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INTRODUCTION

Cashew growing and cashewnut processing are
very important in the ecaonomy of our country. A
native of 3ragil, vhich was introduced into India in
the sixteanth century, it has established itself in
the southern states, particularly on the western and
eastern coasts., Cashew is grown mostly on the
poorest 30ils where no other crop can be profitably
grown., Until recently, India had almost a monopoly
of cashewnut marketting in the wvorld trade. The export
of cashewnut and cashew shell liquid fetches over 100
crores of rupees in our export trade. Cashewnut pro-
cessing industry which is concentrated in Kerala gives
direct employment to about 1.5 lakh persons. ZThe
collection of nut, transport and connected ancillary
vorks provide part-time employment to a large mmber
of persons. Agcording to the latest statistics avall-
able for the year 1979-76 the area under casnew in
Kerals, is estimated to be 1,05,9%0 hectares and the
production of rawnuts was estimated as 1,118,870 metric
tonnes., For tie wvorking of the casnewnut processing
factories of Kerala throughout the year, it is estimated
that about W,5 lakhs tonnes of rawnuts are required.
Since the internsl production 1s far below the requirenents,
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a major part of the requirements are being met by
importing raw nuts from African countries. During

the year 1977 a totsl quantity of 64,379 metric

tormmes of raw nuts were imported for the processing
industry. In recent years, it has become more and
more difficult to import raw nuts fram otiaer countries
pecause large nechanical processing plants have been
set up in those countries. Therefora, there is urgent
need to increase our rav nut procduction substantially
in the next few years, if this vital industry is to

survive.

Inspite of its importance in the agricuitural
industrial and commercial econamy of our state, little
attention is pald by growers in its culture and mana-
gement. In fact, cashew 1s not considered as a erop
requiring proper management for effective crop proadu-
ction, Apart from sowing soue seeds in the most casual
mamner, no attention is paid in its culture except for
the collection of nuts, when the trees begin to yleld.
None of the managemcnt practices like manuring, inter-
cultivation, pest and disease control are donelzg
cashev gardens. As a result of this, the productivity
of cashew at present 1s extremely poor and the income

from cashew is very low,.



The cashev apple which is actually the
swollen peduncle is practically wasted in our state.
On the basis of the raw nut produced in our state
the potential for cashew apple production is atleast
6 lakhs tonnes. This huge quantity of apple 1is pra-
ctically wasted at present., The heavy loss which the
country is incurring on account of the wastage of the
cashev apple has been estimated to be of the order of
fse 20 crores in 1962, With the increased production
of cashewmut envisaged in our plamning programme, the
production of casiev apple also has increased consie-
derably. Almost all cashew producing countries like
dragil, Malayasia and some of the African countries are
utilising the casihew gpple for the production of
liquors and other fruit products. In our country, Goa
which has substantial area under cashew is fully
utilising the apple production for the manufacture of
a liquor called 'Feni', Studies in research centres
have shown thiat a number of fruit products like jam,
Jeliy and soft drinks like cashew apple juice, cashew
apple cordial, cashew squash etec. ¢an be prepared fram
cashev apples., Cashew apple juice is a rich source
of vitamin C and it also contains 10-12% sugar, However
the presence of an astringent principle in the cashew
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apple Juilce makes it unseceptasle for consumption

as such. Methods of removing thi:s astringent prine
ciple have been developed in the research centres.

But inspite of all this, the utilisation of tnis
valuable by-product has not reached any significant
level. Oniy 15 per cent of total output of cashew
ar’ple is utilised at present, in the whale of India.
rerhaps the best metnod of utilising the casnhew apple
vwill be the evolution of varieties which procuce apple
of high quality and devoid of the astringent principle.
it has been found that there is considerable variation
in the quality of cashew apple which offers scope for

- selecting varieties which are capable of producing
superior quality apples that ean be used for consumption
as raw fruit or as a processed product without any
astringent taste.

The income frow cashew growing 1s very low and
that is the reason why little attention 13 paid by the
growers in the management of the crop. LEffective
measures of utilisation of eashew apples will increase
the incame from this crop and it will ve the best incen-
tive for increasing the production of cashewnut in the

state,
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8ince the cashew apples are not utilised to
any significant extent in our state, no attention wvas
paid so far in identifying varieties which produce
superior quality apples. In the light of the immense
possibility of utiliging the cashew apole, a study of
the quelity of apples obtained from the sixteen varie-
ties riow put under couwparative yleld trial under the
All India Co~urdinated Cashew Improvement Project was
undertaken during the bearing seasons of 1976-77 and
1977-78, Tne morphologicel characters as well as the
chemiczl ccomposition of gpples and tie residue left
af ter the extraction of the juice were studied. The
variability in quality factors of apole between the
sixteen varieties as well as between seedlin; progenies
of the sane variety were studied in detail. The results
of these studies are presented in the following sections.



REVIEW OF LITERATURE



REVIEW OF LITERATURE

The cashew apple which is a false fruit bota-
nically is practically wasted at present, in India.
Very little research work has been done on the produ-
ction and processing of cashewnut and its by products
and the same i3 much more true witnh regard to its apple.
However, these problems have atSracted the attentiaon of
a number of workers in India and abroad. The work done
on various aspects of cashew apple is briefly sumaarised
in the following pages.

Ayallability of cashew apple

Precise statistics of the production and utili-
sation of cashew apple in India are not availaole.
However, the proportion of the apple to the whole fruit
and the total weight of muts produced have been estimated
by different workers Anon (19%1), Jain gt al (1952),
Alyadurai (1966), Auan (1967), Rao (1969), Patwardhan
(1970), Hair (1574), Anon (1976) and Remani (1970).
According to these reports, the production of cashew
apple in India runged from 2.5 to 19 lakhs tonnes per year.

Thevet (1558) recounted that cashew apples and



their juice were consumed in Brazil, Thevet provided
the first drawing of cashew, showing the local people
harvesting the fruits and squeeging Jjuice from cashew
apples into a large jar.

Gandvo (1576) stated that cashevw ajple was a
refreshing frult during the hot season.

Sousa (1587) reported that cashew aprle and its
Juice were thought to have medicinal wvalue.

Ayyar (1930) suggested that the raw cashew apple
Juice being rich in sugar could be employed for the
production of alcohol and vinegar.

Anon (1934-35) reported that the cashew apple
Juice deteriorated rapidly unless storilized by heat or
treated with preservatives.

The Departaent of Industries, Madras (193+=35)
suggested a method for the preparation of edible syrup
from cashew applc Julce.

Anon (1941) statad that the cashew apple was soft
and Jjuicy. He found that when tender, it was acidic
and highly astringent. It was also stated tnat the
fruit vas edible and ylelded a delicius beverage and a
wine on ferienting which retained the flavour of the
fresh fruit,



Iyengar and Kale (1951) stated that fibrous
naturc and astringent taste of cashew apple was due
to the presence of tanins and substances of phenclic
nature. 3Similar views were expressed by Jain gt al.
(1352) and Anon (1967).

Jain gt al, (1991) stressed the need of cashew
apple utilisation and described the methods of prepa~
ration of Jjuice, syrup and canned fruits with cashew
apple.

Morton (1960) and Chakravarty (1961) have reported
that cashew ayple with fibrous flesh, exotic flavour,
fine and pleasing aroma and rich sugar content vas an
asset to the processing industry,

Sastri gt al. (1963) reported that cashew apple
Juice was susceptible for browning. They added that the
quantity as well as naturs of leucoanthocyanins, ascorbic
acid, malic acid and dextrose present in the juice were
respansible for browning.

Alyadural (1966) pointed out that the utilisation
of cashew apple for the preparation of various products
involved addition of large quantity of sugar and so the
cost of the finished product was high.



Anon (1967a) stated that the skin of cashew
vas tender and it bruised easlly leading to rapid
fermentation of apple mostly due to rough handling
during plueking and transport,.

Johnson (1972) remarked that the utilisation of
cashev apples by loeal people of 4Asia and Africa for
making cashew wine dated back to 300 years. He stated
that the tempting factor bshind the introduction of
cazthew to India by the Portugeuse in the sixteenth cen-
tury seems to be the potential value of cashewv gpple for
its medicinal properties and also for its juice which
could be fermented into a good wine.

Nair (1974) reported that in Goa, aporoximately
70 per cent of the total production of cashew apples was
utilised for liquor production. He concluded that 35
per cent of the total income from cashew plantation,

represented the income frow apples,

Balasubrananiam (1977) remarked that the frag-
mented and scattered nature of cashew plantations in our
state had created problems in collection and utilisation
of apvle economically.

Johnson (1977) stated that {Caju' (Brazilian
tern: for cashew) was harvested by the local people for



consumption as raw apple or for its conversion into

various preparations.

According to Remani (1978) the important quali-
ties of cashew apple for processing are its julcy nature,
medicinal properties, high carbohydrate contcnt, admi-
ssible colour, apporeciable flavour and good taste.

Dutta (1929), Jain gt al. (1952), Khan (1961),
Adyadurai (1966), Anon (1967), Rao (1969), Morton (1970)
and Patwardhan (1970) have described the botanical status

and the morphological features of cashew apple. According
to these workers, cashev apple 1s a false fruit, being
the swallen pedicel, which became Jjuicy towards tiie last
phase of fruit development.

Salour of apple
Iyengar and Kale (1951) observed that cashew apple
is bright orange or yellow in e¢olour and fibrous in

texture.

Jain gt al. (1752) reported that the colour of
cashew apple varied between differ-nt shades of purple,

red and yellow,
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84ingh and Mathur (1953) found that the percen~
tage of 1.8,5, and reducing sugars wvere slightly
hignher, in yellowv fruits as compared to the recd ones
and acidity was lower in yellow fruits. They concluded
tiaat the yellow fruits were distinctly sweeter as com-
parsd to red ones as Judged by analytical and organole-
ptic tests,

Ayadural (1966) summarised the studies on cashew
ayple characters and indicated the existence of several
intermediate forms between the comszon yellow, red and
pink types with a mixture of tiese colours in varying
intensities.

Anon (1967) stated that cashew apples have been
classified on the basis of their colour into two main
groups vigz, red and yellow,

Morton (1970) reported that cashew apple is bright
yellow to red in colour and the yellow type is distinotly
sveeter than the red.

A study of the variability >f economic characters
of the cashew trees raised from seed at the Agricultural
Research S8tations, Talipar:mba and Nileshwar showed that
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the weizht of cashev apple varied fram 0.7 to 2.4 oz.
and represented 82.4 to 91.4 per cent of the whole
fruit including nut.

Sondhi (1962) found that the weight of cashew
ayple varied from 13 ¢ to 140.7 g.

Anon (1967) reported that the length of cashew
apple ranged from 2 inches to 3 inches width fram 1.5
inches to 2 incnes and weizht from 40 to 85 granms,

sulge content
Sreenivasan (1739) observed that eaci cashevw apple

yielded 20 to 25 cc of Juice.

Jain gt al. (1951) recorded tnat cashewv apple
yiclded 50 to 60 per cent juice of its welght.

Rao gt al. (1952) stated that storage of casnhew
asple at ~-20°F resulted in an increase in the volume of
the juice extracted by 14+ per cent.

Singh and Matiur (1953) reported tnat the Jjuice
recovery of red fruits (70.3 per cent) were hnigher than
that of yellow unes (66,7 per cent).

Joniar (1957) ovserved that Jjulce contributed 50

to 60 uer cent by weigat of casiew apyle.
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Sastri gl al. (126:) reported tnat ylelce and
quality of Juice wa- influenced Dy the metiiod of extra-
ction and matwrdty o the fruite dnoy aund that tae
screw tyse Jjulce extractor gave an yicld of 66 pex cent
julee as coaparec to 36 per ccent in tac cnse of Lasket
Precs and that the ripe frults ylelded wore Jjulce tiinn

unrl o nade

sondnd {(160) studicd tie Jjule: contant in casacw
aiple and re.orted taat it ranged betwean 4649 per cent

and the3 ser cont.

Ju reviewin o thie perforaance af ¢asaew frees at
vie Agriculitur:d kesearca Ltations, Twlisnxrabe and
hilosowar, Anan (1907) reportea taat weld at o Judee
268 ngsle ranged vetween O.3 10 1.1e 224y valuse ot julice
eI agple was 1t setweun 10.6 and 31.. co ald the
recovery of julce varied from .1 to 61.7 per coent.

Anon (1907a) stated thot wore taan GJ Jer cent of
Cae welont of the frult coan ve cxtrootad ac julce Dy

srecssin: ané toe nversge yiedd of juleo ronged frou

oU Lo Y0 ser cunt.

A Tramder 7 workors have stucleo toe piysiesl and

cheisiend coosition uif cashew apple.
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Sreenivasan (1735) studied tae composition of
cashew apole julce and reported that it contodned 10.b
pe:r eeit »f tot:d solids, of which 9% per cent cunsisted
of sugars, postly invert sugarse. e found tnat in
adiition to sollds and sugarc tuere were tanndno, aclds
anag plgmenti.

Joachin wnd Pannaitheseliere (1 A42) zeoporbed thaat
casiiaw apple cundalned 320 to 350 ag ascorbic acic Per
100 ol cashew apgle julce. Mdtar. (1340}, fyengar and
Kale (1097) anc dHortun (1J60) aloo have andyused the
accordic scld in cashew apple Jjulce and according to
ti.w the range of ascoroic acdd 1n ¢osiew xiJdle wad

frou 186 Lo 37: wg ger 100 ¢ julcee,

Aecording to tae zealth JSulietin (1A1), casaoew
arsle contained woisture (67.9 per cont), srotein (e
der ecunt), Fat (Uel per gent), Carouhydrave (11.6 per cont)
minersl satuer (Gef per ceent), Calcius (U.U1 Jer cont),
phospiorus (Ce1 per ¢ nt) and dror (Ul ag ver 10U 2l

Tkatenento ané Intengun (1%3) {ung taat the
Juice of cusliew ayple vas a goud saurece of vobler soludie
vitnnine vize ascurole acldd, riboflavin anc tidawain,.

Jain  (1991) reported tunt cas.ew apsle Jjulce

hau arix (13«9 per cent), totnl sugars as invert
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(12.28 per cent) reducing sugars (12.28 per cent),
acldity as malic (0.27 per cent) tannin (0.33 per cent)
and pH 4,2, More or less similar results on the com-
position of cashew apple jJuice have been reported by
Johar (1957), Khan (1961), Alyadurai (1966), Patwardhan
(1970), Haendler and Duvernetiil (1971) and Lossner(1971).

8ingh and Mataur (1953) studied the chemicsal
composition of yellow and red fruits with regard to
T.5.5., reducing sugars, total acidity, ascorbic acid
and moisture in Jjuice and concluded that yellow fruits
wvere distincetly superior to red ones.

Siddapoa and dhatia (1954) identified the sugars
in csshew apple by paser chramatography as glueose (+e¢)
and fructose (+). Their study revealed that sucrose and
arabinose were not present in cashew apple.

Ventura and dallanda (1958) reported tnat the
soluble sugars identified in the fleshy peduncle were
glucose, fructose and sucrose and each of tuese increased

during maturation.

Chakravarty (1761) reported the »resence of three
sugars viz., glucose, fructose and sucrose in cashew
apple. He ouserved that as the fruit ripened, sucrose
practically disappeared and the sujar present was only

dextrose, together with traces of fructose.
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Sastri gt al.(1962) studied the cheuical
composition of ceashew apples from various selections
at C.C,H.5, Ullal and reported that they contained 10
to 12 per cent sugar (mostly dextruse) 0.3 to 0.5
per cent malic acid, 150 to 300 mg ver cent ascorbic
acid, 84.2 per cent moizture, 0.84 per cent tannin,
248 per cent etiher extractives and 0,92 to 0.99 per

cent (on fresn weignt basis) ciude fibre.

Based on detailed studies of physico-chemical
campo:ition of casnew apple Jjuice, Sondhni (1962)
reported the range of variation of its constituents as
follows, T.S.5.(7.2 to 18.3), acidity WA (0.1 to 0.7
per cent) brix/acid ratio (1.2 to 16%.3), pd (3.7 to
k,6), true ascorbic acid (85 to 283.1 mg/100 gu juice),
sugars (Y.3 to 17.7 ver cent), total tannin (C.2 to
0.9 per cent), true tannin (0 to 0.7 per cent), and
protein (0.2 to 0.3 pexr cent)l.

Anon (1963) while reviewing the possioilities
of cashew apple utilisation stzted that it: Jjuicc had
a brix of 12 to 1 per cent, containing 10.% to 12.5
per cent sugars (all reducing) abuout Q.3 ner cent acid
as malic, 170 to 236mg ascorbic acid/100 ml, 0.3%

Jar cent tannis. and 0.3 per cent oil.
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Sastri gt al. (1963) reported that the lass
of ascorbic acid in cashew apple Julce and its blends
at the end of 32 weeks' storage was found to be 49 to
66 per cent at 379C and 29 to 5% per cent at roo
temperature. They also found that the colour of cashew
avple julce was highly susseptible to heat treatment

and prolonged storage,

Parierz gt al. (1966), Anon (1967), Anan (1967a)
and Anon (1976) have studied tne nhysical and chemical
camposition of cashew apple under varying conditions and
according to them, the range of different constituents

vere as followsse

Ascorbic acid (180 to 261.5 mg/100 g juice),
moisture (82,2 to 87.8 per cent), protein (0.2 to 0.8
Jser caent) fat (0.1 to G.6 per cent), carbonydrate
{11.1 tu 11.9 per cent), crudefibre (0.9 per cent)
minerals (0.2 to 0.k per cent), calcium (0.00% to 0,01

per cent) phosphorus (0.01 to 0,021 per cent) and irom
(0. mg/100 gm).

Chakravarthy (1961) reported that cashew apple
residue obtained after the Jjuice extraction contained
9.5 per cent protein on dry matter basis.



Sondhi (1962) observed that casiew apple
residue was good source of protein (8.72 per cent to
9.12 per cent on dry weight basis), pectin (8.2 to
11.2 per cent on dry weight basis), ascourbic acid
(33 to 61,2 mg/100 gn) and minerals like caleium, iron
and phosphorus. He suggested tinat this material ecould
perhaps be utilised for recovery of low methoxyl pectin

or as a cattle feed,

Alyadurai (1766) suggested that tne fiore cone
tained in apples would be utilised as a residual material
for preparing materials like hard boards.

Yariation in cualities of goole

Albuquerque gt al (1960) noticed wide variation
in weight and size of cashew apples. They found that
yellow apples were less astringent, heavier and softer
than red apples.

Sondnl (1967) observed that wide variation existed
in physico-chemical characters of cashew apple Juice.

Sastry gt al.(1962) studied the variation in
tamnin content of cashew apples at different stages of
maturity in both red amd yellow varieties and reported
that sharp decrease of tannin and progressive increase

of ascorbic acid was noticed as fruit ripened. They



observed regional variation in tannin content, and
summarised that polyphenol congtituents in cashew
apple jJuice was influenced by region and the variety.

Sastri gk al. (1962 ) reported the variation
in chemical composition of different selections namely
Chrompet (63), Kutuparamba (4uU), Manjeri (38), Rio de
Janeiro, Pattukotai (65), Maduranthakam (64), Kanchan-
gad (19), Wial (5), Itchapur (69), Permannur (),
Udayarpalayam (59), Nileshwar (28), Derlakatta (7),
Manjeri (37), Talapady (22), Wynad (43) and Quntur (67)
vith regard to the colour of apple, brix, acidity,
ascorbic acid and tannin. They recorded variation in
all these characters from selection to selection.

Damodaran (1977) reported that along with other
econamic characters, considerable variation existed in
the mean weignt,K size, colour and shape of apples of the
F1 progenies of the same parental combinations.

Sondni (1962) reported slizht increase in juice
yield with the increase in weight of fruits,

On reviewiny the correlation studies between the
apple characters, Alyadurai (1966) stated that the
heavier and longer the apple, the higher was the juice

cantent,



The Department of Industries, Madras (1934-35)
recamuiended to treat the cashew apple Jjuice with
slaked lime to precipitate the undesirable constituents
of cashew apple Juice,

Chakraborty gk al.(1962) reported that steanm
treatoent of fruits for ten minutes at 10 1b pressure
per 8qe. inch (0,6k kg/sn.cm) reduced the residual oil
content and the retention of tannin in the final product
is only in traces.

Bxploratory trials conducted in C.F.T.K.I, Mysore
have evolved various methods for preparing cashew apple
or cashew apple Juice for processing by removing the
acrid and astringent principles. These methods include
stean treatment, addition of either of lime Jjuice, 5
per cent gelatine or 9 per cent pectin solution. Treating
the fruits in boiling solution of sulphuric acid (0.2 N)
or commin salt (2 per cent) and imuersing the fruit in
2 per cent common salt salution are found to be effective
in removing the tammin and oil content of apples.
Gashew apple Droducts

Investigations and trials at C.F.T.hi.I., Mysore
have developed recipes for the production of edible
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products from cashev apples after successfully
removinz the acrid and astringent principles. These
include cashew apple juice, clarified Juice, cloudy
juice, cashola, cashev apple syrup, cashew apple Jam,
candy, canned cashew apple, cashew apple chutney,
curried vegetable and pickle.

Jomson (1977) has given a detailed account of
the cashew apple products and cashew apple Jjuice pro-
cucts utilised in Brasil. According to him the main
preserved itcms made frox cashew apple in drazil are
stewed apples in syrup (doce emecalda), tha typical
sveet (docc of Jjam consistency), cocked pulp formed
into balls and covered with sugar (caju cristalizado),
cooked and partially dried apples in syrup (caju
aperixa), Jelly, beverage with included fruit, cashew
Juice usec as a refreshing drink and to flavour ice
creams, cashev apple julce combined with milk and sugar
(cajuda), processed Julce, canned cashew apple Jjuice,
pasteurised and filtered juice (cajuina), concentrated
and sweetened juics (cremel de caju), vitawin enriched
Juice (caju vita) and the wine obtained b the fermen-
tation of cashew apple Jjulce.



MATERIALS AND METHODS



MATERIALS AND METHODS

These studies were carried out on four year
old cashew trees planted in 1973 under the comparative
yield trial of existing high yielding trees. There
vere altogether sixteen varieties under the trial
wihich vere assembled from the four cashev research
stations at Anakkayan (Xersla), Vengurla (ifsharashtra),
Vridhachalam (Tamil Nadu) and Bapatla (Andhra Pradesh).
There were three replications under the trial. The
yield and other economic characters are under study,
under the All India Co-ordinated Cashew Improvement
Project. The apple characters were studied in the
present investigation with a view to identify trees
bearing better quality fruits, so that the apples which
are not utilised at rresent can be made usa of,
Lavoratory studies were cdone in the College of
Horticulture, Vellanikkara. The different characters
studied with the sbjcetive of selecting verieties
yielding superior gquality apples arc briefly discussed
below. 7The extent of variability within the seedling
progenies of the sixteen varieties was also studied.
The chemical composition of the cashew apple residue
after the extraction of the juice were also investigated.



Sampling and layvout

Hepresentative samples of ten fully ripe
apples were collected from each tree and these
wvere divided into two samples, one to determine the

julce content and the other to £ind out the chemical
composition on dry basis.

To compare between varieties, nine trees
(1.e., three trees from each replication) were selected
wvith the help of random sampling technique. Variations
within a variety were studied by collecting samples
from all the twentyseven trees in a variety.

The apple, its julce, residue and dehydrated
apple were studied for the fallowing charactersie-

1. Morphologieal characters of apple

1.1 Colour

1.2 BShape

13 Weignt

1.4 Length

1.5 Dismeter

1.6 Length/diameter ratio

2. Chemical composition of juice

2.1 Percentage julee recovery
2.2 T.8.3.



2.3
2.4
2.5
2.6
2.7
2.8
2.9

Sugars - Reducing and total
Acidity

Ascoroic acid

Tannin ~ Totzl and true
Specilfic gravity

Brix/acid ratio

Sugar/acid ratio

2.10 011 content

3. Other chemiczl constituents of the apple

3.1
3.2
3.3
3.k
3.5
3.6
3.7
3.8
3.9

Moisture

Protein

Bther extractives

Carbohydrate

Crude fiore

Pectin as calcium pectate

Ash content - Total and acid insoluble
Calcium

Phosphorus

3.10 Iron

4, Composition of apple residue

b1
h,2
4.3
hole
b5

Residue recovery

Moisture content

‘rotein

Pectin as calcium pectate
Ascorbic acid



Xarietiacs atudied

Following sixteen varieties were studied as
indicated bslow,

Anaktkay am Bapatla Vridhachalam Vengurls

K 10-2 BLA=1 M 10/ Ansur 1-27
BLA 139-1 BLA-lsQ M 6/1 Vengurla 36=3
BLA 256-1 BLA=273 M 76/1 Sawantwadl
=7 3LA~56 ® K27 =1 Vengurla 37-3

*0One variety received from the cashew ressarch
station Vridhachalam did not establish well and
therefore it was substituted by K 27-1 of the Anakkayam
8tation.

1.1 Calour

The colour of the apple when fully ripe was
noted and categorised under three groups namely red,
yellow and mixed shades of these colours.

1.2 3Zhaps

bhape of all fruits were noted as coniczl,
cylindricnl, rhombold and pyriform.



1.3 M4eizght

Ihe weight of ten apples were deternmined and
the mean (aversge) weight was recorded.

1.+ Jenzth
langtn of ten apples vas measured and the

averaje was worked out.

1.5 Adameter

Uiameter of ten apples were measured at the
central region with the help of a thread and a scale
and the average was recorded.

1.6 Jlengith/disgeter ratlo

The ratio vas arrived at by divicing the length
of the apple with its average diameter,

The following characters were estimated from
tae Jjulce extracts of the different varieties.
2.1. Zgrgantage lulce recovery

Julce was extracted from applesz of Known weight
and the rccovery of Juice was calculated in percentage.
2.2 Jjotal goluble solida

T.3.5. was determined by a hand Jjuice 3rix

refractoneter at rovom temperature and the results



vere exressed as percentage.
2.3 Qupnrs
2.3.1 leducing sugars
Ferucing sugars were estimatod as per the

mcthods described by hanganna (1377) and was expressed

as percentoge.

2.3.2 Jotal SuUgArs

Totul sugars in cashew apple juice was estimated
as per the analysic procedure described by Rangamna{1977)
and the total sugar as invert sugar obtained were

expressed as percentage.

2.+ Acidity

Acidity of the Juice was determined as per the
method described by A.0.A.C. (1960). Ten ml of the
Juice was titrated against 0.1 N Na OH and expressed
as percentage in terms of malic acid. The indicator
used was phnenophthalein.

2.5 Ascorbic acid

The procedure for analysis described by Johnson(19:8)
was followed in the esti:ation of ascorbic acid in the
Juice.



€6 Tonnin s Total and trug

Volupctric method of analysis by A.0.A.C.(1370)
vas followed in the estimation of tammin. Total tannin
and true tamnin were calculated and expressed as

percentnge,
2.7 grecific provity

The weizht of ten ml Jjuice was determined in a
chemicsl balance and the specific gravity was calculated.
2.8 pPrix/agdd ratdo

This was arrived at by dividing the T.5.8, with
titratable acidity and this was reckoned as a measure
of frult quality.

2.9 Sugax/acid ratio

The value was obtained by dividing the reducing
sugars with titratable acidity.

041 content as percentage of cashew apple juice
vas calculated for all the sixtean varieties hy
subtracting the true tannin percentage froa the total

tamin percentage.




3.1 Maisture contoent

Apoles were chopped into small pileces and the
chopped places were dried in an alr oven at 70%C
for 1 hrs, Tne moisture content of apples of all
the sixitcen varietvies was tnen worked out frow the
welght lost during drying and expressed ns percentaye

of fresn apple wel :ht,

Protein was estiaated oy deteraining tae
nitr.gen content in the dry sample accordin. to the
procedure laild ¢own by A.U.A.Ce (155) and multislying

tiie saue oy the fagctor 0.25,

3.3 atger sextractives

iwo sram of the sround dried waterial was
extracted with petroioun ether using o soxhlct
apyparatus and crude fat was worked out us percentage ofF

frousn apple wel int.

3.1* S‘ax4]2ﬂ§igl.1!§

Curdonyiddrate as percentage of fresn apole wel at
was caleulat:d for all the sixteen varieties oy

suptractin;, tie sum total of the percentages of



moisture, ash, ether extractives, protein, crude
fibre, pectin as calcium pectate and acidity fram
100, (Hanganna, 1977).

3.5 GCrugde fibre

A.Q.A.Ce (1770) procedure was followed for the
estimation of crude fibre and was expressed as
percentage of fresh edible apple.

3.6 Pactin as calcium pactate

The analysis procedure described by Ranganna(1977)
was followed.
3.7 Ash _gcantent
3.7.1 JZotal ash

Meighed 5 g dried material into a silica dish.
Ignited the dish and its contents an a Bunsen burner
to free it from carbon. A4shed the material at 525°C
for 6 hrs, cooled the dish and weighed. The difference
in weights was calculated as total ash content and

expressed as percentage of total ash per fresh fruit
weight.

3.7.2 Acid insoluble ash

Added 25 ml of dilute hydrochloric acid
(10 per cent wt/wt) to the ash obtained (in total ash



estimation), Covered it with a watch glass and
boiled gently over a low flame for $ min., Filtered
the boiled solutian thruugh an ashless filter paper.
Washed the residue thoroughly with hot water.
Returned the residue along with the paper tu the
original dish, ignited, cooled, weighe¢ and recorded
as percentage acid insoluble ash per fresh a.ple
naterial.

3.8 galcium

Caloium in an aliquot of the tripp ¢ acid extract
of the sample was determined using a flame rhotometer
(Jackson, 1973).

3.9 Ehgaphorus

0.5 g of the ground sample was digested in
concantrated perchloric acid, sulphuric acid and
nitric acid nixture in the proportion of 1:2:9 and
made upto 100 ml with distilled water. 10 ml of this
made up solution was taken for the estimation of
phosphorus. Phosphorus in this extract was determined
colorimetrically using vanadomalybdophosphoric yellow
colour method in nitric acid system (Jackson, 1973).

3.10 Jxon
Ash solution of the sample preparcd by dry ashing



of 5 g dried material was made upto 100 ml with
distilled water. 7Ten ml of this made-up solution
vas taken for the estimation of iron. Iron in this
extract was determined by O phenonthroline,
colorimetric method (Jackson, 1973).

The residue left after julce recovery vas
weighed and recorded as percentage rccovery of cashew
apple residue per fresh fruit weight.

k.2 Molature content

The apple residue was chopped and dried at
70%C in an airoven for 18 hrs, Fram the loss in
welght, the nmoisture in residue was worked out and
expressed as percentage of fresh residue weight.,

.3 Exrotedn

Digested 0.5 g of dried and ground residue
material. 7The resultant soluti:n was wmade upto 100 ml.
Nitrogen of this sample was estimatec by Kjeldanl
method., Calculated the nitrogen of the sauple and
expressed as perceniage of fresh resicdue weight.
kultiplied the percentage of nitrogen by 6.25 to get
the protein percentage.



. Poctin as calclum pectate

Pectin was estimated as calcium pectate in
the residue. The same method as in the case of
pectin estimation of apple was followed here also.
The result was expressed as percentage of czlcium

pectate in fresh residue.

W5 Ascorbie acid

Ten gran fresh residue was zground in a mortar
wita 25 ml of & per cemt oxalic acid. Filtered it
through Whatman No.b2, and the filtrate s> got was
made upto 100 ml with & per cent oxalic scid. Ten ml
of this made up solution was titrated against standard
indophenol dye. Ascorbic acid was calculated using
the dye factor and expressed as mg per 100 g fresh

residue.

5.1 12 gomvare between varieties

All the results obtesined from the experiment
vere arranged in appropriate tables. From these
tables, variety x replication, two way tsbles were
prepared to obtaln the sum of squares due to different
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sources of variation, The data wers analysed
statistically. The experimental errors, sauspling
errors and critical differences were calculatved o
compare the means of various varileties to I'ind out

tne promising varietlies.

5.2 To study the variation within a variety

The mean, sum of squares of individual obsere-
vations, correction factor, standard deviation,
coefficient of variation and range wers caliculated
taking into aecount the analytic:l data of apoles from
all the 27 trees of a variety.

5.3 Gorxelation study

Correlation coefficient between average weizht
and Julce recovery was calculated using the standard
statistical formula. Simple correlation coefficlents

and linear regression equations were worked out,

Snedecor gt al. (1967) wqs folloved in tae
statistic:l analysis of the data.



RESULTS
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RESBULTS

The results of the investigations carriecd out on the
shysico=chenicnl composition of the cashew apples of sixteen
high ylelding varieties are presented belouw,.

37 o

1.1 Calur and saadle
The colour of apples of cifferent varislies broadly

come under three cobtogories -~ red, yellow and mixed sihiades

of these two colours.

he apples were classified under four catogories on
the basis of their shape, nasely conical, cylindriecali,
pyriform and rhomooid.

The percantage of sexdling progenies i tne different
varieties classified on the basls of colour und shape are
presented in Table 1 and represented in Plates I to xVI,

It may bBe sequn from the table thnat congiderasble
variation in the colour and shape of apples existed between
different varieties and hetween progenies of the sase variety.
While some varicties like uUlA-1, 3LA-56 and K 27-1 procuced
apples of uniforu colour to a large content, tiere was
considerable variation in the shape of different varieties
of cashews If Dot colour and shape are taken into
consideration, the variety K 27-1 showec a hi i dejree of
uniformit, (L6.2 ser cent in respect of caolour and 77.78

per cent with rugard to shape).



Table 1 Variability in calour and shape of cashev asple

of different varicties

Coluidin UP APPLE
Parcentage of trees

GliAP JF APPLE

Percentage of trees having

producing
Varieties
Yellow HRed Hized  Conisal Cylin- »Pyri- Fnom-
Mufpado drical form Dboid

Angur 1-27 55.8 7.5 16,7 33.24  Bh.Sh 0,00 22.22
Vengurla 36~3 7.7 53.8 38.5 55.60 11,10 11.10 22,22
Sawantwadi 0.0 60,0 40,0 11.10 W b5 L4455 0,00
Venguria 37-3 0.0 86.k 13.6 2.22 066,67 0,00 11.11
BLA - 1 100.0 0.0 0.0 11.10 W5 Wbl 0,00
BLA - 40 8.2 0.0 15.8 33.33  22.22 Wak5 0,00
BLA - 56 90.0 5.0 5.0 22,22 Wu.bY 33.33 0.00
BLA - 273 76.9 15.4 7.7 0,00 22,22 k45 33,33
N 10/% 87.5 hW.2 8.3 33.3%  33.3 22,22 11.11
M 6/1 50.0 18.2 31.8 1.1 11,11 0.00  77.78
K 27-1 L3¢ U0 11.8 M.11 77.78  0.00  11.11
M 76-1 67.5 8.7 21.7 33.3% 22,22 11,10 333+
H ha? 3je1 13.0  U7.9 We k5 11,11 22,22 22.22
K 10-2 30.8 0,0 69,2 66,70 33.30 0.00 Q.00
BLA 139=1 79.0 0.0 21.0 66,70 22,20 0.00 11,10
3LA 2561 83,3 0.0  16.7 22,22 22.22 33.3% 22,2




Plate I S8ize and shape of cashew apples of
the variety Ansur 1-27

g

Plate II 8ize and shape of cashew apples of
the variety Vengurla 36-3

Biay

'1_
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Plate ZZI Size and shape of cashew apples
of the variety Sawantvadl

JIL.

Plate 1V Size and shape of cashew apples
of the variety Vengurla 37-3

A






Plate V Sise and shape of cashew apples
of the variety BLA-1

T

Plate TZ 3lae and shape of cashew apples
of the variety BLA = hQ






Plate VIZ Size and shape of cashew apples
of the variety 3LA-56

A

Plate VIII Size and shape of cashew apples
of the variety SLA - 273

<JdlI






Plate IX Size and shape of cashew apples
of the variety H 1Q/*f

Plate X Size and shape of cashew apples
of the variety H 6/1






P;Late XX  Sise and shape of cashew apples
of the variety K 27-1

JK

Plate X1l Size and shape of cashew apples
of the variety M 76 - 1

jst






Plate XIIl  Size and ahape of cashew apples
of the variety H W-7

J

Plate X1V  3lse and shape of cashew apples
of the variety K 10-2






Plate XV  Slse end shape of cashew apples
of the variety BLA 139-1

Plate XVl Size and shape of cashew apples
of the variety BLA 256-1
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1.2

The average weight of apples of different varieties
and the measurements of length, diameter, length/diasneter
ratio the percentage juilce recovery snd average Jjulce
content per apple are given in Taole 2 and represented in
Fig. 1 and 2.

The data show that the variaty K 10-2 yroduced
the largest sised apples (75.4 g) followed by Sawantvadi.
S8nallest type apples wers produced by the variety 3LA-256~1
which weighed only 29.2 g.

In respect of length, diameter and length/diameter
ratio, K 10=-2 ranked first followed by Sawantwadi. With
regard to percentage Juice recovery and Juice comtent
per apple K 10=2 topped the list giving an yieid of
6% per cent, followed by Sawantwadi which gave a juice

recovery of 62.5 per cent,
The data show that the varieties differ si:nificantly
in average veight, length, diameter and percencage Julce

recovery.
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Table 2 Weight, length, maximum diameter, length/diameter ratio\

and Juice content of apples of different varieties

(Nean values) 1\‘
Average length Maximum Length/ Julce Juice
Varieties \iayh (om) dim?er mtar recovery 33';:2?;1.
g

amsur 1-27 L7.9 6.3 4,75 1.33 574 27.49
Yengurla 36-3 %0,8 6.1 k.90 1.2 57.6 23.50
Savantwadi 50.2 7.3 5.13 1.2 62.5 31.38
Vengurla 37-3 3.3 5.8 b, 08 1.2 43.9 15.67
BLA - 4 3%.0 97 4,81 1.19 60.9 23.60
BLA - &0 1.1 6.7 h.59 1.6 555 22.81
BLA - 56 3.2 6.2 4,36 1.2 53.4 19.33
BLA -~ 273 39.7 6.2 4,87 1.27 Feo 21.48
X 10/ b0 6.2 %.75  1.3% k.9 18. 1%
M 6/1 3.3 6.9 h.59 1.50 60.5 26,20
K 27=-1 5.3 7.1 b,65 1.53 53.2 2,10
M 76-1 3<e3 5.6 b.30  1.30 59.2 19.12
H a7 39.% 6.3 .65  1.35 515 24,23
K 10-2 750 9.l 5.06 1.86 64,0 18,26
BLA 139=-1 31.9 6.0 e e 142 58.6 18.69
BLA 256-1 29.2 be9 4,39 1.12 58.2 16.99
¥ value 9.82” 9.  2.,08° - 8.26" -
C.D. (P = 0.05) 9.92 0.9 0.59 - 5.13 -

* S4gnificant at 5% level.
s Sianificant at 1% level,

L
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The above constituents in the Juice of the apples

of different varieties were analysed and expressed as
percentage of ingradients per 100 g of Jjuice. The total |
soluble solids, reducing sugars (Fig.3) acidity as malic acid
(Fig.4), ascorbic acid as mg/100 g and total tannin (Fi4.5)
and true tannin vere estimated and presented in Tanle 3 (a).

The data presented in the table show that the type
M 6/1 had the highest T.3.3. (14.67 per cent) and reducing
sugars (13.37 per eent) followed by Vengurls 36-3 which
recorded a2 1,.8.8. of 13.M4 per gcent and the reducing sugar
pcréentase of 12.91, 1In respect of acidity BiA-273 (0.58
per cent) ranked first, followsd by Vengurla 37-3 which had
an acid content of 0.50 per cent. With respect to ascorbic
acid content, K 27-1 hat the highest quantity (321.16 mg/100g
of juice) followed by BLA-N0 wnich recorded 308.68 mg/100g
Juice. With regard to total tannin, the Jjuice of BLA-WO
had the minimun tannin of 0,33 per cent fallowed by U We?
wvith 0,37 per cent total tannin. The data indicate that
there exist significant variation between varieties with
respect to T.8.8., recducing sugars, ascorbic acid, total
tamin and true tannin, but no signifiesnt variation betwean
varieties was noted in respect of acidity.



. Table 3 (a) Chemical camposition of cashew apyle julce of

high ylelding varieties

(Mean values expressed as percentage)

&0

T.5.8. Redu= Total Acidity Ascorbic Tannin %

Varieties % g;?grs sugar m“u ng%(’sgg

4 Total True
Ansur 1-27 12¢67 10.93 10.93 0.38 261.33 047 0.27
Vengurla 36=3 13.4% 12,91 12,91 046 239.30 0.52 0.25
Sawantwadi 12,67 11,70 11.70 0.39 242,87 0,49 0,25
Vengurla 37-3 11,06 9.99  9.99 0.50 289,48 0,74 0.36
BLA - 1 13.22 11,93 11.93 0.47 253,05  0.47 0,24
BLA = 40 12,72 11.16  11.16 0045 308,68 0,33 0,20
SLA - 56 13.56 11.7%  11.7% 042 238,47  0.51 0.28
BLA - 273 12.61 11.09  11.09 0,58 247.50  0.56 0.29
M 10/% 11.67 10.56 10,56 0.51 283.84%  0.58 0.29
M 6/1 1,67 13.37 13.37 046 241,81 045 0,25
K 27-1 12,06 10.96 10.96 0.0 31.16  0.56 0.25
M 76-1 12.83 11.73  11.73 0.36 224,52 049 0.27
H 4a? 13.33 11.92 11,92 0.37? 243,30 0.37 0,22
K 102 12.89 11,17 11,17 045 230,28 0.9 0.28
BLA 139-1 11.89 10.89 10.89 0.4 251,30 0.46 0,31
BLA 256=1 11.56 9.88  9.88 O.h 220,84 0,39 0.27
F value 2.67¢ 2.87** 2.87++1,26™ 2.21* 5,93 2.9%
CeDo(P = 0.05) 1.57 1.58  1.58 &8 57.35  0.11 0,06

* Significant at 5% level
*¢ 8i.aifdcant at 1% level
N8 Not significant



UGARS
(SRR
! ] 1

S
® v 5 o
I I R R )

~J
1

PERCENTAGE OF REDUCING

F\G.3.

REDUCING SUGARS IN CASHEW APPLE  JUICE OF -
HIGH YIELDING VARIETIES

Vi V2 Vs \/ V5 Ve Nz Vs No Va0 Vi1 V42 V1s Vaa Vas Vie

. ep g it AR
- If\\".‘-%..'. . ‘E- A




M
o

o5 ~

Q q Q
1Y ot !
A 1 +

PERCEMTAGE OF ACIDITY

Q
[y
1

FIG 4.

AGIDITY (N CASHEW APPLE TUICE OF DIFFERENT VARIETIES.

{

1 - V4 ” A \/7 % \/10 V11 V12 Vi3 V1A \/is Vie

NVALLETTIES




PERCENTAGE OF TTOTAL TAMNIN

o-g

\/1

F\G' 5.

TOTAL TANNIN IN CASHEW APPLE JUICE OF -
HIGH YIELDING VARIETIES.

\/ \/3 \/4 Vs Ve \/7 \/e \/9 \/;o Vii V2 Vs \/1+ Vis N6




41

The specific gravity, brix/acid ratio,
sugar/acid ratio and the oil eontent are important
paraceters relating to the quality of fruit julces.
The above characters relating to the sixteen varieties
of eashev are prescnted in Iable 3 (b).

In specific gravity, M 6/1 (1.066) was the
highest followed by Sawantwadl which had a speeific
gravity of 1.061, With respect to bris/acid ratio the
variety H 4=7 (39.6) had the highest ratio, followed by
Ansur 1-27 which had a ratio of 38.68. The variety
H L7 (35.45) topped the 1ist in respect of sugar/acid
ratio which was followed by M 76-1 with a ratio of
M.21. The data show that varieties differ significantly
with respect to specific gravity but there is no
significant difference in respect of brix/acid ratio
and sugar/acid ratio,
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The moisture content, protein, ether extractives,
carbohydrates (Fig.6), crude fibre and pectin content(Fig.7),
of different varieties were estimated and their data are
presented in Table 4 (a).

The data shov that the varieties differ significantly
in protein content, volatile constituents as represented by
ether extractives, crude fibre and pectin content.

It may be seen from the table that the variety M 10/%
(0.92 per cent) had the highest protein content followed by
BLA=40 which had a protein content of 0,81 per cent.
In respect of pectin also the variety M 10/% (0.72 per cent)
ranked first followed by Vengurla 36-3 which recorded 0.71
per cent calcium pectate. Molsture content is found to be the
lowest in BLA=1 (85,47 per cent) followed by M 10/4 with
85.99 per cent of moisture. Vengurla 37-3 (0.76 per cent)
and thgur;a 36=3 (0.69 per cent) recorded higher ether
extractives. Maximum carbohydrate content wvas recorded by
BLA=1 (11.53 per cent) followed by Ansur- 1-27 which recorded
a carbohydrate content of 10.62 per cent. BLA-273
(0.91 per cent) produced apples having highest crude fibre
content followed by BLA-4O with a crude fibre content of
0.88 per cent.



Table 3(b) 8pecific gravity, brix/aclid ratio, sugar/acid
ratio and oil comtent of cashew apple Jjuice
of different varieties

(Mean values)

Varieties 8pecific Brix/acid Sugar/acid 0il content

gravity ratio ratio 4
Ansur 1-27 1.058 368.68 33.25 0.20
Vengurla 36=3 1.057 .83 33.48 0.27
Sawvantwvadi 1.061 35.78 32.88 0.2
Vengurla 37-3  1.047 25.38 23.09 0.38
BLA - 1 1.061 29.0% 26,31 0.23
BLA -~ &0 1.053 29.43 26.02 0.13
BLA - 56 1.056 330k 29.5% 0.23
BLA - 273 1.053 22,37 19.70 0.27
M 10/ 1.051 .31 21.84 0.29
M 6/1 1,066 35.79 32,16 0.20
K 27-1 1.053 32.65 290 0. 31
M 76-1 1.056 37.“5 P21 0.22
H k7 1.057 39.60 35.45 0.15
K 10-2 1.060 29.47 25.63 0.21
BLA 139-1 1.053 27.27 25.18 0.15
BLA 2561 1.049 29. 9% 25.90 0.12
F value 35" 0.86%8 1.35%8 .-
C.D. (P = 0,05) 0,0078 NS N8 -

s g4anificant at 1% level
N8 Not significant
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Table ¥(a) Chemical composition of cashew apples of
high yielding varieties

(Mean values expre:sed as percentage of
fresh apple)

Mois- Protein Ether Carbo- Crude rectin

Varieties g # §§§§:§ hygrate 1 ore §§:§:ie
%
Ansur 1-27 86,23 0,50 0.52 10.62 0,80 0. 5%
Vengurla 36-3 86,16 0.54 0.69 10.25 0.75 0.71
Savantwadi 88,37 0.72 0.55 8.13 0.69 0.5%
Vengurla 37-3 87.1% 0.72 0.76 9.43 0.78 0.39
BLA - 1 85 .47 0,77  0.51 11.53 0.62 0.31
BLA = 40 86469 0.81 0.39 9.77 0,88 0.42
BLA = 56 86,82 0,71 040  9.98 0,71  0.35
BLA - 273 56.16 0.72  0.55 10.33 0.91 0.31
M 10/ 85,99 0.92  0.57 10.22 0.78 0.72
M 6/1 86.69 .46  0.49 10.16 9.75 0.55
K 27-1 86.50 0.65 0,55 10.21 0.67 0.61
M 76-1 86.88 0.7% 0,52  9.96 0.71 0.37
H 4e? 86413 0,67  O.M% 10.60 0.75 0.60
K 10-2 87.25 048 0,50 9.72 0.70 0,67
BLA 139-1 86,97 0.80 O lile 9.50 0.72 0.70
BLA 256=1 88.12 0.42 0.41 8.91 0.77 0.57
¥ value 0.80%  2,.04"°* 13,98™ .. 12,55"" 36.23"
C.D.(P = 0.05) S 0.08% 0,075 == 0,059 0,07

N8 Mot significant
> =  Significant at 1% level
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The ahove cuonstituents of the cashew apple
vere estimated in respect of the sixteen varieties,
The percentage of these constituents are given in
Table & (b).

The data show that the varieties differ
significantly in total ash, acid insolublo ash,
calcium, phosphorus and iron content of apples, ihe
variety BLA=WO had the highest mineral cuntent with
0,015 per cent of caleium, 0.027 per cent of phosphorus
and 0.0016 pear cent of iron. It was closely followed
by Sawantwadi with 0,013 per cent calciuxn,

0.026 per cent phosphorus and 0.0015 Per cent of iron,



Table & (b) Chemical camposition of cashew apples of
high yielding varietics (contd.)

(Mean values expresced as percentage of

fresh apple)

Total

Acid

Cal~

Phosg-

Varieties a;h issblo; ¢dun ph;ms I;on
ash

Ansur 1-27 0.57 0.33 0.006 0.020 0.0011
Yengurla 36-3 0.63 0.35 0.01% 0.025 0.0013
Savantvadi 0.76 0.0 0.013 0,026 0,001%
Vengurla 37-3 0.593 0.29 0,008 0.016 0,0010
BLA - 1 0.51 0.27 0.012 0,017 0.0010
BLA - O 0.79 0.1 0.015 0.027 0.0016
BLA - 56 0.78 0.52 0.011 0.021 0.0012
BLA - 273 0.71 0.2 J.112 0.023 0.0013
M 10/ 0.57 0.33 0.010 0.019 0,0013
M 6/1 0.62 Qe 0.008 0.014  0,0009
K 27-1 0.60 0.3 0.012 0.022 0.,0015
M 76-1 0.61 0.39 0.008 0.017 0.0012
H he? 0.58 0.37 0.009 0.018 0.0012
K 10«2 0.39 0.23 0.011 0.012 0,0008
BLA 139-1 0.59 0.2 0.005 0,012 0,0008
BLA 256=1 0.5k 0. 31 0.008 0.016 0,0011
F value 17,46 6,66 12,11"7 9.0 6.8
C.De(P = 0,0%) 0,072 0.082 0.0022 0.004  0,00029

Bignificant at 1% level



. Composition of gcashev apile residue

Chemical composition of the residue
left after the extraction of juice of cashew
apples wvere estinated. The percentage recovery
of residue, moisture, protein (Fig.8), pectin
(F1g.9) and ascorbic acid are presented in
Table 5.

It may be seen from the table that the
residue of the variety M 10/% had a protein
content of 1.99 per cent followed by BLA - 40
vhich had 1.82 per cent of protein. The highest
percentage of pectin was obtained from the residue
of BLA 139=1 (1.64 per cent) followed uy
1.62 per cent in the variety M 10/4., The residue
of variety BLA « 40 ranked first in ascorbic acid
content with 65.61 mg per 100 g followed by
K 27«1 with 63.60 mg per 100 g. Varieties differed
significantly in respect of moisture, protein,
pectin and ascorblc acid content of the residue.

&7



48

Table 5. Variability in composition of cashev apple residue
%;g: :gtcr the extraction of juice between
eties,

(Mean value as percentage of frosh residue)

Residue Mois- Pro- Pectin Ascorbic

Vorieties Tegovery tgre  leln  as cal- a0,
pectate
#
Ansur 1«27 38.57 81.13 0.75 0.96 60,80
Vengurla 36-3 b0.12 81,06 1,26 1.96 56.81
Savantwadi 38.87 82.72 1.73 1.29 57.20
Vengurla 37=3 41,60  83.6% 1.78 1.1 57.42
BLA - 1 B2 82,89 1.77 0.73 51. 11
BLA -« &0 43.39 82,70 1.82 0.90 65.61
BLA - 56 %3.81 B0.6%  1.49 0.81 55453
BLA - 273 W, 71 80.46 1.5% 0.63 53.49
M 10/% 47.38 82, 1.9 1.62 62.17
M6/1 38.91 81.63 1.17 1.31 56.39
K 27-1 Wy, 66  B4.07 1,36 1.36 63.60
M 76-1 ¥3.13 81.53 1.60 0.70 57.76
H 4?7 37.27 81.88 1,62 1.1 52.%
K 10-2 36,76  82.29 1.04 1.58 47,42
BLA 139-1 39.69 81.59 1.78 1.6% 48,72
BLA 256-1 42,02 80.96 0,93 1.33 Wk, 30
F value 1,67 6,09 17.3"  22.00° 459
C.De (P = 0,0%) RS 1.23 0.25 0.22 7.96

NS Not significant
*»  Bignificant at 1% level
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The correlation between the meah values

of weight and percentage Jjulce recovery of apples
of all the sixteaen varieties vas positive,, the
coefficient of correlatiun being 0.b1,

Regresaion equation af percentage julce
recovery of apples on welght of apples was worked t.

Table 6. Correlation between wei ht and percent:age
. Julce recovery and regression equation
of apples of high yielding wvaricties

Correlation coefricicnt *rt MY |

Linenr re;ression equation (Y = asbx) LW8.96 + 019 x

Y Julce recovery

x Average welght
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The seadling progsnies of all the varieties
under study showed vardahilisy in thelr physico-
chemicnl characters, The mean, rangs and coefiliclent
of variation with respect to the chemical and phycical
charneteristice vig., weight, percentage Jjuice
recovery, total soluble solics, recucing cugnrs,
acicdity as malic acid, ascorbic aclid, tot-l tan.in,
truc tsnnin, brix/ascid ratio, sugar/acic ratio,
moisture, proteil, ethor extractives, crude fibre,
pectin, total ash, acid insoluble osh, c¢zlciun,
Phospnoyus and iron of apples of the progenies of the
c¢ifferent varicties and the range of variability are
prasented in tables 7(a), 7(v), 8(2), 8(2), 8(ec),

7 Cidy o)y 9 (cdy 9 (d) ang He)e Coafficient of

variation is teken as tue index to incicate the gygent of

veriablility of tiia mean values presented in the above

tubles.

It is evicent from these tables that taere
cxisted varimbility in respect of cuemical coupasition
of the progenies of tie saze varlety. Tae winisum ond
paxiuus vardabdility in respect of the different
c..aracters of the apple of tae sesdling asrogenies of

the sixteen varie.les studied are t:bpulsted in Table 7.
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Table 7. Variecties, the progenies of which show minimum
and maximmn variability in cashew apple
characters
Variety
Character

Hinimus variability Maximunm variability
Tebedde K 10-2 (7.89) Sawantwacl (15.62)
Sugar K 10=2 (6.93) Sawantwadl (21.73)
Brix/acic ratio K 10=2 (16.55) Javantwadl (54.76)
Moisture K 10=2 (0,81) VYengurla 37-3 (4,01)
Iron K 10=-2 (13.83) Ansur 1=:7 (79.9)
True tunnin BLA 139=1 (11.3) Vongurla 36=3(26.59)
rectin BLa 139=1 (3.1) ‘Vengurla 37=3(31.05)
Total ash 3LA 1379=1 (6.6) Ansur 127 (4.14)
Acid Insoluble ash 3LA 139=1 (G.74) . Ansur 1=27 (9.4)
Juice recovery 3LA 256=1 (5.81)  Vengurla 37-3 (21.61)
Crude fibdre ALA 2561 (5.76) " Vepgurla 37-3 (12.87)
Zotsl tannin 3LA 296=1 (13.52) "M 10/ (27.78)
Bther extractives H k=7 (5.9) ' M 6/1 (20.3)
Phosphorus H be? (1h.40) K 10=2 (32.1)
Average weight Vongur .a 36-3 (13.6) Ansur 1-27 (37.1)
Acidity Venguria 37=3 (15.74) ' Venguria 36=3 (4:.96)

Ascorbice acid
Sugar/acid ratio
Protein

Calciun

LA 273 (11.22)
Sawantwadi (13.04)
M 10/ (8.97)

K :7=-1 (17.6)

Vengurla 36-3 (100.68)

Vengurla 37=3 (5849)

B 6/1 (35.1%)

K 10-2 (60.83)

Coefficient of variation shown in brac:} ets,



Table 7(a).

Variability in weight and ce recovery of cashew apples
of seedling progenies of

yield rietli
(Mean m:!.tsaet:)mg varieties

Average weizht

Juice ;ecovery

Varieties &)
Mean Range C.V. Mean Range C.V.

Ansur 1-27 52.48 19.62 - 92.05 39.10 59.01 46,80 - 74.02 12.61
Vengurla 36-3 43.15 32.02 - 55.50 13.60 59.44% 51.60 - 68.80 7.28
Sawantwadi 50.57 28.90 = 66.00 19.2% 62.80 4%6.00 - 74.24 12,71
Vengurla 37-3 .08 23.90 - 65.50 30.4% 57.20 #1.40 - 74,60 21.81
BLA - 1 52.9% 28.60 - 86.00 31.45 65.69 55.20 - 78.60 9.82
BLA - 40 55.03 30.70 - 81.33 .29 59.38 51.70 - 78.50 11.01
LA - 56 50.7% 30.80 - 92.50 39.33 58.49 50.60 = 71.50 10.96
BLA - 273 46.00 31.40 = 74.80 27.30 56.26 51.40 - 65.20 7.31
M 10/ 49.09 32.20 - 68.80 .22 50.57 40.30 - 68.90 15.70
M 6/1 50.96 30.80 - 78.80 35.52 62.25 55.12 = 71.90 7.02
K 27-1 47.71 23.80 - 82.80 38.48 5%.05 M8.60 - 62.20 7.16
M 76=1 0.9 22,20 - 68,50 29.73 59.31 51.20 - 74,02 10.5%
H k.7 48,00 27.50 = 73.20 29.50 64.33 57.50 - 71.30 7.01
K 10=-2 74.08 50.60 =103.70 23.00 63.27 S4.Me0 - 72,20 7.51
3LA 139-1 42.38 24,50 - 68.20 33.58 60.56 5%+.80 - 68.10 6.29
BLA 256~1 32.45 24,20 - 50,20 25.08 53.00 55,80 - 68.50 5.81

C.Ve. Coefficiont of variation

¢S



Table 7(b).

eashev ap
varietias

(Mean wvalues)

Variability in brix/acid ratio and sugar/acid ratio of
es of seedling progenies of high ylielding

Brix/acid ratio

Sugar/acid ratio

Varieties

Mean Range C.V. Mean Range c.V.
Ansur 1-27 39.13 17.50 = 81,20 3.21 33.90 W.b2 - 66,80 W4.23
Vengurla 36-3 38.8 12.50 - 58.30 36.5% 37.21  12.10 - 57.70 37.13
Savantwadi 32.25 15.30 - 51.60 .76 21.69 14,20 - 51.80 13.0%
Vengurla 37=3 30.25 11.30 - 88,90 W6.27 27.66 10.20 - 83.90 58.90
BLA - 1 31.07 21.60 - 53.60 25.97 28.01  18.10 - 50.60 27.9%
BLA - 40 27.70 17.50 - 42,20 25. 3% 2.19 15.00 - 35.30 25.28
BLA - 56 32.89 17.10 - 56.00 25.02 29.10  15.40 = 48.90 27.71
BLA - 273 23.18 15.80 - 33.30 21.07 20.45 14,20 - 30.20 22.50
H 10/ 25.62 12.950 - 3.7 36.53 22.65 10.20 - 39.43 36.60
M 6/1 37.20 20.92 - 62.07 32.57 33.73 15.43 = 55.2% 33.30
K 27-1 37.61 20.00 - 58.33 27.53 }.08 18.55 - 52.92 27.68
M 76-1 37.00 20.69 - 60.87 28,5% 35.11 19.50 = 55,20 27.31
H %9 %1.70 19.35 - 72.86 46.80 37.56 17.42 - 89.30 ®7.70
K 10-2 23.83 21.19 - 36.11 16.55 24.79 17,04 - 31.9% 17.70
BLA 139=1 31.16 17.1% - 58.33 32.70 27.67  15.1% = 47.90 31.30
BLA 256-1 27.33 1601 =« 69,4 43,52 23,63 .06 - 63.30 53.40

C.V. Coefficient of variation

€S



Table 8(a)

Variability in T.6.5. and acidity of cashev apple juice of

seedling progenies of high ylelding varieties

T.8.8. % Acldity &
Varicties Mean Range C.V. Mean Range C.V.
Ansur 1-27 12.78 10.0 - 16.0 11.8% 0.39 0.16 - 0.77  42.30
Vengurla 36-3 1%.38 12.0 - 18.0 12.9% 0.143 Ded = 0,96 2,96
Sawantvadi 11.97 9.0 = 16.5 15.62 O.le1 0.27 = 0.70 31.87
Vengurla 37-3 11.85 10.0 - 16.0 13.76 0. 52 0.18 « 0.93 15.7%
BLA - 1 13.37 11.0 - 16.0 9.57 045 0.28 - 0.58 19.51
BLA - W0 12.47 10.7 - 16.0 11.60 0. 47 0.32 = 0.6  22.15
BLA - 56 13.10 11.0 = 15.0 11.80 042 0.28 - 0.70  22.57
BLA = 273 12.58 11.0 = 15.0 946 0. 56 Q042 = 0.76 17.02
M 10/ 11.69 9.0 = 15.0 %.97 0.51 0.31 = 0.99 33.25
M 6/1 .16 11.0 - 18.0 15.62 0.42 0.22 = 0.70 31.36
K 27s1 12.53 11.0 = 15.0 9.43 0.36 0.26 = 0.57 25.19
M 76-1 12.91 10,0 = 16.0 10.69 Qe37 0.23 = 0.60 28.41
BY -7 13.33 11.0 - 16.0 10.29 0.38 0.16 - 0.70 38.08
K 10-2 12.5% 11.0 - 15.0 7.89 0.45 0.38 « 0.59 16.60
SLA 139=1 12.39 10.5 =~ 14.0 9.58 Oek3 S = 0,70 26.96
BLA 256-1 11.83 10.0 = 13.5 8.51 0.50 0.18 = 0.76 31.20

C. v.

Coef ficlent of wvariation

(B4 ]
-~



Table 8 (b)

Variability in juice composition of cashew apples of
seedling progenies of high ylelding varieties (contd..)

Ascorbic acid Sugerxr
mg/100g ;

Varieties —_—

Mean Range C.V. Hean Range C.V.
Ansur 1-27 253.10 17,0 - 24,2 23.19 10.97 8.} - 1,02 11.82
Vengurla 36-3 225.35 156.5 - 467.% 100.68 13.87 11.60 - 17.30 12.87
Savantuadi 237.%0 183.9 - 387.3 2244 11.05 8.80 - 14.60 21.73
Vengurla 37-3 267.00 186.6 - 363.1 18.83 10,70 8.10 - 15.10 16.28
BLA - 1 255.95 192.% - 387.0 18.5% 12.00 10.00 - 14,60 11.0h1
BLA = 40 302.97 4.0 - 500.0 26.75 10.86 9.00 - 12.70 8.90
BLA - 56 245.30 16h.0 - 355.3 21.36 11.5% 10.10 = 13.20 10.66
BLA - 273 252.50 201.7 - 303.2 11.22 11.07 9.80 - 12.70 8.80
M 10/ 270.42 200,00~ 349.8 15.49 10.36 8.20 - 13.60 1%.30
M 6/1 256.22 196.7 - 360.2 13.5% 12.80 9.80 ~ 16.47 14,37
K 27-1 300.79 213.5 - 391.9 16.4% 11.37 10.10 = 13.40 8.77
M 76~1 232.52 19%.0 - 285.0 12.71 12.97 9.13 - 13.46 15.22
H Le? 21,60 201.2 - 3220 13.47 11.97 3.60 » 14,30 10.46
K 10=2 238.76 201.2 - 26k.1 11.952 10.88 ).90 » 12.60 6.93
BLA 139-1 237 7% 118.6 - 363.6 21.84 11.01 8.50 - 12,20 9.05
BLA 296-1 222.33 100.3 - 295.3 2o P 9.2 8.30 = 11.80 13.67

C.V. Coefficlent of variation

GG



Table 8(c).

Variability in julce composition of cashew apples of

seedling progenies of hi;h ylelding wvarlieties (contd.)

rbtalgtannin Irueﬂfannin
Varietics —_—
Hean Range c.V. Mean Range C.V,

Ansur 127 0.52 0.32 - 0.78 1913 0.30 De2é =« 0.39 16.21
Ven:urla 36-3 De91 0.36 - 0.70 21.16 0.25 Jetle = Q.35 28.99
Sawantwadl 0.52 0.38 - 0.67 15.7% D26 0.16 = .37 20.38
Vengurla 37-3 0.68 0e30 - 0,47 206.52 Qu 3¢ Je17 = 015 26,02
BLA - 1 .46 0.31 = 0,62 21.69 Qecls 0.17 - 30.33 20.52
BLA - MO 0«33 Oe2le = Q40 18.98 Je 20 Oulle = 0,32 23.80
BLA - 56 0.8 0.30 = 0.69 20.67 0.26 0.16 = 0,38 29.63
BLA - 273 0e59 0e32 - 0.69 17.68 0.28 0.19 = 0,37 th. W6
¥ 10/ 0.52 0.32 = 0.90 29.78 0.29 0.18 - 0.36 26.%9
¥ 6/1 0.k 0.28 = 0.63 2+.99 0.26 0.16 = 0.39 27.50
K 27-1 0.57 0.38 - 0.73 17.35 0.29 016 ~ 0.3t 28.36
M 76-1 0.6 0.30 - J.74 20.18 0.26 Oells « 0,37 18.77
H hag 0.40 0.30 - 0.63 17.65 0.22 0.16 - 0,28 17.91
K 10-2 0.51 G0 = Q.6 1%.59 0.30 0.23 - 0.38 16. M1
8LA 139=1 a.k9 Ve3H = 0.56 .0 0.30 0.25 - 0.38 11.30
BLA 2561 .35 0.30 = 0.55 13.52 0.27 0.21 « 0.37 1. %

C.V, Coefficient of variation

96



Table 9(a)

(Values exnressed as percentage of

Variability in chemical composition of cashew apples of
seedling progenies of high ylelding varieties

fresh apple)
Moisture Protein
Varieties A %
Mean Range C.Ve Hean Range c.v.
Ansur 1=-27 86. 21 8+.50 - 88.20 1.°8 0.50 0.31 - 0.7% 26.06
Vengurla 36-3 85.2% 83.02 - 87.30 1.77 0.56 0.38 - 0.81 26.12
Sawantwadli 88.9% 82.50 « 91.90 2.57 Q.71 0.56 - 0,88 13.10
Vengurla 37-3 85.76 73.20 - 89.80 L. 0.75 0.56 « 0,9 11.06
BLA - 1 85.88 82.30 - 87.60 1. 0.79 0.63 - 1.00 12.60
BLA - WO 86.7% 84.30 - 89.50 1.72 0.80 0.63 - 1.00 16.02
BLA - 56 87.40  83.10 - 89.72  1.60 0.68  0.50 - 0.81 16.23
BLA - 273 86.31 8%.50 - 87.62 1.03 0.71 0.63 - 0.88 9.30
M 10/ 86.22 83.87 - 872.77 1.2% 0.90 0.75-4 1.00 8.57
4 6/1 86.65 8%.30 -~ 87.90 1.37 0.46 0.31 = 0.56 35.1%
K 27»1 86.5%  B8..85 - 87.80 0.88 0.60 0.38 - 0.81 2h.35
M 76-1 86.7% 85.19 - 88.87 1.34 0.76 056 = 0o .10
H Le? 85.9% .3 - 87.50 1.08 0.65 0.50 = C.81 11.50
K 10«2 87.2% 86.09 - 88.90 0.81 0.47 0.38 - 0.56 13.76
BLA 137=1 86,50 85.48 - 88,64 1.73 .86 Je75 - 1.00 10.62
BLA 256-1 67.99 86.62 - 89.90 109 D43 0.31 = 0.96 17.27
C.V. Coefficient of variantion
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Table 9 (b).

(Values expressed as percentage of

Variability in chemical composition of cashew apples of
seedling progenies of high ylelding wvarileties (contd..)

fresh apple)
Bther extractives Crude fibre
Varicties a a
Mean Range C.Ve Mean Range c.V.
Ansur 1-27 .53 Q.40 = 0.66 12.4 0.77 0.959 - 0.% 1.77
Vengurla 36-3 .69 Ot = 0.30 16.85 0.76 0.61 » 0.89 11.09
Savantvadi Je56 0e52 = 0.67 7.73 0.69 0.60 - 0.78 7.9
Vengurla 37-3 0.72 0.51 = 0.87 1%.38 0.78 0.65 - 0.92 12.87
BLA - 1 U052 0e33 = Q.64 19.20 0.63 0.950 = 0.7% 10.13
BLA - W0 O M0 0.31 = 0.48 10.03 0.89 0.80 - 0.99 6.39
BLA - 56 043 0.32 = 0,59 13.00 0.69 0.58 - 0.82 9. 80
BLA - 273 0.9% 0.0 = 0.66 13.80 091 0.80 - 0.99 12.60
M 10/ 0.59 0.37 = 0. 7% 15.12 0.78 0.67 - 0.89 3.56
# 6/1 0.49 0.0 - 0.58 20.30 0.71 0.55 = 0.8k 11.8
K 27-1 0.5% 0.47 - 0.61 7.78 0.68  0.58 ~ 0.78 8.90
M 76-1 0.51 Ol = 0.65 11,01 0.71 0.58 - 0.86 13.70
H b7 O ks5 Oult2 = 0.52 5.90 Q7% 0.66 - 0,89 7.90
K 10=2 0. 50 Jeit) = 0.96 3.63 0.69 0.63 - 0.77 6.71
dBA 139~1 Velt5 0.38 - 0.5% 1010 0o 7l 0.60 - .85 10.00
LA 256-1 ek 0635 - O 47 8.32 0.77 0.70 - 0,85 5.76
C.V. Coefficient of variation
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Table 9(c).

Variability in chemical composition of cashew apples of

saedling progenies of hizh yielding varieties (contd.)

(Values expressed as percentage of

fresh gpple
Pectin Total ash
Varieties % — _ %
¥ean Tange C.V. Mean Range c.v.
Ansur 1=27 0.50 0e32 = 0.7% 20,72 0.58 0.30 - 0.79 9
Vengurla 36-3 0.70 Ge55 = 0,90 15.60 0.65 0.48 - 0.85 17. 1
&avantwadl 0.56 Q.82 - 2,70 12412 0.77 0.70 - 0.88 7.15
Vengurla 37-3 0N 0.2k = 0.68 31.05 D.5% 0.1 - 0,68 18.65
3LA - 1 0.35 0e21 = 0,56 27.50 0.51 0.36 - 0.73 19.16
BLA - 40 0.38 0.26 = 0.58 25.50 0.82 0.62 = 0.97 9. 45
BLA - 56 0.36 0e20 = 0.50 2,40  0.76  0.59 = 0.90 13.25
BLA - 273 0.32 0.20 - 0.46 21.60 0.68 0.51 = 0.82 16.57
M 10/% 0.73 0.70 - 0.77 24,63 0.57 0.45 - 0.68 13.70
M 6/1 0.56 Ot - 0,68 13.90 0.61 0.47 - 0.76 14,70
K 27-1 0.62 0.50 = 0.74 11.80 0.63 0.45 = 0.76 16.20
M 76-1 0.61 0.5% - 0.68 7.16 0.598 .35 - 0.68 9.06
H Lha? 0.64% JeS = 0,68 9.16 0.58 0.45 = 0.68 10.51
K 10-2 Q.67 0.99 = 0.7% 6.70 0.40 0.33 = 0.47 11.8%
SLA 139-1 0.71 0.68 = 0. 7% 3.10 0.60 e = 0.66 6.60
BuA 256-1 0.58 J¢951 = 0.65 6.55 .56 J42 = 0.69 13.00
C.V, Coefficient of wariation
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Table 9 (d).

Variability in chemical composition of cashew apple of
seedling progenies of high yielding warieties (contd.)

(Values expressed as percentage of

- fresh apple)
Acid insoluile ash Calcium
Varieties 2 £
HMean Range C.V. Mean Range C.V,
Ansur 1=27 0.3 Oetl = 0.58 29.%0 0.006 0.004 - 0,011 40,78
Vengurla 36-3 035 0.2 = 0.5% 25.77 0.015 0.019 = 0.020 21,21
Sawantwadl Q.40 0.36 ~ 0.48 3.10 0.012 0.007 - 0.016 24,80
Vengurla 37-3 0.29 0.20 = 0.36 13.73 0,009 0.005 = 0.015 W.77
BLA - 1 0.28 0420 = 0,48 23.50 0.011  0.00% - 0,016 30.88
BLA - 40O Ouls2 0.3 - 0.59 13.90 0.016 0,004~y 0.019 26.88
BLA - 56 0.50 0.32 - 0,68 20.80 0.010 0.006 - 0.016 23.5%
BLA - 273 0.0 0e30 = 0.5% 18.30 0,012 0.007 - 0.020 33.89
M 10/% 0.33 0.25 ~ O.l1 17.30 0.009 0.005 = 0.015 25.50
M 6/1 0.42 028 = 0.5% 15.60 0.008 0.005 - 0.016 28,6k
K 27-1 0.36 Ok = 0.48 23.%0 0.011  0.008 = 0,015 17.60
H 76-1 0.39 0.28 = 0.53 16.40 0.009 0.005 = 0.012 23.60
H 47 0.36 0.29 - 0.46 13.37 0.009 0.00% = 0.013 21.16
K 10=2 0e23 016 = 0429 15.7% 0.009 0,005 -~ 0,022 60.83
BLA 139-1 Q.42 0e36 -~ Q.08 8.74 0.006 0.005 - 0.010 19,90
BLA 256=1 0.33 0e23 = 0.2 16.80 0.008 0.005 = 0 011 20.40
C.V. Coefficient of variation
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Table 9(e)

Variability in chemical composition of cashew apples of
Seedling progenies of high yielding varieties

{Values expressed as percentage of

(contd.)

fresh apple)
Phospliorus Iron
Varieties #" A
Mean Range c.V. Mean Range c.vV.

Ansur 1-27 0.022 0,009 - 0.032  26.13 0.0010 0.0006-8.0018 75.90
Vengurla 36-3 0,027  0.020 - 0.038  20.65 0.0008 0.0006 - 0.0019 18.28
Sawantwadi 0.026 0.017 - 0.038 25.70 0.0013 0.0009 - 0.0027 33.5%
Vengurla 37-3 0.019  0.011 - 0.030  29.50 0.0012 0.000% = 0 0015 33.M0
BLA-1 0.016  0.010 - 0s027  27.50 0.0009 0.0006 = 0.0016 28.40
3LA - 40 0.027 0.022 - 0.036  28.%0 0.0015 0.0010 - 0,0020 29,00
BLA - 56 0.020 0.015 - 0.027  19.00 0.0011 0.0009 - 0.0016 20.00
BLA - 273 0,020 0,015 - 0.033 22.70 0.0013 0.0009 - 0.0015 24,00
N 10/% 0.019  0.011 = 0.029  24.27 0.0011 0.0008 - 0.0016 23.77
N 6/1 0,016  0.011 - 0,024  19.00 0.0009 0.0006 - 0.0012 19.kk
K 27-1 0.021 0,016 = 0.032  18.60 0.0015 0.0011 - 0.0022 17.6M
M 76-1 0.017  0.013 = 0,023  16.2% 0.0012 0.0009 - 0.0017 16.50
H Y=? 0.018  0.01% =« 0,023 14,46 0.0012 0.0029 - 0.0015 16.13
K 10-2 0,011 0.710 = 0.015  32.10 0.0008 0.0007 - 0.0010 13.33
SLA 139=1 0.012  0.009 - 0.01)  27.90 0.0009 0.0007 = 0.0012 16.30
BLA 256-1 0.016  0.009 - 0.020  22.60 0.0011 0.0007 - 0.001% 21.10

c. v.

Coef:'icient of wvariation

19




Correlation between average weight and percentage

Juice recovery of apples of the seediing progenies of all the
sixteen varieties are presented in Table 10,

Table 10. &imple correlatiun coefficients and linear
regression egquations between average weight and
percentage Jjulce recovery of cashew apyles of
seedling progenies of high ylelding varieties

Mean Maan Gimple Lincar regression
Varieties ::gra%e Juice eor;;la:imé equati. anx
3 mcomry coe 10 anv y = a +
(g () 'yt
x y

Ansur 1«27 205 590 0097?&. 10'0052 + O.,ﬁ!
Vengurla 36~3 3.2 TR 095, 29.23 + 0.,70x
Sa\i&l‘lt\v‘aﬁi 2806 62 8 0.&, 23.;) + J.?Sx
'angurla 3?'3 . | 5702 Qe » 2 T O+ 0:763
BLA -~ ’ 5209 650 ao%ﬁ* 010 + 0.32:
SLA = "'0 55.0 59. 0.99,,3 W.ﬁ? +* 0. X
5id = 23 Ee 5 %3 weidin

- . WJe - ™ + Ue JIX
M 10 49,1 50, 0.90,, 2110 + 0.60x
M 9 1 d‘oo 62.3 0098:;‘,, Qe + }02&}1
K 57‘1 9‘.1 0.7 " 5.90 + 0417‘
M 26'1 5903 005 » %060 + 0.31:
H h‘.?» W.O 6‘0‘.3 Q. - 5 tf:)o 0 + 0-;3135
K 10=2 ao1 63.2 Gog‘m‘ *38. 5 ¥ 0.20‘
3La 13‘9‘1 . .‘. 60, Q. " 88.81 *+ sJ.E}z

** ldghly signifiennt correlation at 1. level
Correlation coefficlients between average weijht anc
Julee recovery of ap.les of seedling progenies witiiin a
varlety were positive and highly sijnificant as evidenced from
the taole. The lincar regression equations four tihe different
varieties were also found to be statistically sinificant.



DISCUSSION



BINCUSE ION

Cashew apple which is an important hy-praduct
of cashev i3 not utilised to any great extent,
at present., Bventhough this false fruit contains a
good amount of nutrients like sugar, vitamin and
minerals, it is not used for human consumption in rav
form or as a processed product because of certain sorid
and astringent principles which are not acceptable to
the taste., Very little effort has been made in the
past to critically anaslyse th&a valuable product and to
find out methods of utilising 4it. If methods are found
out to utilise it in a processed form, it will not omly
contribute to better returns from cashev groving but
also will contribute to the production of substantial
quantities of soft drinks, fernented and unfermented
Juice and other products like jam, Jjelly, candies etc.
It i3 with the sbove objective in view that the present
investigations were taken up, choosing sixteen improved
varieties of cashev now being tested mainly for their
yield s nut characters,

The cashew apple and its juice have attracted the
attention of scientists from the earliest days. Gandvo
(1576) has stated that cashew apple was a refreshing
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gruit during the hot season. Dutta (1929), Jain

2% al. (1952), Xnan (1961), Alyadurai (1966) and a
number of workers have deseribed the morphalogical
features of cashev apple of different trees, Bt

their studies do not indicate the varisbility of cashevw
apple within the seedling progenies of the same variety.

It was found in the present studles that the
colour of apples of different varieties can be grouped
under three categories namely red, yellow and mixed
shades of these two calours. Kramer (1966) has reported
that uniformity in colour is desirable especially in
cases where the fruit as such is utilised. In this
respest the variety BLA-1 which produced yellow
apples only, was found to be the best.

With regard to shape, cashev apples of different
varieties come under four groups, namely conigal,
cylindrigal pyriform and rhamboid. Shape of cashew
apple has got a profound influence in determining its
suitability for processing especially for canning.
Apples of cylindrical shape vas highly suitable for this
purpose as they suffer minimum losses during trimming
and handling. Present investigations showed that the
variety K27-1 and Vengurla 37-3 have a high proportion
of trees producing epples of cylindrical shape. 3Sased



on their sultablliiy in shape, apples of thcse
varieties are refommended for camning.

The seedling »rogenies of all ths sixteen
varieties which were studied, exhibited variability
in colour and shape in varying proportions. Wihen both
colour and shape are considered, the progenies of
K27-1 showed the least vardiability.

In respect of the measurable physical characters
like average waelght, length, diameter and Jjuice content
of apples, the variety Ki0«2 was significantly superior
to all other varieties. 7This wvarlety produced the
largest sized opples of 75. g weight, 9.4 eca length
and 9,06 on dianeter. The suallest apples were proaduced
by 3LA 2561 the mean weight being only 29.2 ge. Such
variability between differcnt trees in tiec same plantation
have been reported from Taliparamba and Nileshwar (ancn)
and by usany other workers = 8andhi (1962) and Anuni(167).

The asximupm lengti ratio (lengta/diamcter
ratio) of 1,86 was recorded by the variety K 10-:,
followed by K 27«1, Pantastico (1975) have recomsended
frults of higher length ratio for more camning recowvery.
If this recomaencation is token into sccount, tne waxioum
camr.in,; recovery can de axpected from the apples of K102,



But due to the maximun oolour variability and conical
shape of apples K 10-2 1is not recomuended where as

K 27=%1 which is aecond in order ol length ratio and
has recorded lesssr variation in colour and shaps will
be the vdest variety for camning.

The Jjuice rscovery in ap.les of differcnt varie=-
ties has been found o be within a range of Wh,9 to
6% por cent. These values are well compaﬁle with the
reported velues of Jjuilce recovery by Jain/\(1<)5z) 50 to
60 per cent, Johar (1957) 50 to 60 per cent, Sondhi(196:)
6.9 to 84,3 per cent and Anon (1967) .1 to 61.7
per ccnt. However, the percentage recovery of casaew
apple Julge obtained in the present studies is much less
than the recovery percentage reported by Singh and
Mathur (1953) 66,7 to 70.3 per cent.

Kramer and Twigg (1957) have raported that large
sige of fruit was desirable and economical provided the
julce content was hizh. The results of the presant
study have shown that apples of X 10«2 have the maximum
values for weight (75.%4 g), percentage juice recovery
(64,0) and juice content per apple (43,26 3g) followed
by Sawantvadi. It will be economic to select apples of
taese varietics for the extraction of cashevw apple Jjuice.

It wa3 observed in the present studies that
the chemical composition of cashew apple julce waried
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betwveen varieties as well as between the progenies

of the same variety. &ccording to Sreenivasan (1935)
the T.8.3. in cashev apple juice was 10.l per cent of
wvhich 9% per cent consisted of invert sugars. Joachinm
and Pannaithesekers (19%0) found that the Jjuice con-
tained 320 to 350 mg of ascorbie acid per 400 ml of
cashev apple Juice.

Sondhi (1962) has studied the chemical composi-
tion of cashev apple julce and the range of variability
in respect of major constituents namely T.38.8. (7.2 to
18.3 per cent) Acidity (0.1 to 0.7 per cent) sugars
(5.3 t0 17.7 per cent), total tamnin (0.2 to 0.9 per cent)
true tamin (0.0 to 0.7 per cent) and brix/scid ratio
(14,2 to 10.3). BResults obtained in the present investi-
gation for all these juice constituents were vithin the
range of the values reported Ly earlier workers.

The highest T.8.8. of 14,67 per cent and thc‘
specific gravity of 1.066 was recorded by the variety
M 6/1. Kremer (1966) reported that in the processing
of Jjuice concentrates the solid gontent and the yleld
of juice are equally important and determine the cost
of finished product. If this criteria is employed, M6/1
having a juice recovery of 60.9 per cent, T.5.5.0f 14,67
per cent and a specific gravity of 1.066 will be the



best variety for the production of Jjuice concen-
trates followed by K 10-2,

It was found in the present studies that the
highest quantity of total and reducing sugars 13.37
per cent vas recorded by the apples of the variety
M 6/1 followed by Vengurla 36,3 which regorded a sugar
content of 12.91 per cent.

The results of the present study have shown
that the quantity of total sugars present in the juice
and the quantity of reducing sugars in the juice were
the sane indicating that the sugar present in the juice
is entirely reducing sugars. %This result is in agreey
ment with the findings of Siddappa and Bhnatia (1954),
Ventura and Hollanda (1958) and Chakravarty (1961).

It has been reported by a number of workers -
Singh and Mathur (19§3) and Morton (1970) = that the
yellow apples were generally of superlior quality as
indicated by higher T.8.5. and sugar content and lower
acidity, as compared t0 red apples, But the present
studies have shown that sush distinction wvas not true.
It vas found that the variety M 6/1 which produced 50
per cent progenies having yellow apples had a T.S.8.0f
1,67, sugar,13.37 per cent and acidity of O.M6 per cent
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as campared to BLA-1 which produced 100 per cent
yellov apple progenies and had a 2.8.8. of 13.22,
sugar per cent of 11.93 and asidity of 0.47 per cent.
Thus it can be summarised that the quality of cashew
apple juice was essentially a varietal character
wvhich 1s not deternined by its colour, the only exce-
ption being Vengurla 37-3, a red apple variety wvhich
recorded the lowest 7.3.8. However, higher T.3.5. and
reducing sugar contents wvere recorded by the progenies
of a variety producing yellow apples than the progenies
of the same variety producing red apples.

8tudies eonducted at the C.F.I.R.I. have shown
that maximun sugar content and acidity of 0.39 to 0.k2
percentage as malic in eashev apple was desirable for
the Juice products like cashev apple Juice, clarified
juice cloudy juice and cashola. Accordingly, apples of
M 6/1, Vengurla 36-3 and BLA~56 are found to be better
for the preparation of juice products.

In ascorbic acid content, all varieties werse
found to be promising and X 27-1 topped the list with
321.16 mg/100 g juice followed by BLA-4O which recorded
308.68 mg/100 g. High amounts of ascorbic acid content
in cashev apple Jjuice is an important quality factor
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for the production of cajuvita, a vitaain enriched
Juice (Johnson, 1972). On this basis, K27-1 and
BLA=}#0 were the most suitasble for ‘cajuvita' preparation.

The tamnin content which is responsible for the
astringent taste vas the ainimum in BLA-W0 (0.33
per cent) and the highest in Vengurla 37-3 (0.7%
per cent). It i3 reported that the tammin and non
tannin oil content categorised under total tamnin ogn be
effectively removed by steam and chemioal trcatments.
Sastri gt al. (1962) reported that steam treatment and
cheaical treatments were found to affect adversely the
other nutrients of the apple. 80 selecting varieties
having lov tamin contents will be highly beneficial
for the processing industry. In this point of view
varieties BLA-40 having a tamnin content of 0.33, -7
(0.37) and BLA 256=1 (0.39) are important.

The brix/scid ratio and mar/ccid‘:f\;d oil
cantent are found to be varying in different varieties.
In respect of brix/esid ratio and sugar/acid ratio there
vas no significant difference between varieties.

In the present study, it wvas found that the
variety M 10/% ranked first in protein content (0.92
per cent) and pectin (0.72 per gent). Vengurla 37-3



topped the 1list in ether extractives (0.76 per cent)
BLA~1 in carbohydrate content (11.13 per cent) and
BLA-273 in crude fibre caontent, 8imilar counposition in
respect of the above canstituents have been reported by
a number of vorkers - Pariera g% al. (1966), Anon (1967),
Anon (1967a) and Anon (1376).

Barlier workers have reported that high content
of pectin is essential for the preparation of cashew
apple jam and cashew apple Jelly. Apples of M 10/4+ and
Vengurla 36«3 which recorded high pectin content were
found to be most suitable for jam and Jelly preparations.

Bernard (1973) reported that carbchydrutes are
of significance in fruits as they are directly related
witii sensory attributes of flavour and texture.
81imi1larly Remani (1978) reported that casheu gpples if
found to be rich in carbohydrate, can be recommended
for vine making with least consideration to their tannin
content. Apples of 3LA-$% and Ansur 1-27 which were
rich in carbohydrate were recamnended for 'feni' making
and for preparation where flavour and texture are
laportant,

The varicties differ significantly in respect of
total ash, acid ingoluble ash, calcium phosphorus and
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iron content in the apples, The total ash was the
highest in 3iLA-M0 and the minimum in K 10-2, In
respect of mineral contents, results obtained are
almost similar to that reported by earlier workers
except in iron content which wvas mueh less than those

reported earliier,

A munber of studies have been made by different
workers on the mutritive value of cashev apple residue
obtained after the eitraction of the Juice. Chakravarty
(1761) has reported that the residue contained 9.5
per cent protein on dry matter basis. 8ondhi (1962)
has recorded 9.12 per cent protein on dry weizht basis,
8.2 to 11.2 per cent pectin on dry veight basis, 33 to
61.2 mg/100 g of ascorbic acid and moderate amounts of
minerals like ¢anleiuu, phosphaorus and irun in cashew apple
residue,

The residue analysis of the present studies
showed that the variety M 10/% had the highest protein
content of 1.99 per cent an fresh weight basis followed
by BLA=WO wnich had 1.82 per cent of protein. In vectin
content BLA 139«1 tops the list (1,64 per cent)
followed by 1.62 per cent in the type M 10/4. The
residue also contained substantial quantity of ascorbic
acid ranging from .3 mg/100 g to 65.61 mg/100g,



Tne high amount of pectin contained in the
residue indicates the posuibility for extracting
pectin fram the cashew apple residue on a comuercial
sonle. As the residue 13 rich in protein and ascorbic
acid, 1t can form a mutritive component of cattle feed.

In the present sftudies, 1 was found that
there was positive correlation between the welzht and
percentage julce recovery of apples of differont
varieties., iHighly signiligant correlation was recorded
by the seedling progenies of the sae variety. Sondni
(1962) and Atyadured (1966) have reported siuilar
corralation betwean whe Wl ht of thes apole and the
percentsge recovary >f the Jjuice., The present results are
helpful to selsct cashow adples for julce extruction
pesed on sige of apple. 7The linear regression equations
of percentage julce ragovery of apples on weight of
apples for the different varioties were also found to be
statistically cignificant. ZThese equations can he
utiiised for preclcoting the expected Jjuice rccovery of
cashew apples if the weigat of the fruit is known.

Varianility in apple characters of seediing
progenies of the different varieties wers studied. Xt was
obsegrved thav there exlsteld variatiin vetween proganies

of tiie same varioty in respect of alsost all Laportant



74

chamical and morphalogical characteristics.

The varieties showing aintmm variability with
regard to different charascters were identified in the
present investigation. Variety K10-2 exhibited least
variability with regard to total soluble sollids, sugar
content, brix/scid ratio, moisture and iron content.
Among the varieties studled, apples of seedling progenles
of Vengurla 3-3 showed paximum uniformity in average
weight, and 3LA2Y6-1 in percentage juice rccuvery, total
tannin snd crude fibre. Minimum variability in acicity
vas recorded by tiie seddling progenies of Vengurla 37-3
vhereas SLA=273 showed least variability in ascorbic
ecid content of apple julce. lLasser variability was
recorded in sugar/acid ratio by Sawantwaii, protein
content by H 10/4+, ether extractives and phosphorus by
Hr=7 and calciun by K 27-1. deecdling progeules of BLA 139-1
mdorded minizs variability with regard io jecting total
ash and insoluble ash. Varieties witii least variability
in physicoe=chemxical composition of casiew apple will be
an asset to processing industry.

In uoet of the studiss conducted by earlierx
workers the variability reported was betwegn the trees
of unknown heridity and growm in different yardena.
The present study differs from the earlier ones in the
fact that tie variability snown are in respsct of
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seedling progenies of the sauze mother plants.

Howevey, Dazodaran (1977) had stutdied the variability

in respect of the F1 hyorid progenies of diffurent

eross combinations, He found that Lizre vas gonsidersble
variability in respect of wmost of tas coconomic characters
of theee hybrid progeniea, Ihe present study exshasises
the nsed for adopting vegetotive propagation wcethads

for the mltiplicetion of selected hybrids or superior
pother trees avnilable in the exis%ing population

get suverior quality apples with lcast variability in

corpos itian,

It axy De seen fron tha foregoing discussions
that there was voriaovility in tne physico=chemiceal
qualities of caslww apples of diffsrent varieties as
well as asvedling progenies of the same variety. This
indicsies the necessity and ipportance of studying the
qualitative aapects of cashew apples in the evolution
of better varievina. Therefore, it 18 suggested that
it should form an index of selection for evolving

bettsr varicties of casnev.



SUMMARY



BUNMARY

Ths physical and chemical characteristics
of apples of sixteen warieties of cashew representing
superior selections from the four Cashew Research
Stations at Anskkayam (Kerala), Vridhachalam (Tamil
Natu), Vengurla (Maharashtra) and Bapatla (andhra
Pradesh) were studied during the period 1977~78 at the
cashev plantation in the main campus of the Xerala
Agrioultural University at Vellanikkara.

The following were the main findings of these
investigationsi-

The calour of apple of different varicties
came under three categories, namely, red, yellov and
mixed shades of these colours.

The shape of apples vas either conical, gyline
drical pyriforz or rhomboid,

VYerietics differed in respect of the mean
weignt, length, dimmeter, length/disncter ratio and
Julce content of apples. The variety K 10-2 ranked
first in reapect of the sdove physical characters
followed by Sawantwadi, Due to their better sise and
increased juics content apples of K 10-2 and Sawantwadi



can be utilised for the extraction of cashew apple
Juice.

Cashev apple juice of the variety M 6/1
recorded the maximum T.8.8,, specific gravity amd
sugars, Varieties M 6/1 and K 10-2 are recommended
for the production of juice concentrates based on
their high Jjuice recovery and solid contents.

The sugar content of the apple julce wvas
entirely in the form of reducing sugars.

With regard to ascorbic acid content K 27-1 and
BLA 40 ranked first and second. 4Apples of these
varieties magy be utilised for the production of vitamin
enriched juices.

The tannin content which wvas mainly responsihle
for the astringency in juice vas the minimum in BLA-LO
followed by He+7 and BLA 2561,

No significant difference DLetween varieties
were obssrved in respect of brix/acid ratio and sugar/
acid ratio.

Variety M 10/% recorded the maximun protein
and pectin eontent. Vengurla 37-3 topped the list in
ether extractives and BLA-273 in orude fibre content.



Apples of M 10/% and Vengurls 37-3 which
recorded high pectin content can be recammended
for jam and Jelly preparations.

Abples of BLA-1 and Ansur 1-27 had the
highest carbohydrate content and so ¢an be utilised
for 'feni' preparation.

The residue of cashev apple left after the
extraction of juice was found to be rich in protein
and ascordic acid content and hence it may form a
constitucnt of cattle feed.

Varteties BLA 139-1 and N 10/% due to their
high pectin content in residue may be utilised for
extracting pectin,

The resultes of the study of apples collected
from the progenies of different varietiss shoved that
there vas congiderable variation between the progenies
of the same variety vith respect to almost all
characters studied.

Based on the dagree of variability represented
by the coefficient of wvariation, the seedling
progenies of the variety K 10-2 showed the minimum
variability in respect of 7.8.8., reducing sugars,
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brix/ecid ratio, moisture content and iron. With
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APPENDIX I

Analysis of variance for average weight, length,
diameter and juice r:covery

MEAN SUM OF SQUARES

Average Juice
Source ar weight Length Diameter recovery
Replication 2 O 0,06 2,37 .49
Varieties 15 145.36°°  8.87°° 7.8 23m.87""

Bxperimental 30
error

S8ampling error 96

C-Do (P - 0005)

106,43 0.95

9575 0.77

9.92 0.9

3.75  2B.45
.07  21.82
0.59 5¢13

» %

8ignifrdicant at 5 per cent level
8izniicant at 1 per c~nt level



APPENDIX II

Analysis of variance for 2.8.8., sugar, acidity, ascorbic aecid,
total tamin end true tanmnin
MEAN SUM OF SQUARES
, Ascorbie Total True
Source as T.8.8, 8ugar Acldity acid tammin tanmin
Replication 2 0.65 0.46 0.055 600.3 0.005 0.00%
Varieties 15 7.22° 7. 0.03"  283.1" 0.081"" 0.013""
Experimental 30 2.70 2.70 0.02%  3549.81 0.0%  0.00%
erroy -
c.D-(P = OQGS) 1.57 1058 - 57.35 0011 ODW
N.S, Dhot signiricant

»

e

S8ignificant at 5 per cent level
8i.nificant at 1 per cent level



Analysis of wariance for specific gravity,

APPENDIX IIIX

brix/acid ratiofsugar/acid rato
MBAK SUM OF SQUARLS

8pecific Brix/acid 8Bugar/acid

Source ar gravity ratio ratio
Replication 2 0. 000009 220,09 19.60
Varieties 15 0.000227" " 2A7.60" 540, 3
Experimental 30 0. 000066 287.%5 155.37
error
ﬂuplinﬂ orror % 0.%0038 111001 . %.63
CJJ.(A’ = 0005) 0.0078 g bt
23 Not significant

L L

$Egnificant at 1 per cant level



APEDIX I

Malysis of variance for moisturs, protein, ether extmactives,
crude fibre and pectin

MEAN 8UM OF SCUANKS

Source ar Moisture Protein Ether extra=- Crude Pectin
ctives fibre
Heplication 2 1.19 0.02 0.02 0.003 0.00%
Varictios 15 5.17%8 0,19  0.085""  o0.0M8"" 0.192""
Experimental error 30 6.9 0.008 0.006 0.00¢ 0. 905
Sampling error 96 1.65 Q. 01k 0.00% 0.005 0,009
C.be (P = 0005) —— 0.08’5 0-075 0.059 O.Wo
NS Not significant

- S8ignificant at 1 per cent level



APPENDIX ¥

Analysis of varlance for total ash, acid insaluble ash, calclium,

phosphorus and iron
MBAN SU¥ OF SQUARES

Source d4f Total ash Acid Anso- Galciun Phosphorus Iron
luble ash

Replisation 2 0.005 0.0013 0. 000009 0. 00001 0. 000000075

Varieties: 15  0.099"  0.009™ 0.000067"  0.00019"" 0.00000055 *

Experimental 30 0.006 G.0073 0.0000055 0.00002 0. 00000008
erYor

Sampling error 96 0.01 0.0049 0.00001 0.00002 0. 00000006

CoeDe (P = 0.05) 0.072 0.082 0.,0022 0.00Mk 0. 00029

s 8ignificant at 1 per cant level




APPENDIX VI

Anglysis of variance for residue recovery, residue molsture,
residue protein, residue pectin and resicdue-

ascorbic ascid

MRA GUH OF 8L UARES

8Source ar Besidue [FKesidue Residue Residue Residue
recovery moisture protein pectin mrbic
Replication 2 3.2 2.27 0.03 0.205 126.89
Yaricties 15 109.50"%  9.92"" 1.16"° 1.10  313.87""
Experimental error 30 67.99 1.63 0.067 0.05 68.39
Sampling error 9 ».78 1ol 0.097 0.0k 133.143
CeDe (P = 0.05) - 1.3 .25 0.22 7.96

ua Not significant

*e Signific:nt at 1 per cent level
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ABSTRACT

Physico-chemical characters of cashew apple
of sixteen varieties representing superior selections
fram the four Cashev Research Btations at Anakkayams
(Kerala), Vridhachalam (Tanil Nadu), Vengurla
(Maharasntra) and Bapatla (Andhra Pradesh) were
studied during the period 1977-'78 in four year ald
trees of the cashev plantation in the main campue of
Kerala Agricultural University at Vellanikkara.

The objective of the investigation was to
identify varieties producing superior quality apples.
Variability in qualitative factors of the apple of
sixteen varieties as wll as seedling progenies of
the same variety was studied in detail.

The study revealed that the variety K 10-2
ranked first in respect of the mean weight, length,
diameter, length/diameter ratio and juice content of
apples. Variety M 6/1 recorded the maximum T.8.8.,
specific gravity and sugar. 7The sugar content of
apple julce was entirely in the fomm of reducing
sugars., With regard to ascorbic acid, K 27-1 topped
the 1list. Minimum tanin was recorded by BLA-WO,
Maximum protein and pectin content was recorded by



M 10/%. Vengurla 37-3 stood first in ether
extractives and BLA-273 in crude fibre content,
APples of BlLA=1 and ansur 1=27 had the highest
carboliydrate content.

Ihe residue of cashev apple left after
extraction of Juice was foynd to be rich in protein
and ascorbic acid and so can be utilised as a
constituent in eattle feed, Varieties BLA 139-1
and M 10/% due to their high pectin content in
residue may be utilised for extrasting pectin.

The study showed that considerable variation
existed betveen the progenies of the sameo variety
vith respect to almost all characters studied,

Positive correlation detween the weight and
Juice recovery of apple was observed in all the
varieties studied,



