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INTRODUCTION

Fruits and vogoﬁbhs’ are important components of
our daily diet but being highly perishable it is diffioult
40 store theam for more than 3-5 daye. It is estimated that
Re.300 - (Rupees three hundred) orores worth of the country's
produstion of fruits and vegetables production is lost
annually for vant of adequate processing and aarketing
arrangements. Although preduction of fruits and vegeiables
has risen substantiially during the last decade, about 25 to
404 csnnot be utilised duo' 40 the laeck of proper processing
and storags. In the case of many fruits, there is a glut in
the market during the harvesting season while there is sur-
plus and low cost in the on season. In either case the
producer is the lo-ser and there is no inocentive to produce
more. The solution for this is to adopt some methods of
preservation which vwill prevent further spoilage. There are
several methods of preservation of fruits and vegetables,
drying or dehydration is perhaps the cheapest among thea,
It involves the removal of the moisture content to such a
level that the micro-orgsniss carmot survive for any length
of time and the ensymes are aade insotive. It is one of the
oldest methods of food preservation known ‘to man and one of
the nevest. The value of dehydrated foods under vartime con-
ditions vas invaluable as it made easy to carry to mountain



areas in the fighting freat by making them light in weight.
Sun-drying still accounts for the major part of dried fruite
consumed in the wvorld teday and mechanically-dehydrated
fruits are produced in small smounts as compared to them,
but the quantities of the laiter are rising rapidly. Much
has been domne to impreve the quality of dehydrated foods.
Among the things that led %o improvements ere the use of
rav naterial that is better gdaptcd to the requirements of
dehydration, nev processing technology, improved equipaent,
lover moisture content in finished product, dbetier control
of sulphur application and improved packaging (Van Arsdel
snd Copley, 1963; MoBean, 1971; Potter, 1973).

At present nos\t of the dried fruits other than prunes,

are dried in the sun but dehydration is rapidly increasing in
importance because of its following advantages.

1. Dried fruits have an almost unlimited shelf-life under
proper storage condition.

2. Vitanin lossea are not greater in dehydration than with
other preservation metheds.

3. Transportation, handling and storage costs are substan-
tially lower vhen compared with that of similar foods.
Shipping and handling weight is reduced by 907,

4. Seasonal variation in product quality ie either absent or
at & ainimum in low moisture fruits.



5. They utilise the most sconomiocal and disposable fora of
packaging. The two majer considerations in packsging
dried fruits are the cxelusion of moisture and oxygen.
Metal cans, plastic bags and laminated bags and boxes
effectively limit the passage of meisture and oxygen.

6. In seasons of early rains, the use of dehydrator prevents
loss through rain damage.

The shelf-life of a dehydrated fruit produect is in-
fluenced to & large extent by the packaging vhich must con-
fora to certain special eriteria. These are (a) protestion
of the dehydrated product against moisture (Heiss and
Echner, 1971), light, sir, dust, mieroflora, foreign odor,
rodents, etc., (b) strength and stability to maintain original
ocontainer 9rop;rt1¢a through storage, handling and marketing,
(e) size, shape and appearance to promote saleability of the
produet, (4) composition ef the oontainer must be approved
for use in oontact with foods and (e) cost must be reasonable.

The hygroseopic nature of low molsture fruit tissue
aakes it imperative that special precautions be taken against
moisture absorption. The low-meisture products must be
paokn;od/a-.noon as possible after removal from the dehydra-
- tion and hermetically sesled containers are required to pre-
vent absorption of moisture with subsequent caking and loss
of quality during extended storage. Very little research on



these aspects have been done so far. Therefore, research
on drying, paekaging and storage of three common fruite we:s
ocohducted at the College of Horticulture, Vellanikksra with

the following objesotives:
1. Preparation of dehydrated fruits (banana,
Jack and mangoe).

2. Packing the dehydrated fruits in different
types of flexible eentainers.

3, Analysis of the nuirient ocontent of the dried
fruits in the case of different types of packages.

4. Pest and disease problems of the stered products.
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REVIEW OF LITERATURE

Many of the foed materials, rav as well as improperly
processed will spoil within a few days and every efforts
have been tried to prevent that spoilage by different methods
of proooo-inciund storage. Among the different aethods of
food prooessing and preservation, drying or dehydration has
besn successfully adopted frea very esrly times by our
sneestors in the case of many fruits and vegetables,

Preservation by 4rying has certain advantages as well
as disadvaniages as compared to other methods, It is simple
and comparatively cheap and can be adopted in the caee of
certain fruits and vegetables, Heat processing is very ocomamon
in the case of many food preducts, but is costly and the loss
of vitamins and flsvour are considerable. Several scientiste
have worked a lot in adopting dehydration as a method of
effective prooessing and preservation of several food pre-
dudt- and the same are briefly revieved in the following.

1. Rav _materjals - Productiop and Processing
1.1. Frujts and other rav materials

Not all the varieties of fruits are suitable for
oanning or preservation. In teras of structural and chemical
definition, fruit for 4rying should have reached that stage
vhen they are still firm enough to wvithstand harvesting amd



processing practices vitheut brushing and breakage of the
skin, vhereby enzyme systeas are stimulated to produoce
browning. Starch should be converted to sugar and the
sugar-acid ratio should be near at ite highest level, PFla-
vour volatile should also be near their pesk concentration.
861&310 solids generally inerease as fruit matures, but it is
not alwvays reliable to compare the changes in one season
vith those of another, district to distrioct and even orchard
to orchard variation may be large.

Considerable knovledge concerning the role of consti-
tuents in deteraining the suitability of a particular variety
of fruit for dehydration and of the changes occurring during
drying and storage have been well brought out in the investi-
gations on the effect of maturity. As early as (1915)
Bioletti reported that yield of reaisins wvere influenced by
the maturity of the grapes vhen harvested for drying. This
vas confirmed by Cruess et al. (1920); Cruess and Christie
(1921); Caristie and Barnard (1925) and Jacob (1942).

2. Preparation for drying
2.1, Pre-drying treataent

Pre-processing treataents applied to fruits before
they are dried are usually necessary to ensure a reasonsably
short drying time and to limit heat~induced deteriorative
changes to the mainimum.



Mrak md Phaff (194%) reported that, unblanched de-
hydrated fruit wvas opaque in appearance vhereas the blanched
fruit had a desiradle transluent appearance. They found,
hovever, that while steam blanoching of cut fruits (except
apple) was feasible, blanching of vhole fruits such as prunes
and grapes vas not because of loss of syrup. Iaszar et al.
(1963) introduced blanching after a preliminary drying in a
dry-blanch-dry prooess, this reduced the syrup loss so that
blanching could be applied in grapes.

5. Sulphuring

Probably the most signifiocant pre~treataent applied to
many fruits before drying is that oommonly known as "sulphur-
ing", i.e., the application of sulphur dioxide or sulphite
solutions to fruits. The limit of 502 concentrations in dried
fruit is usually in the renge of 2000 to 3000 ppm for out
fruits. Such limits are invarisbly specified as total 602,
but Joslyn and Braverman (1954) pointed out that the preser-
vative must exist in both free and combined form, the relative
proportions of these are determined by such factors as the
composition of the fruit, its pH and ite tupiruturo during
drying. McBean et al. (1965) showed that as little as 5%

aight be retained under slov drying oconditions and upto 40%
if water removal vas very rapid., Bmbs and Markakis (1965)

reported that sulphite prevented oxidation of cathecol by



mushroom polyphenclase by combining with the O-Quinons and
preventing their condensstion to aslanin. Markakis and

Eabs (1966) subsequently reported that ascorbic acid faci-
litates sulphite inhibitien of phemolass. Stanley (1968)
found that Sucrose inhibited the phenolase of apples, dates,
grapes, figs, and prunes which were dried without any ensyme
inhibition darken during wvater removal and were acceptable
in this form. He also reported that sulphur dioxide applied
principally to prevent non-enzymatie browning during drying
and storsge was however, widely used and was highly inhibitory
to the polyphenolase.

MoBean et al. (1967) reported that the free 502 contents
diminished throughout the vhole drying period, whereas levels
of combined 802 remained relatively unchanged and reached
80-30% of the total in the dried fruit, He showed that bet-
ween 10 and 208 of the ictal S02 absorbed by apricot and
peach tissue was in the ocombined form at the conclusion of
sulphuring and that the rate of combination was linear. Chan
and Cavaletio (1978) studied the effect of 502 on the quality
of the papaya leather. He reported that drying rate vas
decreased when high 802 {sulphur dioxide) level was given and
that the presence of 502 protected against darkening at high
drying and strong temperature, Khurdiya (1980) reported that

sulphuring at the rate of 15 g/8 kg of fruit (3 hour burning)
was oonsidered opiimum. Kitson and MoGreger (1982) reported



reported that addition of apple puree (400 ppm £502) before
drying will retard off flavour formation in the dried pro-
duct stored for 2 years st 20°C in polythene bags.

4. Deving
4.1, A. Mojsture transfer
4.1.1. Ehysjcal

Theoretical aspects of dehydration have been consi-
dered by Van Arsdel and Copley (1963). The most importiant
operation in dehydration is the mass transfer of moisture,
In living fruit tissuss, wvater loss largely oecourred by
diffusion from the cells to the intereellular spaces, followed
by 4iffusion, probably as vapours, from the intrscellular
spsees through pores (lenticels and stomata) in their skin
(Pogg, 1965).

Results of studies by Cruess et al. (1920), Wiegand
(1924) and Chriestie (1926) for prunes and goncerned chiefly
with such faectors as the loading, maturity and sise and
shape of fruit and drying condition, need furiher examination
using modern teshniques and embracing & wider varieiy of
fruits. The design of fruit dehydrators based on aotual
deternination of mass and heat transfer fsotors were investi-
gated in some detail for prunes by Guillou (1942). Perry (1944)
reperted data on heat and vapour iransfer in tae denydration
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of prunes, including temperature and meisture distribution
during dehydration. Most fruits, apples, grapes, pear and
prunes have & pronounced waxy bloom which restrict the wvater
transfer. The oculoular wvax of grapes was investigated by
Chambers and Possinghsa (1963), of apple by Meigh (1964) and
of prunes by Bain and oBean (1969).

4.1.2. Bioeheajon)

Apart from inoreased solids oconcentration due to water
removal, from individual components also under that changes.
Partial inversion of sucrose oeoursin those fruits whioh oon-
tain large amounts of sucrose pariicularly if the acid con-
tent was also high.

Water is by far the most abundant constituent of fruits,
ranging from 90% in berries down to 70% in bananas. The di-
ffusion of water in the tissue during drying is influeneed by
the State of water present. In fruit tissues most of the water
present asy bﬁ *free” but appreoiable amounts of water may be
held as wvater of hydration by suoh constituents as dextrose
or maltose, organic acids such as tartaric acid and tariarais,
Much of bound water may be helé by hydrogen bonding at parti-
oular constituents., While the concept of "bound” water has
been questioned by Kuprianoff (1958), there is much evidence

in its favour. Shimasu and Stirling (1961) investigated
changes in cellulose and caloium pectate in model aysiems



during dehydration and found an inorease in crystsllinity.
Ward (1963) discussed the nature of the forces between water
and the ascromolecular constituents of foods.

5. Colour changes
5.1. Ensymatio browning

Onslow (1920) reported that enszymatic browning ococurred
through the effect of an oxidase on a cathechol compound to
form either hydrogen peroxide or a peroxide whioch then oxi-
diees some other compound, the oromogen. Hussein et al. (1942)
reported that group peroxidase was responsible for darkening
of raisins. Chari st al. (1948) considered peroxidsse to be
involved in the darkening of prunes. Joslin and Ponting (1951)
reported that Caffeoyl-shikimio acid is roupona;blo for darken-
ing the dates. Pridham (1963) also found that 3,4-dihydroxy-
phenyl ethalamine vas responsible for darkening in bensna.

Ginoarevic and Hawker (1971) reported that browning of
Sultana (grape) during drying under mild ocondition wvas ecaused
by the action of o-diphenol oxidase on substrates released
from the skin tissue.

5 2o ‘g“.g!!!. t&ﬂ

The condensation of reduocing sugar with amino acids,
a process accelerated by heat, was responsible for amuch of

7
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the darkening, which eceours in fruits tissue during storsge,

it was also probably respensible for the major part of the
darkening ocourring during the drying of fruits. Fossible
courses of the browning reaction have been considered in a
number of revievs, notably by Hodge (1953) and by Reynolds
(1963) who suggested that the organic acid present in the
fruit may participste in the resction. Karel and Niokerson
(1964) reported that the meisture content and temaperature of
storage had great influence on the degree of non-ensymatic
brovning. The mechanism of the inhibition of the Maillard
reaction by S0, was investigated by Song and Chichester (1966).
They reported that bisulphite inhibited the reaction prior to
the one giving steady state brewning, and suggested that an
sotive form of bisulphite combined vith an intermediate eom-
pound involved in the oversll browning reaction. The chemistry
of the bleashing of anthoeyanins by 802 vas investigated by
Jurd (1964) and by Timberlake snd Bridle (1967). lNewveeney et al.
(1969) reported that bisulphite resetion with sugar interae-

- 44ates to foram stable sulphonated yrpduot wvas responsible for
enzyme inhibition prooess.

6. Bugars
Thompson and Sohrader (1949) reported that during storage

chemical changes do coour inoluding loss of 802. hydrolyses
of starch and inerease in sugars (reducing and total sugar).
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They observed that there was increase in sugars in case of
apple. They also reperted that starch content was decreased
throughout the storage period irrespective of package could

be asoribed to the hydrolyses of starch. Kikon (1977) observed
in dried apple an incressing trend in reducing and total
sugars during stiorsge. Rao and Roy (1980) reported that
reduoing sugars increased vith the inorease in teaperature

of storage.

T. Asjdity

Kikon (1977) reperted that there is deoreased in aeiditly
during storage. This could be probably due to disappearance
of 50, from the product. Raso and Roy (1980) reported that
a0idity increased with the inorease in temperature of storage.

8. Iaste and flavour

The flavour of fruits are aainly due to volatile ocompo-
nents lpru'd throughout the tissue, Most fruits whioh are
dried contain apprecisble amounts of organic aoids, that cen-
tr:l.buti to their flavour and taste charscteristios. The pre-
senee of S0, enhsnces the retention of vitamin C to the extent
that 50% of the originsl content may be retained in the dried
product (Morgan and Field, 1929) on the other hand, thisain
is totally destroyed Ly B0, (Morgsn et al., 1935).

9. Packaging
Aain snd Bhatis (1962) mentioned permeability of
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polyethylene bag to moisture vapours. However, gain in
noiqturo was comparatively more in paper bags as compared

t0 polyethylene bags which may be because of the mere per-
meability to moisture of the paper bags as compared to poly-
ethylens bags. BSaige and Matsui (1968) studied storage sta-
bility of mandarin orange in syrup under the influence of
vhite lamp, mercury, sun with various plastic filme eg.

poly thene, oellophane, polyster and laminates as packaging
mnaterial. They reporied that storage in darkness gave better
stability. Davis (1970) discussed the measurement of gas and
vapour permeability and taining properties of alwminium foil,
paper, cellulose and polypropylens. Tuomy (1970) reported that
flexible containers are the most promising packages for freese
adried foods. McCarron (13972) reported that the most satis-
factory packaging material is cellophans and cellophane base
laminates with respect to aroma.

Day (1973) studied the use of foil packaging snd pro-
tecotion afforded to confectionary product against moisture
absorption aroma and odour and 4irt, When the {ype of plain
and laminated foil available and their handling properties
are considered. The polyethylene foil laminate was the most
moisture and odour resistant flexible fila. Iane (1973) re-
ported that the foil ocontainers not only protect the product

from physical damage but also play an important pari in the
‘prooessing of the product. Anon (1976) discussed the outlook



for prioces, steps to be taken to help overceme probleas due

to material supply shortage and situation for cellephane,
polyethylens, polypropyleme and polyster. Kumar e% al. (1976)
reported the range of packaging filsms and laminates for vater
vapour transmission rate, tensile strength, elongation,
brusting strength, tesring resistance and grease resistiance.
Adsulf and Anand (1977) reperted that smong different types

of plastic ocontainers used IDPE and HIFE tended to lose 50,
most rapidly follewed by polyvinyl chloride and glass irres-
pective of the product and the storage temperature.

Mahadeviah et al. (1977) reperted that for long tera sterage
of about 8-10 months and to withstand physical and environ-
mental hasard, LDPE 400 gauge are quite suitable in eoffering

a desired protection for pulses of unit packs of 500 g.
Howvever, for short-term storags of about 3~4 months, 200 gauges
of LIPE fila is quite adequate under all conditions of storage.
Anon (1979) discussed the use of cellophans and polypropylene
for flexible packaging. Amba Dan and Adsule (1979) studied
both preservation of msngo pulp in HDPE container stored at
room temperature (21°-34°C) over 12 menths and were assessed
for physico-chem. properties, Balasubramanyam and Anandssvamy
(1979) reported the characteristios of the packages required
to prevent raneidity and moisture inoreased and comparative
advantage of different types of packaging. Andres (1980)
studied packaging trends including retort pouches and advantage



of flexible packaging. Hernberg (1980) reported the .

vitamin C content of orange juios drink packed eitaer in
glass and flexible paskaging. Rao and Roy (1980) reported
that ideal moisture to have storage stability was found to

be 15 or a little more with a relative huamidity between

63 to 70% in dehydrated papsya. Schaidt snd Bauber (1980)
studied the inseot proof puckucinc with the lsainated film.
They found that the foils were resistant againsti invaders

but not penetrators. Hohn (1981) studied tae characteristios
of several typoo.af packaging material i.e., weight, suitable
temperature, transpirscy, orgsncleptic properties, flexibility
end 0,/C0, permeability. Mahadeviah (1981) discussed the
recent developmente in the Pederal Republic of Germany on the
packaging materials with respect to metsl, glass and plastic
containers. Introduction of sluminiuam container, heat steri-
lissble glase contsiner end plastio laainate and semi-rigid
containers have been highlightcd.‘ Satyavatii Krishnankutiy

et al. (1981) reported thati banana chips fried in fresh coconut
oil and packed in 300 gauge HDPE and 400 gauge LIPE bags
packaging are satisfactory upto two months. Tuechy (1981)
studied the nev type of LDPE, linear LIDPE vhich may heve appli-
cation in the food industry.

10. Storage
The deteriorative changes in flavour, texture and
colour initiated during drying and possibly during pre-drying
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procedures ocontinue wvhen the fruit is held or stored after
drying. The changes in eolour which ooccur in dried fruits
during storage have been the subdbject of extensive investi-
gation (Mackinney, 1946). Stadtman et al. (1946) reported
that in sbsence of oxygen the rate of dsrkening of dried
apricois increased with decresse in moisture content over
the range 40-10% and reached a maximum at moisture content
between 5 and 10%. Barger et al. (1948) suggested that the
best temperature for the sterage of dried fruits generally
vas 0°C at a relative humidity 5% . Thompson mnd Sehrader
(1949) recommended 0.8°C for dried apples. Miller and
Chichester (1960) reported that the erystalline deposit-on
prunes and figs oontain gluocose and fructose, vith traces of
oitric acid, malic aecid, lysine, asparagine and aspartic acid,
Majer and Schiller (1961) reperted on some chemical changes
oocourring during storage of Deglet Nair Dates at 49°C. Dar-
kening vas found to be the oombined result of both oxidative
(10-20%) and non-oxidative browning. Acker (1962) reperted
that the moisture level at vhieh dried fruit would have the
desired storage life depends on the reduction of available
moisture belov 25-30%, at which level miorobial growth and
activity and tissue ensymes activity became apprecisble.
Majer and Metzler (1965) reported data on the changes oceurring
on date polyphencls during maturation and storage and their
relation to bdrovning. The flavours and caffeoyl-schikimie
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acid were found to underge the greatest decrease during
maturation and browvaing. fShe phenclios were most susoeptible
%o enzyme browning. Bolin and Boyle (1967) reported that s
higher moisture levels cheaical preservatives must be used,
alternatively, the miecro-ergsnism capable of developing may
be destroyed by heat. Sharma et al. (1974) studied  the
production and storage behaviocur of Spry dried mango pevder.
They reported that during s storage period of 1 year ati rooa
temperature 31 ',_ 19¢C there was no perceptibls change in
eolour, flavour and reconstitution of the product but there
vas progressive increase in the free-fat content, volatile
free-fatty acids and aeidity values. Ramanujs and Jayarsasn
(1980) reported that the banmana slices treated with 300 ppa
80, and packed in flexible laminate pouches resained acoeptable
upto 9 months at room temperature and 4 months at 37°C. With
500 ppm 80, the shelf life of the slices wvas 12 months at
roem teaperature and 6 months at 37°C.

11. Rehydration

The condition of influencing sbsorption of moisture by
dried fruits wers investigated by Niehols (1935) for moisture
inorease during processing of dry prumes in boiling wvater.
Nury et al. (1963) developed an improved procedure for rehy-
dration using stean and dbolling water followed by & short-
immerson in cold water and applied it to fig and raisins ss

vell as prunes. Sterling (1963) observed that dried cell-walls
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are not very permeable te water, suggesting a denaturation
of the cell wall material. Nury and Salunkhe (1968) shewved
that cell walle shrunk during drying and some breakage
ocourred, The porous nature of vacuua dried msterial peraits
rapid end more complete reconstitution then the collapsed
nature of air dried fruit. Vellink st si. (1971) reported
that lov moisture stirswberries esn dbe produced with a modi-
fied freeze 4drying process vhich yields fruits oapable of
rehydration in milk within 30-90 sec. Anon (1977) reported
that rehydration of cabbsge to 75% of freeh weight takes

1 hour but better results are obtained with 3 h. rehydration
at rooa temperature. The rehydrated cabbage maintain a erips
texture. Solms et al. (1978) reported that salti-treated
vegeiables had a higher degree of reconstitutions and were
softer in texture than water blended vegetables. After

12 nokth- storage periods, sali-treated samples vere superier
in colour and flavour to water blenched and sulphited samples
as judged both analytically and senserily. Khurdiys (1980)
reported that reconstitution of dried ber is achieved by
soaking for 2 hours and beiling for 5 min. in water and were
organocleptically scceptable afier 6 months of storage.

12. Product

Roy and Singh (1952) reported that mango powder is
better than the slices because of ite ready foram for use



in any preparation like the pulses soups or vegetadbles,
Strashan and Talburt (1954) reported that oitrus produst

are sostly dehydrated as juios produced only. Orange
crystals are prepared using & vaguum process in wvhich orange
concentrates of 58°B is the starting material. Robert and
Faulkner (1965) reported that low moisture apricot products
are utilized in dry turn over, pie or tart filling mixes,

or in fruit cocktail type mixes in combination with other
denydrated fruite to consumed as sleved fruit. Flakes can be
formed and the lov moisture apricot flakes may be used as a
cereal additive. Prabhakar Bhat et al. (1974) reported that
curry mixes based on cabbage-potato, Frenchbean~-potato, peas~
potato combination has good acoeptadility as regards flaveur,
eolour and reconstitution preperties both initially and after
storage for one year under ambiant air condition and st 37%c.
Gangopadhyay et al. (1976) reported that mango powvder could
form base material for chutney and beversges. Simek (1978)
reported that the dried potatoes maintain the specific aroma
and flavour of the fresh potate ss vell as maximua of their
original nutritional valus.
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MATERIALS AND METHODS

These investigatiens vere carried out in the College
of Horticulture, Vellsnikkars, during the year 1981-82.

During 1961-82 4shydration vas done during April-lay. Three
different erops vis., banena, jack and wango were taken up
for the studies. ‘ '

1. Preperation of the fruits

1.1. Bapana: "Nendran” variety banans, which is very
popular in this part of the country was selected for dehy-
dration studies. Fruits whieh have just started ripening
wvere selected and their fingers vere hand peeled and sliced
wvith the help of stainless steel knife. The thiekness of
the slices was maintained at a range of 2.5-3.5 ma. Thioek-

ness was measured with the help of & vernier calliper.

1.2. Jagk fruit: "Varika" type early variely vas
selected for the studies., Uniforaly mature fruits were
seleoted snd kept at room temperature for 3 (three) days for
ripening., Fruits were pesled off with the help of stainless
stesl imife. Bulbs were taken out and the seeds were removed
and the flakes were made into small pieces by hand, Thiok-
nees ranged between 2,0-2.5 ma.

1.3. Mange: "Neelun" variety was choosen and uniforaly
asnture fruits were harvested and utilized for the study.



Pruits vere peeled off with steel inife and sliced into
pieces of 2,5-3.5 ea in thickness.

The following physical and chemical characters vere
recorded before the fruitls vers prepared for dehydration.

1. Physjeal characters
1.1. Banans

1.1.a. Average veight of & finger
1.1.b. Pulp 40 peel ratio

1.2, Jack frult
1.2.a. Average weight of the wvhole fruit
1.2.b. Bulb, peel, core ratio

1.2.¢. Bulb .d6 seed ratio
\

1.3. Mango

1.3.8. Weight of whole fruit (average of 10 fruits)
1.3.b. Peel i4 pulp (including stone) ratio

1.3.0. Pulp =4 stone ratio

2. QE!!L!!L,SQ!EEBESEl
/ The following chemical components were
analysed after taking appropriate samples,

2.1. Moisture
2.2, T.8.8. (total soluble solids)
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2.3, Sugars (reducing and total)
2.4, Titrable acidity

3. Pre-drying treataents

Before drying the prepared fruits were soaked in water
containing 2000 ppm potassium metabisulphite solution for
2 (two) hours and the pulp was drained off the treataent

solution.

4. Drying of fruite
Irying of the zrugt. was dene by any one of the
following methods. '

1) Sun-drying
i1) Drying by mechaniocal method

The thiockness of the spread for both methods was
1 kg/sq.2t. For tray dehydrator, temperature was adjusted
at 65 + 5°C. Drying time of the different fruits wo: also
ocaloulated.

5. Pasking

Dried fruits were packed

1) in povder form

i11) as chips

Powdering was done with the help of grinder. 25 g both
in powder form and chipes were packed separately in the follew-
ing packing materials.



5.1, Crafi-paper bag (T,)

5.2. Butter paper bag (!2)

5.3. Polythens bag (150 gauge) (Iy)
S.4. Polypropylene bag (100 gauge) (!‘)

6. Storage studies

The packed materials ln different packets vie., craft
paper bag, butter paper bag, polythene bag and polypropylene
vere stored at rooa temperature (28-30°C). Half of the load
vas kept in iron wire basket press to protect from the rats.
Remaining half vere kept inside a steel trunk, The following
physiocal and chemical characters were recorded after 50th,
70th, 90th, 110th, 130th, 150th, 170th and 190th day of storage.

6.1. Physjesl charscters

6.1.1. Organoleptic test

6.1.1,8, Reconstitution of chips in syrup of different
strength.

6.1.1.D. Preparation of 'Payassam’ using reccnstituted

fruit powder.

6.2. Chemjeal charaplers
The following important ocomponenis were analysed che-
-Loau.i on moisture free basis.

6.?.10 Moisture
6.2.2, T.B.8.,
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!

6.2.5. Sugars (reducing, total)
6.2,4. Titrable scidivy

6.1:1", R. *!

Sugar ayrup of differeat strength vis., 20%, 256, 30% and

+ 35% wos prepared for reeonstitution of banana, jack snd

mangoe ahips. 50 g samples wvere soaked m"zso al boiled asyrwp

for 30 minutes and ayrups =re drained off and reconstitution

ratios were calculated. Organoleptic tests were oarried out

by a panel of seven judges and they rated the quality of the

fruits by assigning renks, adopting the rating given by

Singh (1967). |

Category Marke

Poor 1.01

Fair 1.01 t0 2
Good 2.01 t0 3
Excellent J3.01%0 4

- The average soore was worked out for each sample froa
the rating made by the pans) of judges and comparison aade.
The palatability rating (score) was oonsidered as the criteria
of judging the qualiiy of the product.

1.1.b. Preparation of 'Payassam'

Payassan from the stored powder of banana, jack and
mango were prepared afier different time intervals of storsge.

Following were the recipe of the productis,



1.

2.

3.

Banana

Water
Jaggery
Fruit powvder
Coconut milk
Cashewvnut .
Raisin
Spices

26

1200 m1

300 g

100 g

from a mediun size nut
25 g

25 g

for flavouring

(cardsmon, clove etc.)

Jack frujt
Jaggery
Water

Pruit povder
Cashewnut
Raisin
Spioces

Coconut milk

Mango
Water

Jaggery
Pruit powvder
Coconut milk
Cashewvnut
Raisin
Spices

]

250 g

1200 ml

130 g

25 g

25 g

for flavouring

mediun sise nut

1200 m»l

350 g

100 g

from a medium sise nmut
25 g

25 g

for flavouring
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Jaggery vas disselved in 500 ml of water and boiled
for 2 minutes in a stainless steel pan. Then filter using
muslin cloth to remove impuriiy from the jaggery. Then
add remaining quantity ef water and keep for boiling 5=10
ainutes. Cashevnut was fried in 10 g of butter. HRaisins
were sdded in the early stage of boiling vater. Powder vas
added when water had just started boiling. Then cooonut milk
wo s added and kept for beiling for about 2 minutes. Then
cashevnut and spices wers added and then the container was
taken out froa the fire and kept for cooling.

Organoleptic test wos . performed séme 8s in the recomn-
stitution of ohips. |

6.2. Chemjocal charaeters

For determining T.8.8., dried powder was &iluted with
distilled water at the rate of 152, Then it is mixed in &
aixer (grinder) for one minute. Then 7,5.5. was deterained
using & pooket refractometer. Sugars (reducing and total
sugars) snd titrable acidity vere estimated adopting the
standard procedures presoribed by A.0.A.C. (1380) and expressed
as peroentage. In order to deteraine the moisture centent,

a weighed quantity of the dried samples i.s., 10 g vas taken

and dried in hot air oven at 70°C t11l there was no further
reduction in veight. The moisture content was worked out as

the loss in weight as a result of &rying and expressed in
peroentage.
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7. Btatistical ana :

Data relating to chemical analysis wvere analysed statis~-
tically by applying the teshnique of varisnee in completely
randonised design (C.R.D.) with four replications and the
significance was tested ky 'F' test and compared the treat-
ment means (Panse and Sukhatme, 1957).
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RESULTS

Dehydration of fruits and vegetables brings abeut
major changes in the physical and chemioal characteristics
of banans, mango and jackfruit., The studies made on these
aspeots are presented below: |

Physiocal characteristiocs vis., average wveight of the
finger, pulp to peel ratio (in case of banana), average veight
of the fruit (both in mango and jackfruit), peel, stone and
pulp ratio, stone and pulp ratio of mango and seed to buld
ratio and bulb to wvaste (core, rind, eto.) of jaokfruit vere
determined and the data are shown in Table 1.A,

Chemiocal characteristics like moisture, T.5.S., total
sugar, reducing suger and acidity of banana, mango and jaok-
fruit are depicted in Table 1B. It is evident from the table
that all the three fruits used in the present investigation
contained moisture within the range of 70-85%, indicating
their moisture rich nature,

1. Pre-drying treatments of the fruits

Ratio of fresh fruit weight to that dipped in KM solu-
tion for 2 hours, drying time and drying ratio of banana,
mnango and jackfruit are presented in Table 2. It may be seen
from the table that the dip treatment inoreased the fruit
weight in all oases, The inorease in veight vas the maximum
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for banana (1:11,33) folleved by jack (131.23) and mango
(131.09). Comparison of this observation with the moisture
data in Table 1 showed & negative relationship, the trend
being, lower the initial moisture content of the fruit,
higher is the weight picked up during the dipping process.

2. } 4 8

2,1, Sup dryjng: It wvas observed that sun drying vas
not feasible under Vellanikkara condition., The material
remained moist and pulpy even after 25 days of drying. Date
in this regard in relation to rainfall, sunshine hours, maxi-
mum and minimum temperature and relative humidity are pre-
sented in Appendix I.

2.2, Meghanjeal dryings It may also be seen from the
Table 2 that the time taken for 4rying was the maximua in

banana (87 hours) followed hy jack (83 hours) and mengo (80
hours). A perussl of this observation indiocated that the
drying time is &ireotly related to the fruitweight after
dipping dut not with the initial moisture ocontent (Table 1),

Observations on the drying ratio indicated that the
drying ratio wvas minimua in the case of banans while it wvas
maxisun in mengo, indicating a close relationship to the ini-
tial moisture content,

2.5. Browning during drving: Browning of the produet
vas observed during dehydration at the end of 48 hours.



Table 1. Physico-chenieal eharacteristios of benans,

asnge and Jjaekfruit during dehydration

Particulars Banana iango Jaokfruit
A. Physjcal eharsoters
Average veight of a
finger 175 & . »e
Pulp to peel ratio T.881 .o .o
LV!?:“ veight of the . 3708 57 00 g
Peesl, stens and pulp ratio e 111.116,.4 e
Stone to pulp ratio .o 116.1 oo
Seed to buld retio ve .s 14,5
Buld to vasts (seed
core, pesl) ratioe ' b *. 112.6
B. Chenjoal charaetiers
Noisture 708 8% 4
T‘B.S. 12% 702?{ 12/r
Tetal suger 10.2 T7.047. 9.3/,
Reduoing sugar 5¢29% Sed /. 3.2/
Aeidity 0.4%7, 0.927. 1.027.




Iable 2, Ratio of pre-drying of fresh fruit and dipped
fruit (in 2000 ppa XMS seln.) in dehydrated

fruite

Particulars Bansna Kango Jaskfruit
Ratio of fresh fruit
ﬁd ::: :np;amma: agtar

PP or 8 a 1. 1:1, o2

N 131,33 :1.09 111,23

Irying hours to bring
down o minimum 8T hrs 80 bre 84 hre
soisture level
Fresh to 4ried fruit 4,111 631 6.05:1

wveight ratie

)
o



It vas observed that the dehydrated materials (chips
sand powder) packed in T, (orafi paper bag), T, (butter paper
bag), Ty (polythens bag) and 24 (polypropylene bag) and stored
in open atmosphere vere subjectsd to serious quality deter-

ioration by fermentation. The materials stored by this method
showved the first nign' of fermentation by 50th day of storage.
When the packed dehydrated materjale were stored inside a
steel trunk, there vas no damage to the product and it re-
meained acceptable even st the end of 190 days.

Accordingly the samples wers stored inside an iron
steel trunk for further studies.

J.2.1. Mojsture

3.2.,1.a. Banana: Moisture content in banana powder,
stored in different packing materials i< : presented in Table 3.
and its ANOVA in Appendix II, PFigure 1 depiocts the poisture
content at different periodsof storsge graphically. The

initial moisture content i.e. at zero storege was 4.14%. The
moisture content after 190 days in storage was reccrded as
13.2% in T, (eraft paper bag), 13.16% in T, (butter psper bag),
10.18% in Ty (polythene bag) and 10.17% in T, (polypropylens

bag).
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Table 3. Moisture pereen of banana powder as influeneed
by the paeking materials and storage peried
7, T, !3 2'4 c(.;gfcal)u
?aqn)
0 4.14 4.14 4.14 4.4 oo
%0 5.63 5.42 4.81 4.66 0.43
70 6.41  6.41 5,68 5.65 0.14
90 7.85% T.58 6.63 6.53 0.91
110 8451 8.31 0.94 6.65 0.21
130 10.13 10.14 7.55 7.40 0.12
150 11,37 11.23 8.5% 8.48 0.1
170 12,17 12,04 9.16 9.13 0.1
190 13.2 15.16 10,18 10,17 0.89

11 s Craft paper bag
12 s Butter paper bag
!‘3 = Polythene bag

'r‘ = Polypropylene beg
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The minimum change in moisture content smong different
packing materials tried in the experimnent vas !4 vhile 1‘3 vas
on par with it. Thus I‘ and ‘.!3 ranked best among the diffe-
rent packing materials tried. The data also indicated that
a similar trend was maintained throughout the period of
storage.

3.2.1.b., Mapgo: The dehydrated fruit material vas

dried to the level of 5.05% of moisture and changes detected
thereafter during storage are given in Table 4 and Fig.2,
with its ANOVA in Appendix IXI. The rate of absorption of
moisture wvas highest in T, in vhieh 13.86f moisture vas
recorded after 190 days of storage. The minimum changs vas
deteoted in 7, in which it was 11.24% after 190 daye of
storage. T, and T, recorded 13.81 and 11,50% moisture res-
peotively. I, and 1’2 were signifiocantly different froa 13
and T, in moisture absorption. The analysis after 50 days
of storsge indicated that all the treatmentis are eignificantly
different while after 70 days of storage difference between
IS and !‘ wvas not significent.

3,2.1.¢. Jackfrujits The moisture content in the de-
hydrated fruit samples (average of 4 repliocations) at diffe~
rent period of storage are presented in Table 5, Fig. 3 and
its ANOVA in Appendix IIl.

The sero storage moisture content of the samples was
6.16%. There vas a gradusl incresse with the advance in the



Table 4. lMoisture percentage of asnge powder as influenced
by the pasking materials snd storage peried

\

;?,:‘.:‘T 1, T, Ty T, °{§.’£%‘)"

0 5,05 5.05 5,05 5.05 .

50 6.3% 6.22 5.82 5.7T2 0,06
70 7.68 7.49 6.60 6.50 0.1

90 9.14 9e12 7.75 T.74 0.15

110 10.59 10,39 B.44 8.4 0.17

130 11.26 11,23 9.14 9.13 0.43

150 12,21 12,21 9.91 9,62 0.12

170 13.11 13.09 10.75 10.64  0.12

190 13.86 13.81 11,30 11.24 0.1
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Table 5. ilpisture perceantage of jackfruit powder as influsnced
by the packing materials and storage peried

?E:é.:’ 1, 1, 7 T, c(.g:O g-/x)n-

0 6.16 6,16 6,16 6.16 oo

50 T.32 7.25 6.87 6.8% 0.12
70 8.71 8.8 7.58 T.47 0.3

90 9.93% 9.83 8.19 8.09 0.1

110 10,65 10,52 8.8 847 0.07

130 1.77 11.69 9,75 9.66 0.24

150 12.42 12,39 10.53 10,51 0.12

170 13,11 13,01 10,97 10.85 0.1

190 13.97 13.8 11,45 11.39 0.1
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duration of storage and after 190 days of storage T, recorded
13.97%, 13.8 in T,, 11,45 in T, and 11,396 in T,. T, and
22 showved statistically significant difference vhen compared
in the t, and 'r‘. During the ocourse of stoerage there vere
slight differences with regards to the general trend.

35e2+.2. Tota 8 4 T 8

3.2,2.a, Bapanas Datia presented in Table 6 indicate
the percentage of total soluble solids (T.5.8.) in the fruit
materials at different pujioh of storage. 7The ANOVA i»
given in Appendix III and in Fig.d. The sero sterage I.5.5.
content of the material was 34.95.’ The influence of different
packing materials on the fruit samples vhioch resulted in an
inorease in the level of T.5.8., vas statistieslly signifieant.
After 130 days of storage, T, recorded ihe maximum of 39%,
folloved by T, (38.75%), Ty (37.56) snd T, (57.4%). T, and
T, were significantly different from 1‘5 and 2‘. The minimun
change in 7.5.5. ocontenti was observed in 14. This trend vas
true during sll stages of analysis. Hovever, there vas no
significant difference between the treatzents at ihe firet
stage 1.e., after 50 days of storage.

3.2.2.b, Mango: The T.E.8. eontent in fruit material
under different treatments and at differeat periods of storage
are presented in Table 7. The data have been depicted graphi-
eally in ‘fisuro 5 and its ANOVA is presented in Appendix III.



Table 6.

T.8.8., perosntage

of banana powder as influsnced
by the packing materials and storsge period

;:‘:;13‘:' T, 1, 7, T, c;.(f;) Bv/-;u-
0 34.9 34.9 34.9 34.9 .o
50 35.5 555 35 34.75 .e
70 36.03 36 35.35 35.25 0.45
90 36.95 36.48 359 35.75 0.48
110 37.00 36.9% $6.29 36 0.37
1%0 37.3 37.29 36,55 356.4 0.37
150 - 3775 37.65 36.9 36.75 0.37
170 38,4 38,2 3742 3741 0.31
190 39 38.T5 37.5 374 0.37




P
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Table 7. T.8.5. peresntage of mango povder as influenced
by the packing msterisls and storage peried

8 “l'r

days)

0 28,50 28,50 28,50 28,50 .
50 %0, 00 29.75 28.75 28,65 .o
70 91,50 31,25 30,25 29.25 .o
90 32,00 32,00 31,00 30.50 .

110 32.50 32,50 31,30 30,95 .
130 $3.00 %2.75 32,00 31,25 .
150 35.45 33.10 32,40 31.7%  0.57
170 33.90 33.60 32.85 32.43 0,30

190 34.20 54.00 33.25 33.00 0.43
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T.5.S. PERCENTAGE
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The inference drawn from the data showed that the mean

7.8.8. content inoressed graduslly in all the truhoﬁtl

and rate of increase vas meximum in T, in which 34.2% T.S.S.
vas recorded after 190 days of storage as compared to 28,5
in sero storage. The rate of inerease was aminisum in T‘
vith 33% T.5.5. at the final analysis. T, was on par vith

4 and T, with 7,. The differences among the treataents
vere not statistically significant till the period of storage
erossed 150 days but thereafier the trend was similar to that
observed at the final stage.

3.2.2.0. Jagkfruits The content of total soluble

solids in the dehydrated jackfruit, stored at different periocds
of storage is presented in Table 8 and Pig.6. Appendix III
gives the ANOVA. From the initisl level of 47%, T.5.5. content

inoreased to 49.76% in Ty, 49.72% in T,, 48.99% in Ty and
48.,95% in Ty t, and T, which vere included in one group
while 21 and '12 fell in the other and differences among them
being significant. The same irend was mesintained all along
the courss of storage.

3.2.3. Total sugars

%.2.3.a. Banana: The influence of differenti packing
materials on the total sugar eontent in the fruit sample
;‘A""S' analysed based on the data presented in Table 9
(Figure 7, Appendix IV). The initisl sugar content of the



Table 8,

T«E.5. pereentage

of jsokfruit powder as influanced
by the packing material and sterage period

;:.‘:{:.? n T 5 T CpDivnise
0 47.00 47.00 47.00 47.00 .o

50 47.75 47.50 47.30 47.30 0,37
70 48,00 47.98 47.50 47.43 0,30

90 48,30 45.29 47.85 47.82 o.22
110 48.65 48,64 47.99 47.96  0.30
130 49,01 48,98 48,20 48.19 0.57
150 49.25 49.20 48,40 48,37 0.37
170 49.45 49.42 48.75 48,72 0.9
190 49.76 49.72 48.99 48.9% 0.30




Table 9. Total sugar psroentage of banans powder as influensed
by the packing materisls and storage peried

;:‘:;1;‘:' T, 1, 7y T, CD. valme
0 17.90 17.90 17.90 17.90 .
50 19.30 19,20  18.90 18,67 0.37
70 20,20 20,18 19,70  19.65  0.22
90 21,10 21,00 20,70 20,55 .
110 21,95 21,90 21,70 21,60 0,22
130 23.00  22.85 22,50 22,35  0.%0
150 23.60  25.50  23.40  23.35  0.22
170 24.62 24,45 24,00 24,00  0.14

190 25,38 25,29 24.21 24.15 0.06
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A

fruit samples in all the treatments was 17.49%. A progre-
ssive increase was observed, as the period of storage advanced
and after 190 days of storage T, recorded the highest value
of 25.38%, followed by T,, Ty and T, with 25.29, 24,21 and
24.15% total sugsrs respectively. Thus, T, shoved maximum
shange which was statistioally significsnt from all other
treataonts vwith T‘ indicating the ainimum change. 1'2 vas
significantly different from T, as vell as 21. This trend
was aaintained in all the treataents during ntorngc. although
no statistical signifioance was cobserved between them after
90 days of storage.

Je2.34bs Mango: The variationsobserved in the total
sugar content of the fruit samples stored in the different
packed materialsware presented in Table 10 and Fig. 8.
Appendix IV givea the ANOVA, There was a progressive inorease
in total sugar content in all the treatments as the duration
of the sitorage increased. T‘_ and 23 were superior, indiocating
& minimum change in total sugar content (23,15 and 23%.17%
respectively. T, showed the meximum ohange (24.2%) followed
by Tp (23.79%) and the differences were signifioant., The
analysis also indioated varying trends among treataents at
different period of storage as evident from the Table 10,

3.2.3.0. Jackfrujt: , Table 11, P1g.8 and its ANOVA in

Appendix IV show = the changes observed in the total sugar
ocontent in the fruit samples stored at differemt periocds- In
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Table 10. Total sugar percenisge e¢f mange povder as influenced
by the packing materials snd siorage peried

;£§E§§' T, T, T, 7, C:Divalue
0 21.65 21.65 21,65  21.65 ..
50 21,90 21,89 21,73 21,70 0,19
170 22.31 22,29 21.85  21.8% 0,06
90 22,70 22,67 22,01 21,97 0,15
110 23.10 22.97 22,19 22,16  0.19
130 23.48 23.39 22,42 22,40 0,06
150 23.67 23,65 22,70 22,66  0.17
170 24,00 23.94 22,95 22,91  0.20

190 24,20 23497 23.17 23.15 0.11
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Table 11, Totlsl sugar pereentage of jackfruit powder as
influenced by the packing materials and storage

peried
;E:;:'g' T, 7, 7, T, ¢,Dovalne
0 29.50 29.50 29.50 29.50 oo
50 31.89 31,56 30,36  30.27  1.14
70 32.56 32,35 31.05 31,00  0.17
90 33.15 33.05 31,80 31.74 0.1%
110 33.67 33.60 32.26 52,20 0,18
130 54,35 34.29 33.00 32.98 0.10
150 35.00 34,80 33.34 33470 0.91
170 35.64 35.47 54,92 34.26 0.30

190 36.66 $6.03 35.63 35.22 1.10
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all the cases there wvas an inorease in the total sugar con-
tent while the rate of increass varied between the treataents.
From the initisl value of 29.5, it remched upto 36.6% in

Tys 36.0%% in Ty, 35.63% in Ty and 35,22% in T,. Here also,
T, and T, wvere ranked bdest showing minimum change in this

4
character.

3.2.4. Reduoing Sugare

3.2+.4.8. Banana: The reducing sugar peroentage of the
fruit aversged over four replications during different periods
of storage are presented in Table 12 and Fig.9. The Appen-
dix V shows the ANOVA, A minimum change vas recorded in T,
vherein the percentage of reducing sugars inoreased froam
14.7% to 18% during storage. The initial reducing sugar con-
tent being the same in all treataents, the maximum change
being recorded in T, (19.08%). T, was on par vith T, and T,
on par with 134. The difference between these two groups wes
statistically significant and the trend was maintained all
through the storage,

342.4.b. Mange: Table 13 and Fig.9 showed the changes
in the content of reducing sugar in the fruit samples under
different treatments with storage. Appendix V shows its ANOVA,
A gradusl increase wvas noticed in all the treatments and the
rate of increase vas maximum in T, in which it inoressed from
124 to 16.1% and it wvas minimum in T4 in which a final sugar
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Table 12 nuum tage of danans powder as
’ 1nflaans ot 57 \he packisg materisl sng storage
per

B8 .
f:i:f 21 Ta | :S ‘ T 4 c(.mh(.nll;u

0 14.40 14,40 14.40 14.40 .o
50 15,30 15,30 15,04 15,00 0,19
70 15.80 = 15,79 15,40 15,57  0.26
90 16,30 16.20 15.85 15,80 0,37

110 16.75 16.70 16.25  16.22 0,30
130 17.65 17.55 16.75 16.70 0,30
150 18,00 17.90 17.25 17.19  0.30
170 18,52 18.40 17.57 17,55  0.22

190 19.08 19.00 18,01 18,00 0.22




Table 13, Redue sugar pereentage of sango povier as
' mnu::‘udwﬁ-pmmﬂmulaan

perioed
L B T S Wi
(+] 12.00 12,00 12,00 12,00 .o
50 13.39 13.23 12,%0 12,25 0.45
70 13.50 13.39 12.44 12,40 .19
90 13.99 13.76 135.02 13.00 0.57
110 14.2% 14.00 15,46  13.42 0.350
130 14.82 14.75 13.85 13.80 0.19
150 15.20 15.17 14.15 14,12 0.30
170 15.70 15,60 14.75 14,69 0.%0

190 16.15 16,00 15.15 15.10 0.22
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content of 15.15% was reecorded after 190 days of storage.
Difference between '!, and 24 and that between T, snd I, vos
not significant. Similar trend was maintained throughout the
period of storage.

%.2.4.0. Jackfrujits Changes in the reducing sugar
content in the Jaokfruit sample from serc storage level of
16.4% is given in Table 14, Fig.10 end its ANOVA in Appen-
dix V, 8ignificant difference was notiesd between packing
materials slthough there was inorease in the content of
reducing sugars in sll the cases, Based on the snalyeis 14
and T, vere grouped together showing minimum change (22.3%%
and 22.45%) after 190 days of atorage. . T4 and T, vere
grouped together shoving maximum change (24.84 and 24.79%).

The difference betwesn these groups was signifiocant.

3.2.5. Aeidity

3.2.5.8. Banapa:t The iitrable acidity of the fruit
sanple recorded during difrerent stages of storage under
different treatments are presented in Table 15 and Fig.1?
with its ANOVA in Aﬁpmu YI. In sero storage an acidity
of 2.05¢ was observed in all ithe ireatments. And during the

course of storage there was a gradual decrease in acidify.
As evident from the table, after 190 days of storage T, showed

lowest titrable mcidity of 1.,49% and T4 recorded highest
value 1,55%. The differences between Tp and Ty, T¢ and Ty

and T; eapnd T, vere significant, Analysis at different
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Tadle 14. Redwoing sugar pereentage of jaekfruit pMu' as
by the pasking ma

|

B
o S

days)

0 16445 16,45 16045 16,45 ..
50 18.54 17.99 17.49  17.25 1,06
70 19.40 18,54 17,96 17.37 .22
90 21.22 20,77 18,95 18,53 1.4

110 22.77 22,34 20,37 20,17  1.90
130 23.21 23.10 21,00 20,79  0.43
150 25.99 23,80 21,77 21,41 0,17
170 24,32 24,15 22,10 21,99  0.1%

190 24,34 24.79 22,45 22,30 0.15




Table 15. Aeidity pereentage of bansna powder as influenced

by the packing material and stersge period

period * T2 5 Ty Opdeyalue
days)

0 2.05 2,09 2,05 2,05 ..
50 1,96 1,97 2,00 2,00 0,03
70 1,88 1,90 1,92 195 0.04
90 1,80 1.82 1.8  1.85 0,04

110 1,71 1,73 175 176 0.04
130 1,64 1,66 .68 170 0,03
150 1.59 1,62 1,64 1,65  0.04
170 1.5 1,58 1.6 1.63  0.03
190 1.48 1,50 1.5 155 0.09




intervale indicated that & similar trend was msintained
during the course of aterage,

| J+2.5.b, Mange; Changes in titratable scidity of
the fruit sample under different ireatanents are presented
in Table 16, Pig.11 snd ANOVA in Appendix VI. Froam the
gero storage of 3.77, the titradble acidity decreased with
storage in all cases. After 190 days of storage a mean
201dity of 3.2% was recorded in T,, & maximua of 3.41%
in T,, T, and 15 recorded 3.2% and 3.4% respectively and
" the difference among the treatments at this stage (after
190 days of storage) was net significant. But analysis at
different intervals of storage indicated significant diffe~
rence among the treatments at varying levels.

3¢2.5.0. Jackfruits Table 17, Fig.10 and its ANOVA
in Appendix VI presenic the changes observed in the titrable
acidity in the stored fruit ssmple., From the initial level
of 3.6% the scidity decreased in ill the treataents. The
msximum change was recorded in T, (3.01%) after 190 deys of
storage and miniaum change vas recorded in T, (3.224) agter
190 days of storage. Difference between r, and 13, 22 and r,
wvas  signifioant, IB was on par with T4 vhile T1 went on par
wita Ty.
andardisation of ap strength for reoconstitu

Organoleptic qualities of reeonstituted chips of banana,




Table ‘60

Aeidity peroentags of mango povder as influenced
by the packing material and storage period

;55;2;‘ 7, 7, T, T, CeD. valss
0 3.71 3.77 3477 3.7 .
50 3.70 3.73 395 376 0,10
70 3.62 3.64 3,69 3.71 0.06
90 3.55 3.56  3.64  3.65 0.19
110 3446 3.49 3.38 3.59 0.06
130 3.39 .41 3451 3453 0.06
150 3.30 352 34T 3.48 0.06
170 3.26 326 3.4 345 0.06
190 3.20 323 3.40 34t .




Table 17. Acidity percentage of jackfruit povder ss influenced
by the pasking material snd storage peried

g‘:,"{:“' 1, 7, T T,  C.D.valus
ays)
0 3.60 3.60 3.60 %.60 .o
50 5.46 J.48 3.54 %56 0.03
70 341 3449 351 3.52  0.04
90 3.35 3.37 3.45 5.47 0,03
110 3.27 3.29 3.41 3.4 0.10
130 3,20 3.24 3.57 3.40 0,04
150 3.4 317 3.30 3.3 0.0%
170 3.09 3.12 3.24 3.27 0,04

190 J.01 .04  3.19 J.22 0.16




Fig.10- ACIDITY AND REDUCING SUGAR PERCENTAGE OF JACK FRUIT POKIDER
AS INFLUENCED BY THE PACKING MATERIALS AND STORAGELDERIOD.
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mango and jackfruit in selutions of different syrup strength
are furnished in Table 18, It may be seen froam the dats
that the optimum ayrup strength for reconstituting the dehy-
drated banane snd mango chips was 25 ayrup vhereas it was
30% syrup for the jackfruit.

5.1, Banapa
From the detajiled organcleptic sssessament of reconsti~

tuted banana chips presented in Table 19, it is evident that
packing materials and storage period have a promounced effect
on these qualities of banana. Appearance, taste and overall
rating of the material stored in oraft paper bag rt-aiq’d
good upto 70 days of storage and showed a deteriorating trend
later on. By 130 days of storage the product packed in coraft
paper bag became unacoeptable, In the case of butter paper
bag, with the exception of the appearance, the product re-
mained good for 110 days and became unacceptable after that
period. In polythene packed material, retentions of organo~
leptic qualities was observed during storage for 110 days and
wvas acoeptable upto 170 days. A similar trend was observed
with polypropylene bag.

Organoleptic qualities of the reconstituted banana
povder is presented in Table 20, It is seen froa the Table



Table 18, Btandardisation of ayrup strength for reeenstitution
of banana, mange and jaskfruit ohips

Particulars Eyrup T T 3
strength 1 2 t’ 4

a. Banans ohips

Iried veight to

reconstistuted - 113.0 13%.0 113,06 123,06

weight

20 Poor Poor Poor Poor
a5 Good Good Good Good
30 Falr Tair Yair Fair
3% Fair Tair Jair Fasr
b, Mango ehips

m‘{:‘&d“ - 113.0 189.0 115,0% 1"00’

veight 20 Poor Poor Poor Poer
2% Good Good Good Goed
30 Pair Tair Pair Pair
35 Falr Fair Tair Fair

o. Jackfrult ehips

Dried weight to

reconstituted - 115.0 183.0 113,04 113.04

weight 20 Poor Poor Poor Poor
25 Poor Poor Poor Poor
30 Good Good Good Good

35 Pair Fair Fapr Yair




Table 19. Orgamoieptic qualities of reconstituted damsnue

eaips (in 25%

snateriale and storsge peried

ayrup) ae influsnced by packing

Storage
?crzoa Charscters Ty ‘z !5 r‘
days)
50 A Good Good Good Good
T Good Good Cood Good
0 Good Good Good Good
70 A Good Good Good Good
T Good Good Good Good
0 Good Good Good Good
90 A Fair Jair Good Good
T Good Good Sood Good
0 Pair Good Good Good
110 A Pair Jair Good Good
T Yair Good Go0d Good
0 Poor Jo0d Good Good
130 A - Fasr Good Good
T - Fair Fair Fair
0 - Poor Poox Good
1%0 A - - Good Good
T - - Fasr Pair
0 - - Good Good
170 A - - Good Goed
T - - Fair Fair
4} - - Fair Fasir
180 A - - Yair Fasr
T - - Fair Fair
o - - Poor Poor
A = Appearance T = Tunte 0 =» Overall rating



Table 20. Organoleptie qualities of the reconstituted banana
powder for preparatien of "Paysssa” as influsnced
by the packing materials and storsge period

Sterage
iod Charscters T1 22 :3 g‘
days)
50 C Good Good Good Good
T Good dood Good Good
0 Good Good Good Good
70 ¢ Good Good Good Good
T Good Good Good Good
0 Good Good Good Good
90 c Good Good Good Good
T Good Good Good Good
0 Good Good Good Good
110 c Good Good Good Good
T Fair Good Good Good
0 Pair Goed Good Good
130 c Good Geood Good Good
T Poor Fair Good Good
0 Poor Pair Cood Geod
150 C - Good Good Good
T - Poor Good Good
0 - Zoor Good Good
170 c - - Good Good
T - - Good Good
0 - - Good Good
190 c - - Good Good
T - - Good Good
0 - - Good Good

C = Conasisteney
T = Taste
0 = Oversll rating
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that the oraft paper pack remained good upto 90 days and

vas not acoeptable bayond 130 days of storage. Butter paper
packed material also remained in good condition upto 110 days
of storage, but wvas not suitable for storage beyond 150 days.

T, and 24 packed materials remained good after 190 days of

storage.

5.2. Mango
Table 21 shows the organcleptic qualities of recon~
stituted nango chips as influenved by ithe paeking materials
during storage. It was observed frem the table that !3 and
14 packed materials could be ascepted upto 150 days of storage
beyond vhich the produet showed poor quality. T, and T,
remained good upto 70 days of storage and quality deteriorated
slovly and the produet was not : asceptable after 110 days
in T, and 130 days in T,. |

Data on the reconstituted nango powder i.e., preparation
of "Payasan” is detailed in Tadble 22. It may be seen froa
the Table that T, could be aeceptable upto 170 days of storage
and after 190 days of storage it wvas not accepted. As in the
osse of T2 the product wvas good upto 130 days of storage but
became unacoeptable after 1950 days of storage. 13 and r‘

remained excellent upto 90 days of storage and remained good
throughout the storage period,



Table 21. Organoleptie qualities of the reconstituted mange

ayrup) ss influenced the packing
aaterials and storsge period ad pe

ochips (in 29%

61

sto§::' Charaote T T T T
re

{asys) 1 2 3 4
50 A Goed Goed Good Good
T Good Good Good Good

0 Good Good Good Good

70 A Good Good Good Good
T Good Good Goed Good

o Good Good Goed Good

90 A Fasir Fair Good Good
T Jair Good Good Good

0 Fair Pasr Good Good

110 A Jair Fair Good @Good
T Poor Jasir Yair Fair

0 Poorx Jair Pair Fair

150 A - Fair ~ Good Good
T - Poor Peix Fair

0 - Poor Fair Fair

150 A - - Pasir Yair
T - - Pair Fair

0 - - Poor Poorx

170 A - - Fair Fair
T - - Poor Poor

0 - - Poor Poor

190
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Iable 22, Organclepiio qualities of the reconstituted mange
powder for preparatien of "Payasam” as influenced
by the packing materials and storsge peried
Btorage
?ouod Characters T, r.‘, ?3 T 4
days)
50 c Exosllent Exeellent Exoellent Excellent
T Excellent IExoellent Excellent Execellent
0 Excellent RExoellent Excellent Excellent
70 ¢ Good Good Excellent Excellent
T Good Excsllent Excellent Excellent
0 Good Oood Bxe¢ellent Excellent
90 c Good Good Good Good
T Good _ Good Excellent Exoellent
Ly Good Good Excellent Excellent
110 c Good Good Good Good
T Geood Good Excellent Exoellent
0 Good Good Good Good
130 C Good Good Good Good
T Yair Good Good Good
0 Good Good Good Good
1%0 C Good Good Good Good
T Fair Jasr Good Good
0 Fair Pair Good Good
170 ] Good Good Good Good
T Pair Tair Good Good
0 - Peir Fair Good Good
190 ¢ Fasir Pair Good Good
T Poor Fair Good Good
0 Poor Poor Good Goed
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5¢3. Jaekfrult

Table 25 presents the organoleptic qualities of jack-
fruit reconstituted chips as influenced by the packing
materials and storage period., It is evident frea the table
that 21 vas good upte 90 days of storage and was not accep~
table beyond 130 days of storage. rz remained good upto
90 days of storage and became unacoceptable beyond 150 deys
of storage. TS and 14 remained good upto 150 days of storage
and remained acoeptable upte 190 days of storage.

, Organcleptio qualities of the reconstiituted Jaokfruit
powder ir presented in Table 24, This table showed that 21
anéd 1, were good upto 70 days of storage, but could not be
acceptied arter 110 days in 21 and 130 days in Tz. 13 and r‘
shoved good results upto 130 days of storage and remained
acceptadble upto 190 days of storage.

6. Pest and diseases

While storing the dehydrated banana, mango and jaok-
fruit chips as wvell as powder aaterials, there was no inoi-(
dence of pest and diseases in the product.



Table 23,

Organsleptic qualities of the reconstituted

Jaskfruit ehips (in

304 myrup) as influeneced

by the packing paterisls and storage period
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Stlorage
108 Characters 11 !2 I, I‘
days)
50 A Good Good Good Good
T Good @o0d Good’ Good
(4] Geod Sood Good Good
70 A Good Good Good Good
T Good Good Good Good
0 Good Good Good Good
90 A Fair Good Good Good
T Good Good Good Good
0 Good Good Good Good
110 A Pair Good Good Good
T Fair Fair‘ Goed Good
0 Pair Pair Good Goed
130 A Fair Pair Goed Good
T Poor Fair Good Good
0 Poor Fair Good Good
150 A - Pair Good Good
T - Poor Good Good
0 - Poor Good Good
170 A - - Good Good
T - - Pair Fair
0 - - Fair Fair
190 A - - Good Good
T - - Fair Yuir
0 - - Fair Pair




Table 24.

Organcleptic qualities of the reocmstituted

Jackfruit pewder for preparation of "Payssan”

as intfluenced W the packing materials and

€5

storage peried
Storage
1oé Characters t, Tz !, T 4
days)

%0 C Jajir Pair Pair Tair
T Goeod Good Good Good

0 Good Good Good Good

70 ¢ Fair Pair Pair Pair
T Good Goed Good Good

0 Geod Good Good Good

90 c Fair Jair Fair Jair
T Pair Good Good Good

0 Fair Good Good Good

110 [ Tair Jair Fair Falr
T Poor Fair Good Good

0 Toor Falir Good Good

130 ¢ - Tair Pair Fatr
T - Poor Good Good

4} - Poor Good Good

150 c - - Fair Fair
T - - Fair Pair

0 - - Fair Fair

170 c - - Fair Pajir
T - - FYair Fasr

0 - - Fair Fair

190 c - - Fair Pair
T - - Fair Yair

v} - - Yair Fair
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D18CUSSION

Moisture and wvater activity had been long recognised
as important faotors leading to the perishability of fruits
and vegetables, Sucoessful removal of moisture to safer
limits without hindering the original properties vas, onoce
a long cherished aream of food technologiste. The advent
of solar energy as 8 means for reducing the water activity
was the first success in this respeet., However, serious
sonsiderations on the hygine of the finished product, economy
of the floer spase for drying snd in short the convenienos
vas achieved by the imnovation of dehydratiion.

The quality of the dehydrated materials should be wvell
cemparable with, or nearest to the maximus with the natural
properties of rav aaterials employed. The dehydration proce-
dure, 4rying rate and heat transfer charscieristics are recog-
nised to be the factors of prime concernsd in this respect.
Recently the rele of packaging on the quality of the dehydrated
naterials during storage has attracted oconsiderable attention.
Permeability to light, moisture and moisture absorption cha-
ragteristics were the relevant points to be considered while
seleoting the packaging for dehydrated materials., Retention

of the physiocal-chemical characteristics of the dehydrated
materials during storage is dependent on the material used for



packing. The relevant findings of the present investigation
are discussed in the follewing sections

Suitable varieties of banana, mango and jaokfruit were
seleoted for the studies. The physioal-chemical oomposition
of the seleoted fruite revealed their sultability for dehy-
dration. However, the moisture rich mature of these fruits
indjiocated their perishability and pest-harvest storage pro-
blems. These observations pointed out the need for moisture
reduction for extending the storage life.

1. Pre-drying treatments of the frujts

Certain treatments are given before the fruits are
subjected to drying. The results of thess treataents showed
that the dipping of the fruits in KMS solution as 2 pre-drying
treatasnt increases the fruit weight. The maximum increase
in veight was recorded in banans, followed by jack and RANLO .
A negative relationship vas noticed betveen the moisture con-
tent of the fruit and the inereass in veight following the
4ip in the KMS solution. This may be related to the osmetie
flov of moisture to the point of equilibrium., Higher osmotie
gradient results in higher meisture flov. So, fruits with lew
moisture (in ease of benana 70f) content ie expected to pick
up more moisture in the dipped solution as compared with fruits
rioh in moisture (in case of mango 85%). The increased veight
of the dip treatment is solely atiriduted to the impregnation
of wvater with the dissolved KNS,
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2. £ the fr

2.1, Sun-drying

The material dried under the sun reasined moist and
pulpy even after 25 days of drying indiocated the poor mois-
ture-transfer rstio during sun drying under Vellanikkars
condition. Accordingly the poor efficiency of sun drying
observed in the present investigation appeared to be related
to the higher relative humidity in the atmosphere. In spite
of having an approximate maximum temperaturs of 34 + 1%, a
Rinimua teaperature of 25 s+ 1°C and reasonably good sunshine
hours, the poor drying rate and cttioienoy wvere recorded,
Adequate measures also wers taken to avoid the direct dele-
terious effects of the rainfall.

The moisture transfer during drying is directly related
to the vapour pressure gradient, '.riu- may be achieved by pro-
viding an increased difference in the relative humidity (R.H,)
of the fruits and the surrounding atmosphere. Lowver the vapour
pressure in the surrounding atmosphere will result in the
moisture drive froa the fruit outwardly. The relative humidity
data presented in asppendix I shows that the fruit and surround-
ing atmosphere it almost in equilibrium relative humidity
(E.R.H.). The poor efficiency of sun drying is thus related
to the E.R.H. condition existed during sun-drying.
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2.2, Mechanieal drying

It vas observed that the drying time was direotly
related to the fruit weight observed after dipping treat-
ment but not with the initial moisture content. Thus it
appears that during the dipping proun. the inerease in fruit
veight vas mostly due to meisture absorption snd the drying
time is direotly related to the moisture content of the fruit
at the time of drying. DIrying ratio was found to be closely
related to the initial moisture content of the fruit but not
with moisture obtained during the dip treataent. This obser-
vation may be justified from the fact that the drying ratio
is strioctly and directly a funotion of the total soclids.

2.3. Browning during drying

Browning of the produet was observed during dehydration
after 48 hours of drying. This browaing reactions may be
attribuied to ensymetic or non-ensymetic. A final judgement
in this conneotion will await further investigation. However,
survival of entymes at temperature employed (65 + 5°C) in
dehydration appeared to be diffioult. The possibility of -
engyme browvning during dehydration was not likely. The sugar
rich nature of all tne three fruits under study points out the
possibility of non-enzymetic browning possibly by the carame-
lisation type.



The effect of atmesphere under vhich the dehydrated
materials are stored wvas found to deteot the quality of the
material during storage. The oscurrence of fermentation in
the dehydrated materiasls stored in open conditien by the 50th
day of the storage may be du; %0 the hygrosocopic moisture
pioked up of the dehydrated materials leading to fsvourable
conditions for fermentation breakdown. The absence of such
defeots in materisl stored inside the steel trunk even at the
end of 190 days of storags also provided positive proef in

this respect.

3.2.1, Moisture

In oase of benana the initial moisture contemt i.e., at
sero storsge vae 4.14%. The moisture content after 190 days
of storage vas recorded as 13.2% in T, (oraft paper bag),
1%5,16% in T, (butter paper bag), 10.18% in T3 (polythene bag)
and 10.17% 4in T, (polypropylene dag). The minimum change in
moisture content among different packing materiale tried in
the experiment was T‘ and '.r,. The maximum change in meoisture
content was in 2, (13.26). From the data on the moisture con-
tent of the different packing materials during storage shoved



that dehydrated banana picked up considerable moisture indi-
oating its hygroscopie nature.

As in the case of mango the rate of sbsorption of moi-
sture was highest in T, in which 13.86% moisture was recorded
after 190 days of sterage. The ainimum change was found in
T, in vhich it was 11,245 after 190 days of storags.

Similarly in the case of jaockfruit ‘1'1 shoved a maximum
change during storage i.e. (13.97%) after 190 days of storage,
!4 and 1'5 had the minimum ochanges in moisture content i.e.
(11.39 and 11.45, respeotively). 1In all these three fruits

14 and ‘l’ shoved the minimum changes in moisture content during
atorage.

The rapid incresse in moisture content of the sample
after 190 days of storage in all the paocking aaterials, whieh
may be attributed to the high humidity in the atmosphere.

The gain in moisture froa the ssmples was mainly due to water
vapour transmission property of the bags. Gain in moisture
was more in paper bags than polypropylens and polythene bags
vhioch may be because of the more permeadility to moisturs of
the paper bags as compared to polypropylens and polythene bags.
80 the varying performance of the packing materials msy be due
to their varying permeability io moisture. Accordingly, it

appeared that !4 and T, Ray be recommended for storing dehy-
drated banans, mango and jackfruit without much moisture



piek up and quality deterioration in this respect., This
finding is in agreement with Bhatia and Amin (1962),
Mahadeviah (1977), Balasubramanyam and Ansndasveay (1979)
snd Hohn(1981),

J3.2.2, Total soluble solids (7,8.S5.)

From the data presented in Table 6, it is seen that
the T.5.8. of banana was influenced by different packing
materials on the fruit samples vhich resulted an inorease in
the level of T.5.5. T, recorded s msximum of 39% T.5.5.
after 190 days of storage. The minimum change in 7.5.S.
ocontent was observed in T, (37.4%) followed by Ty (37.58).

In mango, T.5.5. content inoreased gradually in all
the treataents and rate of increase was maximum in T, in whioh
34.2% T.5.8. wvas recorded after 190 days of storage as oom-
pared to 28.% in sero storage. T, shoved a ninimua change
of T.8.8, (33%).

Similarly, in jackfruit, data showed that from the
initial level of 47%, T.S5.S. content inoreased to 49.76% in
Tys 49.72% in T,, 48.99% in Ty and 48.95% in T,. Thus 7T, snd
Ty shoved the mainimum change in 7,5.5. oontent while 521 and

3
!2 showed maximum change.

mu(r.s.s. variation appeared to be related to moisture
pick up. Hydrolytic inversion of starch to constituents like
soluble s0lid which might have been enhanced due to moisture



pick up and storage period also might have contributbd to
the inoresse in T.5.5, recorded by T,) The minimum T.8.S,
vas recorded by r‘ and !3 in all the three fruits might bde
due to the minimua ocourrence of these faotors. Accordingly
T‘ and 13 wvas found to be suitable for packing of dehydrated
banana, mango and jaekfruit,

3.2.3. Zotal sugars

Data in Table 9 shows that initial sugar content of
banana sample in all the treatmente vas 17.49%. After 190
days of storage T, recorded the highest value of 25.30%,
followed by T,, 23 and T‘ with 25,29, 24.21 and 24.15% of
total sugar, respectively. I, showved a maximum change which
was statistically significant from all other treataents.

T4 shoved a minimum change. T, vas significantly different
from I, and T,. JFroa the data in Tadble 10 it was seen that
there was a progressive increase in total sugar content in
all the treatments as the duration of estorage inoreased.

I‘ snd T, vers superior indicating a minimun change in total
sugar content (23,17 and 23.,15%). T, showed the maximus
ohange (24.2%) followed by T, (23.79%) and difference were

signifioant.

It is aleo evident from the Table 11 that there was
inoreased trend in total sugar in jaokfruit, packed in diffe-
rent packing materials. The rate of insrease in total sugar



varied between all the four treatments. Froam the initial

value of 29.% it reached upto 36.6% in Ty 36.03% in Tos

35.63% in Ty and 35,226 in T4 Here also T, and 1, showed
the ainimuzs change.

éno changes in the total sugar in all these threes
fruits m» study might be due to more rapid hydrolysis of
polysacchrides and their subsequent inversion to sugars. )
Thempson and Schrader (1949) also had the same opinion with
this finding. They observed starch content decreased through-
out the storage period irrespeciive of the packages could be
asoribed to the hydrolysis of starch, ®he hydrolytic changes
aight be enhanced by the moisture present in the fruit samples,
Kikon (1975) is in agreement with this finding,

5¢2.4. Reduoing sugars

From Table 12 it was seen that the reducing sugar in
bansna changed during the storage in different packing mste-
rials shoving an increased trend., A ainimum change was re-
ocorded in 24 vherein the pereentage of reducing sugsr content
increased from 14.7% to 18%. A maximum change vas recorded in
Ty (19.08%). T, and T, were significantly different from
‘1‘1 and Tz.

Mango powder also showed a gradual increase in all the
treataents and rate vas maximua in T, in vhich it increased
trom 12% to 16.15% and it wves minimum in T, vhere a final
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sugar centent of 15,156 was recorded after 190 days of
storage. Here ‘!‘ shoved its superiority over !1 showing a
Rinimun change in the reduoing sugar content during stoerage.

Changes in reducing sugar content in Jackfruit saaple
from zero storage level of 16.4% can be seen from Table 14.
Data in this table showed significant difference between the
packing materials shoving increasing tremd in all the cases,
T, and I, shoved a minimum change (22.%% and 22,456) after
190 days of storage. T, and 2, showed maximum change (24.84
and 24.79% respeotively), The difference between these groups
vere significant. Thus all the three fruite taken for the
experiment showed an increasing trend of reducing sugar in
all the treatmenis during storage. Zhis inorease in reducing
sugar asy be atiributed to the hydrolytic changes of starch
and inorease in ihe reducing sugar,) This finding is in con-
formity with the findings of Thoapson and Schrader (1949),
Kiko (1975) and Rao and Rey (1980),

3.2.5. Aojdity

The titrable acidity in the dehydrated bansna showed a
gradual decrease during the course of storage. As evident
from the Table 15 after 190 days of storage T, shoved lowest
titrable acidity of 1.43% and T, recorded highest value of
1.55¢. The difference between all the treataents, viz., 1,
and 13, T1 and T3 and T1 and ‘r‘ vere significant,
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Froa Table 16 it was found thet in mango ssmples, the
titrable acidity decressed with storage in 2ll cases. After
190 days of storage an seidity of 5.2% was recerded in Tyo
at & maximum of 3.41% in 2,. T, and Ty recorded 3.23 and
3.4% respectively, Here !‘ shoved minimua change in seidity
vhile T, showved maximum change.

In jaekfruit powder also changes observed in the titrable
s0idity during storsge. From initial level of 3.6 the moi-
dity decreased in all the treatments during storage. The
maximum change vas recorded in T, (3.01%) afier 190 days of
storage and minimun change was recorded in T‘ (3.22%) after
190 days of storage. Difference dbetween T, and 23, T.‘, and

14 were significant.

From the above finding in all the three fruits under
study it is evident that there is a decreasing trend in scidity
during storage in all the packing materials, although the rate
of deorease was different in ‘all the treatments. T‘ shoved
the minisum change so it can be ranked as best, folloved by
Ty Decrease in 20idity may be due to the loss of 80, from
the fruit saaples during storage vhich were dipped in KMS
solution before 4drying. Potassium salte might have combined
vith the acids thereby decreasing the acidity during the
-w{) Kikon (1975) observed the decrease in ﬁidiv during

storage of apple,
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It may be seon from the data in Table 18 that the
optimun ayrup strength feor reconstituting the dehydrated
benana and msngo chips vas 2% vhereas it vas 304 in jack-
fruit,

Packing materials have got a pronounced effeoct on the
organocleptic properties of the product. Dehydrated benana
chips stored in oraft paper bage remsined good upto 70 days
of storage and for 130 days of -teragt. the product became
unacceptable. In buster paper bags, the product became un-
aéeoptnblo after 110 days. In polythene and polypropylene
bage, the product was acceptable upto 170 days.

In reconstituted banana povder, oraft paper bags was
not acceptable beyond 150 days of storage. Polythene and
polypropylens packed materials remained good even after 190
days of storage,

Data on the reconstituted mango ohips in Table 21 shoved
the influenoe of packing materials in organoleptic properties.
Polythene and polypropylens packed materials could be accepted
upto 130 days of storage while crafs paper bags and butter
paper packed materials remained good upto 70 days of storage.

Similerly in the reconstituted nango powder, the coraft
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paper packed materials wvas asceptable upto 170 days of
storage while polythene and pelypropylens packed materials
remsined good throughout the storage peried.

Froa the data presented in Table 23, it is seen that
the packing materials and storage period have pronounced
influence in the organcleptic qualities of the reconstituted
benana ohips. Craft paper bag packed materials was not
acceptable beyond 130 days of storage but polythene and
polypropylene remained good upte 150 days of storage and
acceptadble upto 190 days of storage.

In reconstituted jaokfruit powder, craft paper and butter
paper bag packed materials were good upto 70 days of storage
vhile polythene and polypropylemne packs shoved good results
upto 190 days of storage. Thus all the three fruits under
study showed a similar trend in the organoleptioc quality,
showing different performance in all the treataents which vas
also influenced by the storage peried. The difference in the
organoleptic qualities in different treatmenis may be due to
the presence of status of volatile components in the fruit
tissue. There may be gradusl reduction in volatile flavour
conpounds during the storage, MNostly organic acids, which
contribute flavour snd taste charseteristios might heve: lost
gradually during storage, JFurther investigation is needed
in this regard,
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6. Pe d e

While storing the dehydrated bensna, mango and jack-
fruit, there was no incidence of the pest and diseases in
the producti. This may be due to the fasct that the available
water in the product was lov thereby microbial activity was
inhibited. B8o the produet should be kept in a cool dry
place.
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The studies desorided herein vere conducted with the
objective of standardising a suitable method of dehydrating
and storing three of our popular fruitis vhioh cam retain
their natural flavour as well as quality to the maximum
extent. It also included the pre-storage preparation and
treataents of fruits to improve the storage life, The salient
results obtained from the investigations are summarised belov.

The fruits prepared for sterage by peeling and cutiing
wvere treated with KNS solution for two hours whereby they
absorbed the pressrvative. Ivo methods of drying were tried
in the experiments vis., sundrying snd mechanioal drying. It
shoved that the former is not satisfactory in that the
material remained pulpy even afier 25 days of sundrying. The
moisture level of fruits came down to satisfactory levels by
mechanical drying. The drying ratio was minimua for banans
and maximum for mango and this was related with the initial
moisture levels. The product showed browning after 48 hours
of drying. The time of drying, varied with fruits - banana
taking 87 hours, jaok 84 hrs and mango 80 hrs.

The storage conditions provided for the prepared fruit
materisls influenced the keeping quality. Materials paoked
in eraft paper bags, butter paper bags, polythens bags and
polypropylene bags and open storage oconditions were found to
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be quite unsatisfactory, as there was serious quality de-
terioration due to fermentation which was started by 50 deys
after storage. GStorage inside a steel trunk proved: effeo-
tive. This method was adopted for further studies.

The effect of packing materials cn the cheamical con-
stituents of the product were analysed. In the case of banana,
mango and jack, & minimum change in moisture content from
sero storage eonditions vere notieced in polythene and poly~-
propylene bags. The I.5.5, content of all the fruites in-
creased in storage, with fruits stored in polypropylene and
polythene bags recording minimum change., In banana, the
T7.5.5. content after 190 days of storage was recorded as
394 in efaft paper bags while the polypropylene stiored
sanples recorded 37.4% only. In mango, from the initial
level of 28.5%, T.5.5. changed to 34.2f in oraft paper sto-
rage, vhile it vas 3% in polypropylens bage after 190 days.
Jack fruit stered in different packing materials sleo indi-
oated an inorease in T.5.5. with duration of storsge. JFream
the initiel 47%, it increased to 49.76%, stored in craft
paper bags while a minimua change to 48.35% ocourred in poly-
propylene bags,

The total sugar present in the fruit material also
indiocated a gradual increase wiih storage. In bansns, aaxi~

mum ohange from initial level of 17.49% was observed vhen
araft paper was used for sterage (25.38%) and minimum ohange



vas observed vhen polypropylens bags vere used (24,15%).

In mengo, total sugar inereased from 21,658 to 24.2% in
eraft paper bags and to 23.1% in polypropylene bdags. Other
tvo packing materials indicsted intermediate ohange. Similar
‘rends vere observed in jack fruit also where the maximum
change was from 29.5% to 36,68 in orafi paper bags and mini-
sua change vas from 29.5 to 35.22% in polypropylene bags.

The percentage of reduocing sugar aleso inecreased during
storage in all the fruit materials with the range varying
with paocking materials., Here also maximum changes vere
noticed in fruit materials stored in oraft paper bags and
minimum changes in fruit materials kept in polypropylenes bags.

The titrable soidity decreased with the storsge in all
the fruit samples. The extent of reduction was dependent on
the nature of package used, In all the fruit samples, the
lowest titrable acidity was recorded from those stored in
craft paper bags while the least change in aocidity was observed
in polypropylene bage. The syrup sirength for reconstituting
the fruit materials stored as dried chips were standardised.
For mango and banana 25 sugar syrup was best vhile for jack
30% ayrup wes best. ‘

The organoleptic testis for the fruit materials stored
as chips indicated that the fruits stored in craft paper bags
remained acceptable upto 70 days, upto 110 days in butter



paper bags and upto 170 days in the other two paocking
materials in the case of benana. The bsnana powder wvhen
reconstituted, remained good upto 90 days in oraft paper bags
and upto 110 days in butter paper bags. Banana powder stored
in pelythene and pelypropylene retained quality even after
190 days. The mango chips remsinsd accepiable till 70 days
in oraft and butter paper bags. In polythene and polypro-
pylene bags it remained acceptable upto 130 days. Thq stored
mango povder was acceptabls upto 110 days in craft paper bags
and upto 130 days in butter paper bags. The polythens and
polypropylene storage were excellent upto 90 days and reaained
good throughout the storage period. The jsok fruit ohips
stored in ocraft paper bag remained secepisble till 90 days
of storage; butter paper was also good upto 90 days. TIhe
other two types of packages were goed upto 150 days and re-
mained acceptable throughout the storage period. The recon-
stituted jack fruit powder was good upio 70 deys in craft
paper and butter paper bags and upto 130 days in polythene
and polypropylene bags. Incidence of pest and diseases vere
not observed during the storage.
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Appendix 1
Weather data for the peried from March 1982 to May 1982

Temperature 0c Relative humi- Sunshine Rainfall
Month ity (%) hours (am)
Maximum Minimum Maximum Minimus

March
18t veek 34.9 22,1 86,1 49.1 9.8 -
2nd week 5609 21,6 88,1 6707 9.5 -
3rd veek 357 23.5 86.5 83%.8 7.3 -
4th veek 339 25.9 80.6 79.2 8.3 -
wveekly average 35.4 27.2 85.%2 69.95% 9.3
April
18t veek 35.0 25.6 84.3 85.0 8.5 -
2nd wveek 35.2 25.0 793 86.6 10.0 -
3rd veek 353 24.3 82,1 61.7 9.1 32.2
4ih veek 343 26.0 87.2 87.2 8.3 13.0
Weekly average 34.7 25.4 8%.22 80,12 9,1
May .
18t veek 35.7 25.5 87.4 79.5 T.7T 6.0
2nd week 3557 24.8 85,2 55.2 9.4 4.7
3rd veek 33.7 23.6 87.9 70.1 6.8 128.4
4th veek 33.0 24.4 92,1 78.2 4.9 -

33.8 24.5 88,15 70,75 T3




Appendix II

Analysis of variance for the sffect of differeat

packing materials and storage period

Mean sum of asquare

Storage

eriod Souroce ar Moisture

days) Banana Mango Jaok
50 Treatment (T) 3 0.88"" 0.35""  o0.22""
70 T 3 0.74 1,46 2.47
90 T 3 1,77 2,54 403

110 T 3 3,56 5,76 4,55

130 T 3 9.48 5046 5,50

150 ) 3 10,33 7.34 4,65

170 T 3 TS 7.70""  6,09""

190 ) s 11,18"" 9.05 8.4

*# Signifioant at 1 per oent level



Appendix III

Analysis of varisnce for the effeet of different packing
msterials snd storage period

Mean sum of square

Btoi:go Source ar T.5.8.

days) Banana Nango Jack
50  Treataent (1) 3 0.56 2,17 0.55 "
70 T 3 0.69"" 4023 0.47""
90 T 3 0,66 2.25 1.417"
110 T 3 101" 3.13 2.,05""
130 T 3 0.87"" 3.16 2.04""
150 T 3 1.04" 2,30""  1.62™"
170 T 3 1,8" 183" 1.8
190 T 3 2.76" 134 136

*% Significant at 1 per cent level



Appendix IV

Analysis of variance for the effect of different psoking
materials and sterage period

Mean sum of squarse

;Er;?:d:. Source az mnfo“l sugar
Mango Jaok

50 Treataent (T) 3 0.19""  o0.04" 2.713""
70 T 3 0.40""  0.113"" 2.76""
90 T 3 0,26  0.646 & 2,36
110 T 3 0.11""  1,0""  2.64""
130 T 3 0.36  1.42°°  2.36
150 T 3 0,65  1.28 ~  1.76
170 T 3 1,777 144 160"
190 T 3 1.8 119 12"

* Significant at 5 per esnt level
** gignificant at 1 per cent level



Appendix V

Analysis of variance for the effect of different paocking
materials and storage perioed

Mean sum of square

8“{:{' Source ar Reducing sugar
?::n) Banane Mango Jack
50 Treataent (T) 3 0.1 144" 13"
70 T 3 0.23 1.46 " 2,98
90 T 3 0.25  1.03" 71.04""
110 T 3 0.42""  0.67" 7.08""
130 T s 103" 123" s
150 T s 072 150" 7.9
170 T 3 1,097 1,16 6.42""
190 T 3 e 122" 7.9

* S8ignificant at 5 per cent level
** Bignificant at 1 per cent level



Appendix VI

Anslysis of varisnoe for the effect of different psoking
materials and sterage period

Storage Mean sum of square
f:ﬁ:‘; Source a ' Aojdity
Banana Mango Jaesk
50 Trestment (T) 3  0,002"" 0.028"* 0.009""
70 T 3  0.003" 0,006 0,012
90 T s 000" o0.01"" 0,013
110 T 3  0.001"" o0.065"" 0.028""
130 T 3 0.002" 0.09"  o.037""
150 ? s  o0.,002"" 0,03 o.037""
170 T 3 0.004"" o0.04"" 0.0
190 T 3 0,004 0,05  0.044""

** Significant at 1 per cent level
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ABSTRACT

A series of experiments vere oconducted at the Cellege
of Hertioculture, Vellanikkaras, with the objestive eof pro-
posing & suitable method of preservatien and stersge of
fruits, vis., banana, mange and jack. The fruit material
prepared by peeling and cutting verse dehyidrated bty meehani-
oal drying for B0-87 hours, sinee sundrying was found 4o be
unsatisfactory even after 2% days of drying. The dried
materials, both as chips and powder wers pasked in ersft
paper bags, butter paper bags, polythene bags snd polypre-
pylene bags and wvers stored in bdoth epen air as vell as slesed
conditions.

The samples stored in open air conditions deteriorated
in quality after a short span of sterage and first sigm of
fermentation vas observed by 50th deay. The packages kept in
closed chamber remained without deterieration throughout the
period of study.

The analysis of quality eenatituexts such as meisture
level, total soluble solids, tetal sugars, reducing swgars
and titrable soidity indicated that the ainimwm change frea
the sero storage conditions eam be obtained if the materials
are stored in polythens or pelyprepylene bags, saeng the four
packing materials tried. The syrwp strength fer reeonstitut-
ing the stored materials were standardised as 25% for mange
snd banana and 30% for jaeck fruit. ~



The reconstituted materials vere erganoleptioally
*valuated doth as such and as & preparation eenteining
Jaggery, coconut ailk, spiees ete. and it vas found that
banana ohips reaained accepiable upte 110 days in polythene
and polypropylene bags and the povder remained goed tarowgh-
out. The mango chips were 8dospiable upte 130 days in these
packages while powder vas good even after 190 days of storage.
The jack fruit chips stered in polythene ana polypropyrlene
bags vere good wpto 150 days vhile the powder remained ageep-
table even after 190 days. In all the eases vhere oraft paper
and butter paper bags were used, the fruiy samples eould not
be sitored so suscessfully as observed in the polythene and
polypropylene bags.
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