83
Tg 0.52 1.80 2.92
s.E.+ 1.8 0.84a  1.078



shrinkage of sapota fruit due to interaction between packaging
material and storage condition. The fruits stored at RT

showed faster skin shrinkage than CC stored ones.

Under CC storage condition, the fruits did not show
skin shrinkage uptgq%}h day of storage, while progress of skin
shrinkage was at a faster rate in fruits stored at RT. Hence,

the observations for skin shrinkage of sapota fruit on ISt,

3rd and 5th day were recorded for RT storage only.

At RT storage condition, after one day of sloraye
period, the fruit skin shrinkage score was 0.25, 0.09 and 0.08
for treatments T,, T4 and T4, respectively. However, there
was no sign of skin shrinkage in treatments T,, Tg and Tg. On
srd. day of storage period, the score of fruit skin shrinkage
was 1.16, 0.99, 0.72, 0.30, 0.28 and 0.10 for Ty. T4, T3. Tg.
Ty and T,, respectively. At the end of 5th day of storage
period, the fruit skin shrinkage score was 3.75, 1.98, 1.88,
1.61, 1.12 and 0.48 for Ty, T4, T3. Tg, Ts and Ty,

resgspectively.

At the end of storage period of 7 days at RT, the
fruit skin shrinkage score was the highest (4.00) in control
fruit (Tl) and fruit packed in wooden box (T4) and the lowest
(0.75 in fruit packed in ventilated polyethylene bag (Tz).
Treatment Tg had significantly low fruit skin shrinkage score

as compared to T3 and Tg. On the contrary at the end of 7th
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day of storage period, the fruit skin shrinkage score was the
highest (0.51) in contrel (T4) and the lowest (0.00) in fruit
packed in ventilated polyethylene bag (Ty) and stored in CC.
Tregtment T5 had sigificantly lower fruit skin shrinkage score

than that of remaining treatments.

The fruit showed skin shrinkage irrespective of

packaging materials at the end of storage period of 9 days at

RT, thereafter the observations were not taken for this
parameter. It was interesting to note that the fruits stored
in cool chamber were found tc be in good condition throughout
the storage period. Therefore, the observations for skin
shrinkage of sapcta fruit on 9, 11 and 13th day were recorded

for CC storage only.

In CC storage, after oth day of storage periocd, the
score for skin shrinkage of sapcta fruit was 1.54, 0.93., 0.72,
0.51, 0.47 and 0.24 for TI' T4, T3, T6’ T5 and T2.
respectively. However, on llth day of storage period the
score was 3.34, 2.22, 2.04, 1.8U, 1.61 and 1.03 for Ty. T4,
Ty, Tg. Ts and T,, respectively. At the end of 13'P day of
storage period, the score of fruit skin shrinkage was 4.00,
3.90, 3.87, 2.92, 2.83 and 2.29 for Ty, T4. T3, Tg. Ts and T,

respectively.
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4.7 Effect of various packaging materials on cumulative
total weight loss (per cent) of sapota fruit at RT
and in CC
The data on effect of various packaging materials

on the changes in total weight loss { per cent) of sapota

- frdit at RT and in CC have been graphically depicted in Fig. 2

and 3, respectively and in Appendix I to III.

It was c¢lear from the figures that with the
advancement of storage period, the per cent total weight loss
of sapota fruit increased during storage regardless of
packaging treatments and storage conditions. It was also
clear from the figures that packaging treatments and storage
conditions both had significant effect on per cent total
weight loss of sapota fruit throughout the storage period.
But the rate of weight loss of sapota fruit was found o Dbe
faster at RT than CC storage condition. The interaction
between packaging treatment and storage condition was also
found to affect significantly the per cent total weight 1loss

of sapota fruit.

The persual of the data further indicated that at
RT storage, cumulative total weight loss increased relatively
slowly 1in fruits packed in ventilated polyethylene bag (T3}
than the remaining treatments. The similar trend was also

observed in sapcota fruits stored in cool chamber. The highest
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"weight loss was vbserved in control fruit (Tl)'
It could be seen from the data that sapota fruits packed in
polyethylene bag + CFB box (Tg) and polyethylene bag + wooden

box (Tg) proved to be superior to exclusively CFB box (TS) and

wooden box (T4) packagings under both the storage
environments.
4.8 Effect of wvariocus packaging materials on cumulative

rotting {per cent) of sapota fruit at RT and in CC

The data on the effect of varicous péckaging
materials on cumulative retting {per cent) of sapota fruit at
RT and in CC have been graphically represented in Fig. 4 and
5, respectively and in Appendix IV to VI. The figures clearly
indicated that the packaging treatments significantly
influenced the rotting of sapota fruit. The storage
conditicons also had a significant effect on rotting of sapota
fruits. The interacticn between packaging treatment and

storage condition was also found to be significant.

It was cobvicus from the Fig. 4 that upto eth day,
no rotting was observed in =zapota fruit in any o<¢f the
packaging treatment at RT storage and hence, the data from ch
day onwards have been graphically presented. Similarly, the
data 1in respect of rotting (per cent ) of sapcta fruit in CC
storage from 13th day onwards are presented in Fig.5 as the

rotting in fruit kept at RT storage condition was wvery high as
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against low in the fruit stored in cool chamber. It was also
noticed from the data that as the storage period progressed,

the cumulative rotting (per cent) was increased.

The rate of rotting was the lowest in the fruit
packed in ventilated polyethylene bag (TZ) and the highest in
control fruit (Tl) in both the storage conditions,
Polyethylene + CFB box (Tg5) and polyethylene + wooden box (Tg)
were found to be superior over exclusively CFB box (T3} and

wooden box (T,4) packaging treatments.

The fruit showed rotting both at RT and 1in CC
storge c¢conditions. The isolation and culturing of organism
causing rotting was done. It was clear that Fusarium sp. and

Rhizophus sp. were associated with rotting of sapota fruit.

4.9 Effect of various packaging materials on the shelf-
life and organoleptic evaluation of sapota fruit
stored at RT and in CC
The data on effect of variocus packaging materials

on shelf-life and organoleptic evaluation of sapota fruit

stored at RT and in CC have been given in Table 15. It was
obvious from the data that the shelf-life of the fruits stored
in CC was better than that fruits stored at RT. At RT, the
shelf~1life of the sapota fruits coculd be extended upto 9 days
with use of 1.2 % ventilated polyethylene bags for packaging.

The shelf-life of sapota fruit was found to be 9.,8,8,7,7 and 5
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CF8+Po
Storage period 12days
cool Chamber
Plate -7

\Wooden Box + Polyethylene

Storage period 12 days

cool chamber




days for treatments T,, Tg, Tg. T3, T4and Ty. respectively
during storage at room temperature. It was interesting to note
that the shelf~1ife of sapota fruits was found to be
15,13,12,11,10 and 10 days for treatments T,, Tg. Tg. Taj,
Tqand Ty, respectively when stored in cool chamber. The
shelf-life of sapota fruit could be extended upto 15 day in CC
storage when packed in polyethylene bag (1.2 % vents).

The organoleptic rating of the fruits in terms of
colour, flavour and texture was the highest in the fruits
packed in ventilated polvethylene bag (Tz) stored at RT and in
CC at the end of the storage period. However, the fruits
packed in polyethylene bag + CFB box (Ts) and polyethylene bag
+ wooden box (Tg) showed more organcleptic accpetance over
those packed in exclusively CFB box (T3) and wooden box (T4)

packagings.

In general, all the fruits were found to be
organleptically accpetable at the end of shelf-1life under both
the storage environments. However, the fruits stored in cool
chamber were found to be fresh, firm even at the end of shelf~
life as compared to that of room temperature stored ones

(Plate 2 to 7).
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5. DISCUSSITION

The results of the present investigation entitled,
"Studies on extending the shelf life of sapota (Manilkara

achrags (Mill.) Fosberg)" are discussed in this chapter.

5.1 Effect of storage conditions on physico-chemical
parameters and shelf life of sapota fruit

Freshly harvested fruits are living entities and
continue to respire after harvesting. The respiration in
fruits involves many enzymatic reactions. The rate of these
reactions (Qlo) increases exponentially with increase in
temperature and approximately doubles for each 10°C rise in
temperature (Wills et al., 1981). In case of number of fruits,
this QIO for the respiration rate is 2.4 (Gore, 1911). It
clearly indicates that the respiration rate increases by 2.4
times with each 10°C rise in temperature.

The temperature of the fruits at harvest is equal
to atmospheric temperature. At this temperature, respiration
rate 1is extremely high and storage life 1s very short . A1}l
the biochemical processes leading to the ioss of guality of
stored fruits are related to temperature. The temperature
thus influences the rate and type of physiological,
biochemical changes and micrecbial growth. Many fruits rapidly
deteriorate ét higher temperature leading to loss of nutritive
value.

The harvested fruits continue to lose moisture. If
this water loss (or transpiration) is not retarded, fruit

rapidly become wilted, tough or mushy and consequently



inedible. ﬁence, high relative humidity (over 95%) is highly
essential to aveid shrivelling, weight loss and subsequent
loss of flavour components. Humidity again depends an
temperature and water has a greater tendency to evaporate as
temperature rises. Thus, if the fruit is stored at 10°C, +the
water it containg has a greater tendency to evaporate than if
it were at 4.5°C. Thus, high humidity and low temperature have
major effects on storage life of fruits (Salunkhe and Wu,

1976) .

By using the principle of evaporative <¢ocoling,
temperature can be reduced by 17 to 18°¢C during the peak
summey months and a very high humidity about 85 per cent
throughout the year can be maintained (Roy, 1982 and Roy and
Khurdiya, 1986). Effective use of such cool chamber to extend
the shelf 1life of sapota fruit was reported by Reddy and
Nagaraju (1993) and Joshi et al. (19%3). Similarly, extended
shelf 1life by using cool chamber have also been reported by
Gupta (1985), Singh (1987} and Baviskar (1993} for ber; Kumar
et al.., (1987) and Singh et al. (1987) for grapes; Aror and
Narsimhan (1988) for mandarin and apple; Waskar (1989) for
banana and Joshi t al. (1993) for several fruits and

vegetables, The results obtained in present study of storage

of sapota fruit in cool chamber are in confirmity with the

obgervations of these workers.
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In the present investigation, fruits were stored at
two different storage conditions viz., at RT (31.67 - 36.85°C
and 22.57 - 34.97 % R.H.) and in CC (20.24 - 21.57°C and 91-95

% R.H.).

The 1loss 1in quality of fruit increased with the
advancement of storage period under both the storage
conditions. The weight losses of sapota fruit were constantly
low in CC storage condition as against constantly high at RT
storage. Till the end of 6th day. there was no rotting and the
total loss was to be accounted exceptionlly towards the
physioclogical loss. It was noted that the physiological
weight loss of sapota fruit during initial storage period was
constantly low in CC storage as against constantly high at RT
storage condition. It was interesting to note that by the end
of 9th day, there was 48.44 per cent total weight loss in
control fruit stored at RT as against only 6.90 per cent in
control fruit stored in CC. From this, it could be inferred
that higher humidities and 1low temperatures in CC were
significantly effective in keeping down the weight loss.
Whereas, at RT, higher temperatures and low relative
humidities resulted in rapid transpiration and respiration.
Reduced weight loss in CC storage has been reported by Reddy
and Nagaraju (1993) for sapota. Similarly. reduced weight

loss was observed by Joshi and Roy (1986) for mango (cv.

Alphonso); Sharma et al., {1990) for kinnow mandarin; Baviskar
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(1993) for ber and Waskar (1989) for banana. On 1lth day of
storage in case of control fruit, the cumulative rotting was
67.77 per cent at RT while 12.43 per cent in CC storage. It
was obvious that decay losses were found to be the lowest in
cool chamber. The organisms associated for spoilage of fruit
were found to be Fusarium sp. and Bhizophus sp. Wherein the
infection might have taken place before the storage of fruits

as fruits were not given any fungicidal treatment.

The increase in fruit softening and skin shrinkage

with the advancement of storage periocd in both the storage

conditions was observed. The progress of fruit softening and
skin shrinkage was also very slow in fruits stored in CC  as
against stored at RT. Similar results were also observed by

Kumbhar and Desai (1986) for sapota fruit stored at RT.

The initial rise in T83 and sugars and fall
afterwards, were observed under both the storage conditions.
But the rate of increase of TS5 and sugars was found to be
faster at RT. Higher temperature and low humidity enhanced
ripening resulting in f;ster utilization of soluble solids and
sugar at RT resulting in shorter shelf-life of sapota fruit.
These changes were found to be at slower rate when the fruits
were stored in CC. Similar results have also been reported by
Reddy and Nagaraju (1993), while at RT storage condition

similar reports were given by Ingle et al. (1981); Ingle et
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. al.,(1982); Selvaraj and Pal! (198B4}; Kumbhar and Desai (1986);

Banik et al. (1988) and Guatam and Chundawat (1990) in sapota.

The acidity content declined with increased storage
period under all the storage conditions and in all packaging
treatments. But this decline was at a faster rate at RT.
Decline in acidity at faster rate could be because of higher
rate of respiration at RT. During respiration, the fruit
cells use organic acid as resgpiratory substrate (Wenjer,

1967 .

It could be inferred that CC was more effective in
extending the storage life of sapota fruit as compared to RT
storage due to low temperature coupled with high humidity

prevailing in cool chamber.

5.2 Effect of various packaging materials on physico-
chemical parametersgs and shelf life of sapota fruit
Fruits after harvest lead to an independent life as
they are removed from the plant and the normal supply of
water, mineral and other organic molecules is cut off. The
harvest lesions caused by separation of the organ from the

plant are unavoidabkle, but the ripening and ultimate

detericration <c¢an be delayed by adopting proper postharvest

treatments.

The fruits are wvery high 1in moisture content

ranging from 73 to 95 per cent. Theilr equilibrium humidities
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are as high as 98 per cent. Sapota fruit contains. 73.3 per
cent moisture (Gopalan et al., 1971). Under normal

conditions, such commodities lose moisture very rapidily
causing shrinkage and loss of turgidity. Secondly, the
freshly harvested fruits are the living entities and consume
oxygen for respiration and emit CO,, ethylene and water
vapour. The loss of water and gaseocus exchange, if prevented
would extend shelf-1ife. The gasecus compositien in micro-
climate around stored fruits is related to anaerobic and
aerobic respiration i.e. the concentration of O, and CO, is
critical for each commodity. A semipermeable polyethylene
packaging material modifies the gasecus atomsphere around the

fruil and also controls seccondary infection (Salunkhe and

Norton, 1960).

The rapid development of semipermeable polyethylene
films and growing use of this packaging material for
prewrapping the produce had led to the consideration of the
possibilities for establishing controlled atmesphere produce
package. Polyethylene is easy for handling, moisture proof,
heat sealable, transparent and easily transportable, The
beneficial effects of polyethylene in respect of physical and
chemical parameters in extending shelf-life of sapota were
reported by Kumbhar and Desai (1986), Banik et al. (1988) and
Kariyanna t al. (1993) for sapota. Extended shelf-life by

polyethylene packaging was also reported by Banik t al.
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(1988) and Baviskar et al. (19%3) for ber; Sadasivam et al.
(1973) and Choudhari and Kumbhare (1979) for sweet orange;
Khedkar et al. (1982) and Dhoot et al. (1984) for guava:
Jadhav et al. (1992) and Reddy and Nagaraju (1993) for custard
apple; Bhullar et al. (1984) for mango and Pota et al. (1987)

for pomegranate.

The weight loss of sapota was found to be the
highest in control fruit and the lowest in fruit packed in
polyethylene bag among all the packaging treatments. The
weight loss in ascending order was observed in treatments like
polyethylene, polyethylene + CFB hox, peolyethylene + wooden
box, CFB box, wooden box and control! under both the storage
environments. It could be inferred that reduced weight loss
was mainly due to use of polyethylene packaging either alone
or in combination with CFB and wcoden box as it controlled the
transpiration and respiration of sapota fruit during storage.
On the contrary the total weight 1oss was found to be the
highest in wooden box followed by CFB box apart from control
fruit. The same trend for rotting, softening, skin shrinkage
of sapota fruit for all the treatments was observed. In
general, s=apota fruit packed either in polyethylene bag or
its combiation with CFB box and wooden box showed better fruit
quality, firmness and marketable quality till the end of

storage life.
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As the fruit started ripening, the total soluble
solids and sugars increased continucusly till they reached the
peak. The increase in TSS and sugars of sapota fruit could be
attributed to the conversion of starch and other inscoluble
carbohydrates into soluble sugars. TS5S and sugar content
increased markedly during ripening of sapota fruits and then
decreased. (Selvaraj and Pal, 1984 and Kumbhar and Desai,
1986). The total socluble so0lids and sugars were further
utilized for respiration, thus showing the lower content of

these in fruit tissue.

The rise and fall in TSS and sugars were found to
be delayed in polyethylene packaging, but rapid in control
fruit among all the packaging treatments. The rate of rise
and fall in TSS and sugars in increasing order in different
packaing treatments such as polyethylene, polyethylene + CFB
box, polyethylene + wooden box, CFB box, wooden box and
control was c¢bserved throughout the storage period. The
values of TS5 and sugars indicated that polyethylene packed
fruits retained more TS5 and sugars.

The acidity of fruit generally decrease with the
advancement of storage period (Salunkhe and Desai, 1984). The
same was confirmed in the present investigation. Decrease in
acidity may be attributed to conversion of acids to sugars as
reported in Thompson Seedless grape by Pool et al. (1972} or
it may be due to utilization of acids during respiration

(Ulrich, 1970).
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Higher 1levels of acidity c¢ould Dbe noticed 1in
polyethylene packed fruits. Similar results were also
obtained by Selvaraj and Pal (1984), Kumbhar and Desai (1986),
Banik et al. (1988}, Guatam and Chundawat (1990) and Reddy and
Nagaraju (1993) for sapota. In addition, polyethylene packed
fruits were better in quality even with extended storage life.
However, the ascending order for the rate of decrease in
acidity of sapcta fruit in different packaging treatments such
as polyethylene, polyethylene + CFB box, polyethylene + wooden
box, CFB box, wooden box and control, was observed during the

investigation.

The guage, size and perforation of polyethylene for
packaging for fruit and vegetable depend on weight of
commodity, stage of maturity, temperature and light. The type
of commodity is important because the injury of O, depletion
and (0., increase depend upen the tissue and better results
could be achieved by standardising the perforations (Hening,
1975), The extended shelf-life was obtained by packaging the
sapota fruit in 100 guage polyethylene bag with 1.2 % vents
(Kumbhar and Desai, 1986). The results obtained 1in the
present study o©f sapota fruit are in confirmity with the

observations of these workers.

Now—-a—-days, CFB boxes are becoming more popular for
storage and transport of fruits and vegetables as they are

lighter in weight, easy to stack and handle. Effective wuse
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of CFB boxes for storage and transport has been reported by
Anand and Maini (1982) and Lal Kaushal and Anand (1986) for
apple; Joshi and Roy (1986) for mango; Gupta et al. (1981).
Singh (1987) and Baviskar (1993) for Dber. The results
obtained in the present investigation are analogous with the
findings of these workers. The CFB boxes were found to
maintain Dbetter physico-chemical parameters of sapota fruit.
However, the packaging of =apota fruit in polyethylene bag
coupled with CFB box was found to be better for extending the
shelf-life and maintaining fruit gquality than that of using
CFB boxes alone. These boxes substantially reduced the water
logs fo sapota fruit in it than that of contrel fruit. In
addition, at the time of packing, there is often a vapour
pressure difference between the produce (fruit) and the
package, so that water is evaporated from the produce and is
absorbed by packing material (Wills et 1. 1981). This could
be the reason that at high temperature and low humidity

condition at RT, the CFB boxes were not much effective in

checking the weight loss and arresting the ripening.

The results of present study discouraged the
packaging of sapota fruit in wooden boxes . Morever, wooden
box has disadvantages like heaviness which adds to the treight
cost, consumes 2 to 3 times more wood as required for a
similar Size corrugated fibre board box. They are not alsoc

convenient for handling, packing, ventilation and causing more
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bruising to the fruit. Beautiful printing at low cost for
internalicviial acceptance and export is not possible in  wooden
boxes. It has positive advantage like good stacking strength.
But extensive use of wooden boxes will deplete the forest

wealth and bring an ecological imbalance.
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S . SUNMMARY AND CONCLUSION

The present invegtigation entitled, "Studies on

extending the shelf life of sapota (Manilkara achras (Mill.)

Fosberg)" c¢v. Kalipatti, was undertaken at the Postharvest
Technology Laboratory, Department of Horticulture, Mahatma
Phule Krishi Vidyapeeth, Rahuri during the year 1993-94. The
sapota fruits were obtained from the Instructional cum
Resgsearch orchard. During these studies, attempts were made to
study {1} the effect of various packaging treatments - on
physico—-chemical characteristics of sapota fruit under
different storage conditions and (ii) the effect of wvarious
packaging treatments on shelf life and gquality of sapota fruit

under different storage conditions.

I. To study the effect of various packaging treatments
on physico—-chemical characteristics of sapota fruit
under different storage conditions
Sapota fruit in all the packaging treatments at

room temperature, showed the same traits of rise and fall in
TS5 and sugar content and decreasing acidity with increasing
rotting, total weight loss, fruit softening and fruit gskin
shrinkage. Fruits stored in cocl chamber followed similar

trend of physico-chemical changes but at a slower rate.

The present study made it clear that the packaging
treatments such as polyethlene packaging (100 gaugae and 1.2%

vents) and CFB + polyethylene packaging (100 guage and 1.2%



vents) had a great significance in retaining the physico-

chemical chiaracteristics and reducing the wastage.

Fruits after harvest hecome a highly perishable
commodity. In tropical contries 1ike India, postharvest
logsses are colossal due to higher temperature, insufficient
packaging, dilatory and unspecialised transport, power
shortages, mechanical injury and careless handling. This
problem of fruit growers and handlers may be solved by
adopting simple and cheap packaging materials like
polyethylene and CFB boxes and use of cool chamber which is a
simple method of storing the fruits for extending storage

period with minimum loss of desirable attributes.

II. Effect of wvarious packaging treatments on shelf
life and quality of sapota fruit under different
storage conditions
Sapota fruits given with different packaging

treatments were stored at RT and in a simple zero energy cool
chamber . The shelf life of the fruits was extended upto 15
days in CC. Polyethylene packaging was found tc be beneficial
in extending the shelf life of sapota fruit at RT and in CC.
However, for easy +transport and handling, use of CFB +
polyethylene packaging was found to be beneficial over
polyethylene packaging. The advantage of storage of sapota

fruit in a =zero energy cool chamber is that it does not
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require any mechanical or elecirical energy and 1is easily

installable with cheap and locally available raw material.

Toe conclude, it may be stated that the storage of
sapota fruit in cool chamber with CFB + polyethylene (100
guage and 1.2% vents) packaging should be recommended. The
¢ool chamber has the added advantage of easy constructicn, low
cost and simple handling. The present study 1indicated that
cool chamber could be a possible solution to the problem of

storage of sapota fruit in India.
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APPENDIY -1

3
Ci

Effect of various packing saterials on tusulative total weight loss (%) of sapota fruit at RT and ip OO

Day after stoarge

Treatgent
3rd 5th 7th

RT cC Mean RT [N Hean RT cC Mean
Intital 8.60 G.00 ¢.00 0,60 6.0¢ 0.00 0.00 ¢.00 4.00
value
T! 3.82 0.95 2.39 10.55 1.93 5.24 314 3.88 18.52
T2 1.49 Q.00 0.74 3.4 0,94 2.14 6,25 1.89 1,07
13 2.24 0.45 1,38 5.47 1.49 3.98 13.52 2.92 g.22
T4 2.84 8.91 1.47 h.74 1.52 4,13 13.88 1.4 B. 45
TS 1.85 0.43 1.14 5.34 1.42 1.8 8.44 2.19 542
Té 1.87 0.45 1,18 5. 70 143 1.57 9.3%9 2.42 5.90
Hean 2.23 0.47 4,37 1.45 14,11 2.82

§.E. ¢ C.D. at 5% S.E. ¢ C.D. at 5% S.E. + C.D. at 5%
Packaging 9,028 0.080 0.025 ¢.074 2.015 9.043
Storage 9.048 0.13% 8,084 ¢.128 0.026 9,075
Packaging » 0,047 0.194 0.042 0.181 0.035 9.104

storage



APPENDIY-11

26

Effect of varipus packaging materials on cumulative tolal weight loss [1) of sapota frait at

RT and in CC.

Trestaent

e 1 ek % g et ) O e ek g e ek ——

qth ilth 13th
RT £E Nean RY ot Hean RY e Mean
Intital 0,00 Q.00 4,00 ﬂ.OQ .00 0.6 0.00 0.00 0.60
value O
?i 58.84 6.90 27.67 92.37 38,52 53,44 106,00 86.34 93.17
T2 10,64 2.96¢ 5,78 36.98 .84 20.41 69,14 7.89 18.53
T3 34.94 5.01 19.99 56.75 .24 37.50 100,00 25,54 82.77
Tq 35.98 S.68 20.83 67.30 16.27 38.78 160,08 37.54 58.77
TS 20,64 .45 12.04 51.15 5.91 28.53 91,58 12.57 532,12
Tb 22.0% §.16 13.10 31.77 6.29 29.03 93,47 12.91 33,29
Nean 28.79 4,48 b1.03 12.18 92.42 30.47
S.E. + C.D. at 51 §.E. +  C.D. at 51 S.E. + C.D, at 5%
Packaging 0,073 0,212 0.11% 0,345 0,138 0.402
Storage 0,128 0.348 0.206 :.599 G.239 2,697
Packaging x  0.179 4,320 0,281 0,847 0.338 6,985

storage



Effect of wvarious packaging materials

APPENDIX-III

weight loss (%) of sapota fruit in CC.

on

cumulative

total

e e

e et i s o e e iy e e T e e e it Wy e e . e M o o e o e i o ot S o ke N e

e e e e e e e e e e i ot et e e e o e v e e T o e e T e e o o A S o A P o o Ao e i o S ot o e o

Initial value 0.00

76.43
100.00

160.00

o i A e S i S S T i S o =\ it . o s ot oy i A e St e S e Ty = = e . i W P = e hin o rm P " e et .

T, 100.00
T, 15.02
Ty 48.82
T, 52.85
Ts 35.49
T 39.00
S.E. + 0.088

C.D. at 5% 06.271

97
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APPENDIX - IV

Effect of various packaging materials on cumulative
rotting (%) of sapeota fruit at RT.

—-th gth 11 th
Initial value 0.00 0.00 0.00
Ty 12.70 32.18 67.77
T2 0.00 2.43 12.65
Tqy 2.30 12.32 40.24
Ty 3.00 13.15 42 .84
Ty 0.00 4.52 29.72
Tg 0.00 4.83 32.09
se + o1z 0.383  0.399



APPENDIX - V

Effect of various packaging materials on cumulative
rotting (%) of sapota fruit at RT and in CC

o A i et o . T ot e M . .y . Tt o . (Tt S it} o o oy T o = ke Py i S S it e o o i o T il T M ok Yk . - i e s

Treatment =~  ———m e e
RT CcC Mean
Initial value 0.00 0.00 0.00 -
Ty - 60.49 30.24
T, 44 .95 0.00 22.48
T4 75.54 16.32 45.93
Ty 78.86 17.06 47.96
Tg 61.83 2.98 32.41
Te 66.05 3.61 34.83
Mean  65.45 1674
U sEx c.D.at 5%
Packaging 0.147 0.428
storage 0.254 0.741

Packaging x Storage 0.360 1.048
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APPENDIX - VI

Effect of various packaging materials on cumulative
rotting (%) of sapota fruit in CC.

oy iy . S S . o = = A o T A = M T T N e e MMn M o P = A = T i A o T S A i

Treatment [T e S
Initial value 0.00 0.00 0.00
Ty 78. 21 - -
T, 4.71 35.33 55.25
T3 42 .31 72.42 g0.82
T4 46.93 76.15 84.91
T5 14.96 48 .09 73.60
T5 18.82 51.42 76.23
s.e + 0.351  o.zs0  o.s51

C.D. at 5% 1.082 0.799 1.699

o e i i e e o o e T M o e o S S R T o ek e A o ot AN Sa . i iy b o k= g T e it Sl i P e M e e e W e
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