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CHAPTER - I

INTRODUCTION

Ber ( Zizyphus mauritiana Lamk.) is one of the ancient and common

fruits of India. It is very nutritious and contains a good amount of carbo-
hydrates ( Bal, 1981; Sharma and Bawa, 1977 ), Vitamin-C ( Daulta and
Chauhan, 1982 ), minerals prominantly phosphorus, calcium and iron ( Bal
and Singh, 1978; Khera et al, 1976), proteins ( Sharma and Bawa, 1977 )

and amino acids ( Bal et al, 1979 ).

Ber is a very hardy plant and‘ can grow ‘\;/”ell under wide range of
soils and climatic conditions. The tree bears heavily and.regularly. Ber
ts cultivated mainly in éubtropical regions of north-western and central
India ove; an area of about 22,000 hectares ( Chadha, 1990 ). In Haryana,
it covers an area of about 1432 hectares ( Anon, 1990 ) and the total
production of ber in the state is estimated to about 26,000 MT wh’ich 1S
5-8 % of the total fruit production i.e. 1.5 lac MT ( Anon, 1991 ). The
area under this crop is likely to increase further with the creation of a
separate Directorat¢ of Horticulture in the state. Ber bear fruits at the

bt . -
time when no other fresh fruits are available in the market.

The fruit is consumed as fresh and the whole produce is sold in

the market in the month of March-April. Since the fruit has a short



storage life, there is a glut in the market during the peak harvest period

with the result the growers do not get remunerative returns of their produce.

Processing is the best means to save growers from losses and wastages.
In India hardly 0.5 to 1.0 per cent of the total fruit production is used for
processing and about 25-30 per cent is spoiled because of inadequate transport,

storage and processing facilities.

At present, be’r is not processed commercially except drying of fruits
at homes‘cale in some villages of Haryana and Rajasthan. The processing
aspects of t\liigycrqg h"as been reéeiving some attention in the recent past.
Processing of bervfor the preparation of various products at small scale
can play a significant role in proper utilization of the fruit and in reducing
the wastage to the minimum. Therefore, there is an urgent need to develop
suitable processing techniques for its processing to solve the marketing

problem and to maintain the production level and further enhancement of

fruit production in the state.

The processing techniques should be such that minimum cost of
processing, handling, packaging , storage and transportation are required and
available natural resources may be exploited to the po‘s;ible extent with
minimum energy utilization. In India, fruits are processed in the form of
different products-like dehydrated fruits, fruit candy, pulps, fermented and
non-fermented beverages etc. Among these jam, jelly, preserve,beverages,
canned fruits, candy and dehydrated fruits have wide acceptability. Possibility
of canning, dehydration, candy making and pulp making from ber was suggested

by Khurdiya and Singh (1975). Methods for preserve making, bottling and



dehydration of ber were standardized by Dhawan (1980). Method for candy

making was standardized by Gupta (1983).

Drying of ber fruit is an age old process in this area of the country,
in which ripe ber fruits are dried under sun. The dried fruits have unlimited
shelf life, stable and can resist microbial and enzymatic activities. It is the
cheapest m.ethod of preservation. There i1s a considerable reduction In trans-
portation, handling, packaging and storage costs. Studies on sun dried and

dehydrated ber were conducted by Khurdiya (1980), Dhawan (1980) and

Khurdiya and Roy (1986).

Most recent technique of osmo-air drying of fruits as suggested by
Ponting et al,(1966) has many advantages over other methods ( Hope and
Vitale, 1972; Nanjundasswamy éf.?.l 1978; Ramamurthy et al. 1978; Garcia
‘et al,, 1974 ). The drying period is cut down t6 a large extent, heat damage
to colour and flavour arg minimised, fresh fruit flavour is protected and
‘retained during subsequeht stored period. Studies have also been carried
out on osmo-air drying of pineapple ( Mehta et al, 1982), Guava and Papaya
( Mehta and Tomar, 1980 ) and Muskmelon ( Tomar and Gawar, 1985 ). They
have also advocated the use of osmo-air drying technique for fruits. There-
fore, the present investigations have been undertaken for dehydration of ber
with the following objectives:

1. To evaluate the various dehydration techniques.
2, To evaluate different ber varieties for their suitability to dehydration.

3, To evaluate the keeping quality of the dehydrated product.



CHAPTER - II

REVIEW OF LITERATURE

Fruits are processed by different methods of preservation. Various
books ( Woodroof and Luh, 1975 and 1986; Lal et al, 1986; Anon, 1985 ) and
manuals ( Salunkhe et al, 1974; Chundawat and Sharma, 1978 ) have been
published on post harvest technology of fruits. But the information regarding
~ the procéss’in‘g of ber fruit is limited. Therefore, literature relevant to post
ha.rvest technology of other fruits has also been reveiwed.

1. General |

The jujube ( Zizyphus spp. ) commonly kno?wn as ber comprises two
groups ( Randhawa and Biswas, 1966 ) (i) the chinese jujube ( Z. jujube Mill.)
having a small upright gfow'mg tree with bright greeg¢gn leaves and is deciduous
in nature (ii) the Indian jujube ( Z. mauritiana Lamk.) is vigorous growing
small spreading tree with drooping branches and is ever green. The second
group is commercially cultivated in northwestern and central subtropical
regions of India, More than 100 cultivars ( varieties ) are available in India
( Yamdagni, 1984 ), some of them are commercially important. The ber is
hardy fruit plant and can be grown even on poor,a;md marginal soils and
adverse climatic condition and gives good returns ( Chadha f;_t_g_l_, 1972 ).

Ber fruit has a high nutritive value especially carbohydrates ( 12-20 % )

and Vit. C ( ascorbic acid ) 70-125 mg per 100 g ( Sharma and Bawa, 1977),



with good amount of minerats like calcium, phosphorus and iron ( Bal and
Singh, 1978 ) and a high sugar acid ratio at ripe stage. Fruits of ditferent
varieties ‘differ in their physico-chemical characteristics. lllaichi variety

( Khurdiya, 1980 ) has high T.S.S. ( 24 % ) total sugar content ( 17 %),
pulp to stone ratio (24.8 % ) and very low moisture content { 73.97 % ).
Mudia-Murhara contains 19 % T.S.S. ( Yamdagni, 1984 ) with high pulp

(95 % ) and 83.13 % moisturecontent ( Khurdiya, 1980 ). Umran contains
18.5-19.0 % TSS ( Jawanda and Bal, 1978; Kumar andBabu, 1987 ), total
sugars$(14.84 % ), high pulp to stone ratio (19.6 %) and’ a low moisture
content (77.92-% ) ( Khurdiya, 1980). These characteristics are ideal for a
variety to be used for dehydration. However, in India most of the ber
fruits are consumed atfresh for table purpose. Ber fruits can be canned.
candied and made into pulp (\Khurdiya and Singh, 1975); it can be preserved
. and bottled ( Dhawan, 1980 ) and cén also be “vdnr"ied ( Khurdiya, 1980; Dhawan
1980; Khurdiya and Roy, 1986).

' 2. Blanching

| Blanching is the basic step in preservation of fruits by canning,
freezing and dehydration,which consists of a partial cooking usually in
steamn or hot water. Blanching is used in preparing sliced apples for
freezing and drying, and in steam or lye peeling of peaches, apricots,
grapes and other fruits. It causes some changes in composition of fruits
which are not of much importance, skin/pg_e’l_fgyi”s‘sues are disturbed and
outer wax layer is removed partially or totally, hence facilitating moisture

evaporation from outer surface and easy transfer of moisture from inner

tissues to the surface tissues because of difference in the concentration



of the soluble material in the adjoining tissues.

Food have also been blanched using hot air and also infrared microwave
radiations ( Huxsoll et al., 1970; Ralls et al; 1973 ). The enzymes present
in the fruit tissues are inactivated by heating during blanching . The degree
of inactivation depends upon the effectiveness of blanching treatment. Blanch-
ingvas well as dehydration can cause crystallinity of the cellulose in the
product. This crystallinity causes change in the texture of the fruit ( Holds-
worth, 1971). But it has been considered necessary, the time of blanching

should be as short as practicable.

2.1 Water Blanching

Immersion of fruits directly in boiling/hot water for certain period
of time. Khurdiya (1980) suggested six, four and two min. time of water
blanching for Umran, Bagwari and Chhuara, arjd Itlaichi varieties respect-/
- ively for' complété inactivation of the enzymés.m Khurdiya and Roy (1986)
blanched the fruits of Katha variety of ber for five minutes in boiling
"water. Amla fruit is b‘lil_rlc_:pgdwigwbojlin‘g water for four minutes before

—

‘drying ( Sethi, 1986 ) for maximum retention of ascorbic acid and other

e e

nutrients in the dehydrated product.

2.2 Steam Blanching

Steam blanching is used with the advantage over water blanching
that the fruits are not in direct contact with boiling water and heating
1s attained by increasing the time of holding the fruit in the steam.
Dhawan (1980) blanched ber fruits in steam at atmospheric pressure with

holding time of 10 minutes before dehydration of ber fruit. A modification



to steam blanching wés described by Lazer et al. (1971) as the individual
quick blancH pr:)cess, a method that produces less effluent than conventional
steam blanching. They also reported that preconditionir;g of carrots prior
to blanching by warming and partial drying could significantly reduce
effluents. Bomben et al. (1973). geported substantial reduction in the

solid loss in the effluent by heat pre-conditioning and advocated heat

preconditioning in individual quick blanch process.

2.3 Blanching and Nutrient losses :

Studies have been conducted on the losses of nutrients during
blanc;hing. Magoon and Culpepper (1924) reported losses of sugars and other
soluble substahces, when peas, snap beans and spinach upon scalding for
two minutes in boiling water and chilling in cold water’ thereafter and
Horner (1937) found that the losses were more with water blanching than
steam blanching and increased with the time of blanching in water and
losses were greater in small units. Retention ;f soluble nutrients were
high in steam blanched‘ than water blanched vegetables ( Feaster, 1960 ).

Shams and Thompsén (1987) also reported dry matter losses in blanching

of peas and losses were greatest for the smallest sizes in each variety.

Losses of Vitamin C have been reported by Oliver (1938) and
Rostovskaya.(l%l) during blanching. Effect of time and type of blanch-
Ing on ascorbic acid content of peas and destruction of enzyme catalase
was studied by Jenkins et al. (1938) and reported 10-25 % loss of original
vitamin C content in the first minute of the blanch regardless of whether
the blanch was in hot water or steam. The rate of loss of Vitamin C

reduced after first minute and therefore increase in blanching time



affected the Vitamin C content more adversely than the increase in blanch-
ing temperature. Peas retained 75 per cent Vitamin C when blanched at
180°F for one minute as compared to 40 % when blanched at ZOOQF. for

12 minutes in hot water. Whereas 75 per cent retention of ascorbic acid

was reported by Clifcorn (1948) in most severe conditions of steam blanching.
Moyer et al. (1948) recommended short high temperature blanch for more
nutritious peas. Holmquist et al. (1954) reported greater retention of ascorbic
acid content in steam blanching than water blanching. Reports on retention
of ascorbic acid v\’é‘;y widely, but it has been suggested that half of the
original amount present in raw material is lost during blanching and subse-

quent processing ( Hendel, 1971 ).

3. Sulphuring

Sulphurdioxide is known to have antimicrobial activities against
. bacteria and some molds in low concentrations and against yeasts in higher
concentrations ( more than 200 ppm ). Among yeasts aerobic speéies are
.generally more sensitive to sulphurdioxide than the fermentative species
( Joslyn e;ma -Bra’veéman, 1954 ). The permitte;i limit of sulphurdioxide in
dried products is 1500 ppm ( Vijaya‘“e_:c_gl_, 1979 ) and upto 2000 ppm for
preservation of fruit concentrates.

It is also used to check the browning during drying of foods, however
1t cannot completely stop browning reaction, which adversely affect the
colour and texture, but it can retard them sufficiently to allow the dried
products to remain acceptable for about a year at 21°C ( Nury et al.

1960 ).



3.1 Process of Sulphuring
The process of application of sulphurdioxide on or into the product

is called sUlphqring. Sulphurdioxide may be applied by burning sulphur in
gaseous forrﬁ or by addition of salts of sulphurous acid, particularly the
alkali or acid salts ( sodium or potassium bisulphite or metabisulphite )
or alkali neutral salts ( sodium or potassium sulphate ) to the liquid
products. .B'tn‘lette and Cruess (1912) reported that fumes of burning
sulphur as a cheapest source of sulphurdioxide and the best for disinfect-
ing purposes, but unsuitable for control of fermentation because of
uncertainity ‘in application and difficulty in regulating, Cut fruits and
grapes-to a limited extent are treated before drying, with the fumes of
burnings sulphur, in specially constructed sulphur houses. The design
factor involved in construction of a suitable sulphur house to permit
rapid and uniform sulphuring with fumes of burning sulphur was investiga-
ted by Long et al. (1940).

The fruits are sulphured by placing them in adjustable vented compart-
- ment containing burning sulphur. McBean et al. (1967) suggested that
sulphuring houses can be of different construction such as PVC tants,
wooden frame cells or cement block tunnels. Khurdiya (1980), Dhawan
(1980) and Khurdiya and Roy (1986) used a wooden chamber having space
for wooden tray ( made of wooden slats ) for sulphuring ber fruits before
drying. Khurdiya (1980) reported maximum retention of sulphurdioxide in
Uman variety of ber when 18.75 g. sulphur per kg fruit was burnt in the
chamber for 3 hours. But the dried fruits of variety Illaichi were not
acceptéd organoleptically when sulphured at the rate of 18.75 g.sulphur

per kg fruit because of the higher sulphurdioxide content. In addition



to the initial sulphuring all cut fruits are sulphured a second time
immediately after processing, just before packing. This can be done by
burning sulphur, but a faster and easier method is to dip the processed
fruits for 30 seconds in a 5-7 per cent potassium metabisulphite solution

( Stafford and Bolin, 1972 ).

3.2 Sulphurdioxide absorption and retention

As Vfar as sulphurdioxide absorption is concerned it is more rapid
in fu}ly mature fruits ( Quinn, 1926 ). Long et al. (1940) reported that
fixation of sulphurdioxide by fruits is not directly proportional to
absorption. Quick!y sulphured fruits of high initial sulphurdioxide content
loose it at the faster rate. According to Nichols and Christie (1930a)
and Chase et al. (1933) the hot water or steam blanching has no effect
on sulphurdioxide absorption to retention capa;ity of fruits whereas
Long et al. (1940) found 50 % more retention ;'f sulphurdioxide by the
fruits sulphured after blanching as compared to unblanced ones. Similarly
Nichols and Christie (1930b) reported that increase in the temperature
of sulphur chamber increased the penetration of sulphurdioxide into the
fruit tissues and also increased the rate of combination of sulphurdioxide
with othérlspbst_‘an“ées in the fruit. Long et al. (1940) found that sulphur-
ing of fruits at relatively high temperature ( 100-120°F ) decreased
absorption but increased retention. Fisher et al. (1942) also reported
retention of more sulphurdioxide by the fruits exposed to sulphurdioxide
in high temperature area than the fruits from cooler area of the sulphur

chamber.



During the process of drying also the retention of sulphurdioxide
seem to be affected by temperature possibly through increased formation
of bisulphite addition products. According to Long et al. ( 1940) -heating
of fruits by solar radiation and drying of surface appear to increase the
fixation of sulphurdioxide. Nichols et al. (1939) reported that complete
shade d_r'yiJng of« abricots reduced the retentidr; of sulphurdioxide and
exposure of fruit to sunlight for one day was sufficient to prevent the
loss. Long et al. (1940) observed increased retention in dehydration because
of rapid drying and reported that it was as great as 375 per éent than the
sundried samples sometimes. Salunkhe et—ak(1974) also reported greater
losses in sundrying than in oven drying. Khurdiya and Roy (1986) reported
more retention of sulphurdioxide by ber fruits dried in solar drier than
the fruits dried in direct sQn. McBean (1971) found that free sulphurdioxide
contents diminished throughout thé drying pér}bd, whereas levels of combined
sulphurdioxide remained relatively unchanged and reached 80-90 per cent of
total in dried fruits.

The rate of absorption of sulphurdioxide is also‘inﬂuenced by the
characteristics of the fruit. The rate of absorption of sulphurdioxide
thrdugh the fruit cuticle is 3 to 8 times slower than that through cut
flesh. firm and immature tissue absorb sulphurdioxide more rapidly than
softened mature tissues. The more open textured fruits like apricots
absorb sulphur dioxide most rapidly followed by peaches and pears

b

( McBean "/é__J_i)a'jE, 1964 ). Khurdiya (1980) found the maximum retention
of sulphurdioxide by dehydrated immature ber fruits and sundried mature

A
fruits.



4. Osmotic dehydration

Partial removal of water from the material by dipping in a saturated
sugar or concentrated salt solution is carried out thrdugh the process of
osmosis and is termed as osmotic dehydration. The product is reduced to
about 50 per cent of its original weight by osmotic dehydration after which
1t is further dried in air in open sun or in cabinet or in vacuum drier.
Ponting et al. (1966) described this technique for fruits by partially dehydra-
ting them in sugar syrup, in which drying time is cut down to large extent
and heat damage to colur and flavour is minimum. Farkas and Lazar (1969)
studied the effect of temperature and syrup concentration on apple and
other fruits and suggested a syrup concentration of 70°C Brix and working
temperature of 50°C. Hope and Vitale (1972) studied osmotic dehydration
of mango, banana and plantéin and reported it to be the cheap and simple
method for preserving tropical fruits and sugéééted a pilot plant scale
osmotic dehydration system. '~ Garcia et al. (1974) compared hot air drying
vacuum drying and osmotic hot air drying, and found improvement in
quality of osmo-air dried product. Weisberg (1976) reported the osmotic
dehydration to be an excellent intermediate food technology. Nanjundaswamy
et al. (1978) standardized osmo-air dehydration techniques for pineapple,
papaya and apple and reported that the osmo-air dried products were having
good colpg: and flavdur.‘/Ramamurthy et al. (1978) reported osmotic
dehydration to be the possible alternative to freeze drying a costly method
of drying. TFhey compared the osmotic dried and freeze dried Alphanso
mango slices with regard to aroma and physico-chemical characters and

found osmotic dried product comparable with freeze dried slices.
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5. Drying

Drying is the process of removing water from the food stuffs to
such aﬁ extent so that none of the microorganisms ( m.o ) may perpetuate
to cause spoilage. According to Dayanand (1978) , the concentration of
solids as in case of fruits is increased to 70 per cent or more so that
osmoticvpressure within the dried fruits will check the growth of m.o.
The removal of moisture from food involves .mass transfer to remove water
and heat transfer to replace the latent heat of vaporisation. Air movement
is also required by energy involved driers or solar driers ( Desrosier, 1970).

To achieve rapid drying of the products in case of traditional sun-
drying regular turning is required. For sundrying on a large scale, a
very large area of land is required to collect solar heat which is dependent
on the weather. In factoryydrying conditions can be easily controlled
(Caygill, 1978 ). But at present tifne of ener“g”y' crisis, the natural energy
source shall be utilized. Thecost of production of oven dried product is
higher. Schwarz and ‘Nury (1961) reported that dehydrated apricots differ
from the sundried fruits in general appearance, colour and texture and
were more porous and spongy than sundried product. Khurdiya (1980)
evaluated the dehydrated and sundried ber fruit and found that sundired
fruit scored more points in organoleptic rating. Dhawan (1980) investi-
gated the drying of ber fruit and reported that the ber fruit can be dried
successfully but dehydrated fruits were slightly better than sundried
organleptically.

The drying of food stuffs which are partially dehydrated by

osmosis further dried in oven or sun is termed as osmo-air drying.



541 Sundrying

Sundrying is an ancient process which is still practiced because it is
cheap and requires minimum equipments etc. Its main disadvantage is the
dependence upon the climate and hot sun aﬁd dry climate which is not
available all over the world. But in semi-arid region of India it is in
ample amount. Main hinderence seems to be the inclement weather due
to which there is risk of losses and difficulty in maintaining high degree of
sanitation { Salunkhe, 1974 ).

Frﬁit leathers can be prepared ( Anon, 1972 ) by sundrying or forced
air drying which retain their colour and flavour for atleast one month at
room temperature, four months under refrigeration and years when frozen.
Khurdiya (1980) reported slightly better organoleptic quality of sundried
ber fruits over oven dried fruits. In the recent advances, achievements
has ‘been made in the use of natural energy source and to keep away
the risk of losses due to natural clamities and to maintain good sanitary
conditions. Bhatia (1978) suggested the use of simple solar direr, which
cuts down the drying period of apricot fruits to about 1/6th as compared
to open sundrying. Maximum temperature registered in the drier was
78°C as compared to 34°C in the open sun and the temperature higher
than the ambient was maintained till sun set. Imre (1985) developed a
chimney type country drier with natural convection and latent heat
storage. Khur_dizla and Roy (1986) used different solar driers for drying
Katha variety of ber ‘and potato slices and reported better retention of
sulphurdioxide in both products and less changes in reducing and total

sugars’in ber when dried in solar drier provided with chimney. Indirect
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solar drier was described by Szulmayer (1971) in which the product is

exposed to the heated air rather than to direct sun.

5.2 Hot air oven drying

Application of artificial heat to vaporize water and removal of
vaporized water by some means is termed as dehydration. The principle
which works . behind the traditional method of dehydration is that the dry
bulb temperature 90—\1000C may be used if wet bulb can be kept low
preferably Lcello»w ‘5\OO-C, so that .no heat damage"}esults. This induces
rapid ev‘aporation while the product temperature remains as that of wet
bulb., In the last stage of drying i.e. below 15 per cent moisture content
fhe rate of migration of water to the surface of pieces is low hence low
temperature is needed. On the ‘basis of this principle there are several
types of driers used for dehydration of fruits. Tunnel drier is one of
those which is most flexible and efficient system ;idely used for drying
of fruits ( Kilpatrick et al., 1975 ). Beaven (1944) described a cabinet
drier for small scale drying. In this filtered fresh air drawn by the fan
thfough the heated coils is blown across the material or trays to an
exhaust system. The cabinet type driers are mostly used for small scale
drying in laboratory. Khurdiya (1980) used cabinet drier at 60°C with air
flow rate of 1.2 meter to 1.8 per second for drying of ber fruit and sun-
dried ber scored more points in organoleptic rating. Dhawan (1980) dried
the ber {fruits in cabinet dehydrator at 50°C throughout the drying period.
The use of low temperature in dehydrator might be due to the fact that

the migration of moisture to the surface of the whole fruit is very low

as compared to the cut pieces. Mehta and Tomar (1980) dehydrated guava
o . .



slices in cabinet drier at 60°C. Mehta et al. (1982) dehydrated pineapple
slices at 60°C and Tomar and Gower (1985) also used 60°C temperature

for dehydration of muskmelon slices in cross flow drier.
6. Organoleptic and keeping quality of processed product:

Fruits are known for their palatability and nutrition. Colour, flavour,
texture and nutritional value are generally recognised as four quality factors
of fruits and their products. According to Holdsworth (1971) structure
and composition of raw material, shrinkage during drying , loss of volatile
componen{s, Browning reactions and rehydration are the physico-chemical
aspects of‘dehydrated products. Nutrient loss, degradation of colour pig-
ménts and overall texture may also be added to this list ( Jen, et al.

1989 ). These are important in determining the overall organoleptic quality
of the product. Except for structure and composition of raw material
these factors are directly influenced by the conditions used during the

dehydration process.

Processing often alters the quality of fruits and vegetables but does
not change the chemical basis underlining the factors ( Jen, 1989 ). Enzyma-
tic and non-enzymatic browning contribute to colouring of processed fruits.
Non volatile compounds are responsible for special flavour of the processed
fruits, in case of dried fruits in special. The texture is provided by the
cellwall components and extent to which the shape of the constituting cells
have changed: <the nutritional value is affected due to the change in
Vitamin C and mineral content which are major nutrients in fruits.

Moisture content in the finally dried product is another major factor

which affects the storability of the product. Therefore, for the improvement
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in the quality of processed product it is necessary to understand the chemical

basis of the quality factors.

‘/6/ 1  Colour

Certain artifacts such as caramels, melanins etc. are the reaction
products of the enzymatic and non-enzymatic reactions from the processing
of the fruits and vegetables ( Mackinney and Little, 1962 ). According to
Clydesdale, et al. (1972) the organic acids released from the destruction
of intact cells ca.;w cause conversion of chlorophylls to pheophytins in
‘process‘ed plant foods. The acidic conditions can cause the replacement
of hydrogen for magnesium and make the chlorophyll into pheophytins.
rThese peophytins are brown in colour and are undesirable in most foods.

Carotenoids are lipid soluble pigments, responsible for yellow,
orange and red colour in most of the fruits. These are relatively heat
stable and not suffer extensive loss during thermz;i processing. However
most of these carotenoids are sensitive to photo-oxidation and loss their
Bright colour under long exposure to light and oxygen ( Jen, 1989).

| Other natural pigments existing in plant foods include tannin,

leucoanthocynin, quinone and xanthone. According to Clydesdale and

Francis b(l976) leucoanthocynins, tannins, quinones and xanthones are heat

stable.  These are important in dehydration of ber fruits as it contains

a good amount of tannins ( Dh'm/g’ra, 1983 ) and other phenolic compounds
A

are also present.

Enzymes polyphenol oxidases ( PPO ) also kpown as phenolases
cause enzymatic browning. These enzymes catalyze the conversion of

monophenols and diphenols to quinones which can further undergo a
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series of non-enzymatic reactions to produce brown, grey and black
coloured pigments, collectively known as melanins ( Schwimmer, 1981 ).
Maillard reactions, caramelizations and ascorbic acid oxidations can produce
similar type of coloured compounds ( Eskin et al. ]9}1 ). These browning
reactions are undesirable for dehydrated fruits.

Blanchiﬁg may be used to prevent enzymatic browning in some
fruit products ( Luh et al, 1986 ). Since PPO is heat labile ( Vamos-
Vigyazo, 1981 ). But the blanching results in destruction or loss of flavour
components of fruits ( Luh et al, 1986 and Shewfelt, 1986 ). According to
Halpin and Lee (1987) in green peas there is decreased or constant peroxi-
dase and PPO activity in storage at -23°C. Lipoxigenase activity is also
increased over storage and these three enzymes exhibited a wide range
residual activity after blan\ching also.

According to R;fynolds (1965) the cohaénsation of reducing sugars
with amino acids which is acclerated by heat is responsible for much of the
darkening of fruit tissues during storage. Sulphites are very effective brown-
ing inhibitors ( Joslyn and Braverman, 1954; Vamos-Vizyazo, 1981; and
Sayavendra-soto and Montgomery, 1986 ). Maillard reaction is also inhibited
by sulphurdioxide, The mechanism of inhibition was investigated by Song
and €hichester (1967) and reported that bisulphite inhibited the reaction
prior to browning by combining with intermediate compound involved in
overall .browning .tea&tion.

Sulphitek is experiencing declined usage due to health reasons to
asthmatic consumers. Sulphite can produce acute allergic reactions in some

asthmatics, however, with serious if not lethal consequences ( Taylor



et al. 1986 ).

In recent developments ascorbic acid-2-phosphate is reported to be
effective inhibitor of browning in cut apple ( Seib and Liao, 1987 ). Other
alternatives to sulphites are L-ascorbic acid and its isomer D-erythorbic
acid or their sodium salts with such adjuncts as citric acid, sodium or
calcium chloride; phosphates, cysteine and potassium sorbate (Langdon,
1987 ) ..But these substitutes are considered to be less effective than
sulphitéstecausé they do not penetrate as .well into cellular matrix
( Taylor et al., 1986).

Bol/!in et al. (1964) studied the effect of prolonged illumination
on dehydrated apricot, peach and apples in transparent films stored at

32.3°C and found that loss of sulphurdioxide and the rate of darkening of

peaches and apricots were most affected by light.
— ‘ e
6.2 Flavour

Various volatile aroma and nonvolatile compounds give special
< flavours to fruits and Qegetables ( Jen, 1989 ). The final processed product
“shall possess the characteristic flavour of the fresh fruit. In the recent
years it has been possible to gain some knowledge on the chemical
compounds that give the flavour sensation of .fruits and vegetables (Heath,
1981 ). But a limited literature is available for the processed and
dehydrated fruits with respect to flavours. The techniques involved in
the prevention of off-flavour formation during processing and storage
period is of the interest to the food chemists.
According to Jen (1989) enzymes peroxidases and lipoxigenases

seems to be involved in off-flavour formation of fruits and vegetables.
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These enzymes have ability to form highly reactive free radicals and hydro-
peroxides. Blanching may inactivate these enzymes but blanching to peroxi-
dase free condition may be over blanching. Blanching also result in destruction
of flavour- components of fruits ( Luh et al, 1986 and Shewfelt, 1986).

Loss of flavouring components during processing or dehydration of ber
fruit have not been‘studied. In citrus Varsel (1980) reported the loss of some
volatiles dufing the recovery and concentration of volatile aromas in citrus
industry fot G‘s_e as é.ssence. The final product ‘essence does not contain all
of the flavour notes of fresh juice. According to Braddock and Chen (1985)
in commercial citrus juice evaporator most volatile aromas and high percentage
of terpenes have been removed at 25 per cent evaporation of initial juice
volume.

There is gradual decrease in volatile flavour compounds during drying
and other compounds formed as a result of chemical reactions at normal
drying temperature impart flavour to ths products. For the retention of
the flavour during storage product may be packed in oxygen free packs.

Sapers et al. (1973) reported that flavour of potato flakes was not affected

for 12 months at 23°C when packed with nitrogen gas.

6.3 Texture

Texture is an important quality factor of fruits, vegetbales and
their products. Scientists have different definitions for food texture
( Bourne, 1982 ) . In food chemistry, texture of the fruits and vegetables
represent the biomolecules involved in the cellular structure of cell walls.
The degradation during natural physiological changes or artificial process-

ing operations may alter the textural properties of fruits. Some of most
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important parameters for texture are hardness, firmness and crispness
( Jen, 1989 ).

According to Reeve (1970), texture of fresh fruits and vegetables
is determined by both histological structure i.e. cell size, intercellular
components, cell wall thickness, and structure and cell wall composition.
The cellulosic microfibrils which comprises basic architecture of the cell
wall may inélude. some pantosans vary greatly in orientation, degree of
crystallinity and cumulative thickness. The structure and composition of
raw material alongwith shrinkage during dehydration influence textural
properties of the product and its rehydration ratio/moisture absorption
capacity.

Pectic substances are the glues to plant cells and exist pre-

dominantly in middle lamella between cell walls ( Fishman_and Jen, 1986).

These pectic substances are in the forrh of protoﬁéCtin, pectinic acid
and pectic acid. Ber fruit contains a considerable amount of peétins
rapging from 0.74 to 0.99 per cent( as calcium pectate ) at ripe stage
( Dhawan , 1980 ). The pectin is closely related with textural properties
of fresh and dried ber fruits.

Other substances such as clacium and magnesium may play a role
in the firmness of raw and processed fruits. According to Jen (1989),
divalent ion can form a bridge between free carboxyl groups of pectic
chains to give rigidity to the cell structure.

Kim rand quedb (1987) reported that high-temperature fluidized

bed dried osmoticially dehydrated blue berries at a water activity ( aw)

of 0.5 were soft, had a raisin like texture and were suitable for

M



consumption in dry state.
/
6.4 Nutritive Value

Carbohydrates, vitamins especially Vitamin C and minerals are the
major nutrients of fruits and their products { Gopalan, 1977 ). According
to U.S. Department of Agriculture (1984) the most nutritive value of fruits
and vegetables are their contents of vitamin C, minerals and fiber. Various
amounts of other vitamins and nutrients exist in fruits and vegetable which
contribute significantly to the balance of our diet.

It is 'ge;werali,y believed thét fresh, raw fruits and vegetables contain
maximum amount of vitamins and minerals but it is not always true. The
nutritive values of fruits and vegetables vary due to many factors like
varieties, maturities, climate and location. In case of ber fruits variation
due to these factors is very much true ( Kumar and Babu, 1987 ). Home

storage time and method of preparation before consumption has significant

14
effect on nutrient retention ( Ang and Livingston, 1975 ).

' Processing has some destructive effect on the nutritive value of
fruits and vegetables ( Harris and Kramas, 1975 ). Fruits are living
organisms and undergo physiological changes when harvested. The process-
ing teChnlques are to stop the physiological and enzymatic activities with
minimum disruption of cellular structures. But even after total inactivation
of enzyme some non-enzymatic chemical reactions may occur during
processing and storage ( Eskin et al, 1971). According to clydesdale
et al. (1972 ) there is formation of acid. There are non-specific

hydralysis of macromolecules, interconversion of sugars, aggregation

of monomer, dissociation of polymers and changes of ionic bonding In
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cell walls ( Pattee, 1985 and Goodenough and Atkin, 1981 ).

Effect of dehydration and storage on protein and vitamin contents
of foods was ‘reveiwed by Labuza (1973). He indicated that major loss of
fat soluble vitamins such as Vitamin A and E is probably due to the
reaction of peroxidases and free redicals. According to Hulme (1971)
there is some loss ‘of vitamin during drying. Morgan et al. (1931)
reported tHat 50 per cent of the original content of vitamin C is retained
in the dried product by the presence of sulphurdioxide. Salem and Hegazi
(1973) .determined that in sundrying of apricot juice a large part of
cartoenoids and. vitamin C was lost during processing and drying.

Total sugars and acids seems to be less affected during drying
and storage. According to Wrolstad et al. (1989) the sugars and non-
volatile acids are relatively stable while the phenolic profiles show
considerable change in processing and storage of fruit juice concentrates,
Rao and Roy (1980) reported increase in reducing sugars and decrease in
total sugar content in dehydrated mango pulp after three month storage.
This increase in reducing sugar and decrease in total sugar was higher
with the increase In storage temperature. Vitamin C content was also
lost completely at higher temperatures even in the presence of 502, there
was an increase in total acids with increase in storage temperature.

Mehta et al. (1982) in dehydrated pineapple rings, Tomar and
Gawar (1985) in dehydrated muskmelon and Mehta and Tomar (198%&)bm
dehydrated cut guava fruits and papaya slices reported no major change
in sugar conténfcs t_*hough there was increase in réducing and decrease in

total sugars but the change was very less. There was slight decrease
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in acidity after six month storage. Mehta and Tomar (1980) also reported
loss of Vitamin C in dehydrated cut guava fruits and papaya slices during
storage. Vaghani and Chundawat (1986) reported an increase in reducing
sugars with storage time and increase in total sugars during first three
months of storage and decrease thereafter.

Khurdiya (1980) reported the loss of Vitamin C content after six
month storage in dehydrated ber fruit. Dhawan (1980) reported reduction
in sugars and Vitamin C contents in dried ber fruit with the increase in
storage ‘time,

Info;r;atiom régarding the retention of m'i‘nerals in the dehydrated
foods productsis not available. But there is some effect of different
processing treatments on mineral contents of fruits. Yamaguchi and Wu
(1982) reviewed the mineral contents in vegetables and reported the loss
of water soluble components including minerals dufing blanching. Calcium
is generally absorbed by vegetables during blanching but the extent of
increase depends upon the kind of vegetable, the hardness of blanching
water and length of blanching time.

Iron is often in the water soluble form thus may be leached.
Gorodnik (1969) reported that beets lost 38 per cent and carrots lost
20-50 per cent of the iron during peeling and significant loss of iron
during blanching of beets. Little iron was lost when unpeeled carrots
were boiled; but when peeled the loss was over 22% during blanching.
The loss may be negligible in blanching of whole ber fruits and no

absorption of calcium when fruits blanched in pure water.
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6.5 Rehydration

Rehydration is influenced by structure, composition of raw material
and shrinkage during dehydration. According to Shipman et al. (1972) there
is removal of intracellular water and turgor is relieved resulting in collapse
of cell walls during the process of dehydration. The collapse can be total
and irrversible in case of high moisture vegetables whose cell walls are
fragile such that rehydrated product only absorb a fraction of the original
moisture level. The texture of the rehydrated product is mushy because of
the intercellular rehydration only.

A good quality product is that which is reconstituted well upon
rehydration. It may be possible only when cell wall is not totally collapsed,
remain intact and intercellular spaces are maintained in the dried product.
The intercellular spaces are cleariy manifested in the porous structure of
freeze dried foods ( Jan et al, 1989 ).

Rate of moisture removal during dehydration has a strong influence
on ‘the shape and texture of a dehydrated product. According to Toledo
(1980) in rapid initial drying the rigid outer layer i1s formed which resist
deformation, limits total shrinkage and intercellulat voids are formed.

Once the cell wall dries to form rigid structure, continuous moisture
removal can occur without further deformation resulting into a dried
product of low bulk density.

Sullivan et al. (1980) showed that rate of dehydration of explosion
puffed apples was much faster in the last stage of drying i.e. when
moisture content drops below 1.0 moisture free basis as compared to

conventionally dried apples. Explosion puffed or very rapid high

‘4
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temperature short time dehydrated products were having low bulk density
and rapid rehydration.

Among the different treatments adopted for drying, Mehta and
Tomar (1980) reported higher reconstitution ratio of the unsugared
dehydrated guava'sllices and papaya segments. Ramamurthy et al.

(1978) reported the rehydration ratio of osmo-air dried mango slices close
to freeze dried slices.

Rehydration ratio of dehydrated:+ ber fruits was maximum in
Chhuara variety followed by Bagwari, lllaichi,Umran and Katha varieties

( Khurdiya, 1980 ).

6.6 Mo’isfure _

For stability of the dehydrated product there is an optimum moisture
level above or below which storage life is diminished ( Rockland, 1969 ). |
.According to Brockmann (1970) intermediate moisture foods have water
,activity ( a, ) 0.85 and the moisture content is 20 to 30 per cent. These
are semimoist, firm and more susceptible to Maillard reaction and less
susceptible to fat oxidation than low moisture dry foods. Low moisture
foods are hard and firm their a,, is 0.7 and below, and moisture content
is below 20 per cent and these are resistant to microbial deterioration.

Hendel et al. (1955) reported the increased storage stability of
dried potatoes when moisture content was reduced from seven to four
per cent. According to Molaison et al. (1962) dehydrated sweet—potatées
below four per cent moisture maintained quality for longer period.

Khurdiya and Roy (1986) dehydrated the ber fruits of Katha

variety to 11.26 to 15.24 per cent moisture levels in different types
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of solar driers.

Hsu (1982) suggested that a, should be in equilibrium with the
relative humidity ( R.H. ) of the atmosphere around the food and it should
be 100 times as large as a, if the R.H. is expressed in per cent. If R.H
1s lower than a, of the food, the food dries at the surface. Conversely,
if the RH is higher than a of the food, the a, would increase at the
surface and food may be spoiled by microorganisms.

Rao and Roy (1980) found 15 per cent or a little more moisture
with RH between 63 to 70 per cent ideal for storage stability. Equlibrium
moisture around 17 per cent with RH 75 per cent for good texture and
flavour of dehydrated ber fruit of variety Katha. Hence the dehydrated
product shall be so packed that the R.H. of the microclimate within the

package may be maintained.

7. Microbiological Quality of Dehydrated Product

, Fruits, vegetables and their products are spoiled by growth of
microorganism ( m.o ). Fruits are conteminated by yeasts and molds
because of low pH and acidic nature. The internal tissues are almost
free from contemination and the surface is conteminated by m.o ( Dennis,
1987). ,

Kainsa et aj. (1978) studied the surface microfiora or ber fruit and

reported the presence of molds like Aspergillus niger, Rhizopus oryzae,

Penicillium chrysogenum , Alternaria tenuissima and Phoma sp. predomi-

nantly and are mostly responsible for spoilage of ber fruits. May and
Kelly (1965) recovered 32 per cent of the original flora conteminating
a particular food item.

t o

&
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For/hydrated foods American Public Health Association has fixed
a limit for total microbial viable count. Murphy (1973) also reported that
the range of total viable count ( TVC ) in dried foods should not exceed
( 50-300 ) x 103 per g. Total bacterial count on dried vegetables tend to
vary considerably although they should lie in the IO3tolOLJL range depending
on the vegetable.
( Drying destroys some m.o. but endospore formers, yeast and spores
of mold survive. In sundried product the m.o. present in the environment

are .not destroyed and are main source of conteminationy Pitt and Christian

(1968) reported molds of Aspergillus glaucus and Xeromyces bisporus

groups to be responsible for the spoilage of dried and high moisture prunes.
Esau and Cruess (1933) found souring of prunes and dates because of yeasts.
They also observed sugar like substances on dried fruits due to yeasts which
give yeasty flavour to the product. { Dennis (198%)~>reported the yeasts
responsible for spoilage and yeasty flavour of dehydrated fruits.,

< Moi'stJure content ih thelfinally dehydrated product is one of the
factor which affect the growth of m.o. in the products. Dehydrated foods
below certain moisture level do not support the growth of m.o. under
normal conditions, because insufficient moisture is present for microbial
activity and bacteria in particular. Bacteria require relatively high levels
of moisture for their growth and activity. Their water activity ( a,, )
requirement is high above 0.90, therefore these organisms play no role
in spoilage of dried fruits ( Jay, 1970 ).) for dried foods Scot (1957)
related a, levels to the probability of spoilage. He suggested that at a,,

of 0.65 very few organisms are known to grow and spoilage is most unlikely
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to occur even upto twoyears. But osmophillic yeast such as Saccharomyces

rouxi can even survive at an a,, of 0.65 under certain condition. Fungus

Xeromyces bisporus can grow at a, down to 0.60 and heat or chemical

treatment is necessary to prevent spoilage by this fungus ( Dennis, 1987 ).
LKhurdiya (1980) reported mold growth in dehydrated ber fruits
’having moisture content above 21 per cent at equilibrium relative humidity
( E.R.H. ) above 8iper cent within few days. there was no microbial
growth in dried fruits having moisture content upto 17.25 per cent and
ERH below 75 per cem,»”
| Hazards of contemination of food poisoning organisms is recognised
and easily avoidable during dehydration process. \Dehydration methods
include some treatment like blanching, sulphuring etc. for destructing and
inhibiting microbial growth ( Mux;phy, 1973 ). According to Dhawan (1980)
ber fruits’dx;ied aftt?r blanching and sulphuring ha;lf;' lowest microbial count.
He also obserVed.*higher microbial counts in sundried product than in chamber
dried product./ |
Sulphuring of fruits before drying inhibit the growth of m.o. Mainten-
ance of certain level of sulphurdioxide contenf 1s sufficient to preserve

light colour of dried fruits ( Van Arsdel et al. 1973 ).



CHAPTER - 1l

MATERIAL AND METHODS

The present investigations on dehydration of ber ( Zizgphus mauritiana

Lamk.) were carried out in the Department of Horticulture, Haryana
Agricultural University, Hisar. The experiment included the recent technique

of osmo-air drying for fruits.

I. Material
Firm ripe ber fruits were procured from the experimental orchard of
Haryana ‘Agricultural University and processed in_Post-harvest technology

laboratory. Three Kg fruits/treatment was taken.

1.1 Varieties

Following three ber varieties were selected

“

i) Illafchi
i) Mudia-Murhara
iii) Umran
1.2 Chemicals
Analar ( A.R.) quality chemicals of B.D.H. Chemicals, India or
E. Merck, India, Ltd. were used for analysis.
1.3 Equipments
Hot air oven of NSW make was used for dehydration of fruits and

for maintaining the temperature of the syrup during osmosis.



Plate 1o brutts of difterent varieties of ber at harvest.
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A wooden sulphur chamber of size 5' x 3' x 2' having 10 trays

(2" x 13" size ) was used for sulphur fumigation.
2. Methods

2.1 Harvesting

The fruits were harvested at fully ripe but firm stage.
2.2 Washing

Fruits were washed thoroughly under running tap water.
2.3 Blanching

The fruits were blanched by dipping in boiling water for 5 min. in
case of water blanching and kept in atmospheric steam for 10 min. for
steam blanching to inactivate enzymes.
2.4 _Sulphuring

Blanched and untreated fruits were fumigated with sulphurdioxide
gas by burning powdered sulphur in an enclosed wooden chamber. Fruits
were loaded @ | kg per sq. ft. in single layer in the wooden trays made
of slats  Sulphur powder was burnt @ 2.5 g. per kg fruits inside the
chamber and fruits were kept for three hours in the chamber for absorption

of sulphurdioxide.

2.5 Drying )

Two methods of drying i.e. sundrying and hot air oven drying were
adopted. The fruits were osmotically dehydrated for partial removal of
moisture followed by final drying under sun or in hot air oven.

Daily moisture loss was calculated in terms of kg. of water lost/kg.

dry matter.

s
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WATER BLANCHING \ |

Plate 2 : Ber fruits after water blanching for five minute.

WATER BLANCHING le

MUDIA ‘

Plate 3: Ber fruits after water blanching and sulphuring.
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Period ( time ) of drying was recorded in days.
Rate of drying was expressed in terms of per cent moisture loss
per day and calculated as :

Total moisture lost

Per cent mdisture ¢ 3 .
loss/day = during drying period X

Total drying days Total moisture content
in fresh fruits

100

2.5.1 Osmosis

The ffuits were kept in 70° Brix sugar syrup in 3:2 syrup volume
to fruit weight ratio for osmosis. Sulphured and unsu.lp“hured fruits were
kept In separate'éontainers for osmosis and thé temperature was maintained
at 50°C. Osmotic dehydration was done for 48 hours and the loss in
moisture was recorded after every 24 hours. After 48 hours the osmotic
dehydrated fruits were washed to remove sugar syrup, surface dried and
weighed before air drying'.
2.5.2 Sundrying | B

Wooden trays of 3' x 2 ' size made of slats were used for sundrying.
The {fruits were spread in trays in single layer and kept for drying under
sun. Loss in moisture after 24 hours was recorded till the completion of
drying process.
2.5.3 Dehydration

The fruits were dried in hot air oven fitted with zzlir circulation
fan. The fruits were loaded in perforated aluminium trays and dried
at 55°C for 24 hours and finally at 50°C till the desired¥ stage of drying

was achieved.
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STEAM BLANCHING

'

G Ber fruits after steam blanching 1 atmospheric steam
for 10 minute.
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STEAM BLANCHING IWITH SULH-R_ER.W

S E— em—

Plate 5: Ber fruits after steam blanching and sulphuring.
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2.6 Equilization of moisture

Sundried and ovendried fruits were kept in a container for one week
for equilization of moisture. The final moisture content was kept near 15 %.
2.7 Packaging |

Dried fruits were cleaned by removing stems packed in 400 guage
polyethylene bags and sealed with an impulse sealer.

2.8 Analytical Methods

2.8.1 Sugars

Sugars were estimated by the method of Hanes (1929) with modifi-

cation by Hulme and Narain (1931).

Reagents *

i) Potassium ferricyanide solution

Potassium ferricyanide ‘ 8.25 g
Anhydrous sodium carbonate 10.6 g
Volume ’ 1 litre

11) Potassium iodide solution

Potassium lodilie 125 ¢
Zinc sulphate 25.0 g
Sodium chloride 125.0 g
Volume 500.0 ml

1) Acetic acid solution

Glacial acetic acid 5 ml

Volume 100 ml
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iv) Starch solution ( Indicator )

Starch ( soluble ) 1.0 g
Sodium Chloride 20.0 g
Volume ‘ IOO- ml
v) Sodium thiosulphate solution (0.01N)

A suitable portion of macerated sample was weighed and to it
added five times ( W/V ) disulled water. Kept it on boiling water bath
for half an hour. Five extractions were taken clarifled 1t with saturated
lead acetate solution and neutralized with sodium oxalate. After making an
apprépriate volume the extract was filtered and kept for some time.

Proper dilutions were made before using for estimation.

Estimation )

a) Reducing sugars : Five ml each of potassium ferricyanide and
sugar solutions were pipetted out in a glass test tube ( 1 x 7 inch).
Covered tubes were kept in boiling water bath for 15 minutes the tubes
were cooled for 3 minutes in running cold water. Then 5 ml of
‘potassium lodide-zinc solution followed by 3 ml of acetic acid solution
were added. The iodine soliberated was titrated with soium thiosulphate
( 0.01N ) using starch as indicator, the end point was the disappearance
of blue colour and appearance of milky colour. A water blank was also
run with 5 ml distilled water simultaneously. The results were calculated

by the following formula:

( ml. of 0.IN thiosulphate ( ml. of 0.IN thiosulphate
used in blank - used in unknown + 0.05 ] X 0.338

= mg of sugars per 5ml.unknown solution
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b) Total Sugars : Took 10 ml of extract and 2.5 ml conc. HCi
in a flask kept it in a water bath at 70°C for 15 minutes for hydrolysis.
Excess HCl was neutralized by adding anhydrous sodium carbonate( pinch
by pinch ) till effervescence stopped. Made the proper volume and
dilutions. The methoa described under reducing sugars was followed for

further estimation.
2.8.2 Total Acids

T‘otal acids were extracted in distilled water and- estimated by
titration against sodium hydroxide ( A.O.A.C. 1985 ). A suitable portion
- of mecerated sample was weighed and after adding distilled water in 1:5
(W/V) ratio kept in boiling water bath for one ho‘ur. It was cooled,
filtered and made to appropriate volume. Suitable aliquote was titrated
against (0. IN) sodium hydroxide, from the volume of alkali used. The
acidity was calculated and results were expressed as gram anhydrous

citric acid per 100 g sample.

2 .8.3 Ascorbic acid

Ascorbic acid was estimated by the method described by Ranganna

(1977).
Reagents
i) Metaphosphoric acid ( MPA ) 3%
Metaphosphoric acid = 15 g
Glacial acetic acid = 40 ml]
Volume = 500 'ml
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ii) 2,6- dichlorophenol indopheno! dye solution

'2{ 6 dichlorophenol indophenol - : 50 mg
Sodium carbonate ' 42 mg
Volume 200 ml

ii1) Standard Ascorbic acid solution

L- Ascorbic acid 50 mg

Volume ( with MPA solution ) 50 ml

Extrac"cion : ascorbic acid was extracted by mashing a weighed portion
. of sample in 3 per cent MPA solution, filtered and appropriate volume
~was made. |
Estimation :

Suitable volume of extract was titrated.against 2,6-dichlorophenol
indophenol dye till the light pink colour appeared. Similarly one ml of
gtandard ascorbic acid solution was also titrated against dye. the results

were expressed as mg ascorbic acid per 10 g sample.

mg. of ascorbic 100 X total volume | ml. of dyeused for
acid per 100 g of extract made unknown sample
sample =

X
g. of sample X Volume of extract ml. of dye used for
extracted used for titration I ml standard solution

2.8.4 Total Phenols

Phenols were estimated by the method of A.O.A.C. (1980).
Reagents
i) Follin's Ciocalteau reagent
ii) Sodium carbonate solution ( 20 %)
Sodium carbonate = 20 g

Volume 100 ml
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ii1) Acetone 80 %
Acetone = 800 ml

Volume = 1 lite

Extraction

Hundred mg. mecerated portion of the sample was weighed and
after adding 5 ml of 80 % acetone in the centrifuge tube kept for
15 min. It was centrifuged at 4000 rpm for 10 minutes and the
supernatant was separated. To the pallets added 5 ml of 80 %
acetoné and again centrifuged for 10 min. Supernatant was mixed to
the first and mva'de.‘the. final volume to 100 ml,
Estimation *

To 0.2 ml of above extract added 5 ml distilled water and 0.5 ml
of follin's reagent and kept for |4 minutes. Then 0.5 ml sodium carbonate

solution was added and made the volume to 10 ml. Absorbance was recorded

at 760 nm and calculated the quantity of phenols in mg per 100 gm.
by comparing with the standard.

2.8.5 Minerals
Minerals, calcium and iron were estimated by wet digestion of
ground, dried and homogenised sample of fruits. Five hundred mg. dried
sample was digested in diacid ( 4:1 ; Nitric acid : perchloric acid ), made
appropriate volume and used for estimating the calcium and iron contents.
a) Calcium : Calcium was estimated by the method of Chang
and Pray (1951).
Reagents :

i) 4N sodium hydroxide solution

Sodium hydroxide 60 g

Volume 1 litre



ii) Ammonium purpuriate ( indicator )

Ammonium purpuriate powder 0.5 g
Potassium sulphate ’ 100 g

iii) Ethylene diamine tetracetate solution ( EDTA) 0.0IN

EDTA ‘ 20 g
.Magnesium chloride 0.05 g
Volume 1 litre

Estimation

Took 5 ml aliquote in a China disk with an equal quantity of
distilled water and a pinch of ammonium purpuriate ( indicator )
titrated it against OOIN EDTA solution. The end point was changg of
orange red colour to purple. Calculated the quantity of calcium by
using the formula and expressed as mg per 100 mg-

ml. of 0.0IN , 1000 X Normality Eq. wt ,, Dilution

EDTA used " of EDTA Xof cal- X factor
Percent * clum
calcium -

ml. of aliquote taken X 10

b) Iron : Iron content was estimated by subjecting the aliquote
directly to atomic absorption spectrophotometer, the results were

calculated and expressed as mg. per 100 mg edible portion.

2.8.6 Total sulphurdioxide

Sulphurdioxide was estimated by the Monier-Williams (1927)

method and modified by Shipton (1954).
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Reagents
i) Concentrated Hydrochloric acid

i1) Bromophenol blue ( Indicator )

Bromopheno! blue 0.4 g
0.IN sodium hydroxide 6.0 ml

Volume 100 ml

ii) Sodium hydroxide (0.05N )

Sodium hydroxide 075 g
Volume 1.0 litre

iv) Hydrogen peroxide ( 3 % )

Estimation

Fifty g. edible portion of dried fruits was taken in a round bottom
flask. A‘dd’ed 3%0 'ml distilled water and 20 ml of conc. HCIl. The content
boiled quickly on electric heater and simultaneousi-y nitrogen gas was
passed through the contents in the flask at the rate of 6-12 bubbles per
min. cold water was circuiated into the vertical condenser. The dis-
tillate was allowed to pass through the condenser and collected in a
flask containing 15 ml of 3% hydrogen peroxide and left over ( if any )
in a U-tube containing 5 ml of 3% hydrogen peroxide ; continued the
heating for one hour. Transferred the solution of U-tube into the flask,
washing it with little distilled. Added 3 drops of bromophenol indicator
and titrated against 0.05 N sodium hydroxide to a pale sky blue end

point. Titrated free acid in 20 ml hydrogen peroxide solution separately.
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Results were calculated by following formula.

Volume of sodium % Normality of Sod.

. . )
Total sulphur- hydroxide hydroxide X 32 X 1000

dioxide (ppm) Weight of the sample

2.8.7 Non enzymatic browning

Non-enzymatic browning was measured by the vmethod of Hendel
et al. (1950). One g. of ground and homogenised edible portion of the
dried fru‘it was soaked in 25 ml of distilled water for 24 hours, filtered
and absorbance was measured at 420 nm. using spectronic-20. O.D. was

calculated in terms of original material by multiplying with dilution factor.

2.8.8 Rehydration ratio

Rehyd'rati‘on ratio of the product‘ was rﬁeasuf‘ed by method described
by Khurdiya and Roy(1986) for dried ber. Weighed portion of dried flesh
was soaked in distilled water for 2 hours before boiling in distilled water
for six minutes. Water was drained and the flesh was air dried on the
filter paper. The results were expressed as the ratio of the weight of
the rehydrated product to the weight of dried product i.e. rehydrated
weight per unit dehydrated weight.

Per cent regain in weight was calculated by multiplying the
per cent recovery with rehydration ratio of the dehydrated fruits.

2.8.9 Organoleptic Rating
Organoleptic quality was assessed by a panel of seven judges

using Hedonic scale ( Amerine et al. 1965 ) for appearance of colour,
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flavour, texture and taste as described by Ranganna (1977). The results
were expressed as scores scored in each treatment for each variety
after storing the product for three months. Hedonic rating scale given

in Appendix-IV was used for the assessment of over all organoleptic

quality of dehydrated ber.

2.8.10 Moisture

Per cent moisture in fresh ber fruit and the dehydrated product
was estimated by drying the sample to a constant weight ( AOAC, 1985).
Fresh fr‘uits were cut into small pieces and dried fruits were ground.
A weighed ( 25 g ) sample was kept in oven for drying at 60°C for
drying to a constant weight.
2.8.11 Recovery of the product

Recovery of the product was expressed as weight of the product
per 100 kg. fresh fruit at 15 % moisture level.
2.8.12 Total soluble solids

Total soluble solids in the fresh fruits were estimated at ambient
terﬁperature by using Abbe-Refractometer and the reading were corrected

to 20°C.
2.9 Microbiological Examination

The microbiological examination for total viable count of organisms
per g. product was done by the method as suggested by Sharf (1966) and
recommended by American Health Association. Plate count agar media
was used. Constitution of the medium is given below.

Tryptone 5,0 g

Yeast extract 2.5 g



Dextorse 1.0 g
Agar-Agar 15 g
Distilled water 1.0 litre

The media was autoclaved at 15 Ibs pressure for 20 minutes to
attain sterilization at 121°C.
Procedure

A weighed sample of dried fruit was suspended in a sterilized
water blank to prepare primary suspension, which was diluted to
suitable dilutions. One ml. of different serial dilutions were plated with
the medium. .The plates were incubated for 48 hours at 30°C. The
plates with counts between 20 to 100 were considered.” Total viable
count per gram of product was calculated. Similarly the counts were
taken for the product after thoroughly washing the product under free
flowing tap water and after 3 months of storage m 400 gauge polypacks.
The results has been expressed as total viable count per g product for

each treatment in all the three varieties.

2.10 Statistical Design: Split Plot.



CHAPTER - IV

RESULTS AND DISCUSSION

Research work on the Evaluation of dehydration techniques for
different varieties-of ber fruits was carried out. During the course of
investigations, fhe effect of different processing treatments and methods
of dehydration for the ber were studied. The presentation of results
and discussion has been arranged under the following heads.

1. Physico-chemical characteristics ( Proximate composition )

of different ber varieties. -

2. Effect of different treatmentson the nutritional quality of ber

after processing and storage.

3. Effect of drying techniques on the time, rate of dehydration

and product recovery.

4. Organoleptic and keeping quality.
5. Microbiological quality.
1. Physico-chemical characteristics ( Proximate composition )

of ber fruits :

The data with respect to colour, size ( length and breadth ),
average fruit weight ( wt ), specific gravity, total soluble solids ( TSS )
and moisture content were recorded and are presented in Table I.'

The data revealed that var. Umran had the largest size fruit
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Table 1: Physico-chemical characteristics of different varieties of ber fruit.

S.No. Fruit Varieties
character '
' IHaichi Mudia- Umran
. Murhara
1. Colour Golden yellow Greenish- Golden-yellow
turning to cho-  yellow
clate brown
2. Average fruit length (cm) 2,14 4.33 4.50
3. Average fruit breadth (cm) 2.08 2.47 3.39
4. Average fr‘uit,weight‘(g)' 3.90 14,00 26.60
5. Specific gravity at 20°C 1.015 0.973 0.981
6. Moisture ( % ) 75.60 82.20 81.40
7. Total soluble solids ( % ) 22.1 15.80 16.50
8. Total sugars ( % ) 19.25 13.18 14.87
9. Reducing sugar ( % ) 7.44 6.42 6.76
10. Acidity ( % ) 0.28 0.24 0.23
(as anhydrous citric acid )
11. Ascorbic acid ( mg/100 g.) 93.37 105.24 129.52
12. Total phenols (mg/100 g ) 214 173 153
13.  Minerals ( mg/100 g.)
i) Calcium 25 23 23
" i) Iron 1.060 1.960 1.035
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with a highest average wt. ( 26.60 g ) than var. Mudia-Murhara ( 14.0 g)
and Illaichi ( 3.90 g). Var. lllaichi had the highest total soluble solids (22.1%),
gravity ( 1.015 ) and lowest moisture content ( 75.60 % ), whereas var.
Mudia Murhara showed the minimum T.5.S. ( 15.80 % ), specific gravity

( 0.973 ) and maximum moisture content ( 82.2 % ). Khurdiya (1980) also
reported highest T.S.S. and lowest average fruit weight and moisture content
in var. [llaichi, and Jowest TSS and highest moisture content in var. Mudia
Murhara.

The chemical composition of ber fruits as presented in Table | showed
that total and reducing sugars were higher ( 19.25 and 7.44 % ) in var.
Illaichi followed by var. Umran ( 14.87 and 6.76 % ) and Mudia Murhara
( 13.18 and 6.42 % ).- Khurdiya (1980) also observed higher total sugars
in var. Il'laJichi -a\nd- lower in var. \Mudia Murhara. The trend in reducing
sugar content in différent varieties of ber was als.ou similar to the
varieties under study.

Total acidity was found maximum in var. Hlaichi ( 0.28 % ) followed
by var. Mudia-Murhara ( 0.24 % ) and Umran ( 0.23 % ) whereas Khurdiya
(1980) observed highest acidity in var. Umran, however, Yamdagni (1984)
reported higher acidity in var. Illaichi than in var. Mudia Murhara and
Umran, Variation in acidity levels in different varieties might be due to
the locations where these were planted. Var. Umran had the maximum
( 129.52 mg ) ascorbic acid content whereas minimum content was
observed in var. Illaichi ( 93.37 mg) . Var. Mudia-Murhara had 105.24 mg
of ascorbic acid per 100 g. pulp. Khurdiya (1980) also recorded highest

ascorbic acid content in var. Mudia Murhara. According to Bal and
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Singh (1978) var. Umran had -117.13 mg ascorbic acid at ripe stage.
Kumar and Babu (1987) recorded 97.46 mg of ascorbic acids in var.
Mudia Murhara.

Total phenols were found highest in var. Illaichi ( 214 mg )
followed by var. Mudia Murhara ( 173 mg ) and Umran ( 153 mg ).
Similar trend in tannin content was observed by Dhingra (1983) in var.
Hllaichi and Umran. Not much differences were noticed in mineral con-
stituents in different ber varieties. Calcium content ranged from 23 mg
in var. Mudia Murhara and Umran to 25 mg in var. [llaichi. The iron
content was found maximum in variety Illaichi { 1.06 mg) followed by
‘Umran (" 1.035 mg ) and Mudia-Murhara ( 0.96 mg ). Bal and Singh

[

(1978) reported 0.26 mg of calcium and 1.05 mg of iron at ripe stage.

2. Effect of ‘different treatments on the nutritional quality of ber
fruit after processing and storage :

The changes in chemical composition of ber fruit were studied
after the application of bre—drying treatments. The results thus
obtained are presented below.

2.1 Total sugars :

The data pertaining to total sugar content of dehydrated ber were
recorded and presented in Tables 2a and b.

The data revealed that total sugar content was affected in all the
treatments. A significant increase in total sugar content was observed
where the fruits were osmo-air dried. Among various treatments, water
blanched fruits dried after osmosis had the highest total sugars in all
the varieties than other treatments. Umran had the maximum total

sugars ( 68.63 % ) followed by var. Iflaichi ( 67.09 % ) and Mudia
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Murhara ( 65.73 % ) when water blanced and osmo-air dried. Kim and
Toledo (1987) also observed higher total sugars in osmo-air dried blue
berries. A significant decrease in total sugar content was recorded under
water blanﬁhing in all varieties whereas under steam blanching it was
non significant in Mudia Murhara and Umran except lllaichi where a

‘ significant decrease had been observed. these losses were due to the
leaching out of various soluble substances in the blanching medium.
Losses in total sugars had also been reported during blanching by Kufnar
(1989) in dates.

Among different varieties, irrespective of the treatments, maximum
total sugars werev.obser\’/ed in var. Umran ( 66.56% ) followed by var. Ilaichi
(65.42 % ) and Mudia Murhara ( 61.3% ). Higher total sugar content in
var. Umran might be due to the low dry matter to moisture ratio in fresh
fruits than var. llaichi where this ratio was high. ..The reason for low total
sdgars in Mudia-Murhara could be low Initial sugars in fresh fruits, though
Umran and Mudia-Murhara had almost same moisture content. No significant
ef%ect was noticed in total sugar content with different methods of drying.
Wrolstad et al. (1989) had also reported that sugars are relatively stable
during processing.

Trend in total sugar content as a result of different processing
treatments and drying methods remained almost the same even after
3 months of storage in all the varieties ( Table 2b ). However a
decrease in total sugars was noticed in all the treatments. Similar.
results had also been reported by Dhawan (1980) in dehydfated ber and
Rao and Roy (1980) in dehydrated mango pulp. The decrease in sugars
might be due to the non specific hydrolysis of macromolecules, inter-

conversion of sugars and aggregation of monomers during storage as
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reported by Pattee(1985) and Goodenough and Atkin (1981).
2.2 Reducing Sugars :

Reducing sugar content in dehydrated fruits was estimated and
the data are presented in Tables 3a and b.

The results indicate that reducing sugar content decreased s;igni—
ficantly in all the treatments over untreated fruits ( 39.61 % ). Among
dif‘.ferent treatments maximum reducing sugars were observed in fruits
dried after steam blanching ( 39.18 % ) and the minimum sugars (33.65 %
mn vfruit‘s which were water blanched, osmosed and drie;i. A significant
decrease in reducing sugars was also observed after osmosis. Mehta and
‘Tomar (1980) also reported a decrease in reducing sugar in osmo-air
dried guava slices. The diffusion of sugars ( sucrose ) during osmotic
dehydration in to the fruits resulted in higher per cent recovery of the
product consequently increase in per cent total sugar and decrease in
per cent reducing sugar content.

Among different vérieties, dehydrated fruits of var.Umran had
the maximum reducing sugars ( 39.6 % ) followed by var. Mudia
Murhara ( 37.19 % ) and lilaichi ( 35.19 % ). The high reducing sugar
content in var. Umran was due to the low dry matter to moi‘sture ratio
and higher initial reducing sugar in fresh fruits. Various drying methods
had no significant effect on reducing sugars of the dehydrated fruits.

The data in Table 3b showed similar trend in all ithe treatments,
varieties and methods of drying with respect to reducing sugar content

when stored upto 3 months. However, an increase in reducing sugar

content upto 1.25 % was noticed under all the treatments when compared
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with the dried fruits immediately after drying. Increase in reducing sugars
had also been reported during storage by Rao and Roy (1980) in dehydrated
mango pulp , Mehta et al. (1982) in pineapple rings, Vaghani and Chundawat
(1986) in Sapota and Kumar (1989) in dates. This increase in reducing sugar
content might be due to the hydrolysis of non reducing sugars, dissociation
of polymers and interconversions of sugars during storage as reported

earlier ( loc. cit.2.1 ).
2.3 Total acids :

The data on total titrable acidity calculated in terms of citric
acid were recorded and are presented in Tables 4 a and b.

It is clear from the results that all the processing treatments
significantly reduce the total acidity of the fruits. The reduction in
acidity was highest where the fruits were water blanched and osmosed
(0.678 % ). All the treatments where blanching was performed a
significant reduction in total acids was observed and the osmotic treat-
m'ent further reduced the acidity. Reduction in total acidity during
0smosis hz'.zdlla_lsoi‘be;en reported by many workers. Mehta and Tomar
(1980) in guava slices and papaya pulp; Tomar and Gawar (1985) in
“muskmelon and Kumar (1989) in dates. This reduction in acidity might
be due to leaching of acids during blanching and osmosis.

Among different varieties, irrespective of treatments, maximum
acidity was observed in var. Umran ( 0.93 % ) followed by var. Mudia
Murhara ( 0.85 % ) and Illaichi ( 0.68 % ). The reason for maximum
leaching of acids in var. Illaichi might be due to the small sized fruits

which resulted into the contact of more surface area with the blanching
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medium and sugar syrup during osmosis. Methods of drying had no
significant effect on total titrable acidity of the dehydrated {fruits.

The data with respect to total titrable acidity after 3 month of
storage, presented in Table 4o indicate an increase in total acidity in
éll treatments, varieties and in both the methods of drying. This increase
in acidity might be due to the formation of acids in the product due to
interconversion of sugars and other chemical reactions taking place in
the product as reported by Clydesdale et al. (1972) and accelerated
at high ambient temperature during storage ( Rao and Roy, 1980 ).
Increase in acidity in the dehydrated product had also been reported by

Rao and Roy (1980) and Kumar (1989) in mango pulp and dates respectively.

2.4 Ascorbic acid ( Vitamin C ) :

Ascorbic acid content -in dehydrated product was estimated after
processing and gfter 3 months of storage and the data are presented in
Table 5a and b.

It is evident from the data that the retention of ascorbic acid
was higher in all the treatment as compared to the untreated fruits.
The maximum ( 56.93 mg ) retention was observed, where the fruits
were dried after steam blanching + sulphuring + osmosis followed by
water blancing + sulphuring + osmosis ( 55.49 mg ). Higher retention of
ascorbic acid was also noticed where the fruits were only blanched and
osmosed. Mehta and Tomar (1980) also observed similar results in
dehydrated guava slices when steeped in sugar syrup with and without
sulphurdioxide. Dhawan (1980) also reported higher retention of ascorbic

acid content due to the inactivation of enzymes and minimization of .
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oxidative reactions in dehydrated ber when dried after sulphuring. A significant
loss in ascorbic acid content was observed in all the treatments and under
both the métﬁo_ds ,(3f ‘drying as éompared to the fresh fruits. Dhawan (1980)
also observed the reduction in ascorbic acid content with the predrying
treatments during processing.

Significant varietal difference were also observed with respect to
ascorbic acid content, the maximum ( 64 mg ) was observed in var. Umran
and the minimum in var. Mudia Murhara ( 45.36 mg ). Higher retention
of ascorbic acid by var. Umran might be due to the high initial content
of ascérbic acid. Stevens (1933) also reported loss ‘of ascorbic acid under
aerobic conditions.

Method of drying had also affected the ascorbic acid content of the
dehydrated product. Oven dried ber retained significantly higher ascorbic
acid content ( 55.47 mg ) than thesundried ( 48.73 mg ) enes. Higher
ascorbic acid retention was also observed by Khurdiya (1980) in oven dried
ber fruits.

The data presented in Table 5b revealed that the ascorbic acid content
of dehydrated ber reduced further considerably when stored upto three months.
The reduction was significantly higher in oven dried fruits than sundried, how-
cver higher retention of ascorbic acid was observed in oven dried fruits (18.21
mg ) which was significantly higher than the sundried fruits ( 16.23 mg). The
trend in reduction or retention of ascorbic acid content remained the same
in all the treatments and varieties. The reduction in ascorbic acid might
be due to the oxidation during storage at high ambient temperature. Rao

and Roy (1980) had also observed complete loss of ascorbic acid
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content in dehydrated mango slices when stored for 3 months at 30 and

40°C.

2.5 Total Phenols :

Total phenols In the dehydrated fruits were estimated and the
results are presénted in Table éa and b.

The data indicate that fruits which were subjected to the various
treatments had less phenol content than untreated fruits. Among different
treatments, fruits dehydrated after sulphuring and osmosis had the highest
( 758.61 mg ) phenol content whereas water blanched, osmosed had the
lowest ( 614.66 mg ). In general, the blanched fruits resulted in lower
phenols. These results are in accordance with the resuits obtained by
Kumar (1989) in dates where he observed lower tannins in fruits which
were either water blanced or steam blanched. ™ He also recorded the
minimum tannins in blanched osmosed dates. Highest phenol content in
sulphured fruits may be the result of protective effect of sulphurdioxide
~on cinnamic acid and flavonols; and procynidins were also detected with
addition of sulphurdioxide as reported by Wrolstad et al. (1989) in pear
juice concéntrates. |

Among different varieties, maximum phenols ( 732.44 mg ) were
observed in var. Mudia-Murhara followed by var. Umran ( 688.63 mg) and
lllaichi ( 643.85 mg ). Higher phenol content in Mudia Murahara might be
due to low dry matter to moisture ratio than var. [llaichi and because
of high initial phenol content than var. Umran. Methods of drying had

no significant effect on the total phenols of the dehydrated product.
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The data presented in Table b indicate that druing storage an
increase in total phenols in all treatments, varieties and in both the
methods was observed. High ambient temprerature prevailing during
summer months might be responsible for increased phenol content. Srisuma
et al. (1989) reported the increase in hydroxycinnamic acid ( a pheﬁol )

S

content in navy beans when stored at 35°C.  Wrolstad et al (1989) had
also reported a considerable change in the phenolic profile 6f fruits juice
concentrates during processing and storage.  The trend with respect to
tota‘l phenol content remained the same as 1t was after processing in

all the treatrhents. However, during storage var. Umran showed higher
phenol content ( 899.61 mg ) than other varieties. Inadequate blanching
as discussed under browning ( Loc. cit. 4.3 ) might be the reason for
increased enzyme activity during storage resulting into more conversion

into phenols.

2.6 Minerals

- 2.61  Calcium :

Calcium content in dehydrated fruits was estimated and the results
are presented in Table 7a and b. |

The data indicate that calcium content in different treatments
differ significantly with untreated fruits. Water blanched, dried fruits
had maximum calcium content ( 104.67 mg ), whereas water blanched
+ osmosed had the minimum ( 89.67 mg ) in all varieties and in both
the methods of drying. Different varieties also showed significant

differences in their calcium content. The maximum calcium content
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was recorded in var. Mudia Murhara ( 102.69 mg ) followed by var. Umran
( 99.93 mg ) and Illaichi ( 91.24 mg ). Method of drying did not show
any significant effect on calcium content in the dehydrated product. The
maximum calcium content was obtained in water blanched, dried fruits
which indicated no loss of calcium during blanching. These results are

in accordance with the results reported by Yamaguchi and Wu (1982) who
observed that the water soluble components including minerals were lost
during blanching of vegetables. Since calcium is in insoluble form under
acidic pH range, therefore there was no loss of calcium. Minimum
calcium content had been recorded in water blanced osmo-air dried

fruits as a result of maximum product recovery due to the diffusion of
sugars into the fruits during osmosis. Higher calcium content in var.
Mudia Murhara might be due to low dry matter to moisture ratio than

- var. IHlaichi and Umran.

The data regarding the calcium content during storage presented in
" Table 7b, revealed that‘ storage had no significant effect on the calcium

“content of dehydrated product.

2.6.2 Iron :
Iron content in dehydrated fruits was estimated and the results
are presented in Table ga and b.
The data .shéwed significant differences -in iron content among
S
different treatments. Maximum iron content ( 4.44 mg ) was noticed
in steam blanched fruits,whereas it was minimum ( 3.8v7 mg ) in water

blanched + osmosed treatment. Var. Umran had significantly higher

( 4.52 mg ) iron content followed by var. Mudia Murhara ( 4.28 mg )
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and Illaichi { 3.82 mg). Different methods of drying did not show any significant
differences. A significant difference in iron content of sulphured and unsulphured
treatments was also observed. The iron content in blanched + sulphured + osmosed
was more than blanched osmosed while lower iron content ( 4).17 mg)’ was

noticed In untreateq sulphured + osmosed fruit than untreated osmosed (4.22 mg).

Higher iron content obtained in steam blanched fruits than water
blanched inspite of low recovery of the product indicated the loss of iron
during water blanching. Minimum content was observed in water blanched
osmosed treatment due to the leaching losses during blanching and osmosis.

The maximum iron content in var. Umran might be due to the high initiél

“iron content in fresh fruits and low dry matter to moisture ratio. These

results are similar with the findings of Gorodnik (1969) who reported the loss of iron
during water blanching of carro\ts.

Higher iron content in blanched + sulphurea + osmosed treatments than
blanched + osmosed indicated the protective effect of sulphuring on leaching
losses of iron during osmbsis. This protective effect of sulphuring might be
due to the _st/iffening tissues which were disinteg(ated during blanching. Whereas
in untreated sulphL'fred + osmosed fruits lower iron content might be due
to the disturbance in the peel and adjoining surface tissues during sulphuring
~ treatment: which may have resulted into enhanced leaching losses as

compared to untreated osmosed fruits.

No significant changes in iron content were recorded during

3 months storage as shown in Table 8b.
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3. Effect of drying techniques on time, rate of drying and product recovery :

Time, rate of drying and per cent recovery of the product, were
affected by the osmotic treatments. The results obtained are presented and

discussed as under.

3.1 Time and rate of drying :

The data regarding daily moisture loss for each variety were calculated
in terms of Kg. of water lost per kg. dry matter are shown in bar diagrams
( Fig. 2-4 ) and the data are given in Appendix [ to IIL |

It is evident from the bar diagram ( Fig. 2-4 ) that the loss in
moisture, was faster in all the treatment than untreated fruits in each
Qariety. Various varieties had shown different trend in moisture loss
during osmosis treatment. The maximum loss in moisture ( 1.67 kg./kg. dry
matter ) was observed in steam blanched + sulphprj:d + osmosed fruits
during 24 hours in var. lllaichi, whereas in water blanched + osmosis treat-
ment loss in moisture was found highest in var. Umran ( 1.54 kg ) followed
by Illaichi ( 1.8 _kg)_kanvd Mudia-Murhara ( 1.18 kg.). Among osmosis treat-
ménts, the maximum per cent loss in moisture during first 24 hrs was
observed in var. Illaichi ranging from 41.3 to 54.7 in sulphured.+osmosis
and steam blanched + sulphured + osmosis, respectively whereas the water
blanched alone lost 4#8.5 % moisture. Variety Mudia Murhara lost the
maximum &7.4 per cent and Umran 49.3 per cent moisture in 48 hours
( 2 days ) osmotic treatment after water blanching. Sulphuring treatment
had no additive effect on the loss in moisture. From the various treat-
ments it was observed that unblanched sulphured fruits lost comparatively

less moisture than blanched + sulphured fruits during osmosis.



18.‘

16 |-

1.4

© o
& o

©
»

—
o
o

DAY 2.0 ™

il /.

- [[] osmosis
B4 sun DRYING

: [:] OVEN DRYING
- DAY

..: :‘1 ‘&02

l VI 0.0 mm%‘ Al e 57 é]_a]

.21
.:: ! vng.'% E a a E fa__a A m

QAW

r—

!:i Vm(r))o Z E

[*d
o
%]

°
w

MOISTURE LOS5S ( kg WATER /kg DRY MATTER)
o
(S}

fo
o]

ill:,
A . IXOO[E R S o i F- | . bl 1 .y
Ty

e
T2 T3 74 Ts Tg Tz Tg T
TREATMENTS

T1 - Untreated
T2 - Osmosis (0s.)

T3- Sulphuring (Sul.) + 0s.
Ty~ Water Blanching (W.B.)
T5- W.B.+ 0s.

Te- W.B.+ Sul.+ Os.
T7 - Steam Blanching (S B.)

T~ S5.B.+ Os.
Tg~ S.B. + Sul. + 0s.

Tl. T5 T6 T7 Ts [}
TREATMENS

Fig.2. DAILY MOISTURE LOSS (kg Water/ kq Dry matter)

VARIETY ILLAICHI



DAY V2 [ T

MOISTURE LOSS (kg WATER kg DRY MATTER)

: 73

[} osmosis
SUNDRYING

[ oven-oryine

ey

R AR g

QNNAANNE
AN

UM SUOINY SOOSESS w

I,
AN

NN
AWW]

T
10 1
i
. e el e
*er ul]‘ :H H I’ll DAY 0.6
i i i i
HEEE P oo
0.2} Iil‘ Il :Hi IH 0.2 ré_‘
ookl i I | il 2l (L v10%2~ |
YT | . 0.4 ré
1.2 T‘ | oak
wer VI ootdd
g
20
vmo_.oi,
0.31r : -
0.2
IX 0.0
Q3¢

>
o (o]
Q N
AN
[
SN
W

: 0.2[ .
XIOO I O GRS U SN S SRV SN VNS W ST ST SUUS SN T S

é
?

Tw T2 T3 T4 V5 Ty T3 Ty T
TREATMENTS
m
| Ty~ Untreated
To — Osmosis
T3 — Sulphuring (Sul.) +0s.
T4~ Water Blanching (W. B.)
15 - W. B.+ 0s.
W Al | To ~ W. B.+ Sul. + 0s.
T7 - Steam Blanching (B.S.)
. 78-S.B. + Os.
% Tg - 5.8, + Sul.+ 0s.
T T2 T3 W Tg Tg T2 Tg T

TREATMENTS

Fig.3. DAILY MOlSTURE LOSS (kg Wa’(er/ kg Dry matter)

VARIETY - MUDIA MURHARA



DAY16

0.2

Iloo

{kg WATER / kg DRY MATTER)

0.8
0.6
0.4
0.2
oo

0.9
0.8

MOISTURE LOSS

0.6

0.4}

0.2
1Voo
0.5
0.4

0.2

V 0.0

i

===
=]

it H
i

|
: I| DAYos

(i

P] SUNDRYING

OSMOSIS

(] oven-orving

: 74

S

il
7

o Y

ANMY]

AW

SEE RN

Y SN Sy

S

il
él
|

pre, s

Ty

ot

 ANRANNRNNY
| SR

T2

Y3 T, Ty Tg
TREATMENTS

T

T -
T2 - .
T3 - Sulphuring (Sul.) + Os.
T4 - Water Blanching (W.B.)
Ts - W.B.+0s.

Te — W.B.+Sul. + 0s.
T7- Steam Blanching (S.B.)
Tg~ S.B.+ 0s.
Tg-S.8.+Sul. +0s.

T, T3

Untreated
Osmosis (0s.)

e 1 A 1 A L 4
T, Ts Tg T
TREATMENTS

Fig.4. DAILY MOISTURE LOSS (kg Water/kg Dry ma’tter )

VARIETY-UMRAN

Ts-

i 5 4
Ty



: 75 ¢

The data with respect to time ( in days ) taken for drying and average
per cent m(;i;ture"los't per day ére presented in Table 9.

The data reveal that minimum time ranged from 6-8 days with highest
rate of drying ranging from [1.30 to 15.70 per cent loss in moisture in
the treatment where the fruits were water blanched and osmosed in both
the methods of drying. Whereas, untreated fruits had taken maximum time
ranging from 9-13 days with lowest drying rate from 7.4 to 15.4, per cent.

Améng different varieties, var. lllaichi had taken minimum days for
drying. It took 6 days in oven drying and 9 days in sundrying method
followed by var. Mudia Murhara, six and 11 days and Umran, six and 13
days in oven and sundrying respectively.

From the results it was cleérly indicated that osmo air drying took
lesser drying time than without osmosis. These re;ults are similar to the
findings of Ponting et al. (1966) who reported that partial dehydration of
fruits in sugar syrup took l‘ess period for drying. For partial dehydration
of ber fruits, osmosis in 70° Brix sugar syrup for 24 hours at 50°C for
var. lllaichi and 48 hrs osmosis for var. Mudia Murhara and Umran was
found suitable to reduce the moisture content to about 50 per cent of the
.orig'mal.

The loss of moisture during oven drying followed by osmosis in
var. Illaichi in treatments steam blanched alone and steam blanched
sulphured respectively, was higher than the water bian.ched osmosed
treatment. This might be due to over bianching effect, as the fruits
were water blanched for five minute in boiling water. The over blanching

might have caused the collapse of cellular structure of surface tissues,
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SUN DRIED CABINET DRIED
WATER BLANCHING OSMOSIS

Plate 9 @ Ber frurts dehydrated after water blanchimg and osmosts under
sun and in cabimet dryer ( Hot air oven ).

il @ B
-3 3 3%

UNTREATED WATER BLANCHING STEAM BLANCHING
WITHOUT SULDTEB- 0 SMOSIS
-IN
L

Plate 10: Ber fruits dehydrated as such and after water blanching and
steam blanching( osmosed without sulphuring ).
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which affected the transfer of moisture from the internal tissues of the
fruits to the surface tissues resulting in reduced mois“ture losses. This fact
had been supported by the recommendation of two min. blanching time in
boiling water for var. Hlaichi by Khurdiya (1980).

The minimum. time and maximum rate of drying had been recorded in
var. lllaichi followed by var. Mudia Murhara and Umrén. Less time and
higher rate of drying were observed in oven drying than sundrying, however
the differencés wefe not too much in osmo air drying under sun and in
oven \‘vhen ber fruits were dried after water blanching and osmosis. Thus
ber could be osmo-air dried in sun after water blanching and osmosis, in
significantly lesser time than conventional sun drying and reasonably moce
time as compared to oven drying at the cost of energy which could be
saved in sun drying. Khurdiya (1980) also reported minimum time of

‘dehydration in var. lllaichi and maximum in var. Umran and further

noticed that more time was required for sundrying of ber fruits.

3.2 Recovery of the product :

Per cent recovery of the dehydrated ber fruits was calculated and
presented in Table 10,

From the data it was observed that water blanched, osmosed fruits had
the highest per cent recovery ( 27.70 % ) . The lowest recovery was
recorded in fruits which were dehydrated after water blanching alone
( 24.08 % ) followed by steam blanching alone ( 24.31 % ) and were

signmficantly less than untreated fruits in both the methods of drying.

Among different varieties, maximum recovery was obtained in var.

lllaichi in water blanched osmosed fruits ( 31.02 % ) w@ich was
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significantly higher than var. Mudia Murhara (27.17 % )‘ and Umran ( 24.72 % ).
Different methods of drying had no significant effect oh per cent recovery
of the product.

Among different treatments, the highest per cent fecovery in water
blanched osmosed fruits was due to the diffusion of sugar in the fruits.
Kim and Toledo (1989) also reported the diffusion of sugars in blue berries
during osmotic dehydration. The minimum per cent recbvery in blanched
fruits indicated losses of dAry matter during blanching. If 1s evident from
the per cen,t JrecoVery of the product that the dfy matter lost in water
blanching was more than in steam blanching. Feaster (1960) noticed
similar results during blanching of vegetables. Shams and thompson (1987)
also observed the loss of dry matter during blanching of peas.

The maximum recovery in var. Illaichi was -dgve to the highest total
soluble solids and minimum moisture content ( Table 1), resulting in
higher dry matter to moisture ratio in fresh fruits. Majority of the
sc;luble solids were sugars and organic acids which might be least affected
during dehydration process. Wrolstad et al. (1989) had also observed that
the sugars and acids were relatively less affected during: processing of

fruit juice concentrates.

4. Organoleptic and keeping quality :

Organoleptic and keeping quality of dehydrated product was evaluated
by judging the quality through organoleptic rating by a panel of judges
rehydration ratio, browning and total sulphurdioxide content. The results

obtained are discussed as under:



ILLAICH!

® &

OSMOSIS  WITE 1OUT OSMOSIS

WATER BLANCHING

Plate 11: Water blanched truits dehydrated with and without osmosis.

ILLAICH! @
UMRAN#
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WATER BLANCHING OSMOSIS
AFTER STORAGE

Plate 12 : Ber fruits dehydrated after water blanching and osmosis after
3 months of storage at ambient temperature.
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4.1 Organoleptic Rating :

Organoleptic rating was done by a panel of judges following Hadonic
rating scale ( Appendix V ) and the data thus obtained are presented In
Table 1l1a and b.

The data indicate that highest scoring was obtained under water
blanched + -osmosed ( 8.08 ) treatment and the minimum ( 6.13 ) in
untreated fruits. Var. Umran had maximum ( 7.95 ) scores followed by
var. lllaichi ( 7.80) & Mudia-Murhara ( 6.02 ). Maximum scores ( 7.47 )
were récorded in oven dried than sun dried fruits ( 7.10). Among different
treatments the maximum scores were obtained in water blanched+ osmosed
and dried bg_jfruits as indicated by the excellent‘ quality of the dehydrated
product. Mehta and Tomar (1980) also reported that guava and papaya
segments steeped ( partially dehydrated ) in 70°B sugar syrup were alloted
highest points. Among different varieties, var. H)laichi and Umran were
found best and classified under the category liked moderately. Var. Mudia-
Murhara had failed 1o achieve the requisite level of acceptance in any of
fhe treatment. Failure of var. Mudia-Murhara in organoleptic rating test
might be due to hard texture and breakage of stone in the mouth while
eating the dehydrated fruit. Water blanched + osmosed and dried
products of var. lllaichi and Umran scored 8.70 points each and were classi-
fied under the category liked very much.  Although the oven dried product
scored higher points yet both sun and oven dried fruits were placed under
the same category i.e. liked moderately.

The data regarding organoleptic rating ( Table 11b ) after storage

indicate a reduction in quality of the dehydrated fruits. The trend was
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almost similar in all the treatment and varieties under both the methods of
drying. The frdit_s o.:f var. lllaichi and Umran dehydrated after water
blanching + osmosis still scored more than 8.00-scores and were placed
under the category liked very much. Thus, the product remained excellent
even after three month of storage. Dhawan (1980) also reported reduced

organoleptic rating of dehydrated ber fruits. He also reported higher

scoring by cabinet dried fruits.

4.2 Rehydration Ratio :

Rehydration ratio was calculated by taking weight of rehydrated
p(oduct per unit weight of dehydrated fruits and the results are presented
in table 12.

A persual of the data indicated significant differences in rehydration
ratio under different treatments. Maximum ( 3.23 ) rehydration ratio was
obéerved in water blanched + osmosed and dried fruits, whereas minimum
( 2.90 ) in sulphured + osmosed and dried fruits. Highest ratio was noticed
in 'var. Umran ( 3.39 ) followed by var. Mudia Murhara ( 2.98 ) and lllaichi
( 2.91 ) . Rehydration ratio of sundried fruits was significantly higher than
the oven dried fruits. Per cent regain in weight was calculated as 84.9,
80.0 and 71.3 % in var. llaichi, Umran and Mudia Murhara respectively.

Jen (1989) had reported rehydration ratio as a measure to know
the textural quality of dehydrated product. The dehydrated product having
higher rehydration ratio will be having good texture also. Water blanched +
osmosed and dried fruits showed maximum rehydration ratio. Mehta and
Tomar (1980) in guava slices and Tomar and Gawar (1985) in muskmelon

pieces, reported that the product dehydrated after steeping in sugar syrup.
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showed less rehydration ratio. But Kim and Toledo (1987) observed soft
and raisin like texture or osmo air dried blue berries at very low moisture
content also.

Among different varieties, var. Umran had highest rehydration ratio
due to the }_ogv dry mattér to moisture ratio whereas var. lllaichi had the
minimum rehydkatién ratio because of highest dry matter to moisture ratio
and recovery of the product. These varteties also exhibited higher per cent
regain in weight upon reconstitution. Thus, var. lllaichi and Umran might
have gbod texture after dehydration whereas Mudia-Murhara exhibited
lowest per cent regain in weight and showed poor texture after dehydration
‘as evidenced by the results obtained in overall organoleptic rating ( Table
Ila and b ) of the dehydrated fruitS.Comparatively higher rehydration ratio
had been obtained under sundried fruits. Khurdiyg (1980) also reported
similar results in sun dried ber fruits when dried at the ripe stage. He
further reported higher reabsorption by var. lllaichi than Umran.
lt'.B Browning :

Browning was judged by measuring as optical density ( O.D. )
at 420 nm expressed in terms of original material and the results are
presented in Table 133 and b.

The data indicate that maximum O.D. was recorded in untreated
fruits. Extent of browning was affected significantly under different
treatments. the minimum browning ( 4.71 ) was observed in the treat-
ments which were osmosed after blanching. Among different varieties
the maximum browning { 6.08 ) was noticed in var. Umran which was

significantly higher than var. Mudia-Murhara ( 5.21 ) and lllaichi ( 5.03 ).
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Oven dried produc: shown significantly less browning than sundried product.

Untreated ber iruits dried either by sundrying or oven drying had the
maximum browning. Dhawan (1980) also noticed more browning in untreated
dehydrated ber fruits. l\f\inirﬁum browning recorded in osmo-air dried fruits
might be due to the diffusion of sugar and replacement of reducing sugars
with sucrose in th¢ fruits especially in the surface tissues, which might have
inhibited the Maillard reactions i.e. condensation of reducing sugars with
amino acids. Maillard reactions are responsible for much .of the darkening
of fruit tissues as reported by Raynold (1965). Sulphured treatments also
showed less browning than unsulphured ones and the results are similar to the
findings of Vamos-Vigyazo (1981) and Sayavendra-soto and Montgomery (1986)
who reported sulphurdioxide as a browning inhibitor.

The maximum browning in var. Umran might be due to the inadequate
blanching of fruits because of the large sized fruit. Khurdiya (1980) suggested
t‘hat in var. Umran water blanching should be done for 6 minutes. Sundried
ffuits recorded more browning than ovendried as shown in Plate 9
Dhawan (1980) also observed better colour of ber fruits dehydrated in hot
air oven ( cabinet dryer ). The loss of bright colour in sundried fruits may
be possible due to the photooxidation of carotenoids because of long
exposure to light and oxygen as reported by Jen and Thomas (1973).

The data presented in Table 13b indicated an increase in browning in
all the treatments and varieties under both methods of drying during storage.
The increased browning might be due to the corresponding increase in
phenol content during storage as discussed under phenols ( loc. cit. 2.5 ).
Besides this exhibition of wide range of residual activities by peroxidases,

polyphenol foxidasc;s and lipooxigenases even after blanching as reported -

-
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by Halpiin and Lee (1987) in green peas might be the reason for increased
browning.
Different varieties showed similar trend in browning as exhibited

after drying. No significant differences were observed in browning in the

product dehydrated either by sundrying or oven drying after . storage.

4.4  Total sulphurdioxide :

Total sulphurdioxide content was estimated in sulphured dehydrated
fruits- and the results are presented in Table l4a and b.

T‘he results indicate significant differences in the retention of total
sulphurdioxide in different treatments and varieties under both methods of
drying. Among different treatments, water blanched+ sulphured . osmosed
fruit retained maximum (238.20 ppm ) sulphurdioxide followed by steam
blanched+ sulphured +. osmosed ( 185.70 ppm ) and sulphured+osmosed fruits
( 125.00 ppm ). The highest ( 289.00 ppm ) retention was noticed in var.
lllaichi followed by var. Mudia Murhara ( 157.30 ppm ) and Umran (102.60ppm)
dven dried fruits retained comparatively higher sulphurdioxide content
(216.1 ppm ) than sundried fruits ( 149.8 ppm ).

Higher retention in blanched fruits might be due to the more
absorption of sulphurdioxide by the fruits because of the softening of
.surface tissues during blanching. Var. Hlaichi had also absorbed maximum
sulphurdioxide due to the more surface area ( being small sized fruit )
available for absorption during sulphuring. Sundried fruits might have lost
more sulphurdioxide because of the longer exposure to light and outer

environment as reported by Bolin et al. (1964) in peaches.
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The data in Table 14b reveal that there was a considerable loss of
sulphurdioxide when {fruits were stored for three months. The trend in
sulphurdivoxide retention remained the same in all the treatments and
varieties under both fﬁethods of ‘dry'mg. Khurdiya (1980) and Dhawan
(1980) also reported similar results for different varieties and methods of
drying. They had further reported the loss of sulphurdioxide during
storage. But Dhawan (1980) did not find any effect of pretreatments on

sulphurdioxide retention of ber fruits.
5. Microbiological Quality :

Microbiological examination of the dehydrated fruits was conducted
after dehydration, after washing thedehydrated fruits under free flowing tap
water and after three month sforage ‘in 400 gauge polythene bags at ambient‘
temperature. The results are presented as total ”viable count per g. product
in Table 15.

The data with respéct to total viable count (TVC) reveal that total
count were affected by the different treatments. Highest count ( 23 xlO4 )
were observed in osmosed sundried Ilaichi fruits. Higher total viable count
was also observed in unsulphured fruits as compared to sulbhured ones In
each variety under both methods of drying. No definite trend was noticed
in TVC in different varieties. however var. Umran showed slightly lower
counts than other varieties. It was also noticed that sundried fruits had
high microbial count than oven dried fruits.

Presence of high counts in osmosed fruits of variety Illaichi might

be due to the more surface area In var. lllaichi, easy availability of sugar
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( substrate ) in surface tissues and its sticking effect and exposure to
outer environment when fruits were dried in sun. Sulphured dehydrated
fruits showed low T.V.C. possibly due to the antimicrobial activity of
sulphurdioxide. Dhawan (1980) also reported low count in ber fruits which
were dehydrated after sulphuring. He further noticed that sundried product
had higher count than cabinet dried fruits.

The minimum counts in var. Umran might be becaseof the big fruit
size , as less surface area was exposed to outer environment. Highér tOtE.II
viable count in sundried fruits were found due to the drying of fruits in
open atmosphere, the fruits were contaminated by the dust, dirt and
micro-organisms present in the atmosphere. But the total count was found
to be within permissible limits ( 50-300)x 103 per g. which has been fixed
by American Public Health Association ( Murphy, 1973).

A considerable reduction in total viable count was noticed in sundried
fruits when examined after rinsing with water after drying. The reduction
'm.f’lcount might.-be becausé of the removal of dust,.ahd dirt, and some of
miéroorganisms pre;ent on the surface of the fruits. Thus thorough washing
of sundried fruits after drying them to the desired moisture level and
surface drying before its final packaging had been suggested.

Higher moisture content also affected the total viable count in dried
product. Increaséd total viable count were observed in the dehydrated fruits
with moisture content above 16 per cent ( Appendix1V ) during storage. It
indicated that storability of the dehydrated product depends upon the moisture
content in the product at the time of packaging. Total viable count in the

products which were having moisture content above |7 per cent crossed the
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sabfe limits but no visible growth was observed upto 19.2 per cent moisture.
These results were similar to the findings of Khurdiya (1980) for dehydrated
ber fruits of var. Umran, he observed that the dehydrated fruits with 21.55
per cent equilibrium moisture had free surface water and became mouldy
after 35 days of storage. th could be concluded from the results that the
ber fruits should be dried below 16 per cent moisture for microbiologically
safe storage of the product. (Sundried or ovendried, product of all varieties
dried after any of the treatments can be stored safely at moisture content
around l15 per cent ( i.e. + 1 per cent ).)

LMicroscopié examination of the product indicated the presence of

Yeasts and Molds. Among the molds Aspergillus and Penicillium spp. were
1

predominant., » Dhawan (1980) also reported the yeasts aﬁd molds as the
contaminating organisms of dried ber. (Kainsa (197.8) reporteci\ Aspergillus
Penicillium and some other molds :as the surface microflora of fresh ber
fruits. *}(‘\sEerg;llus and P.e\nicillium spp. were detected in dried ber fruits )
in' this experime.nt.“"’ These results are similar to't/he findings of May and
Kélly (1965) who recovered about 32 per cent of original flora in dried
product. The organisms detected in dried ber fruits were same in all
varieties and treatments dried by both method of drying ‘irrespective of '

their number.



CHAPTER - V

SUMMARY AND CONCLUSION

The present investigations on dehydration of ber fruits were undertaken

to standardize the dehydration techniques and to evaluate the nutritional,

organoleptic and keeping quality during storage. The work was conducted

during the yéalr,, 1991 ;in the Fruit Technology LaBOratory of the Department

of Horticulture, Haryana Agricultural University, Hisar. The results of the

investigations are summarised below.

.

Fruits dried by osmo-air drying technique after water blanching took
less time for drying with a maximum drying rate under both the
drying methods.

Osmo-air drying under sun took comparatively more time than in
oven drying, but sun drying is much economical because of the
utilization of natural energy with minimum investment.

Variety lllaichi took minimum time for drying foli‘owed by var. Mudia
Murhara and Umran.

Blanching facilitate transfer of moisture from the intérnal tissues

of fruit to surface tissues and the fruit loose moi§ture at a faster
rate in sugar syrué during osmosis and subsequently during sun drying

and oven drying. Water blanching showed better results than steam
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blanching though there were leaching losses of some soluble solids
from the fruits.

The maximum recovery of the dehydratéd product was obtained in
var. lllaichi when the fruits were dried after water blanching and
0Smosis.

No significant changes in sugars, total acids, total phenols and minerals
of the déhydrated fruits were noticed except in dsmosis treated fruits,
where the sugar was found to be diffused into thefruits resulting

iﬁ an increase in sugar content and recovery of the product.

Losses of acids, phenols and iron due to leaching had been observed
during ‘_ostotic d_ehy'dration of fruits.

A sign;fica'nt'.foss in ascorbic acid was obserQed during processing

and storage. Higher retention of ascorbic acid was notfced in
blanched+sulphured and osmosis treated fruits.

During storage for three months at ambient tempe:rature a reduction
in total sugars, ascorbic acid and sulphurdioxide and an increase in
reducing sugars, acids and total phenols were obser!ved. Browning
was also found to be increased. However mineral Eontents remained
unaffected.

Dehydrated product fromvar. lllaichi and Umran were liked very
much during organoleptic rating whereas Mudia-Murhara had failed

to achieve the minimum level of acceptability. Water blanched and
osmo-air dried fruits of var. lllaichi and Umran scored maximum point
and were excellent in quality.

Microbiological examination of the product revealed that yeasts and:

molds were predominant contaminating organisms of dried ber fruits,
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Sundried product had comparatively higher total viable count but these
were within permissible limits. After washing the sundried product there was
a considerable decrease in total viable count, hence it is suggested to wash
and surface dry the sundried product before final packaging. The product
having moisture content more than 16 per cent was not found microbiologically

safe.

Microscopic examination of molds confirmed thepresence of Aspergillus

and Penicillium spp.

CONCLUSION

From the studies on the evaluation of dehydration techniques for‘ber
fruits it is concluded that var. Hlaichi and Umran were found suitable for
drying purpose. The fruits driéd after water blanching and osmosis in
70° Brix sugar syrup at 50°C producéd the excellent dehydrated product.
Sundried and oven dried product has not much difference in their nutritional
and organoleptic quality after storing for three months at ambient tempera-
ture. The fruits partially dehydrated by osmosis after water blanching took
lesser time during sundrying and the product was comparable with the oémo-
air drying in oven with the benefit of minimum energy utilization,

Dehydrated product should have moisture around ‘15 % for micro-
biologically safe storage. The sundried product should be washed and surface

dried before packaging and storage.
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Name

APPENDIX- V

Hedonic

Rating Test

Product

Date

Tast€ these samples and check how much you like or dislike each
S A |

one. Use the appropriate scale to show your attitude by assigning points

that best describes your feeling about the sample. Renjwember you are the

only one who can tell what you like. An honest expression of your

~ personal feeling will help us

Dislike moderately
Dislike very much

Dislike extremely

" Sr.No. Colour Flavour Texture/Feel leaste Total = Remarks
|
2
3
13
Rating Organoleptic score
|
Like extremely 9 !
Like very much 8
Like moderatel 7 R
Lil lightl ' Q\;\-%\'é‘f})
ike slightly 6 S N\ ;i\
Neither like nor dislike 5 T AC, 0. ) gt
Dlie |acasbal )2
islike slightly 4 WA )G
3 |
2




