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ABSTRACT

Investigation were carried out in the DivisionsPblarvest Technology, SKUAST
(K) during the year 2001-2002 on “ Development &waluation of Strawberry Squash”.
The Strawberry fruits Cx. tioga after harvest weaeried to the laboratory and analyzed
for various physico-chemical quality attributes drvef product development studies.
Strawberry pulp was prepared by hot break methadpaeserved with 1000 ppm sodium
benzoate till use. The six formulations of squagieatried using three pulp concentrations
viz, 25,30 and 35 percent with two TSS levels bea#hd 50 percent. The constant acidity
of 1.5 percent (citric acid) was maintained infatinulations.

The squash samples after preparation were boitle250 ml capacity bottles,
pasteurized at 85C for 30 minutes and were stored under ambienditions for a period

of 180 days. Periodical samples were evaluated1200and 180 days interval to monitor



physico-chemical and sensory quality changes. T3®, Teducing sugars, total sugars and
acidity values showed gradual increase with stotage. The overall score for quality
attributes by semi-trained panelists on 4.00 psaaie adjudged the formulation of squash
with (30 percent pulp, 50 percent TSS and acidib/dercent) as significantly superior to
other treatments. The product remained acceptabte gix months of storage and can be
used as refreshing drink for summer by all the ades dilution with water or milk. This
type of product can be prepared by local entrepnentd meet the increasing demand of
fruit based beverages by health conscious consumkrthe society. The product

diversification can ensure better returns to grewer
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CHAPTER — |

INTRODUCTION

Horticulture plays a significant role in Indian agiture. India is the second
largest producer of fruits and vegetables in therldv@Negi et al., 1999).
Unfortunately average Indian does not get the baaiky requirement of fruits and
vegetables which is mostly because of losses duapgmper post harvest handling
as a result there is a considerable gap betweergithes production and net
availability. Further more only a small fraction fofiits and vegetables are utilized
for processing and export compared to other caemtwhose position is much
below than India’ s production level. It is a matbé great concern that in spite of
being one of the world leaders in the productiorhafticultural crops, we are one
of the tails Enders in the human development indéerefore, to achieve our target
of feeding the population as well as meeting thguirement of the processing
industry and export trade, only increasing the potidn and productivity will not
be enough, a lot more emphasis needs to be givpodbharvest management of
these highly perishable crops. It is evident thetuction in post harvest loss is
essential to make available more foods from e)gstievel of production. To
achieve our target we shall have to adopt advantsshnology in our

postproduction system of horticulture produce.



Fruits are the major source of minerals, vitanand dietary fiber. In
addition, they contribute carbohydrates, proteim$ some quantity of the fats to the
human nutrition. Fruits are rich in calcium, phospius, iron and magnesium.
They are good source of vitamin C, vitamin A andnfine, riboflavin, niacin,
pantothenic acid and folic acid (Kadam and Salunii@98). Strawberry fruit is
known for refreshing quality and attractive appeaga It has very distinct pleasant
aroma and delicate flavour, besides being richitamin C. All these attributes
make it an excellent table fruit; it can be sucfidgsgrown from beaches to the
elevation of 1200 feet. It is specialized crop, evhhas wide adoption and can be
grown in a wide range of soil and geographical argi It is grown all over the
world because of its quality attributes and poptyarThe world production of
strawberry was about 1.1 million tones in 1972,alihincreased to nearly 2 million
tones in 1984 (Bose et al., 1991). The major wprtmducers of strawberry include
USA, Japan former USSR, Mexico, Spain and Italy.

In India strawberry is cultivated in Jammu & Kashmhilly areas of
Himachal Pradesh (Nainital and Dehradun), Meerutuzaffar Nagar and
Saharanpur, districts of Uttaranchal and MahabalashBangalore and Kalimpong
and some districts of Punjab. Fruit production@megral has made very rapid strides
in post- independence era. Area under strawbemaireed limited and scattered
because of its perishable nature and non-exploitabf its vast germplasm
resources. The varied agro climatic conditions e state offer conditions for

growing this high value and short duration croprolmger periods. The crop is



ready for harvesting in Srinagar during May and ¢hep from higher reaches is
available during the month of July.

Although the investment per hectare for undergkstrawberry
cultivation is high, the returns are equally attirec There is no gestation period
and flow of return is fast. More recently a numbestrawberry cultivars have been
introduced in the valley under Indo-Italian projeghich has helped to expand the
area under strawberry cultivation in the state.

Strawberry fruit is subjected to heavy spoilageirdy transportation and
storage among all the perishable fruits. Strawbsrarre probably more sensitive to
various maladies than any other fruit and, hencgaires careful handling, sorting
and storage before marketing.

The fruit surface is exposed to transportation lagice, more moisture loss
occurs than apples and pears. The strawberry &sasuch weight in two days as
pears do in 60 days. Development in storage teoggabver the past decade had
provided valuable contribution to scientific skih making perishable products
available over a longer period. Different methodsenbeen reported to extend the
shelf life of many fruits by maintaining firmnessjnimizing the respiration rate,
proteolysis, disease incidence, tissue breakdowrttars reducing the fruit loss.

There is lack of efficient post harvest managenwnstrawberries in the
valley owing to non-existence of pre-cooling andrage facilities, which leads to
the rapid quality deterioration and sudden gluihe market reduces the producer’'s

income. The post harvest loss can be reduced byecimg strawberries into



various value added products by appropriate protgsechnologies, to ensure
optimum returns to grower and offer employment ofpputies in processing
sector. In this context preparation of squash e afrthe attempt. An experiment on
processing of “Tioga” cultivar of strawberry for gmaration of squash entitled
“Development and Evaluation of Strawberry Squastdswconducted with the
following objectives: -

1. To evaluate various formations for making accegtatlawberry squash.

2. to monitor quality changes during ambient storafgetrawberry squash.
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CHAPTER -l

REVIEW OF LITERATURE

2.1Post harvest Physiology of Strawberries

The fleshy “fruit” of the strawberry is an enlargeeceptacle with numerous
achenes (the true fruit, commonly called “seedsipedded on the surface, and is
classified as an aggregate accessory fruit (GE®fl). The large cells and thin cell
walls in strawberry fruits contribute to their hitggvel of susceptibility to physical
injuries (abrasions, cuts, bruising and juice lg@jaSoftening of the fruits as they
ripe involves thinning of cell walls and liquifigah of cell content (Sczesnaik and
Smith, 1969). Water vapour and respiratory gasegg@n, carbon dioxide) can
diffuse easily through strawberries due to thes@nee stomata and the open nature
of the calyx and stem area.

Strawberries are non-climatic fruits that must beked at or near the fully ripe
stage to obtain the best eating quality. They do npen off the plant. Their
respiration rate is high (about 15 mg/kg/hr ¥ )0and increases 4 to 5 fold when
temperature is elevated to°0) between 1 and 26C the increase is 2 to 3 fold.
Respiration rate is enhanced when the berries ahamically injured (Rosen and
Kader, 1989). It can be reduced by keeping thevskearies in low Q and or high
CO, atmospheres. (Woodward and Topping, 1912Kazzaz etl., 1983; Li and

Kader, 1989);



Strawberries produce very low ( < 0.1 ul/kg/hwdks of ethylene. They don
not respond to ethylene by a stimulation of anyrthipening processes (Mason
and Jarvis, 1970). Siriphanich (1980) found thatadeantages would be derived
form the removal of ¢+, from around strawberries during post harvest hagdl
because strawberry quality was not influenced lposure to exogenousid, at 1,

10 or 100 ppm at either 2.2 ofG for upto 14 days. However, El-Kazzat
al.(1983) observed a dramatic increase in the disdaselopment on inoculated
fruits in the presence of 20ppmHL;, which suggests that there are some benefits in
removing GH, from around strawberries. The decline in the catregion of auxin

in the achenes as strawberry fruits mature modiilfte rate of fruit ripening.
Ethylene does not play an essential role in thaladign of ripening in strawberries
and auxin may be the hormone controlling ripening.

Gray mold rot (caused bBotrytis cinered is the most serious disease of
strawberry fruits (Ceponis and Butterfield. 1973;rigfit and Billeter, 1975;
Ceponiset al, 1987). Other post harvest diseases of stravdzemiclude Rhizopus
rot (caused byRhizopusspp.) and leather rot (causedRiyytophthora cactoruin

Sommer (1985) recommended the following procesldoe post harvest
disease control in strawberries: (1) avoid packirigcted fruits, (2) avoid injuries
to the fruits during harvesting and handling, (8)mptly cool the fruits to nearQ,

(4) keep transport and marketing time to a minimamg (5) use C9- enriched

air.



Fruit rots, fruit shrivel ness and bruising wedentified by Mitchell (1985)
as the main problems in post harvest handlingraindierries include harvesting at
optimum maturity, sorting to eliminate unmarketabigits at harvest, minimizing
physical injuries during harvesting and post harvesdling, and quickly cooling
the berries to near’G (Mitchell, 1985).

2.2 Harvest Maturity and Quality

Strawberry quality components include appearanckoi(csize, shape, freedom
from defects and decay), firmness, flavour anditmom@l value. Color, firmness,
flavour, nutritive value and compositional changksing post harvest handling.
There are large genotypic variations in strawbeomposition. Thus it is possible
to develop new cultivars, which have good eatingligy and maintain their
firmness when fully ripe so they can withstand et harvest handling system.

Maturity is determined in the U.S Standards fadgs on the basis of fruit
color, (Greater than %2 or % of surface showing segink color depending on
grade). In California a minimum of 2/3 of the fr@trface showing red or pink
color is required. As strawberry fruit ripens, acrease in anthocyanin content is
changes with ripening include increase in solublals, total sugars, total ascorbic
acid, pH, water-soluble pectins and decrease iditgcitotal phenols, protopectin,
cellulose and activities of polyphenol oxidase gedoxidase (Spayd and Morris,
1981).

Appearance defects of strawberries may origimatbe field (defects such as

bird and insect damage, sunscald, irregular rigerind excessive softening), at



harvest (defects such as cap removal and physigalds). Minor blemishes that

would not detract from eating quality are accemablut more serious defects can
influence appearance, firmness, water loss andeptibdity to decay. The presence
of decay renders strawberries unmarketable.

Most consumers prefer firm strawberries which doi lose to much juice
when sliced. Firmness affects the strawberrieseqigility to physical damage in
firmness. Huber (1984) concluded that both polyides and hemicelluloses may
be important in influencing the texture of strawlydruits.

Strawberry flavour involves perception of the ¢égstand aromas of many
chemical constituents. High sugars and relativeiy facids are required for good
flavour. High acids and low sugars produce a taawgerry, while high sugars and
low acids result in a bland taste. When both sugadsacids are low, the result is a
tasteless strawberry. Volatile compounds are esdemit only to the aroma but
also to the overall flavour of strawberry. No smgblatile compounds or group of
compounds has been identified as responsible éoatbma of fresh strawberry.

2.3Physico- Chemical Composition

Many preharvest and post harvest factors influgheecomposition and quality
of strawberry. These include genetic and environalgactors such as climatic
conditions (Temperature, relative humidity, lightansity) and cultural practices
(Soll type, nutrient and water supply, use of mas$éis). Maturity stage at
harvest and postharvest handling procedures afscatadtrawberry quality and

its maintenance. Sunny days and cool nights prodbeger-flavoured



strawberry than cloudy, humid days and warm nigi&istrunk and Morris,
1985). Inadequate light intensity reduces ascoabid, pH, colour and soluble
solids. Excessive levels of nitrogen applied tonfdadecrease firmness, total
soluble solids and flavour of strawberry (Sistramd Morris, 1985).

2.3. 1 Berry weight

Large amount of variation in fruit weight have beeted among strawberry
cultivars and natural population of differeRtagaria species Sharma et al,
(1981) studied yield performance of nine strawbemitivars viz. Blakemore,
Catskill, Elista, Fairfax, Robinson, Senga seng&@teaasta, Tioga and Torrey
under Himachal (Palampur) conditions. The averagé ¥veight varied from
3.54 - 6.96 g. Maximum fruit weight 6.96g was retsat in Tioga and minimum
fruit weight 3.54g was observed in variety Fairfax.

Beniwal et. al(1989) evaluated performance of ten strawberryhvark i,e
(Blakemore, Catskill, Elista, Fairfax. Florda-90Whrd — 17, Robinson, Shasta.
Tioga and Torrey under subtropical conditions ofrydaa. The berry weight
varied from a minimum of 3.65g (Blakemore) to a imaxm of 7.25g in Shasta
variety of strawberry.

Banday (1992) evaluated seven cultivars of strasybéz, Senga sengana,
Kashmiri local, Cavalier, Kashmiri wild, Robinso8hasta and Howard under
local conditions of Kashmir. The berry weight wasxmmum 9.13g in Senga

sengana and minimum 1.1g in Kashmiri wild.



Kaul (1996) evaluated five varieties of strawbeviyg, Chandler, Gorella,
Fern, Addie, Athena under agro- climatic conditiohgdammu region. The fruit
weight varied from 9.63g in Gorella to a maximunil6t04g in Chandler.

Hafiza (1999) evaluated the performance of sewsawberry cultivars viz,

Confitura, Chandler, Gorella, Douglas, Brightonoda and Senga sengana
under Kashmir conditions. The fruit weight was alied to be maximum
18.55¢g in confitura and minimum 10.6g in Tioga.

2.3.2 Fruit Size

Strawberry genectypes shows a wide ranges indizet (Mooreet al, 1970;
Cheng and Breen, 1992). Fruit size in strawberpedéds on an interaction between
blossom position, number of development achenest éompetition and plant
vigour. Flower position has determinative influendée decrease in flower size
“down” the inflorescence is probably related to ecrease in cell number of
receptable tissue and decrease in auxin contribartatimulated by the developing
achenes.

Beniwal et al, (1989) reported fruit length of 2.85 — 3.77 cmd afruit
breadth of 1.77 — 2.35 cm in screening test of $@awberry varieties. The
maximum length 3.77 cm was reported in Shasta aaximum breadth 2.35 cm
was observed in Tioga.

Banday (1992) observed minimum fruit length 1.@0in Kashmiri wild and
maximum length 3.42 cm in Senga Sengana, wheréesliameter varied from

1.10 cm in Kashmiri wild to 2.80 cm in Senga Seragalkoul (1996) observed



maximum fruit length of 3.97 cm in Chandler and@@&mn in Gorella. Hafiza
(1999) recorded minimum fruit length 3.23 cm in Jaand maximum 4.31 cm in
Gorella, where as maximum diameter 3.10 cm was reedein Confitura and
minimum 2.4 cm in Tioga.

2.3.3 Moisture

Strawberry is a soft fruit in which moisture istimajor component of fruit
weight. The moisture content in strawberry varresif 87.8 to 89.9 per cent (Watt
and Merill. 1959 Gopalaet aland Salunkhet al, 1991).

2.3.4 Total Soluble solids

The total soluble content of strawberry varieshwiariety, season and stage
of development and environmental conditions. Kad€91) reported total solid
content of 7.0 — 12.7 per cent in strawberry calsy based on data collected by
various workers.

Sharmeet at, (1981) recorded minimum TSS 0f6.76 per centatsKkill and
maximum 7.47 per cent in Fairfax. Banday (1992preggl minimum TSS of 4.20
per cent in Kashmiri wild and maximum TSS 9.70 pent in Douglas and
maximum 7.8 per cent in Confitura.

2.3.5 Sugars

The sugars constitute a major portion of solidthan strawberries. Reducing

sugars form a major portion of total sugars

Kader (1991) reported that strawberries contaih 4.6.6 per cent total

sugars and the reducing sugar content varied fr@m 5.2 per cent. Among the



reducing sugars fructose is dominant 1.7 — 3.5cpat, followed by glucose 1.4
— 3.1 per cent, and the non- reducing sugar sucrages from 0.2 — 2.5 per
cent.

Beniwal et al (1989) reported total sugar contentary from 3.98 — 8.79 per
cent, reducing sugars 3.44 — 7.85 per cent andreauncing sugars 0.37 — 0.94
per cent. Maximum total sugars 8.79 per cent wérgerved in Florida — 90
variety with 7.85 per cent reducing sugars and @&4cent non-reducing sugars

Banday (1992) observed minimum total and redusngar 2.70 and 1.90
per cent respectively in Kashmiri wild variety afesvberry, while as maximum
total sugars 9.30 per cent and 5.0 per cent regusiigars were recorded in
Howard variety of strawberry. Koul (1996) recordathimum total sugar 2.38
per cent and reduci8ng sugar 1.78 per cent in (doaeld maximum total sugar
4.23 per cent and 3.25 per cent reducing sugar tierfa. Hafiza (1999)
recorded maximum sugar 6.50 per cent in Confitume minimum total sugars
5.33 per cent in Douglas.

2.3.6 Titratable Acidity

The Titratable acidity in strawberries varies fromd0 — 1.87 per cent with
pH of 3.18 — 4.10. Citric acid is the major acididwed by malic acid. The
citric acid content of strawberries varied from24 1.24 per cent, where as
malic acid is present to the extent of 0.09 — @éBcent (Kader, 1991).

Sharmeet al (1981) reported minimum acidity of 0.85 per cenfinga and

maximum 1.41 per cent in Robinson variety of strama Beniwalat al. (1989)



reported minimum acidity of 0.96 per cent in Tiagad maximum 1.69 per cent
in Elista. Banday (1992) reported minimum acidity Jper cent in Senga
sengana, Kashmiri local, Cavalier and Shasta andnmian acidity of 2.1 per
cent in Kashmiri wild. Koul (1996) observed minimwidity of 0.64 per cent
in Fern variety of strawberry and maximum 0.92 pent in Gorella variety.
Hafiza (1999) observed minimum of 0.92 per cenSenga sengana and 0.92
per cent in Brighton.

2.3.7 Anthocyanin

Anthocyanin is major pigment of strawberries. Amotine anthocyanins
strawberries contain mainly 3 — glucosides of cgemiand pelargonidin.
Processing such as freezing and cooking affectctrgent of anthocyanins
significantly. Kader (1991) reported anthocyanimtemt of 55 — 145 (mg per
cent) in strawberry fruits. Hafiza (1999) reporthdt anthocyanin content varies
with the season and variety. Maximum anthocyanmteat 19.15 (mg per cent)
was recorded in Chandler and minimum 10.70 (mgceet) in Gorella under
Kashmiri conditions.

2.3.8 Vitamins

Green (1971) reported that strawberries contaiateae (0.15 mg per cent);
thiamine (0.03 mg per cent), riboflavin (0.27 mg pent), nicotinic acid (0.6
mg per cent) and ascorbic acid (89 mg per cent)

Kader (1991) reported that ascorbic acid contéstrawberries varied from

26 — 120 mg / 100 g. Beniwal et al (1989) obsermekimum ascorbic acid



(93.0 mg per cent) in Florida — 90 and minimum $89mg per cent) in Tioga
variety of strawberry.

Banday (1992) recorded maximum ascorbic acid 52 (er cent) in
Kashmiri wild. Koul (1996) recorded minimum ascarkacid 47.16 (mg per
cent) in Gorella and maximum 68.0 (mg per cent)Senga sengana and
maximum 71.55 (mg per cent) in confitura varietyeowa two year evaluation

period under Kashmiri conditions.

2.3.9 Minerals

The mineral content of the strawberries has beparted to be 0.5 per cent
and the berries contain (mg per cent) potassiuml)(1phosphorous (23),
calcium (22), sodium (1.5) and magnesium (11.7)eé@, 1971)

2.3.10 Phenols

Ellagic acid is naturally occurring phenol presenstrawberries, which has

shown to be effective as an antimutagen, anticgecinand potential inhibitor of

chemically induced cancer. The highest concentratibellagic acid is found in

leaves (14.7 mg per cent) and in fruit it is 7.21 &5 mg per cent respectively in

green and red achenes. However its concentratibmitrpulp is 3.4 and 1.6 mg per

cent respectively fro green and red fruit pulp. Beia al(1991).

2.3.11 Flavouring Compounds



The flavour of strawberry is attributed to the q@ece of volatile esters
which varies among cultivars. The concentrationtttd most important aroma
compounds, ethyl haxanoate, ethyl butanoate, trahs- haxenal, 2.5 — dimethyl —
methoxy — 3 (2H) furanone and linalool were founghler in cvs. Senga sengana,
Kristina and hybrid Lihamax Senga sengana. Diriretk al (1981) reported
methylthiol esters, methylthiol acetate and methglbutyrate in strawberries.

2.3.12 Juice Content

Beniwal et. al(1989) observed a variation of juice content irawtrerries
from 71.77 to 88.23 per cent. Maximum juice yied8.23 per cent) was recorded in
Tioga and minimum juice yield 71.77 per cent wasorded in Blackmore. Koul
(1996) observed maximum juice content 79.60 pet aerAddie and minimum
49.25 per cent in Chandler. Hafiza (1999) obsemadimum juice yield 54.60 per
cent in confitura and minimum 45.50 per cent inggesengana.

2.4 Fruit Squash
Fruit squash is concentrated fruit beverage whsctliluted before use as per F.P.O
specifications (1995). Fruit squash should containimum 25 per cent fruit pulp
and 40 per cent total soluble solids. Various wiskeave standardized techniques
for preparation of fruit squash from fruits avalln India and a brief description
IS as under: -
Sethi (1993) prepared squash from litchi fruitseThlly ripe and sound

fruits were hand peeled and deseeded. The edibl®pavas blended and stewed.



The strained pulp was heated to’@%and cooled, then preserved with 500 ppm
sulphur dioxide and stored at 4 2 6 till use.

The pulp was converted into squash with 33.33 pet fuice with 45 Brix
TSS and 1 per cent acidity. Addition of rose esse@® 0.02 per cent enhanced the
flavour of lithehi squash. The squash was fortifrath 100 mg per cent of ascorbic
acid to make it nutritious and to check browninginiy storage. The squash was
preserved with 500 ppm of sulphur dioxide filledloirtlean glass bottles and stored
at 25-35°C or at low temperature of 4% for a period 6 months. The squash was
found to be acceptable organoleptically for 4 rherdt room temperature (25-35
°C) and upto 6 months at low temperature 5. addition of ascorbic acid (50-
100 mg/ 100 ml squash) showed less browning dwtogage at low temperature
whereas it accelerated browning at room temperature

Mandhyanet. al(2000) standardized a technique for preparatiogusva
squash under laboratory conditions, using diffefgaportion of guava pulp and
water with boiling. Guava fruits of uniform matwyrikevel were washed thoroughly
and peeled with the help of hand peeler. These slgred into small pieces of two
Guava were boiled with different quantities of waite the proportions of 1:2, 1:3
and 1:4 by weight (guava slices: water) of guai@estamples and time of boiling
I,e. 200g and two hours, were respectively kepstaomt in an open pan as well as in
pressure cooker. The mixture obtained after boitimg sample at different times
was mashed in a grinder and filtered through mudlith. At this stage the TSS

was measured and the extract so obtained was altoveoncentrate at 6C on a



hot water bath till it reached to level of 1Bx. At this stage sugar was added at the
rate of 2g/ 25 ml. Sensory evaluation studies im#id the best organoleptic
properties in sample having 1:4 (pulp: water rgtiand boiled for one hour in
pressure cooker followed by the same sample, blgdftor two hours.

Prassad and Mali (2000) Prepared squash from p@maty fruits of Jalore
seedless variety. The pomegranate were cut intepiand arils separated. The arils
were passed through the juicer for extraction efjthice. The juice was kept for 3-4
hours to settle down the coarse particles the sapemt solution was siphoned off,
leaving the coarse particles. The squash was dpgaving 32 percent juices with
4° Bx and 0.58 per cent acidity. No synthetic colamd essence was added to
squash it was preserved with 0.08 per cent sodiemadnte.

Roy and Singh (1979) Optimized the technique f@pparation of Bael fruit
squash using pulp concentration of 40,45 and 5@emér The final TSS in the
product was maintained at 50 percent with acidifyld0 and 1.5 percent.
Formulation of squash with 50 percent pulp,’38x and 1.00 percent acidity was
found ideal by the consumer panel.

Thakur and Barwal (1998) utilized unmarketable Kiwiits of Allison and
Bruno cultivars for squash preparation. The ripefrits were pulped by hot
extraction method and squashes of 40 and 45 0 B& mepared using 25 and 35
percent pulp concentration. The products were gdtareler ambient conditions up

to 150 days of storage. It was found that squastb8fBx with 25 and 30 percent



pulp of the ev. Allison had highest taste, flavaumd acceptability scores during
storage period.

Pruthi ad La (1958) prepared passion fruit squaih ¥5°, 1.00 percent
acidity containing 25 percent juice and preservétl W75 ppm sulphur dioxide and
500 ppm sodium benzoate. The squash was alsaddrtifith the 50, 100, 150 mg
percent of ascorbic acid. Storage temperature wWas most important factor
governing retention of ascorbic acid. The squassjrective of level of fortification
had normal life of about a year at ordinary tempees.

Sogi and Singh (2001) prepared squash from Kinfraiz The fruits were peeled
manually and juice was obtained using screw prElss.squash possessed TSS of
41.8 Bx and acidity of 1.49 per cent initially, whichaw stored for 120 days at
ambient temperature (16 —°21) as well as at elevated temperatureSG38

Kumar and Manimegalai (2000) prepared strawbeguash from Sujata and
Labella varieties. The strawberry pulp was extraising pulper. The sugar syrup
was prepared by adding 172 g of sugar with 1026fmlater and citric acid 37.8 g.
The sugar syrup after preparation was filtered afidwed to cool. Then the
extracted fruit pulp was added to syrup and mixedl.Whe squash prepared was
packed in sterilized bottles of 600 ml capacity aragpped airtight. The squash
possessed TSS of 4Bx, acidity 1.2 per cent, pH 2.56, reducing sugaBb per
cent, total sugars 35.44 per cent and vit. C 1m@0percent. The squash samples
were evaluated by a panel of semi — trained judaged — point hedonic scale and

were possession overall acceptability score phBdconsumer index of 0.364.



Kumar and Manimegalai (2003) reported storageityuahanges in squash
samples prepared from Sujata and Labella storeaoat temperature conditions in
colourless bottles. There was an increase in gcaitl reducing sugars where as a
decreasing trend in pH, total sugars, ascorbic aoid anthocyanin content. The
TSS did not change during storage. The sensorytguiributes were found to be
highly acceptable after storing the product for ®8@nore.

Sharma el. al. (2002) tried different combinatiarfsfruit pulp and spice
recipe at two levels (40 and %Brix) of TSS for the standardization of spicedrplu
squash. A combination of 30 percent fruit pulp wgpice recipe (0.1 percent
cardamom., 0.25 percent cumin, 0.4 percent blapkere 0.5 percent common salt,
1.0 percent black salt, 1.5 percent ginger extact 1.0 percent min extract) at’40
Brix TSS was found best by a panel of semi trajjuelges. The developed squash
was analysed for various physico chemical and sgnslaracteristics during a
period of 180 days storage. There was an incre$&9, and decrease in acidity,
total sugars and ascorbic acid of squash sampléso e squash samples
possessed over all acceptability score of 7.30-gmo#ht hedonic scale and it was
still acceptable after 180 days of storage withr@lieacceptability score of 7.05.

Barwal et. al(2202) developed the method for development ofetiet
apricot squash using non-nutritive sweeteners eyzjamate and saccharine for
health conscious population. Apricot fruits of neastle cultivar were pulped by
hot break method and sweetness proportion (Suegswalent) of 25, 50, 75 and

100 percent along with sugar were used to pregguash. The TSS, reducing and



total sugar contents decreased significantly ashiaee of non-nutritive sweeteners
increased. Cyclamate sweetened squashes net 255@&ngdercent sweetness
proportion had higher taste score in comparisonsaecharin. The overall
acceptability mean score of dietetic squash swedtenth cyclamate at 25 percent
was higher and statistically at par with standadidating that cyclamate can be an
appropriate sweetener for the preparation of detgpricot squash. The calories
reduction could be achieved upto 25 percent perirggr without compromising
quality.

Barwal et. Al. (2002) prepared seasoned plum dgbgsusing sorbitol for
the benefit of diabetics, obese and health conscpmople. The preserved plum
pulp of Santa Rosa was heated t0#90.5¢' C for 10 minutes. Sugar 400g, black
pepper 4g, cardamom 1g, cumin 2.5g, common sallagk salt 10g,ginger extract
15 | and mint extract 10 ml were used for preparatf one litre of standard
seasoned squash from 300 ml of pulp. Low calorias@eed squashes were
prepared by replacing 25,50, 75 and 100 percembsedy sorbitol sugar content
of the product which decreased with the increasetcgmt share of sorbitol
sweetness. Moreover, with the increased in thegstimm of sorbitol sweetness, the
organoleptic score for colour, body and flavourréased, standard (100 per cent
sucrose sweetened) had higher overall acceptabilithich remained non-
significant with T (100 percent sorbitol sweetened). The mean valueverall

acceptability during storage period were foundecsimilar to starting product.



Saikia and Saikia (2002) tested three methodspfeparation of squash
from ripe OU-tenga (dillenia indica) fruit at itpttmum maturity stage by using
fruit pulp, water, sugar, citric acid. The squaamples stored for 60 days at room
temperature 30-34C, R.H 81 percent exhibited significant effectstfrage on pH,
TSS titratable acidity and sugars. The study amsticated significant effect of

storage on orgnoleptic parameters of colour, @steappearance.

MATERIALS

AND

METHODS



CHAPTER — Il

MATERIALS AND METHODS

The present investigations entitled “Developed evaluation of strawberry
squash” were carried out in Division of Post Hatvieehnology Shere-Kashmir
University of Agricultural Sciences and TechnolagiyKashmir Shalimar, Srinagar
during the year 2001-2002.

3.1. Raw Material

Strawberry fruits of cultivar “Tioga” were procuardrom local strawberry
grower from an orchard located at (Theed) Srinagdarm fresh condition. The
fruits were packed in card board boxes (2 kg capaand carried to the laboratory
on the same day of harvest.

3.1.1 Preparation of fruit pulp

The fruits were washed with running tap waterémove any adhered dirt
and dust particles. The calyx was removed manu&ljly ripened fruits were
selected for the pulp preparation. The fruits wauped by hot break method. The

pulp was obtained by heating the fruit td &for 15 min, with occasional stirring.



The pulp obtained was preserved with 1000-ppm sodienzoate and bottled in
presterilized glass bottles still use.

3.1.2. Product Development

Six formulations of squash with varying pulp, tosaluble solids and acid

levels were prepared as given below.

Formulations Pulp (%) TSS (%) Acidity (% Citric a cid)
T 25 45 1.5
T? 30 45 1.5
T 35 45 1.5
T 25 50 1.5
T 30 50 1.5
T® 35 50 1.5

The squash samples prepared were filled in 250attlels, with a head space of 25
mm and pasteurized at 850 C for 20-25 min. theldmtfter cooling were stored
under ambient conditions and evaluated at peribditervals of 0,60, 120 and 180
days for monitoring changes in quality parameters.

3.2. Physical Observations

3.2.1 fruit Length and diameter (cm)

Fruit length and diameter were recorded on reptatea samples of 20
fruits in triplicate using digital verier caliper.

3.2.2. Fruit Weight (g)



A representative of (20) fruits triplicate wereigleed on electric balance and
average fruit weight calculated.

3.3 Analytical Methods

3.3.1 Total Soluble solids (%)

Two hand refractometers of range (C-®ix) “Erma” make Japan and (28-
62° Brix) “Sipcon” India was used to determine totaluble solids in fresh fruit
samples as well as squash samples. The valuescoeested at 20C (Ranganna,
1986).

3.3.2. pH

The squash samples were taken in 100 ml capacikebe and the pH
recorded by using digital pH meter model “Tanco D®B1”, using appropriate
buffer solution for calibration purposes.

3.3.3 Titratable acidity 9%)

Titratable acidity was determined by titration nathA known weight (10

g) of prepared sample was taken and diluted bylldgtvater to 100 ml. An aliquot
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910 ml) of this diluted solution was taken andatéd against standard 0.1 N NaOH
using phenolphthalein as indicator and acidity ealsulated using equation
1 (Rangana, 1986).

Normality of NaOH x Volume of NaOH

Titratable acidity (%) as = used x wok made x 64

x 100 Eg.
(1)
Citric acid Wt. Of sample taken x Aligout takior

Titration x 1000
3.3.3 Reducing sugars

The reducing and total sugars were determinedrdicgp to the method
described by Lane and Eynon (1923). Ten gram sanmbles 100 ml distilled water
was boiled for half an hour. The samples were a#imgd with 1 N NaOH; 2ml of
lead acetate was added and subsequently aftengvéilr 10 minutes, it was freed
from lead by the addition of 2ml of Potassium o&ld he volume was made up to
250 ml with distilled water and filtered. The fdte was designated as (A). 5 ml
each of Fehling’s solution A and B plus 10 ml oétdied water were heated on
burner and titrated against sugar solution (A) gisimethylene blue as an indicator
and the percentage of reducing sugars was caldulaiag equation 2.

0.05 x Vol. Made



Reducing sugars (%) = x 100 Eq. (2)
Titre value x weight of sample

3.4.4 Total sugars

A known quantity of solution (A) 50 ml plus of tilled water plus 5g of
citric acid was boiled for 30 minutes. After cogjinthe solution was neutralized
with 1 N NaOH. The volume was made up to 250 milisfilled water. Again 5 ml
of each Fehling’ s A and B plus 10 ml of distilleter were taken in titration flask
and heated on burner and titrated against presargar solution using methylene
blue as an indicator and percentage of total sugasscalculated using equation 3,

0.05 x volume made

Total sugars (%) = x 100 Eq. (3)

Titre value x vol. Of sample to be
Calculated in 50 ml of sol.

3.3.5 Anthocyanin

ten gram of sample was blended with 70 ml of ethanmydrochloride acid,
transferred to 100 ml volumetric flask and make tapvolume. The extracted
samples were up to volume. The extracted samples w®@red overnight in a
refrigerator at 2C filtered through Whatman No. 1 filter paper amdical density

of the filtrate recorded at 535 mm. The anthocyamintent was calculated as per

Eq.4 & 5.
O.D x Vol, made up
Total 0.D/ 100g = x 100 Eq (4)
Weight of sample
Total anthocyanin (mg/ 100g) Total OD 00 Eq. (5)
98.2

3.5. Sensory Evaluation



Sensory Evaluation sensory quality attributes sashcolour, flavour and
overall acceptability of squash were evaluated bynidrained panel of (15)
members drawn from faculty members of various divis of SKUAST (K),
Shalimar. The panelists were provided with codedmeas of the strawberry squash
and were requested to assign scores on the basislair, flavour and overall

acceptability using 4 point numerical scale as unde

Excellent = 4
Good =3
Fair =2
Poor =1

3.7 Statistical Analysis

The date was statistically analyzed by using CP@&lkage programme
developed by Dr. h.S Cheema Department of staisBunjab Agriculture
University, Ludhiana, using completely Randomiseés@n (CRD) Factorial

Experiment.



EXPERIMENTAL

RESULTS
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EXPERIMENTAL RESULTS

The present investigations were carried out tonupée the processing
parameters for preparation of strawberry squashtarsdudy the effect of storage
on the squash quality. Fresh strawberry fruits iofy& were converted into pulp by
hot break method and pulp at various concentrationis25,30 and 35 (%) level
was used to produce squash witf! 46d 500 Brix. Keeping acidity of 1.5 percent
constant in all six formulations. Physico-chemieald sensory evaluation of the
product was carried out under ambient temperatle36° C, RH 60-80 percent)
at 60 days of interval during 180 days of storage quality parameters evaluated
at various sampling periods comprised of TSS (mga&éidity (percent), reducing
sugars (percent), total sugars (percent), anthacyamg %) and sensory evaluation
of product on the basis of colour, flavour and alleacceptability. The salient
features of various parameters are given as under:

4.1 Physico- Chemical parameters of fresh strawbeyrfruits cv. Tioga.



Table (1) reveals the Physico-chemical charadgfsesh strawberry fruits.
The fruits possessed an average fruit weight o93@.(with calyx) and 13.0g
(without calyx). The fruits were characterized withD ratio of 1.064 having
average fruit length of 3.45 cm and average fregadth of 3.24 cm. the pH of the
fruit was 4.06 with an acidity of 0.55 percent @sicacid. The fruit possessed the
TSS of 7.66 percent having 6.00 percent total sugad 3.72 percent reducing
sugars. The anthocyanin content 9.36 mg percentecasded in fresh fruits.

4.2 Physico-chemical components of strawberry pulp.

The Physico-chemical composition of strawberry ppudultivar Tioga
prepared by hot break method is indicated in t@§BJe The pulp yield was 71.43
percent.

Table 1. - Physico-chemical Characteristics of Ri@gawberry Fruit Cv. Tioga

S. No. Parameters Values
1. Average fresh fruit weight with calyx (g.) 8.

2. Average fresh fruit weight without calyx (g.) 13.00

3. Average fruit length (cm) 3.45
4. Average fruit breadth (cm) 3.24
5. L/D ratio 1.064
6. Titratable acidity (Citric acid %) 0.55

7.  pH 4.06

8. Total soluble solids (TSS %) 7.66

9. Total sugars (%) 6.00



10.

11.

Table

S. No.

Reducing sugars (%) 3.72

Anthocyanin 9.36

2: - Physico — Chemical composition of strawdsry pulp cv. (Tioga)

Parameters Values

Total soluble solids (TSS %) 8.00
pH 6.20
Titratable acidity (citric acid %) 0.70
Total sugars (%) 6.20
Redusing sugars (%) 3.77
Anthocyanin (mg %) 16.96
Pulp yield on fresh fruit basis (%) 71.43

The pulp was viscous with anthocyanin content@®6 mg percent having

reddish colour. The pulp contained TSS of 8.0 pertatal sugar 6.20 percent and

reducing sugar 3.77 percent. The pulp had a pH.@® ®ith an acidity of 0.70

percent as citric acid.

4.3 Chemical quality changes during storage



4.3.1 Total Soluble solids

Effect of various formulations on TSS of squashrdystorage is depicted in
Table (3). The TSS of squash formulations exhibgephificantly increasing trend
during storage. In squash formulationsTT; the initial TSS was maintained 45
Brix and the values increased to 45.33, 45.80 #&2( Brix respectively after 60,
120 and 180 days of storage.

The pulp concentration influenced the changesSB8 ©f squash significantly
during storage. Maximum TSS 45%7Brix and 45.445% Brix in case of samples
prepared by using 25 and 35 per cent pulp respdgtiv

In the second set of squash formulatiogs-T, where an initial TSS of 50
Brix was maintained in the samples by using 25 -p8&5cent pulp concentrations
and acidity 1.5 per cent, the TSS values increéséd.30, 50.83 and 51.28rix
respectively after 60, 120 and 180 days of storAgeong the tree treatments in this
set of formulations squash samples prepared withe3Gent pulp possessed mean
TSS of 50.8 Brix during storage followed by 50.8rix in case of both samples
prepared with 25 per cent or 35 per cent pulp camagons.

The storage period and initial TSS level had digantly influenced the
changes in the TSS during storage and all the adotien effects were non-

significant.



Table 3: - Effect of storage on TSS (%) of strawbey squash

Pulp TSS Acidity Storage per(@ays) Mean
TreatmenConcentration (%) (%)

Ratio 0 60 120 180
T 25 45 15 45.00 45.40 45.86.20 45.60
T, 30 45 1.5 4540 4540 46.86.40 45.70
T; 35 45 15 45.00 45.20 .605 46.00 45.45
Mean 45.00 45.33 45.80 46.2405.58
Ty 25 50 1.5 50.00 50.20 50.7@.16 50.50
Ts 30 50 15 50.00 50.40 51.10 61.60.80
Te 35 50 1.5 50.00 50.30 50.A1.00 50.50
Mean 50.00 50.30 50.83 512360

CD at 0.05 %

Treatment

Concentration=

NS

Interaction

Concentration X TSS = NS



TSS = 0.203 Concentration X Storage = NS
Storage = 0.288 TSS X Storage = NS

4.3.2 pH
Effect of various formulations on pH of squash dgrstorage is depicted in Table
(4). The squash formulations irrespective of pubdpaentration per cent and TSS
per cent showed decrease in pH during storage.midan values of pH decreased
significantly with storage. The squash samples wittial TSS of 48 Brix to the
mean pH of 2.10 after 180 days of storage. Maximmean pH of 2.44 was
recorded in squash formulations with 25 per cerp moncentration followed by
2.39 and 2.37 in formulations with 30 and 35 pentcpulp concentrations
respectively.

In the second set of squash formulations (TSS taiaied at 50 Brix) the
initial mean pH of 2.62 decreased significantlhthie mean value of 1.96 after 180
days of storage. Maximum mean pH of 2.39 was rembiid squash formulation
with 25 per cent pulp concentrations respectively.

Except the interaction effect of (pulp concentmatiX TSS), all other
interactions showed significant effect with respecthe decrease in pH of squash
samples during storage.

4.3.3 Acidity
Effect of TSS and pulp concentrations on aciditycpat of squash samples during
storage is presented in Table (5). There was sogmif increase in acidity of squash

samples during storage. The acidity maintained.®® per cent initially showed



significant increase irrespective of squash formmoies during storage. The squash

samples with initial TSS of 4Brix showed significant increase in mean

Table 4. - Effect of storage on pH of strawberry sgash

Pulp TSS Acidity Storage per(@adys) Mean

TreatmenConcentration (%) (%)
Ratio 0 60 120 180

T, 25 45 1.5 2.60 2.46 2.42.30 2.44
T, 30 45 15 2.60 252 2.4@2.00 2.39
T3 35 45 1.5 260 246 42. 2.00 2.37
Mean 260 248 240 2.102.40
Ty 25 50 15 262 248 2.382.10 2.39
Ts 30 50 1.5 262 250 240 019 235
Ts 35 50 1.5 263 248 2.381.90 2.34
Mean 262 248 2.38 1.96 2.36

CD at 0.05 %

Treatment Interaction



Concentration= 0.042 Concentration X TSS = NS

TSS = 0.034 Concentration X Storage = 0.084
Storage = 0.048 TSS X Storage = 0.069
Table 5: - Effect of storage on Acidity (%) of Stravberry Squash

Pulp TSS Acidity Storage per(@dys) Mean
TreatmenConcentration (%) (%)

Ratio 0 60 120 180

T, 25 45 1.5 1.50 1.69 1.691.70 1.62
T, 30 45 15 150 161 1.671.76 1.63
T3 35 45 1.5 150 1.67 69. 1.74 1.64
Mean 150 1.63 1.65 1.731.63
Ty 25 50 15 150 1.60 1.681.78 1.64
Ts 30 50 1.5 150 164 1.70 821. 1.66
Ts 35 50 1.5 150 160 1.721.76 1.66
Mean 150 161 1.70 1.781.65

CD at 0.05 %

Treatment Interaction



Concentration= 0.005 Concentration X TSS = 0.008
TSS = 0.004 Concentration X Storage = 0.011
Storage = 0.006 TSS X Storage = 0.009

acidity per cent from an initial value of 1.50 pent to 1.73 per cent after 180 days
of storage. The acidity increased with the incre@seulp percentage in squash
samples and maximum mean acidity of 1.64 per ceas wecorded in the
formulation with 3.5 per cent pulp concentratioiideed by 1.62 per cent and 1.63
per cent in formulations with 30 and 35 per cenpmoncentrations respectively.

However, the squash samples prepared with TSS0dfBsix showed
significant increase in mean acidity per cent framinitial value of 1.50 per cent to
1.78 per cent after 180 days of storage. Maximuramaidity of 1.66 per cent was
recorded in squash formulations with 30 and 35 @amt pulp concentrations
followed by 1.64 per cent in formulation with 25 @ent pulp concentration.

All the interaction effects viz; (concentration KSS), (concentration X
storage) and (TSS X storage) showed significanh@davith respect to increase in
acidity per cent of squash samples during storage.

4.3.4 Reducing Sugars

Effect of various formulations on reducing sugaescpnt squash samples
during storage is depicted in Table (6). The squsamples showed significant
increase in reducing sugars during storage irrésqgeof pulp concentrations per
cent and TSS per cent. The squash samples wital i8S of 48 Brix possessed

mean reducing sugars of 33.64 per cent at O dagsoadge which increased to the



mean value of 35.23 per cent after 180 days ofgwrThe reducing sugars were
recorded maximum 34.62 per cent in the squash flation with 245 per cent pulp
concentration followed by 34.39 per cent and 34&6cent in formulations with 30

and 25 per cent pulp concentrations respectively.

Table 6: - Effect of storage on Reducing Sugars (%®f strawberry squash

Pulp TSS Acidity Storage per(@dys) Mean
TreatmenConcentration (%) (%)

Ratio 0 60 120 180
T, 25 45 1.5 33.55 33.80 34.86.10 34.26
T, 30 45 15 33.60 34.12 34.88.20 34.39
T3 35 45 1.5 33.78 34.40 .984 35.40 34.62
Mean 33.64 3410 34.71 35.484.42
T, 25 50 1.5 35.00 35.70 36.3%.68 35.90
Ts 30 50 1.5 35.70 36.10 36.70 @G7.36.40
Te 35 50 1.5 35.70 36.10 36.47.10 36.33
Mean 35.46 35.96 36.48 363821

CD at 0.05 %

Treatment Interaction



Concentration= 0.325 Concentration X TSS = 0.460
TSS = 0.265 Concentration X Storage = NS
Storage = 0.375 TSS X Storage = NS

Similarly, the mean reducing sugars in the sqsashples with 50Brix TSS
increases significantly from an initial value of.86 per cent to 36.93 per cent after
180 days of storage. Maximum reducing sugars of@Bfer cent were recorded in
35.90 per cent in formulations with 30 and 25 pentcpulp concentrations
respectively.

Except, the interaction effect of (pulp concemtratX TSS), all other
interactions increased non-significantly in squsamples during storage.

4.3.5 Total Sugars
Table (7) depicts the effect of various formulasoon total sugars per cent of
squash samples during storage. The total sugarsaised significantly in squash
samples during storage. In the first set of squfasmulation with 40 Brix TSS
value of 41.11 per cent at 0 days of storage tartban value of 42.90 per cent after
180 days of storage. Maximum total sugars of 4pdricent were recorded in the
formulation with 35 per cent pulp concentrationldaled by 42.05 per cent and
41.70 per cent in formulations with 30 and 25 pentcpulp concentrations
respectively.

The second set of formulation with initial TSS &f° Brix showed
significant increase in total sugars from an ihitreean value of 45.67 per cent at O

days of storage to the mean value of 47.70 per @i¢et 180 days of storage. The



mean total sugars were recorded maximum 47.12 gr@rin the formulation with
35 per cent pulp concentration followed by 46.40 gent and 46.08 per cent with

30 and 25 per cent pulp concentrations respectively

Table 7: - Effect of storage on Total Sugars (%) o$trawberry squash

Pulp TSS Acidity Storage per(@ays) Mean
TreatmenConcentration (%) (%)
Ratio 0 60 120 180

T 25 45 15 41.10 4150 41.20.30 41.70
T, 30 45 1.5 41.10 41.60 42.38.20 42.05
T3 35 45 1.5 41.15 41.70 402 43.20 42.11
Mean 41.11 41.60 42.20 42.941.95
Ty 25 50 1.5 4545 45.70 46.10/.18 46.08
Ts 30 50 1.5 45.46 4594 46.30 @7.86.40
Te 35 50 1.5 46.10 46.48 47.818.10 47.12
Mean 45.67 46.04 46.73 474053

CD at 0.05 %



Treatment Interaction

Concentration= 0.449 Concentration X TSS = 0.635
TSS = 0.366 Concentration X Storage = NS
Storage = 0.518 TSS X Storage = NS

The interaction effects in total sugars were imsamance with reducing
sugars in all the squash formulations during sterag

4.3.6 Anthocyanin

Table (8) depicts the effect of pulp concentraf@n cent and TSS per cent
on anthocyanin content of squash during storage.stiuash formulation with TSS
maintained at 45Brix showed significant decrease in anthocyaninteat from an
initial value of 5.53 mg per cent at 0 days of at@ to the mean value of 2.03 mg
per cent after 180 days of storage. The maximuthoagyanin 4.42 mg per cent
content during storage was recorded in the fornaratvith 35 per cent pulp
concentration followed by 4.35 mg per cent and 3§ per cent in the

formulations with 30 and 25 per cent pulp concérns respectively.



Except (TSS X Storage), all other interactions skawvgignificant change
with respect to decrease in the anthocyanin conbérgquash samples during
storage.

4.4.0 Organoleptic evaluation of strawberry squaskluring storage.

The changes in the mean sensory scores for quatitiputes (Colour,
flavour and overall acceptability) of squash sampt®nducted at periodical

intervals during 180 days of storage is as under: -

Table 8: - Effect of storage on Anthocyanin (mg %pf Strawberry Squash

Pulp TSS Acidity Storage per(@adys) Mean

TreatmenConcentration (%) (%)
Ratio 0 60 120 180

T, 25 45 1.5 530 4.60 4.00.90 3.95
T, 30 45 15 560 5.40 43@.10 4.35
T3 35 45 1.5 570 540 45210 442
Mean 553 5.13 426 2.08.24
Ty 25 50 15 540 4.17 3.10 901. 3.64
Ts 30 50 1.5 5.80 560 430 2.0842

Te 35 50 1.5 590 570 4.6@2.30 4.62




Mean 5.70 5.15 4.00 2.064.22

CD at 0.05 %

Treatment Interaction

Concentration= 0.180 Concentration X TSS = 0.254

TSS = NS Concentration X Storage = 0.360

Storage = 0.208 TSS X Storage = NS
4.4.1 Colour

Table (9) shows the mean colour scores of strawbsguash samples
evaluated at various time intervals by trained pisise

The squash formulations; F T; formulated by using 25 to 35 per cent pulp
and maintained at TSS of 4Brix, acidity of 1.5 per cent possessed mean c¢olou
score 3.51 and 4 point scale. The colour scoresvesthaleclined values during
storage in all the three formulations in this sétsamples. The colour scores
recorded were 3.12, 2.36 and 1.33 respectivelyr &t 120 and 180 days of
storage.

In the first set of formulations from; T T3 mean maximum colour scores

2.68 during storage was recorded in the squashlsdonpulated with 30 per cent



pulp, followed by scores of 2.63 and 2.43 respetyiin samples prepared by using
25 and 35 per cent pulp concentrations.

The squash formulations from, F Tg prepared by using 25 — 35 per cent
pulp concentration and maintaining acidity of 1.6r gent, TSS of 50Brix
exhibited mean maximum colour score of 3.54 at @sdstorage. The panelists
awarded lesser scores to the squash samples vatladtiancement of storage
period. The scores were significantly lesser i.4432.40 and 1.40 respectively
after 60, 120 and 180 days of storage.

Mean maximum colour score 2.79 was recorded in &smprepared by
using 30 per cent pulp in the set of formulatiormf T, — Ts. Squash samples
prepared by using 25 and 35 per cent pulp awardsghrolour scores of 2.64 and
2.42 respectively.

Table 9: - Effect of storage on Colour Scores of &wberry Squash

Pulp TSS Acidity Storage per(@ays) Mean
TreatmenConcentration (%) (%)

Ratio 0 60 120 180
T, 25 45 15 345 3.10 24850 2.63
T, 30 45 1.5 3.64 318 2.50.40 2.68
T3 35 45 15 343 3.10 1®@. 1.10 2.43
Mean 351 312 236 1.33.58
T, 25 50 15 3.48 3.21 245 401. 2.64

Ts 30 50 1.5 368 320 260 1.70.79



Ts 35 50 1.5 3.46 3.00 2.151.10 242
Mean 3.54 314 240 1.402.62
CD at 0.05 %
Treatment Interaction
Concentration= 0.118 Concentration X TSS = NS
TSS = NS Concentration X Storage = 0.237
Storage = 0.136 TSS X Storage = NS
* Point Scale 4 = Excellent 3 = Good

2 = Fair 1 = Poor

The overall mean colour score of 2.62 was awardddrimulations from T

— Tg where in 50 per cent TSS was maintained followganean score of 2.58 in

formulations T — T3 in which case 45 per cent was maintained in theasi)

preparations

4.4.2 Flavour

Table (10) indicates the flavour scores awardegdyelists to the squash

formulations T, — T; evaluated at periodical intervals during storage.

The flavour scores exhibited significant decreasend storage irrespective

of the treatments. In the first set of formulatidram T, — T; prepared by using 25

— 35 per cent pulp, and maintaining TSS of BEx and acidity of 1.5 per cent, the



initial flavour scores at 0 days were 3.16. Therssaecorded at 60, 120 and 180
days of storage were 2.40, 2.06 and 1.13 respégctive

The squash formulations with 35 per cent pulp pess@ significantly
maximum scores of 2.28 during storage followed bgrss of 2.16 and 2.12
observed in case of samples prepared by using @2%amper cent pulp in the first
set of formulations.

In the second set of squash formulations fro Tg prepared by using 25 —
35 per cent pulp, maintaining acidity of 1.5 pemtcand TSS of 50Brix. The initial
scores at 0 days of storage were 2.51, 2.13 aldréspectively.

The flavour scores were influenced by pulp coneiun significantly and

maximum flavour score (2.58) was awarded duringasfe to the squash sample

Table 10: - Effect of storage on Flavour Scores &trawberry Squash

Pulp TSS Acidity Storage per(@ays) Mean
TreatmenConcentration (%) (%)

Ratio 0 60 120 180
T, 25 45 15 3.08 230 2.02.10 212
T, 30 45 15 3.10 240 2.06.10 2.16
T3 35 45 1.5 3.30 250 1®@. 1.20 2.28
Mean 3.16 240 206 1.13.19
T, 25 50 15 3.12 236 2.06 081. 2.15

Ts 30 50 1.5 3.18 250 210 1.18.24



Te 35 50 1.5 3.60 266 2.241.80 258

Mean 330 251 213 1.352.32

CD at 0.05 %

Treatment Interaction
Concentration= 0.005 Concentration X TSS = 0.008
TSS = 0.004 Concentration X Storage = 0.011
Storage = 0.006 TSS X Storage = 0.009
* Point Scale 4 = Excellent 3 = Good

2 = Fair 1 = Poor

Prepared by using 25 per cent pulp concentratigquash samples prepared by
using 30 per cent pulp in the formulation possessedn flavour score of 2.24.
squash samples from, F Ts possessed mean flavour scores of 2.32 compared to

flavour score 2.19 recorded in samples-TTs.

4.4.3 Overall Acceptability

The overall acceptability scores of squash fornmoet from T1 — T3
awarded by panelists during periodical intervaldasting sessions of samples is
shown on table (11).

In the first three formulations,T- Tz prepared by using 25 to 35 percent
pulp concentration and maintaining acidity 1.5 petcand TSS of 45of 45’ Brix,
the overall acceptability scores were significarmigximum 2.93 at 0 days of
storage. The scores were lower at advanced pesindi®verall acceptability scores

were 2.29, 2.07 and 1.17 on 4-point scale aftet&Dand 180 days of storage.



Squash formulation with 30 percent pulp, TSS 45 Bind acidity 1.5
percent scored maximum 2.28 points during enticzagie period followed by
formulations T, and T, which were prepared by using 25 percent and 36epér
pulp and their overall acceptability scores wefie’ and 1.90 respectively.

In comparison to the first set of formulationgs T T, squash samples in the
second set of formulations, - Ts were awarded maximum overall acceptability
scores by panelists at all testing occasions.

Squash formulations4F Tg using 25-35 percent pulp, maintaining acidity of
1.5 percent and TSS of $Brix were awarded overall acceptability score &%Bat
0 days of storage. The overall acceptability scaiggaificantly declined during
storage and overall acceptability scores of 2.@714 and 1.37 were recorded by
panelists after 60, 120 and 180 days of storagthdrsecond set of formulationg T
— Te squash prepared by using 30 percent pulp and amaimg acidity of 1.5
percent and TSS of 8®rix. The maximum overall acceptability score dgri180
days of storage was 2.53 followed by overall acapty scores of 2.35 and 2.22
recorded in case of formulationg F Tgwhere in 25 and 35 percent pulp was used
for making the squash samples.

The mean overall acceptability scores were 2.3I72ahl respectively
for products in which TSS of 8®rix and TSS of 45Brix maintained.

Table 11. - Effect of storage on Flavour Scores &trawberry Squash

Pulp TSS Acidity Storage per(@ays) Mean
TreatmenConcentration (%) (%)
Ratio 0 60 120 180




T, 25 45 1.5 3.10 2.30 2.08.20 2.17
T, 30 45 1.5 3.30 2.50 2.10.20 2.28
T, 35 45 1.5 3.40 2.06 042. 1.10 1.90
Mean 293 229 2.07 1.1Z2.11
Ty 25 50 1.5 3.20 2.70 2.10 401. 2.35
Ts 30 50 1.5 350 280 2.30 1.50.53
Ts 35 50 1.5 3.16 250 2.021.20 2.22
Mean 3.29 267 214 1.372.37
CD at 0.05 %
Treatment Interaction
Concentration= 0.005 Concentration X TSS = 0.008
TSS = 0.004 Concentration X Storage = 0.011
Storage = 0.006 TSS X Storage = 0.009
* Point Scale 4 = Excellent 3 = Good

2 = Fair 1 = Poor



DISCUSSION

CHAPTER-V

DISCUSSION

The agro climatic conditions of J & K State favalle for growing a variety
of temperate fruits of which strawberry is the seass first fruit followed by
cherry. In recent years due to introduction of netsawberry varieties and
awareness among growers, the area under strawbengreasing in the state as the
crop promises quick returns to the growers. Howetlee post harvest life of
strawberry is limited deterioration of quality ibsence of the adequate post harvest
management systems in the valley. Strawberriescareverted into variety of
products such as frozen strawberries, strawbemny, gauce, squash and canned
strawberries. However, in quantity is converted ijaim. Keeping in view the short
shelf life an attempt has been made in the preserdstigation to develop
formulation for strawberry squash and to monit@ guality changes in the product
developed under ambient storage conditions.

5.1 Physico — chemical parameters of fresh strawbsr fruits cv. (Tioga).

The physico-chemical characteristics of strawbémits vary with variety,
soil conditions, season, climatic conditions andgset of maturity. In modern
strawberry culture, various cultural and plant dbods are used to increase plant
vigor and improve fruit quality. The strawberry itauof cultivar Tioga used in the

present investigations were oblong in shape andlisedin colour with an



anthocyanin content of 9.36 mg percent. The avefageweight of strawberries

varied from 13.0 to 13.95g without and with calyespectively. The fruit calyx

contributed 6.6 percent to the average fruit weigftie fruits were having an

average fruit length (3.45 cm), fruit breadth (3&v) and L/D ratio (1.064). these
measurements with regard to fruit weight and siwe ia the range reported by
Hafiza (1999) in Tioga cultivar grown under Kashroanditions. The fruits were

acidic (0.55 percent citric acid) and possessedvalde (4.06). the total soluble
solids of the fruits were 7.66 percent of whichatosugars accounted for 78.33
percent (6.00 percent) and reducing sugars wer@72dercent (3.72 percent) of
total soluble solids. These chemical parameteis regard to TSS, acidity, pH total
sugars and reducing sugars are in the range reldoytelafiza (1999).

The strawberry puree prepared after hot break ndgplossessed TSS of 8.0
percent due to evaporation of water and conceatrabf solids. The acidity of
puree (0.70 percent as citric acid) was lower tti@nfresh fruit. Total sugars (6.20
percent) and reducing sugars (3.77 percent) weleehiin puree than in fresh fruits
and anthocyanin content (16.96 mg percent) wasehighs compared to that of
fresh fruit.

5.2 Storage change in quality parameters of strawlog/ squash
5.2.1 total soluble solids

The squash samples prepared by using 25, 30,r8Bmigulp concentrations

were adjusted to TSS of 45 of ®Brix and acidity of 1.5 percent before storage.

The date indicated that there was an increasetah goluble solid concentration in



all the squash formulations irrespective of thepprdncentrations used. The squash
with initial TSS of 51.23 percent after 180 days stbrage. Where as squash
samples with initial TSS of 45 percent showed iasegl TSS of 46.20 percent.
Squash samples prepared with 30 percent pulp ctatien possessed maximum
TSS of 45.70 Brix in samples maintained initially at 4Brix and 50.88 Brix in
samples maintained initially at $8rix during storage. There was non-significant
effect of two factor interactions. However, storageriod and initial TSS
contributed significantly for the increase in TSISsquash samples during storage.
Sethi (1993), Prassad and Mali (2000), Barweal al(2002) and Saikia and
Saikia(2002) reported increase in TSS of the squsmiples during storage
prepared from fruit like Lithehi, pomegranate, apti and ou-tenga. Where as
Kumar and Manimegalai (2003) observed no chang€S6 of squash prepared
from strawberry cultivars. Sujata and Labella. Smgil Singh (2001) also observed
insignificant changes in TSS of kinnow squash dustorage.

The possible reason for increase in TSS may baaldegradation of starch
and other complex carbohydrates into simple sudargng storage (Mehta and
Bajaj 1983)

5.2.2 Acidity (Percent)

The acidity of strawberry squash was maintainé@dlly at 1.5 percent in all
the treatments. There was a significant increasecidity with storage time and it
attained a value of 1.73 in formulation from t© T; and value of 1.78 percent in

formulation from T, to Tg after 180 days of storage. The mean value of tyorehs



maximum 1.64 percent with the use of 35 percenp pulformulations with initial
TSS of 48 Brix and minimum acidity (1.62 percent) with theeuof 25 percent
pulp, whereas use of 30 or 35 percent pulp in féatrans T to Tg contributed to
the mean maximum acidity of 1.66 percent duringegfe. The interaction effects as
well as the main effects of pulp concentration, T&8%# storage period showed
significant variation with respect to the increasacidity in all the squash samples.
Similar trend with respect to increase in aciditgswobserved by Palaniswarai
al.(1974), Sethi (1993), Prassad and Mali (2000), ifraveniet. al(2001) and
Kumar and Manimegalai (2003) in different fruit sagh samples during storage.
However, Saikiaand Saikia(2002) reported decraaseidity of ou- tenga (Dillenia
indica) fruit squash during storage. The increaseagidity may be due to the
formation of organic acids by ascorbic acid degtiada which is a temperature
dependent transformation process.
5.2.3 pH

In contrast to acidity percent, pH of all the ssfugsamples declined during
storage irrespective of pulp concentration and Tf&$cent maintained in the
formulations. The pH of squash samplestd T, initially at 2.60 decreased to
lower value of 2.10 after 180 days of storage andhsh samples,fio Ts showed
decrease in mean pH value from an initial of 2®2 tminimum of 1.96 after 180
days of storage. Irrespective of TSS in the fortmathe pH value showed
decrease with the increase in pulp concentratiees dor squash formulations.

Minimum pH of 2.37 and 2.34 was recorded in formialas T; to Tg respectively



in case of squash with TSS of 45 and’ Hrix by use of 35 percent pulp
concentration in the product. There was signifigatgraction effect on pH values
in all the squash samples except in case of (coraten x TSS) interaction which
was noted as non-significant.

The decline in pH values of various fruit squaampgles during storage was
also observed by Sethi (1993), Prassad and MallQRKrishnavenket. al(2001)
and Kumar and Manimegalai (2003). However, increageH during storage was
observed by Tahkur and Barwal (1998) and SaikiaZaiklia (2002)

5.2.4 Reducing Sugars (Percent)

There was significant increase in reducing sugBescent) during storage
irrespective of pulp concentrations and TSS maiethiin the squash samples. The
reducing sugars increased in formulationtd T; maintained at A5Brix TSS from
an initial value of 33.64 to maximum of 35.23 pericafter 180 days of storage and
maximum reducing sugars (34.62) percent duringag®rwere observed ins,T
where in 35 percent pulp was used in squash fotinoladjusted at 45Brix.
Higher values of reducing sugars were observedrmdlations T, to Ts. The mean
reducing sugars were 35.46 percent at 0 days wharkased to a maximum value
of 36.93 percent after 180 days. Maximum reducingass during storage were
recorded in § where in 35 percent pulp was used in squash pgparand TSS
was adjusted to 80Brix. There was a significant effect of pulp contation on
reducing sugars of squash samples irrespectiveS& if the formulation. Except

the (Concentration x TSS) interaction, all othdefaction effects were significant



in all the squash samples with respect to incre@aseducing sugars. The increase
in reducing sugars during storage has been reptngedifferent workders. Sethi
(1993), Krishnavenet. al(2001 Barwalet. al(2002), Saikia and Saikia (2002) and
Kumar and Manimegalai (2003) reported increaseeafucing sugars in different
fruit squash samples during storage. The risevel$eof reducing sugars content is
apparently due to the conversion of non-reducirgassiinto reducing sugars due to
acid hydrolysis.

5.2.5 Total Sugars (Percent)

The total sugars showed increase in all the sgsasiples during 180 days
of storage. Squash samples prepared by maintainitigl TSS of 48 Brix (T, to
T3) possessed total sugar content of 41.11 percedtdatys which enhanced to a
level of 42.90 percent after 180 days of storagel, maximum total sugar (42.11
percent) were observed in formulatiogiit which 35 percent pulp was used.

In case of formulation ;Tto Ty wherein 58 Brix TSS was maintained total
sugars were higher initially compared te t© T; formulations. The initial mean
total sugars 45.67 percent in these formulationer af80 days of storage and
formulation of squash with 35 percent pulp had mmxn 47.12 percent total
sugars during storage. Irrespective of pulp comaéinhs, squash samples with 45
percent TSS after 180 days of storage. The togrsin the formulations increased

with the use of pulp concentration.



All the interactions except (Concentration x TS8graction effect showed
insignificant variation with respect to the increas total sugars (percent) of all
squash samples during 180 days of storage.

The increasing trend of total sugars in fruit sfussamples was also
observed by Saikia and Saikia (2002). In contrasiakur and Barwal (1998),
Krishnaveni et al. (2001), Barwal et al. (2002),nkar and Manimegalai (2003)
reported decrease in total sugars in different sguash samples during storage.
5.2.6 Anthocyanins (mg percent)

The anthocyanin content of squash samples decliueohg 180 days of

storage. Initially, the mean anthocyanin contensgaash formulation {Tto

Tszwas 5.53 mg percent, which decreased to a lev2ld# mg. Percent after

180 days of storage. Maximum anthocyanin conteé® 4ng percent was

recorded in squash samples prepared by using 3&emempulp in §

formulations during storage. The mean anthocyarontent of squash
sample T to Tsinitially at 5.70 mg percent decreased to a lowaue of

2.06 mg percent after 180 days of storage and maxianthocyanin content

of 4.62 mg percent was recorded kbl use of 35 percent pulp and TSS of

50° Brix. The main effect of TSS on anthocyanin conteas non-significant
irrespective of storage period and pulp concemimatiThe anthocyanin
content showed increased value with the increagaiip concentrations in

the formulations.



The interaction effects showed significant vadatwith respect to the
decline in anthocyanin content except the storageTessS interaction which

showed non-significant change in squash samples.

5.2.7 Sensory Evaluation of the strawberry squash samples
5.2.7.XColour

The colour scores awarded by panelists to squasfufations from Tto Tg
exhibited decreasing trend with storage period. Ptk concentrations used for
squash samples decreased with storage period.

In the squash formulation from, To T; maintained at A5Brix acidity of 1.5
percent maximum colour score of 3.51 at 0 daysnatta minimum colour score
of 1.33 after 180 days of storage. Maximum colaars (2.68) was awarded during
storage to squash formulated with 30 percent patphaving TSS of 4Brix and
acidity of 1.5 percent.

The squash formulations, To Tshaving TSS of 50Brix and acidity of 1.5
percent were awarded maximum colour score 3.54 dbay® of storage and a
minimum score of (1.40) after 180 days of stord¢mmvever maximum colour score
2.79 was awarded to samplg)prepared by using 30 percent puree concentration.

The loss of colour score in Jamun beverage durtogage have been
reported by Khurdiya and Roy (1985) and by Stad Rrancis (1968) due to the

anthocyanin degradation. The results of presenesiyation on anthocyanin



content indicated at Table 8 are in support ofstlume view. The decrease in colour
scores may be due to the non-enzymatic browningtioges encountered during
storage; Prassad and Mali (2000), Krishnaveni .e28l01). The decreased colour
scores may also be attributed to the increased texidation of ascorbic acid,
organic acids and enhanced Maillard reaction whahtributed to the browning of
squash samples.

5.2. 7.2 Flavour

The panelists awarded maximum flavour score (34dt68) days storage to
squash samples;Tto T; prepared by using different pulp concentration385-
percent, but maintained to TSS of’&rix and acidity of 1.5 percent. The flavour
scores decreased due to storage effect and a nmimsuoare (1.13) was awarded to
the samples {Tto T; after 180 days of storage. Higher pulp concemmatised in
formulation of squash samples significantly enhadnfiavour scores. Maximum
flavour score (2.28) was awarded during storagequeash prepared by using 35
percent pulp TSS 4Brix, acidity 1.5 percent.

The initial TSS of squash formulations signifidgrénhances flavour scores.
Higher flavour scores were awarded to squash samléo Tg maintained with
TSS of 58 Brix and acidity of 1.5 percent. These formulasidrad flavour score
minimum of 1.35 after 180 days of storage. Maximflavour score (2.58) was
observed during storage to sample prepared by @&mgercent pulp and with TSS

of 50 Brix and acidity of 1.5 percent.



The flavour scores of all squash samples decrewastd storage period.
Maximum flavour scores were observed in case oaslgsamples formulated with
35 percent pulp concentration at O days of stoeagklower values after 180 days.
The lower scores for flavour attribute is due te tloss of volatile flavouring
compounds upon storage, and the observations agr@@ment with the findings of
others workers. Thakur and Barwal (1998) also neyooreduction of flavour scores
during storage of Kiwi fruit squash prepared froiffiedent varieties. Khurdiya and
Roy (1985) also observed similar results for flavecore in jamun juice and nectar
during storage. Prasad and Mali (2000) and Krishnaet al. (2001) too observed
decrease in flavour score due to storage in fiquiash of pomegranate jack fruit
respectively.
5.2.7.20verall Acceptability

The overall acceptability scores awarded by patseliaried with the squash
formulations and storage period.

Maximum overall acceptability score (2.93) at sl@f storage in squash
samples Tto Tz;lowered to a minimum overall acceptability score(bfl7) after
180 days of storage.

Maximum overall acceptability score (2.28) was aled during storage to
the sample containing 30 percent pulp and having§ 3 Brix and acidity of 1.5
percent in the formulations from, 7o T3

Squash samples maintained at TSS df Bfix (T, to Ts) were awarded

maximum overall acceptability score (3.29) at Oglal/storage and with the elapse



of 180 days storage period panelists awarded lowerall acceptability score
(1.37) to these formulations. Among these formalai(T;) prepared by using 30
percent pulp, TSS 8®rix and with acidity of 1.5 percent was awardeaximum
overall acceptability score 2.53 during storage.

The overall acceptability scores indicated thatdpct remained acceptable
up to 180 days of storage under ambient conditeorsno microbial spoilage was
detected during this period. The decrease in oveeptability scores may be
attributed to loss of colour, flavour and tastetdbnting bio-molecules.

Thakur and Barwal (1998) also reported decreasestatl acceptability
scores of kiwi fruit squash samples during storagkurdiya and Roy (1985)
observed similar results for overall acceptabifitpres in case of jamun juice and
nectar during storage. Prasad and Mali (2000) anshKaveni et al. (2001) also
reported lower overall acceptability scores in #wplash samples prepared from

pomegranate and jackfruit during storage.
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CHAPTER - VI

SUMMARY AND CONCLUSION

The investigations entitledDevelopment and Evaluation of Strawberry
Squash”were carried out in the food Processing Laboratdrihe Division of Post
Harvest Technology, Shalimar, during the year 2002002 with the following
objectives : -

1) To evaluate various formations for making accegtatlawberry squash.

2) To monitor quality changes during ambient storaiggrawberry squash.
Fresh strawberry fruits of cultivar (Tioga) wereopured from the local
strawberry grower. The fruits were sorted, washed subjected to pulping
by hot break method after removing the calyx. Thappobtained was
preserved with 1000 ppm sodium benzoate and storpce-sterilized glass
containers till use. The preserved pulp w3as etlifor squash preparation
as per different formulation, using 25,30 or 35ceet pulp maintaining TSS
of 45 Brix or 50 Brix and keeping the acidity of 1.5 per cent. Tie
formulations of squash prepared were bottled inspeelized glass bottles of
(200 ml) capacity and kept at room temperature{88°C, R.H. 60 — 80 per
cent) for 180 days. The quality parameters of dysasples were evaluated
at 0, 60 120 and 180 days after storage.

The salient features of the results are summagazdaklow: -



The strawberry fruits of variety Tioga were biggetth an average fruit

weight of 13.95 g with calyx and 13.0 g withoutycal The fruit possessed
L/D ratio of 1.064 having 3.45 cm average lengtd areadth 3.24cm. the
fruits were acidic with pH of 4.06 and acidity ab8 per cent as citric acid.
The fruits possessed total soluble solid content.66 per cent having sugar
acid ratio of 13.93. The total sugar content oftérwas 6.0 per cent of which
reducing sugars were up to 3.72 per cent. Thesfruére reddish in colour
with anthocyanin content of 9.36 mg per cent.

The pulp yield from strawberries by hot break roethvas 71.43 per
cent. The waste material in the form of calyx wasorded to be 7.31 per
cent. The pulp was viscous, reddish in colour vattthocyanin content of
16.96 mg percent. The pulp was characterized vathibée solid content of
8.0 percent, pH 3.60 and acidity 0.70 percent &g @cid and sugar acid
ration of 11.4. The total and reducing sugars presepulp were 6.20 and
3.77 percent respectively.

Quiality changes in squash during storage

Six formulations of squash from strawberry wereppred by using
hot extracted pulp at 25, 30 or 35 percent levets maintaining TSS of 45
or 50 Brix and acidity of 1.5 percent in all sampledialy.

The total soluble solid content in all the six fadations increased
significantly during storage. The TSS of squashgamaried with the pulp

content used and the initial TSS maintained inptteeluct.



The TSS in formulations from;T T, increase increased from%Brix
at 0 days a maximum of 46 2Brix recorded after 180 days of storage. The
corresponding increase in TSS in formulation form T was from an initial
of 50 Brix to a maximum of 51.23Brix recorded after 180 days of storage.
Use of 30 percent pulp in formulationg- s contributed to more TSS level
during entire period of storage.

There was a significant decrease in pH of squashpkes during
storage irrespective of the pulp concentrations B&8 maintained initially
in the products. Samples of squash maintaineditalimSS of 45 Brix and
acidity of 1.5 percent possessed mean pH value.@f at 0 days which
lowered to mean value of 2.10 after 180 days afagi@. In comparison to
this, samples of squash-TTg containing 1.5 percent acidity and®Brix
TSS, initial pH of 2.62 dropped to a minimum of @.8fter 180 days of
storage. The squash samples exhibited decreasd mupng storage with
the use of additional levels of pulp in the forniidas.

There was a significant gradual increase in aciditgquash samples
during storage. Initially all the samples were naimed to contain 1.5
percent acidity of the squash formulations wit! BSix increased to mean
value of 1.73 percent after 180 days of storagerevlas in the formulations
with 50 Brix, acidity increased to the extent of 1.78 jeeitc Increase in the
pulp content in the formulation contributed to momeid content and

formulation with 35 percent pulp content possest®&d percent and 1.66



percent acidity in squash samples respectivelyatoing 4% and 58 Brix
total soluble solids.

The total and reducing sugars exhibited significactease during
storage in all formulations. Significantly more vethg and total sugars were
observed in formulations (T Ts) maintained initially at 5OBrix compared
to (T, — Ty) treatments maintained at 450 Brix. Maximum redgcand total
sugars were recorded at higher levels of pulp%,@&cent used in both the
sets of formulations.

Squash samples {F Ts) maintained initially at 45Brix, acidity 1.5
percent possessed mean reducing sugars 33.64 pancetotal sugars 41.11
percent at 0 days of storage and the values red@ifter 180 days of storage
were 35.23 and 42.90 percent respectively.

Squash samples {TTe) maintained initially at 5Brix, acidity 1.5
percent possessed mean reducing sugar content.4% p&rcent and total
sugars 36.93 at 0 days of storage. The valuesdedoafter 180 days of
storage were 36.93 percent reducing sugars an@ pércent sugars.

The initial mean anthocyanin content was maximu#® 5ng (%) in
formulation (T;- Tg) maintained at 50Brix, acidity 1.5 percent compared to
lower value of 5.53 mg percent in formulations-(Ts) maintained at 45
Brix and acidity 1.5 percent. There was a signiftadecrease in anthocyanin
content due to storage in all formulations. The maathocyanin content

after 180 days of storage varied from 2.06 — 2.@3parcent and 4.62 mg



percent during storage in formulations maintained® Brix and 58 Brix
respectively.

There was a significant decrease in colour scosigmasd by the
panelists to the squash samples during storagenlfations maintained to
higher TSS i,e 50Brix (T, Te) had mean colour score 3.54 at 0 days,
which decreased to score of 1.40 after 180 dagsondge. The formulations
T.— T; (Maintained at 45Brix, acidity 1.5 percent) had colour score 0f13.5
at 0 days of evaluation and a lower value of 1{& d80 days of tasting.

Use of 30 percent pulp in both sets of formulatibvase produced
squash of excellent colour attribute and the mealouc score for - T,
(Containing 30 percent pulp and%nd 58 Brix total soluble solids) were
2.68 and 2.79 respectively during storage.

The flavour scores of squash samples evaluatedraidical intervals
indicated decreasing trend with the storage. Tmelps awarded maximum
score to the samples containing more pulp i,e 36em¢ and TSS 30Brix
on flavour basis. The mean flavour scores for fdations T;- T (450 Brix
TSS, acidity 1.5 percent) was 3.16 at O days aedvHlues decreased to
score of 1.13 after 180 days of storage. The faatiais T- Tg (50° Brix
TSS, acidity 1.5 percent) had initialed mean flaveaoore of 3.30 and it
dropped to lowest of 1.35 after 180 days of starage

The overall acceptability scores were maximum @ fiormulations

maintained at 50 Brix and acidity of 1.5 percent compared to the



formulations |- T; where in 48 Brix and acidity of 1.5 percent was
maintained.

The overall acceptability scores recorded jn T were 3.29 at 0 days
of evaluation and the product remained acceptalile @AA score of 1.37
even after 180 days of storage. Squash sampleb; Tormulated to contain
TSS 48 Brix acidity 1.5 percent possessed overall actsiittascore of 2.93
at 0 days of storage. The products did not show raigrobial spoilage
during storage except colour determination, whieduced OAA scores

significantly.
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CHAPTER - VI

SUMMARY AND CONCLUSION

The investigations entitledDevelopment and Evaluation of Strawberry
Squash”were carried out in the food Processing Laboratdrihe Division of Post
Harvest Technology, Shalimar, during the year 2002002 with the following
objectives : -

3) To evaluate various formations for making accegalrawberry squash.

4) To monitor quality changes during ambient storagetrawberry squash.
Fresh strawberry fruits of cultivar (Tioga) wereopured from the local
strawberry grower. The fruits were sorted, washed subjected to pulping
by hot break method after removing the calyx. Theppobtained was
preserved with 1000 ppm sodium benzoate and storpde-sterilized glass
containers till use. The preserved pulp w3as edifor squash preparation
as per different formulation, using 25,30 or 35ceet pulp maintaining TSS
of 45’ Brix or 50 Brix and keeping the acidity of 1.5 per cent. Tdie
formulations of squash prepared were bottled inspeelized glass bottles of
(200 ml) capacity and kept at room temperature<88C, R.H. 60 — 80 per
cent) for 180 days. The quality parameters of dysasnples were evaluated
at 0, 60 120 and 180 days after storage.

The salient features of the results are summansdaklow: -



The strawberry fruits of variety Tioga were biggetth an average fruit

weight of 13.95 g with calyx and 13.0 g withoutycal The fruit possessed
L/D ratio of 1.064 having 3.45 cm average lengtd areadth 3.24cm. the
fruits were acidic with pH of 4.06 and acidity ab8 per cent as citric acid.
The fruits possessed total soluble solid content.66 per cent having sugar
acid ratio of 13.93. The total sugar content oftérwas 6.0 per cent of which
reducing sugars were up to 3.72 per cent. Thesfruére reddish in colour
with anthocyanin content of 9.36 mg per cent.

The pulp yield from strawberries by hot break roethvas 71.43 per
cent. The waste material in the form of calyx wasorded to be 7.31 per
cent. The pulp was viscous, reddish in colour vattthocyanin content of
16.96 mg percent. The pulp was characterized vathibée solid content of
8.0 percent, pH 3.60 and acidity 0.70 percent &g @cid and sugar acid
ration of 11.4. The total and reducing sugars presepulp were 6.20 and
3.77 percent respectively.

Quiality changes in squash during storage

Six formulations of squash from strawberry wereppred by using
hot extracted pulp at 25, 30 or 35 percent levets maintaining TSS of 45
or 50 Brix and acidity of 1.5 percent in all sampledialy.

The total soluble solid content in all the six fadations increased
significantly during storage. The TSS of squashgamaried with the pulp

content used and the initial TSS maintained inptteeluct.



The TSS in formulations from;T T, increase increased from%Brix
at 0 days a maximum of 46 2Brix recorded after 180 days of storage. The
corresponding increase in TSS in formulation form T was from an initial
of 50 Brix to a maximum of 51.23Brix recorded after 180 days of storage.
Use of 30 percent pulp in formulationg- s contributed to more TSS level
during entire period of storage.

There was a significant decrease in pH of squashpkes during
storage irrespective of the pulp concentrations B&8 maintained initially
in the products. Samples of squash maintaineditalimSS of 45 Brix and
acidity of 1.5 percent possessed mean pH value.@f at 0 days which
lowered to mean value of 2.10 after 180 days afagi@. In comparison to
this, samples of squash-TTg containing 1.5 percent acidity and®Brix
TSS, initial pH of 2.62 dropped to a minimum of @.8fter 180 days of
storage. The squash samples exhibited decreasd mupng storage with
the use of additional levels of pulp in the forniidas.

There was a significant gradual increase in aciditgquash samples
during storage. Initially all the samples were naimed to contain 1.5
percent acidity of the squash formulations witf! BSix increased to mean
value of 1.73 percent after 180 days of storagerevlas in the formulations
with 50 Brix, acidity increased to the extent of 1.78 jeeitc Increase in the
pulp content in the formulation contributed to momeid content and

formulation with 35 percent pulp content possest®&d percent and 1.66



percent acidity in squash samples respectivelyatoing 4% and 58 Brix
total soluble solids.

The total and reducing sugars exhibited significactease during
storage in all formulations. Significantly more vethg and total sugars were
observed in formulations (T Ts) maintained initially at 5OBrix compared
to (T, — Ty) treatments maintained at 450 Brix. Maximum redgcand total
sugars were recorded at higher levels of pulp%,@&cent used in both the
sets of formulations.

Squash samples {F Ts) maintained initially at 45Brix, acidity 1.5
percent possessed mean reducing sugars 33.64 pancetotal sugars 41.11
percent at 0 days of storage and the values red@ifter 180 days of storage
were 35.23 and 42.90 percent respectively.

Squash samples {TTe) maintained initially at 5Brix, acidity 1.5
percent possessed mean reducing sugar content.4% p&rcent and total
sugars 36.93 at 0 days of storage. The valuesdedoafter 180 days of
storage were 36.93 percent reducing sugars an@ pércent sugars.

The initial mean anthocyanin content was maximu#® 5ng (%) in
formulation (T;- Tg) maintained at 50Brix, acidity 1.5 percent compared to
lower value of 5.53 mg percent in formulations-(Ts) maintained at 45
Brix and acidity 1.5 percent. There was a signiftadecrease in anthocyanin
content due to storage in all formulations. The maathocyanin content

after 180 days of storage varied from 2.06 — 2.@3parcent and 4.62 mg



percent during storage in formulations maintained® Brix and 58 Brix
respectively.

There was a significant decrease in colour scosigmasd by the
panelists to the squash samples during storagenlfations maintained to
higher TSS i,e 50Brix (T, Te) had mean colour score 3.54 at 0 days,
which decreased to score of 1.40 after 180 dagsondge. The formulations
T.— T; (Maintained at 45Brix, acidity 1.5 percent) had colour score 0f13.5
at 0 days of evaluation and a lower value of 1{& d80 days of tasting.

Use of 30 percent pulp in both sets of formulatibvase produced
squash of excellent colour attribute and the mealouc score for - T,
(Containing 30 percent pulp and%nd 58 Brix total soluble solids) were
2.68 and 2.79 respectively during storage.

The flavour scores of squash samples evaluatedraidical intervals
indicated decreasing trend with the storage. Tmelps awarded maximum
score to the samples containing more pulp i,e 36em¢ and TSS 30Brix
on flavour basis. The mean flavour scores for fdations T;- T (450 Brix
TSS, acidity 1.5 percent) was 3.16 at O days aedvHlues decreased to
score of 1.13 after 180 days of storage. The faatiais T- Tg (50° Brix
TSS, acidity 1.5 percent) had initialed mean flaveaoore of 3.30 and it
dropped to lowest of 1.35 after 180 days of starage

The overall acceptability scores were maximum @ fiormulations

maintained at 50 Brix and acidity of 1.5 percent compared to the



formulations |- T; where in 48 Brix and acidity of 1.5 percent was
maintained.

The overall acceptability scores recorded jn T were 3.29 at 0 days
of evaluation and the product remained acceptalile @AA score of 1.37
even after 180 days of storage. Squash sampleb; Tormulated to contain
TSS 48 Brix acidity 1.5 percent possessed overall actsiittascore of 2.93
at 0 days of storage. The products did not show raigrobial spoilage
during storage except colour determination, whieduced OAA scores

significantly.
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