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1. INTRODUCTION

The genus Annona contains more than fifty species, of which five produce edible
fruits of horticultural importance. The plants are indigenous to tropical America and have
distributed in tropical, sub tropical and arid zones of world. Custard apple is sometimes
considered as poor man’s rich food in the arid zones of South India.

Annonaceous fruits are also highly valued for their medicinal properties and act as
blood tonic. The immature fruit seeds, leaves and roots are of considerable medicinal value
both in Ayurvedic and Yunani systems of medicine.

Custard apple is a hardy crop which can be grown on marginal lands with minimum
care and inputs. In Karnataka an estimated area and production of custard apple is 1706 ha
and 12892 M. Tons respectively (Kotecha et al., 1995). It is also grown in Andra Pradesh,
Maharashtra, Karnataka, Panjab, Rajasthan, Uttar Pradesh, Madhya Pradesh, Bihar, West
Bengal, Assam, Gujarat, Kerala and Tamil Nadu.

Custard apple plants starts bearing at the age of four to six years and declines after
12 to 15 years. Harvesting may extend from August to November depending on the period of
flowering. The fruits are harvested in firm condition when the skin between the segments
turns to creamy yellow. An average tree yields 100 to 150 fruits per year, bigger and vigorous
tree may yield more and each fruit weighs about 120 to 230 grams (Aziz and Yusof, 1994).

Custard apple is a delicious fruit and mostly consumed as a desert fruit. The fruit has
peel, pulp and seed in varying proportions. The fruit has an edible, soft, granular, juicy sugary
pulp with a mild flavour. Its pulp is sweet with a pleasant texture and can be mixed with milk or
ice-cream to form a good beverage.

Custard apple is highly valued for its nutritive qualities. Fruit contains moisture (70.5%),
carbohydrates (23.5%), protein (1.6%), fat (0.4%) mineral matter (0.9%), iron (1.0%), calcium
(0.2%), phosphorous (0.04%) and energy value 104 Kcal/100g of edible portion (Gopalan et
al., 2004). The edible portion of the fruit varies from 28 to 55 per cent. The fruit contains sugar
varying from 12.4 to 18.5 per cent and acidity from 0.26 to 0.65 per cent (Alexander et al.,
1982).

In India post harvest losses of fruits account for twenty to forty per cent at different stages
viz., harvesting, handling, transporting, storage and marketing of fresh produce. This is a
great handicap in exploiting the full potential of this crop area expansion and in increasing
their production. Storage of the fresh fruit of Annona squamosa in cold storage has a
limitation as the fruit skin develops unattractive brown color further the shelf life of fruits can
be improved by slowing down the biochemical processes in fruits during storage by various
treatments.

The rapid fruit softening (firmness loss) is the main characteristic in reducing the fruit
quality, limiting the transportation, processing and commercialization. Pulp extraction from the
fruit should be done as rapidly as possible, so as to minimize oxidation of the pulp by naturally
occurring enzymes. Custard apple pulp when exposed to air turns pink due to peroxidase
activity and becomes bitter when heated above 55°C, which renders preservation by heat
treatment inapplicable. To preserve the pulp, it is necessary to add 1 per cent of citric acid
together with 0.1 per cent of sodium benzoate, while addition of 50-100 ppm of sulphur
dioxide which checks the pink discoloration due to enzymatic activity (Prasanna, 2000).

Fruit has a very limited shelf life of just one to two days and is generally eaten fresh
after ripening. It is normally cultivated on a small scale in rural areas and marketed in local
mandies. If these fruits are processed into commercial value added products, they form
important nutritional products for rural folk. The development of processing technology will
help in better utilisation of custard apple fruits through value added products preparation
which may avoid glut of fresh fruit in the market and its availability for longer period.



Fruit juice and juice products represent a very important segment of total fruit
processing industry. India produces 152 thousand tonnes of ready to serve beverages from
various fruit blends per annum however the contribution of custard apple to processing
industry as a raw material is negligible. Thus, there is a greater scope for the production of
functional beverages on commercial scale by using custard apple.

Therefore, in order to explore the possibilities of utilising the custard apple fruits for
processing, an attempt was made to find out the methods of preservation of pulp and to
standardise the protocols for development of value added products and to study the storage

stability of processed products such as RTS and squash. Keeping this in view, the present
investigation was carried out with the following objectives.

Objectives

1. To standardize the chemical preservatives and pasteurization temperature for
preservation of custard apple pulp.

2. To standardize the recipes for preparation of RTS and squash from custard apple
pulp.

3. To assess the nutritive value and quality of processed products.

4. To evaluate the storage stability and organoleptic acceptability of processed products.



2. REVIEW OF LITERATURE

Custard apple fruits have very short life after harvest which is one of the major limitations
for commercial cultivation and further area expansion in this minor important fruit crop
cultivated in tropical and subtropical regions of the world. Review of literature reveals that
there is scanty research work on various aspects of this crop. More particularly about post
harvest handling and processing including storage stability studies. Hence, the available
literature reviewed in this chapter includes the work on custard apple and related fruits.

2.1 Effect of chemical preservatives and pasteurization
temperature on storage of custard apple pulp

Brenndor et al. (1985) found that the mango pulp treated with 0.2% potassium
metabisulphite gave the best result for the control of microbial growth during 90 days of
storage. Gamage et al. (1997) studied custard apple pulp treated with 0.1— 0.5 per cent
ascorbic acid and stored in modified atmosphere generating packages at 0°C were of
acceptable quality for sensory and microbiological properties throughout the storage period of
4 weeks. Umme et al. (1997) suggested that soursop pulp treated at 70°C for 20 minutes with
addition of 0.5 per cent ascorbic acid and packed into polythene bags stored for 30 days at
5°C.

Chikhalikar et al. (2000) found that custard apple pulp treated with 100 ppm ascorbic
acid as antibrowning agent and packed in 200 gauge polyethylene and was frozen at —-25°C
in an alcohol bath and stored at -18 °C in a deep-freeze and 2% glycerol + 1% propylene
glycol + 10% glucose syrup + 10% maltodextrin, on the thawing time of pulp was stored for a
period of 3 months. Hussain et al. (2003) preserved mango pulp with preservatives and found
that potassium meta-bisulphite (KMS) at 1000 ppm, sodium benzoate at 500 ppm and
potassium sorbet at 400 ppm were effective against microorganisms and no colonies were
formed up to 90 days of storage period.

Sonia et al., (2003) opined that mango pulp stored with the application of sodium
benzoate at the concentration of 600 mg and 1200 mg of potassium metabisulphite for 360
days at room temperature without any effect on the sensory characteristics of pulp. Hashmi et
al. (2007) studied mango pulp preservation with potassium metabisulphite concentration of
1000 mg/kg showed better inhibitory effect on the microbial growth for duration of three
months.

Suhali et al. (2007) showed that addition of 0.2 per cent potassium metabisulphite
packed in plastic containers helped in controlling microbial growth, sensory characteristics
and maximum nutrients stability of mango pulp during 90 days of storage. Amin et al. (2008)
revealed that the use of chemical preservatives such as potassium sorbate 400 ppm, sodium
benzoate 500 ppm and potassium metabisulphite 1000 ppm showed the better effect on the
control of microorganisms in mango pulp during three months of storage period and
organoleptic assessment were acceptable upto nine months of storage. Akhtar et al. (2009)
studied the chemical preservatives on physico-chemical characteristics, microbiological
parameters and sensory attributes of preserved mango pulp the action of potassium
metabisulphite (1000 ppm) was shown to be most effective.

Durrani et al. (2010) showed that the apple pulp treated with 0.1% potassium
metabisulphite + 0.1% citric acid and 0.1% potassium metabisulphite+0.5% citric acid were
found most acceptable during physico-chemical and sensory evaluation for a total period of
90 days. Ayub et al. (2010) observed pasteurized strawberry juice with 20% sucrose, 0.1%
potassium sorbate and 0.1% sodium benzoate were most effective in maintaining the sensory
and nutritional quality during 3 months of storage.

Kamble and soni (2010) observed that effect of storage of custard apple pulp at -4
and -18°C temperature on scores for sensorial quality of pulp viz., appearance, color, flavor,
taste, texture and overall acceptability increases during 70 days of storage. Pawar et al.



(2010) reported custard apple pulp treated with 2000 ppm of ascorbic acid without heat
treatment showed highest sensorial properties without discoloration compared to heat treated
samples.

Muhammad et al. (2011) reported that apple pulp sample treated with 0.1%
potassium metabisulphite + 0.1% citric acid was found most acceptable during 90 days of
storage. Durrani et al. (2011) opined addition of potassium sorbate along with potassium
metabisulphite at the level of 0.05% each retained overall eatable quality of mango pulp,
colour, flavour and odour during 60 days of storage.

Hiremath and Rokhade (2012) observed that there was no much change in chemical
composition of sapota juice preserved with chemical preservatives as compared to fresh
juice. Potassium meta-bisulphite reduced the OD value whereas pasteurisation increased the
OD value for non-enzymatic browning.

Sakhale et al. (2012) observed that the treatment in which mango pulp was
preserved with 0.2 per cent potassium meta-bisulphite and stored in glass bottles gave
maximum score for overall acceptability and had negligible microbial count. This treatment
was found statistically significant over the rest of treatments. It was further observed that the
pulp was safe without spoilage up to 90 days.

Nwachukwu and Ezeigbo (2013) showed that the synergistic effect of pasteurization
at 60°C for 1 hour, acidified with lime and addition of 0.05 per cent sodium benzoate could be
used to extend the shelf-life of soursop juice for up to two weeks.

2.2 Preparation of ready-to-serve (RTS) beverages

RTS is a type of fruit beverage which contains at least 10 per cent of fruit juice and 10
to 15 per cent of total soluble solids besides about 0.3 per cent acid. It is not diluted before
serving hence it is known as ready to serve (Srivastava and Sanjeev Kumar, 2012).

The concept and methodology followed for preparation of beverage is same for most
of the fruits with certain minor manipulations depending upon the type of fruit that are either
highly acidic or extremely low in acidity or those fruits, which exhibit interfering factors such as
highly astringent and bitter taste (Giridharilal et al., 1986). A good quality ready to serve guava
beverage could be prepared with fruit pulp content equivalent of 5 to 10 per cent peeled fruit,
12.5 per cent TSS and 0.25 per cent acidity (as citric acid) as reported by Jain and Borker
(1970). Passion fruit juice was more popular for mixing with other juices. Among the tropical
fruit products investigated by Swamy et al. (1977) Passion fruit juice has proved to be too
acidic for the manufacture of ice cream, but this characteristic is an advantage in the
preparation of sherbet. The addition of passion fruit juice at 10 to 15 per cent to the basic
sherbet mix is considered to be the optimum for a flavoured product.

The RTS beverage based on 25 per cent jamun juice, 18 °B sugar and 0.6 per cent
acidity scored the highest overall organoleptic score (Khuridiya and Roy, 1985). A ready to
serve beverage containing 33.3 per cent juice could be prepared from phalsa fruit after
cooking and extracting the juice in a basket press (Khurdiya and Anand, 1980). A study has
opined that the citrus fruits are the most ideal for making beverage due to the fact that they
are juicy, refreshing and retain the characteristic taste and aroma even after few months of
their preparation into a beverage (Giridharilal et al., 1986).

Kotecha et al. (1995) studied RTS beverage of custard apple showed that the
beverage prepared by using 20 per cent juice was the most acceptable superior quality. Singh
and Sanjeevkumar (1995) studied that blended RTS of composition 10 per cent Aonla pulp +
2 per cent lime juice + 1 per cent ginger juice with 12 per cent TSS and 0.3 per cent acidity
were found ideal.

Jasimahmed (1996) reported that banana RTS prepared from 15 per cent juice, 12°
Brix TSS and 0.15 per cent acidity was found ideal. Teotia et al. (1997) reported that the RTS



beverage prepared using clarified juice (10%) of muskmelon was excellent in colour, flavour
and taste. The RTS prepared from Saradar guava containing 10 per cent guava pulp and 11
per cent TSS with 0.25 per cent acidity was found to be most ideal and better over Allahabad
safeda (Pandey and Singh, 1998).

The RTS drink prepared from blending of pulp of Dashehari and Banganpalli (50:50)
scored highest marks as compared to the one prepared from individual variety (Srivastava,
1998). In another study, among the four papaya cultivars evaluated for their processing
quality, Pusa dwarf was found most suitable for making quality beverages (Sanjeev and
Singh, 1998).

Singh et al. (2001) evaluated various recipes for preparation of RTS from barhal
(Artocarpus lakoocha R.) fruits. The composition of 10 per cent juice, 10 per cent TSS and 0.3
per cent acidity for RTS was found excellent for preparation of barhal beverages. Krishnaveni
et al. (2001) prepared RTS beverage from jackfruit with 10 per cent pulp, 18°B TSS and 0.25
per cent acidity. A slight decrease in sensory scores for appearance, colour, flavour, taste and
overall acceptability were observed during storage. RTS juices prepared from Simarouba
fruits with 15 per cent juice, 20° Brix total soluble solids recorded increase in pH, total sugars
and considerable raise in reducing sugars, but acidity and ascorbic acid was found to be
decreased during a storage period of 5 months with little decrease in the intensity of colour
(Ramajayam et al., 2002).

Bael (Aegle marmelos) RTS drink prepared with 10 per cent bael pulp, 14 per cent
total soluble solids and 0.28 per cent acidity was found most ideal over all the treatments
(Surender et al., 2005). Papaya fruits were processed to prepare ready to serve (RTS)
beverage using varying levels of pulp percentage (10, 14 and 18%) with 13°Brix TSS and 0.3
per cent acidity. Sensory evaluation indicated that the RTS beverage with 18 per cent pulp,
13°Brix TSS and 0.3 per cent acidity was most highly ranked and thus preferred by the
panellists (Saravanan et al., 2004).

Abbo et al. (2006) Results have showed that pasteurisation of soursop juice reduced
microbial counts from 3 x 10° to <10x10" cfu/g for mesophilic aerobic counts and 27.5 x 108 to
<10 x 10" cfu/g for moulds and yeasts. Verma (2007) also reported that total sugars, reducing
sugars and browning were found to increase, whereas acidity and total phenols of bael ready-
to-serve drink were decreased during storage period. The ready to serve beverage of stone
apple (Aegle marmelos correa) with 13 per cent pulp, 14 °Brix TSS and 0.3 percent acidity
was considered standard based on organoleptic evaluation. The RTS blended with ginger
juice fetched higher sensory acceptability and also standardized the process parameters with
respect to biochemical, microbial and sensory acceptance Kalpana et al. (2008).

Markam and Singh, (2012) studied the effect of chemical preservative of potassium
metabisulphite was studied on the microbial and sensory quality of the custard apple RTS
beverage stored at ambient temperature (28-32°C) for 180 days with an interval of 1 month,
mean score of test panel for colour, taste, flavour, appearance and overall acceptance
significantly decreased, whereas, the microbial contamination was found maximum at 30 days
of storage. The RTS beverage prepared from 10 per cent aloe juice with 15°B TSS was found
to be the most ideal recipe (Vijayalakshmi, 2012).

2.3 Preparation of squash beverages

Squash is a fruit juice beverage, which is altered considerably in its composition before
consumption. It may be diluted before serving with plain or aerated water. Squash consists of
essentially strained juice containing moderate quantities of fruit pulp and appropriate sugar/
acid ratio for good taste. It is a refreshing drink containing vitamins and minerals. According to
FPO specification squash should possess minimum juice of 25 per cent, TSS of 40°B acidity
1.5 per cent and maximum preservative of SO, 350 ppm or benzoic acid 600 ppm (Anon.,
1984).

Mangave (1982) noticed that the reducing sugars varied from 11.36 to 22.85 per cent



while non-reducing sugars varied from 0.96 to 5.34 per cent. In a varietal evaluation under
Bangalore condition, the reducing sugars ranged from 12.7 to 15.0 per cent, whereas the
total sugars ranged from 15.9 to 17.9 per cent. Pruthi et al. (1984) found that Squash and
RTS beverages prepared from malta orange beverage based and malta orange juice
concentrate were found acceptable for six months when stored at room temperature (25-
30°C).

Pandey and Singh (1998) studied the preparation and preservation of guava squash.
The recipe containing 25 per cent pulp and 45 per cent TSS with 1.0 per cent acidity was
found most ideal. The product remained acceptable up to a period of six months under
ambient temperature.

Vishal and Sharma (1998) had given an ideal recipe for squash and syrup which
includes 25 per cent pulp, 45 per cent TSS, 1 per cent acidity for squash and 25 per cent
pulp, 68 per cent TSS and 1.2 per cent acidity for syrup from different varieties of aonla.
Squash and syrup prepared from Cv. Chakaiya scored highest for organoleptic quality.

Sanjeevkumar and Singh (1998) studied the recipe for preparation of papaya
beverages like nectar and squash, the products were evaluated. Nectar with composition 20
per cent pulp, 13 per cent TSS and 0.3 per cent acidity, squash of composition 25 per cent
pulp, 50 per cent TSS and 1.1 per cent acidity were found ideal. Thakur and Barwal (1998)
studied the preparation and evaluation of squash from unmarketable kiwi fruit. The squash of
45 °Brix with 25 per cent and 30 per cent pulp of the Cv. Allison had highest taste, flavour and
acceptable score during storage period.

Singh et al. (2001) reported that preparation of squash from Barhal (Artocarpus
lakoocha R.) fruits by composition of 25 per cent juice, 45 per cent TSS and 1 per cent acidity
was found excellent. Gajanana (2002) revealed that acceptable quality aonla squash could be
obtained with the recipe containing 30 per cent aonla with 5 per cent lime juice, 2 per cent
ginger juice and TSS adjusted to 40 °Brix.

Ramanjayam et al. (2002) reported that the Simarouba squash prepared with 40 per
cent juice, 45 per cent TSS recorded maximum ascorbic acid, total sugars and reducing
sugar. In addition, this combination had better colour and was rated superior in sensory
quality attributes such as appearance, aroma, taste and overall acceptability in organoleptic
evaluation.

Vijay et al., (2006) reported that recipe of 40 per cent pulp, 60 per cent TSS and 0.75
per cent acidity was most ideal to prepare squash from aonla. This product remained
acceptable up to a period of six months during storage at room temperature. The total soluble
solid, reducing sugar and total sugar of the squash increased continuously during storage
while the ascorbic acid in contrast decreased. Seabuckthorn fruits in the combination of 25
per cent pulp and 50 per cent TSS were found the best for the preparation of seabuckthorn
squash on the basis of sensory evaluation (Rohit et al., 2008). Bael squash was prepared
with different sugar concentrations (1.5, 1.75, 2.00 and 2.25 kg/litre of fruit juice) and stored
up to 90 days under ambient conditions (Kenghe et al., 2009).

2.4 Physico-chemical changes in fruit beverage during storage

Paul (1979) reported the extent of physico-chemical and sensory changes during the
storage of beverage depend on the type of fruit, ingredients used method of processing and
storage conditions. Roy and Singh (1979) reported that squash and nectar prepared from
bael fruit changed its original colour to light brown during storage. They further observed a
decrease in acidity as well as ascorbic acid and increase in total and reducing sugar content
of squash and nectar during six months of storage at room temperature.

The nutrients loss was common feature in processed products (Tripathi ef al., 1988).
They also observed that most of the beverage showed an increase in TSS and reduction in
total titratable acidity and ascorbic acid, which was proportional to the storage period. In



guava beverage, the loss of ascorbic acid was in the range of 40 to 56 per cent after one year
of storage, whereas, total soluble solids increased slightly over the control during the storage
period (Kalra et al., 1988).

Rajani (1998) reported that the extracted fresh custard apple pulp had a pH of 5.3
and soluble solids of 20 °B, acidity of 0.22 per cent, ascorbic acid 3.44 mg per 100 g, reducing
sugar 14.04 per cent, non reducing sugar 6.27, total sugar 20-30 per cent, crude fibre 1-96
mg per 100 ml, crude protein 1.56 per cent, nitrogen 0.25 per cent, calcium 0.20 per cent and
iron 0.99 per cent.

Five products (juice, squash, ready to serve, cordial, syrup) prepared from four
varieties of litchi were stored at room temperature for twelve months and their quality was
evaluated at every three months interval. Vitamin C significantly decreased, whereas reducing
sugar increased slightly in all the products during the storage period (Karuna et al., 2005).

An increase in reducing sugar and decrease in ascorbic acid with processing and
storage of citrus juice was noticed by Ranote and Bains (1982). According to Raghuramaih
and Ranganna (1970), darkening of citrus juices during storage is due to the oxidation of
ascorbic acid to dehydro-ascorbic acid.

Mango squash prepared from different varieties showed an increase in reducing
sugar and loss of acidity during storage, whereas, the TSS did not change much
(Palaniswamy et al., 1974). Increase in TSS and reduction in acidity and ascorbic acid was
observed in lime juice squash by Palaniswamy and Muthukrishnan (1974).

Garande et al. (1995) reported that jamun RTS stored at room temperature showed
an increase in TSS, total sugar, reducing sugar and pH. However, a reduction in non reducing
sugar and acidity was observed during storage. There was a continuous increase in the
values of total sugars (11.2 to 13.6%) and reducing sugars (4.8 to 11.5%) in the RTS
beverage prepared from pineapple guava blends during three months of storage (Tripathi et
al., 1988).

Damame et al. (2002) observed that vitamin C content in aonla products (juice and
syrup) goes on decreasing with the advancement of storage period. The physico-chemical
changes in jamun (Syzygium cumini) fruit products like RTS, squash and syrup during the
storage were studied. Total soluble solids and reducing sugar increased whereas, the total
sugars and acidity decreased slightly. The total phenolics (tannins) decreased throughout the
storage period. The maximum retention of anthocyanin was in syrup, squash and RTS
beverage (Kannan et al., 2004). Ready-to-serve beverage was prepared from two varieties of
jackfruits with 10 per cent pulp, 18°Brix TSS and 0.25 per cent acidity. The storage study
showed an increasing trend in the acidity and reducing sugar and decreasing trend in total
sugar, ascorbic acid content. Retention of ascorbic acid and (3-carotene contents were much
better in the sample stored in green coloured bottles Krishanaveni et al., (2001).

Ramajayam et al. (2002) studied the development of value added simarouba and
kokum-simarouba squash blends. During 5 months of storage, TSS and pH recorded an
increasing trend whereas acidity recorded a decreasing trend. However, there was no
conspicuous change in total sugars, reducing sugars and ascorbic acid.

A significant decrease in acidity level with increase in pH level in sapota squash was
noticed during storage period of six months (Srinivas et al. 2007). An increasing trend in total
sugar content (40.84 to 41.76 %) of sapota squash prepared from sapota fruits of CO-2
cultivar after 30 days of storage (Sudha et al. 2007).

Kinnow mandarin juice and ginger juice were blended in the ratio of 0:30, 5:25, 10:20,
15:15, and 20:10, 25:5 and 30:0, respectively to prepare squash from these blends. TSS was
fixed at 40 to 45°B. A gradual and consistent decrease in acidity was observed in the stored
squash (Nath et al., 2005).



Singh et al. (2005) studied the standardization of processing technology of bael or
blended bael ready to serve beverages. The TSS, TSS-acid ratio and total sugar of ready-to-
serve drink increased during storage up to three months. Acidity, non-reducing sugar and
phenols decreased, whereas reducing sugars and browning increased during the storage of
six months. Choudhary et al. (2006) have reported that RTS beverage of guava noted an
increase in acidity during its 150 days of storage.

Vijayalakshmi, (2012) reported that ready-to-serve beverage of aloe vera noted an
increase in TSS, reducing sugars, total sugars, sugar: acid ratio and pH, whereas titratable
acidity, ascorbic acid, non-reducing sugars and polysaccharides decreased during the storage
period of six months. Vijayalakshmi, (2012) reported that increasing storage period with
increase in TSS, total sugars, reducing sugars, pH, whereas acidity, ascorbic acid, non-
reducing sugars decreased during storage in aloe squash.

Relekar et al. (2013) reported an increase in the levels of TSS, reducing sugar, total
sugar and pH as where as a decline in that of acidity of sapota squash during the storage
period of six months.

2.5 Sensory changes in fruit juice beverages during storage

Jasimahmad (1996) found that the banana RTS beverage prepared from 15 per
cent juice, 12°Brix TSS and 0.15 per cent acidity recorded highest sensory score for colour,
flavour, consistency and overall acceptability.

Sensory evaluation score was higher in the treatments involving blending kinnow
juice with pomegranate and ginger juice in the ratio of 87:10:3 due to better consistency and
flavour up to the end of storage (Bhardwaj and Mukherjee 2011). The RTS and nectar
beverage prepared from blended fruits of grape:mango (3:1) and grape:pineapple (1:1)
received the better sensory score as compared to other combinations (Saxena et al. 1996).

Carrot drinks fortified with natural or commercial flavours of mango and orange had
high quality attributes, sensory parameters and consumer acceptability. The data also
revealed that carrot drinks fortified with natural flavours (mango or orange) exhibited higher
quality and acceptability than those fortified with commercial flavours (Mohamed, 1997).

Joshi et al. (1993) reported that the plum pulp beverage with spice extracts (mint 0.4,
ginger juice 0.5, cumin 0.25, cardamom 0.25 and black pepper 0.1 %) having 45°Brix
obtained highest organoleptic score. Singh and sanjeevakumar (1995) reported that the RTS
beverage prepared from 10 per cent aonla pulp + 2 per cent lime juice + 1per cent ginger
juice having 12 per cent TSS, 0.3 per cent acidity was found to be best with regard to
organoleptic quality.

Waskar and Khurdiya (1987) observed that decline in overall acceptability score of
phalsa squash from 8.10 to 4.40 after 180 days of storage. Similar declining trend in overall
acceptability was noticed by Dwivedi et al. (2004) in custard apple toffee and Jadhav et al.
(2004) in tamarind squash

Bhosale et al. (2000) reported that RTS beverage prepared from 80:20 (Aonla:
Mango) blend had better consumer appeal and nutritional value over other blends. Gajanana
(2002) reported that aonla RTS beverage prepared with recipe of 12 per cent aonla juice, 2
per cent lime juice and 1 per cent ginger and TSS adjusted to 15°Brix was found to be
acceptable with higher organoleptic score.

Gajanana (2002) reported that the blended beverage prepared from 12 per cent
aonla juice + 2 per cent lime juice + 1 per cent ginger juice + sugar adjusted to a TSS at
15°Brix and blended squash with recipe of 30 per cent aonla juice + 15 per cent lime juice + 2
per cent ginger + sugar adjusted to a TSS of 40°Brix were found to be highly acceptable with
higher organoleptic score. Mandal (2003) observed that the blended RTS containing 75 per
cent pineapple juice and 25 per cent phalsa juice secured the highest organoleptic score.



Higher overall acceptability and enhanced vitamin C content was achieved by
blending goose berry juice with grape juice at 20:80 ratios (Jain and Khurdiya 2004). Jamun
RTS beverage prepared with recipe consisting of 14 per cent juice + 0.15 per cent citric acid
and adjusted with sugar to TSS of 14° Brix was found to be acceptable with higher
organoleptic score (Upale, 2005).

According to Singh et al. (2001) 70 per cent mango + 30 per cent papaya pulp
squash secured maximum acceptability. Paneer whey beverage prepared from 2.5 per cent
kokum juice and 15 per cent sugar with 0.1 per cent jeera powder was found most acceptable
sensory quality. Rupanar et al. (2009) found that blending of pomegranate and kokum juices
in 80:20 per cent gave good TSS, acidity and anthocyanins. The blending of sand pear juice
with apple juice in the proportion of 50:50 to 60:40 gave better quality with higher sensory
score (Devaraju et al., 2001).

The palmyrah fruit ready-to-serve sample subjected to sensory evaluation showed
significant differences between treatments with respect to colour, aroma, taste, consistency
and overall acceptability. From the result of quality assessments, the formulated beverage
with 12 per cent of pulp concentration was found to be superior in quality and could be stored
at 30+2°C for minimum period of six months without any significant changes in quality (Nilugin
and Mahendran, 2010).

Patil et al. (2011) reported that the mango squash prepared from 40 per cent pulp,
50°Brix TSS and 1.5 per cent acidity secured maximum scores and stood best among all the
recipes for colour, flavour, consistency and overall acceptability during 32 days of storage.

Kirtiraja et al. (2013) reported that RTS beverage prepared by blending aonla and
ginger juice with aspartame scored maximum for all most all sensory quality attributes such
as colour, flavour, taste and overall acceptability. Sapota squash with 30 per cent juice and
50°Brix TSS recorded the highest sensory score for flavour and taste (Relekar et al., 2013).

2.6 Storage of fruit juice beverages

Masoodi et al. (1992) reported that the perlette grape juice could be stored by
addition of different quantity of potassium metabisulphite (350, 450, 550 and 600 ppm) and
heating the juice at 88°C for two minutes prior to storage.

Jain et al. (1984) observed that an ideal squash could have acidity of 1.00 to 1.50 per
cent, whereas in nectar, 0.3 to 0.5 per cent. Acidity prevents development of off-flavour or off-
odour during storage of the products.

According to Sudhir and Kilara (1983) temperature plays an important role in storage
stability of processed products. Temperature fluctuations, high temperature and unhygienic
storage conditions have an adverse effect on the quality of stored processed products caused
early deterioration. Jack fruit squash preserved with potassium metabisulphite showed very
little changes in its colour, taste and flavour during storage. However, it exhibited an increase
in reducing sugar content of the squash irrespective of preservatives used (Deverajaiah,
1987).

Chobe (1999) reported an increasing trend in TSS, pH, reducing sugar, non reducing
sugar and total sugar during storage of pomegranate juice both at room and low temperature,
while there was decrease in acidity and ascorbic acid.

Saini and Dharmpal (2001) reported that, thermally processed mango RTS beverage
showed increase in reducing sugar, total sugar and reduction in non reducing sugar, of the
three methods of preservation viz., sulphitation at 600 ppm, benzoate at 1000ppm and 50:50
combinations of SO, and sodium benzoate. However, sulphitation retained maximum sugar
over a storage period of 24 weeks.



The jamun products like RTS, squash and syrup stored in colourless glass bottles
were accepted even after 6 months storage at ambient conditions. The appearance, colour,
flavour, taste and overall acceptability were found to be good (Kannan and Thirumaran 2004).

Sorolia and Mukharjee (2002) studied the effect of different preservation methods on
keeping quality of lime juice, viz., heating at 85°C, pasteurization, potassium metabisulphite,
and sodium benzoate. Among the various treatments, the use of KMS 0.1 per cent was found
to be effective in preserving the juice for two and half months. Storage studies showed an
increase in sugars, pH, TSS and browning, whereas acidity and ascorbic acid of lime juice
decreased.

Vijayanand et al. (2003) reported that aonla juice pasteurized at 85 to 90°C and was
filled in sterilized bottles, 200 guage polyethylene pouches and the pouches were blast frozen
at -40°C. Both were shelf stable, where as pasteurized juice filled in high density polyethylene
bags with class- Il preservative was stable up to six months of storage at 10°C.

The tamarind RTS beverages were stored at ambient (33.8+ 7.4°C, RH 74.2+ 23.8
per cent) and low (7+2°C, RH 90-95%) temperature for 180 days. The changes in chemical
composition and overall acceptability score of the products during storage showed that TSS,
titratable acidity and total sugar content of the RTS beverage stored at both temperatures
increased, whereas ascorbic acid content decreased. The overall acceptability score for the
RTS beverage decreased during storage (Kotecha and Kadam, 2003).

2.7 Microbial analysis of fruit juice beverage

Assessment of microbial contamination indicates the sanitary quality of the food products.
Microorganisms associated with the food products not only cause the spoilage, but also
responsible for the food borne illness. Proper processing and storage conditions can control
the growth of the micro organisms in the food products.

In India the chances of transmission of disease through fruit juices are due to
unsatisfactory hygiene and adulteration practices. Microorganisms are present both inside as
well as outside of fruits and vegetables. At the time of consumption, the majority of bacteria
found on the surface are usually gram -ve and belong to the Enterobacteriaceae. Many of
these organisms are usually non pathogenic to humans. The inner tissues of fruits are usually
regarded as sterile. However, bacteria can be present in low number as a result of the uptake
of water through certain irrigation or washing procedures.

Microbial load was within permissible level in different squashes of citrus formulated
using orange and mosambi immediately after formulation and on storage (Bobby and
Radhaisri, 2003).

Chandan (2004) reported an increase in microbial load of aonla RTS during storage
at ambient condition. Upale (2005) reported that during three months of storage studies the
microbial load of jamun RTS, standard plate count (SPC) for bacteria ranged from 2.50 x 10°
CFU per ml to 2.74 x 10°CFU per ml.

Addition of 350 ppm of potassium metabisulphite in whey based kinnow juice
concentrate was found to be effective in retarding the growth of yeast and mould counts
during storage at refrigerated temperature (4+1°C, 80% RH) for nine months and at ambient
temperature (15-35°C, 66-85 % RH) for four months (Khamuraui et al., 2004).

Jayalaxmi (2006) reported that the microbial load of sapota juice preserved with
pasteurization, chemical preservatives and with combination of both showed lower microbial
load as compared to fresh juice (untreated control). However, any of these treatments could
not help in extending the storage life as the juice was fermented beyond 15 days.



Sameer (2006) reported that, jamun beverages stored in different storage methods
comparatively minimum changes were noticed under refrigerated storage than at ambient
storage with respect to all chemical parameters and microbial load.

Yeast, moulds and coliforms were not detected in unpasteurized sweet orange juice
stored in sterilized containers at refrigerated conditions (10+2°C) up to four days, there after
juice exhibited presence of microbes except Staphylococcus aureas. Pasteurization and
refrigeration inhibited the growth of microbes (Jain et al., 2003).

Effect of thermal processing (92°C for 2 min) and high pressure treatment (500Mpa,
25°C for 10min) on microbial inactivation of tomato juice during refrigerated storage at 4°C for
28 days was investigated by Hsu, et al. (2008). It was reported that thermal processing
produced microbial stable juice with total viable counts less than 1.0 cfu/ml. No detection of
yeast, moulds and E. coli. High pressure treatment also resulted in efficient inactivation of all
micro organisms with the minimum loss of nutrients.

Nirmal et al. (2006) found that in wood apple RTS beverage with addition of sodium
benzoate was found to be effective in controlling the growth of micro organisms, as no
microbial growth was observed upto 90 days of storage. The microbial analysis of stored
whey based papaya juice for 90 days at refrigerated condition was studied by Kumar et al.
(2005). A slight increase in colonies of bacteria (1- 2X10®), yeast (1X107) and fungi (1-2X10*)
were observed during storage. But which are considered as safe for consumption (Madhukar,
2008).

Blend juice of kinnow juice: aonla juice: ginger juice (92:5:3) was better in view of non
enzymatic browning (0.081 to 0.10x10* CFU) and minimum population of bacteria (4.0 x 10°
CFU), mould (1.5 x 10° CFU) and yeast (2.1x10° CFU) at the end of 6 months storage. It was
also observed that the addition of ginger juice in blends improves the quality and reduces
microbial growth. Further, the juice was found acceptable after six months of storage at room
temperature (Bhardwaj and Mukherjee, 2011).



3. MATERIAL AND METHODS

Investigation on “Studies on processing and preservation of custard apple pulp,
squash and ready-to-serve beverages” were carried out in the Department of Post-Harvest
Technology, Kittur Rani Channamma College of Horticulture, Arabhavi, Belgaum district,
Karnataka during the year 2013-2014. The methods followed and materials used during the
investigation are elucidated here under.

3.1 Geographical location and climate

Arabhavi is situated in northern dry zone (zone-3) of Karnataka. It lies at 16°15’ N
latitude and 75° 45’ E longitudes, at an altitude of 612.05 m from mean sea level. The average
annual rainfall at Arabhavi is about 432 mm and it is distributed over a period of eight to nine
months (May 2013 to November 2013) with peaks (100.4 mm) during October. The mean
maximum temperature goes up to 38.24°C (April) and mean minimum temperature drops

down to 9.3°C (January). The relative humidity varies between 55.39% (February) to 88.59%
(December).

3.2 Fruits used in the investigation
Custard apple (Annona squamosa L.) fruits were procured from Mr. Mahantesh farm
located at village Hattaragi of taluk Hukkeri, Belgaum district of Karnataka. Fruits of uniform

size, shape and fully matured were selected, packed in corrugated fibre boxes and brought to
the laboratory for further experimentation.

3.3 Extraction of custard apple pulp

The selected custard apple fruits were cut opened by hand. The pulp was extracted
by scooping and squeezing for de-seeding and kept in sterilized steel container. The pulp
obtained was homogenous and free from seeds and fibre. This fine pulp was used for a part

of which was used to standardize the pulp preservation method and preparation of processed
products like RTS (Ready-to-serve) and squash.

3.4 Experimental details

3.4.1 Experiment | — Studies on effect of chemical preservatives on storage
of custard apple pulp

The experiment was conducted in a Completely Randomized Design with three
replications. The details of the treatments are as follows.

Treatments details
T+-Potassium metabisulphite 1000 ppm
T,- Potassium metabisulphite 1500 ppm
Ts-Sodium benzoate 1000 ppm
T,-Sodium benzoate 1500 ppm
Ts-Potassium sorbate 1000 ppm
Te-Potassium sorbate 1500 ppm

T+-Citric acid 1000 ppm



Te-Control
3.4.1.1 Methodology for extraction of custard apple pulp:

Selected fruits are cut into 2 halves and scooped out the pulp with stainless steel
spoon and pulp was extracted. Acidity level of 0.5% and Total Soluble Solids (TSS) of 26 °Brix
was adjusted commonly and the pulp was used for both the experiments on standardization
of preservatives and pasteurization treatment. After preparation preservatives were added as
per the treatment details to the pulp. The treated pulp was bottled and kept for storage in
ambient condition up to 15 days. The observations were recorded at every five days interval
to evaluate changes in chemical, organoleptic parameters and total bacterial count. The
products were evaluated for sensory qualities viz., colour and appearance, taste and aroma,

mouth-feel and overall acceptability by a panel of 10 semi-trained judges using 5 point
hedonic scale.

3.4.2 Experiment |l — Studies on effect of pasteurization temperature for
preservation of custard apple pulp

The design adopted for this experiment was Completely Randomized Design with
three replications. The details of the treatments are as given below.

Treatment details

T,- Pasteurization temperature at 85°C for 20 min

T,- Pasteurization temperature at 85°C for 25 min

Ts- Pasteurization temperature at 85°C for 30 min

T,- Pasteurization temperature at 90°C for 20 min

Ts- Pasteurization temperature at 90°C for 25 min

Te- Pasteurization temperature at 90°C for 30 min

T+~ Control
3.4.2.1 Methodology:

The extracted pulp with 0.5 per cent acidity and 26 °Brix was used for various
pasteurization treatments. Further custard apple pulp was bottled and subjected to storage
studies at room temperature for a period of 15 days. Samples were drawn initially and at five
days interval to evaluate changes in chemical, organoleptic parameters and total bacterial
count. The products were evaluated for sensory qualities viz., colour and appearance, taste

and aroma, mouth-feel and overall acceptability by a panel of 10 semi-trained judges using 5
point hedonic scale.

3.4.3 Experiment Il — Preparation and preservation of custard apple RTS

The design adopted was Completely Randomized Design with nine treatment and
three replications.

Treatment details
T4-Pulp (10%) + TSS (14°B)
To-Pulp (10%) + TSS (15°B)

T-Pulp (10%) + TSS (16°B)



T4-Pulp (12%) + TSS (14°B)

Ts-Pulp (12%) + TSS (15°B)

Te-Pulp (12%) + TSS (16°B)

T7-Pulp (14%) + TSS (14°B)

Te-Pulp (14%) + TSS (15°B)

To-Pulp (14%) + TSS (16°B)
3.4.3.1 Methodology for preparation of RTS beverage:

For the preparation of custard apple RTS, extracted pulp was mixed with table sugar
and water as per recipe mentioned in the treatment details. The TSS of the beverage was
adjusted by adding table sugar as specified in the treatment details using digital refractometer
(Erma make), acidity levels were adjusted to 0.1 per cent acid by the addition of citric acid in
all the treatments. After pasteurization and addition of chemical preservatives, RTS was
bottled and subjected to storage studies at room temperature for a period of 3 months.

Samples were drawn initially and at monthly interval to evaluate changes in chemical,
organoleptic parameters and total bacterial count.

3.4.4 Experiment IV — Preparation and preservation of custard apple Squash

The design adopted was Completely Randomized Design with six treatments and
four replications.

Treatment details

T4-Pulp (25%) + TSS (40°B)

T,-Pulp (25%) + TSS (42°B)

Ts-Pulp (25%) + TSS (44°B)

T4-Pulp (25%) + TSS (46°B)

Ts-Pulp (25%) + TSS (48°B)

Te-Pulp (25%) + TSS (50°B)
3.4.41 Methodology for preparation of squash

For the preparation of custard apple squash, the pre-extracted pulp was mixed with
table sugar and water as per recipe mentioned in the treatment details. The TSS of the
beverage was adjusted by adding table sugar as specified in the treatment details using
digital refractometer (Erma make), acidity levels were adjusted to 1 per cent acid by the
addition of citric acid in all the treatments. After pasteurization and addition of chemical
preservatives, the custard apple squash was bottled and subjected to storage studies at room

temperature for a period of 3 months. Samples were drawn initially and at monthly interval to
evaluate changes in chemical, organoleptic parameters and total bacterial count.



3.5 Observations recorded

3.5.1 Total soluble solids (%)

The total soluble solids of custard apple pulp, RTS and squash was measured by
using an ‘Erma’ make hand refractometer and expressed as percentage after making
necessary corrections.

3.5.2 Sugars (%)

The sugar content of pulp and juice of custard apple products obtained from
representative sample under each treatment were estimated and expressed in percentage.

3.5.2.1 Reducing sugar (%)

Reducing sugar in sample was estimated as per the Dinitrosalicylic acid method
(Miller, 1972). The values obtained were expressed in percentage.

3.5.2.2 Total sugars (%)

The total sugars present in the fruit pulp and products were estimated by the same
method as in case of reducing sugar after inversion of the non-reducing sugars using dilute
hydrochloric acid (Anon., 1984). One ml of evaporated extract was taken and kept in boiling
water bath till the alcohol completely evaporated and allowed it to cool. Then phenolphthalein
indicator was added followed by 1 N sodium hydroxide till the solution turned to pink. Again
0.1 N hydrochloric acid was added to discolour the solution. Then Dinitro-salicylic acid
(DNSA) method for reducing sugar was followed. The results obtained were expressed in
terms of percentage.

3.5.2.3 Non-reducing sugar (%)

The per cent non- reducing sugars were obtained by subtracting the value of reducing
sugar from that of total sugar.

Non-reducing sugar (%) = [Total sugar (%) — reducing sugar (%)] x 0.95
3.5.3 Ascorbic acid (mg/100g)

Ascorbic acid content was estimated by using 2, 6 - Dichlorophenol indophenol dye
titrimetrically as per the modified procedure of AOAC (Anon., 1984). Five ml of sample was
taken and diluted to a known volume (100 ml) with 4 per cent oxalic acid. This was filtered
through muslin cloth to get clear juice. Five ml of aliquot was titrated against 2,6-
dichlorophenol indophenols dye till the pink end point which persisted for at least 15 seconds.
The result was expressed as milligrams of ascorbic acid per 100 ml.

Dve factor X Titre value X Vol. made uP, 100

Ascorbic acid [ ™8/ ml| =
L /1007 Aliquot X Vol. of sample

3.5.4 Titratable acidity (%)

A known volume of sample (5 ml) was taken and titrated against the standard NaOH
using phenolphthalein indicator. The appearance of light pink color was marked as the end
point. The value was expressed in terms of citric acid as per cent titratable acidity of juice
(Anon., 1984).



3.5.5 Non-enzymatic browning (OD value)

The browning of custard apple pulp and products viz., RTS and squash was carried
out. Ten ml of sample was taken and centrifuged at 5000 rpm for 4-5 min and the supernatant
was collected. A 40 per cent solution was prepared in ethyl alcohol and mixed thoroughly.
Filtered through whatman No.1 paper. Measure the absorbance of the samples at 440 nm for
non-enzymatic browning. Prepare 60 per cent ethyl alcohol solution as blank.

3.5.6 Microbial analysis (CFU/ml)

The microbial analysis of custard apple pulp and products viz., RTS and squash was
carried out as per the method of Harrigan and Mccance (1966). Ten ml of juice was taken for
analysis. The samples were placed on nutrient agar media for bacterial isolation following
serial dilution technique. Plates were incubated for two days at 28 + 1°C and colonies were
counted and CFU per ml was calculated.

3.5.7 Colour (L* a* b¥)

The colour of the samples was measured using a Lovibond colour meter (Lovibond
RT300, Portable spectrophotometer, The Tintometer Limited, Salisbury, UK) fitted with 8mm
diameter aperture. The instrument was calibrated using the black and white tiles provided.
Colour was expressed in Lovibond units L* (Lightness/darkness), a* (redness/greenness) and
b* (yellowness/blueness). Samples were placed under the aperture of the colour meter. Three
measurements were performed for each sample and values were averaged.

3.6.8 Organoleptic evaluation (Score out of 5.00)

Organoleptic evaluation of custard apple pulp and products viz., RTS and squash
was carried out by a panel of 10 semi-trained judges. The organoleptic characters like colour
and appearance, mouthfeel, taste and flavor, and overall acceptability were evaluated on a 5
point Hedonic scale using the score card mentioned below. The scores given by 10 semi-
trained judges were used for statistical analysis.

Score card for organoleptic evaluation

Colour and Mouth-feel Taste and Overall Acceptability Scores
appearance Flavour
Highly attractive Extremely pleasant Excellent Extremely acceptable 5
Very attractive Very pleasant Very good Very acceptable 4
Moderately Moderately pleasant Good Moderately acceptable 3
attractive
Slightly attractive Slightly pleasant Fair Slight acceptable 2
Not attractive Not pleasant Poor Not acceptable 1




3.6.9 Statistical analysis

The data on the physico-chemical parameters and total bacterial count (TBC)
recorded were subjected to completely randomized design analysis in experiments I, Il, Il and
IV. Interpretation of the data was carried out in accordance with Panse and Sukhatme (1967).
The level of significance used in ‘F’ test was p= 0.01. Critical difference values were
calculated wherever ‘F’ test was significant.



4. EXPERIMENTAL RESULTS

The experiment entitled “Studies on processing and preservation of custard apple
pulp, squash and ready-to-serve beverages” was conducted during 2013-2014 at the
Department of Post Harvest Technology, Kittur Rani Channamma College of Horticulture,
Arabhavi. The results obtained in the present study are presented hereunder.

4.1 Experiment -I. Effect of chemical preservatives on storage of
custard apple pulp

4.1.1 Total soluble solids (%)

The data on total soluble solids (TSS) of custard apple pulp as influenced by
treatments and storage periods are presented in Table 1.

The TSS was adjusted to 26°Brix commonly in all the treatments at the beginning.
However, the results showed significant difference among the treatments for this parameter
during storage. The treatment T, (Potassium metabisulphite at 1500 ppm) recorded highest
TSS of 26.88, 27.73 and 27.80 per cent, respectively at 5, 10, 15 days after storage, followed
by treatment T, (26.32%) at 5 days after storage which was on par with T, (27.33%) and T,
(27.30%) at 10 DAS; T4 (27.77%) and T4 (27.37%) at 15 DAS. The minimum TSS of 25.03,
25.30 and 25.50 per cent was recorded in the treatment Tg (control) at 5, 10 and 15 days after
storage.

4.1.2 Titratable acidity (%)

The titratable acidity was expressed in terms of citric acid as percentage on fresh
juice weight basis. The results on total titratable acidity showed significant differences
between the treatments and storage periods. The treatment T, recorded significantly
maximum titratable acidity in chemically preserved custard apple pulp at initial, 5, 10 and 15
days after storage 0.73, 0.68, 0.63 and 0.56 respectively and it was found on par with the
treatments T4 and T, at initial days of storage; with T4, Ts and T4 at 5, 10 and 15 days after
storage.

The lowest titratable acidity was found in Ts (0.52, 0.47, 0.42 and 0.37%) at initial, 5,
10 and 15 DAS.

4.1.3 Ascorbic acid (mg/100g)

The data on retention of ascorbic acid content was found to have significant
differences among the treatments during the storage period (Table 1). As evident from the
grand mean, ascorbic acid content showed decreasing trend with the increase in storage
period.

The treatment T, (potassium metabisulphite at 1500 ppm) recorded highest ascorbic
acid of 4.31, 4.27, 3.72, 3.62 mg/100g respectively at initial, 5, 10 and 15 days after storage
and it was on par with treatment T4, Ts and T, at initial and 5 DAS; T4, Ts, T4 and Te at 10 and
15 days after storage. However, the ascorbic acid content was significantly lowest in the
control (Tg) at initial, 5, 10 and 15 (3.44, 3.41, 3.04, 2.99 mg/100 g) DAS.

4.1.4 Reducing sugar (%)

The data with respect to reducing sugar content of custard apple pulp in different
treatments stored up to 15 days are presented in Table 2. Mean values for reducing sugar
indicated an increasing trend in their level with increase in storage time.



Significant differences among the treatments were recorded at initial, 5, 10 and 15
days after storage. The treatment T, (potassium metabisulphite at 1500 ppm) recorded
maximum reducing sugar content of (15.90, 15.92, 16.00, 16.01%) respectively and the



Table 1: Effect of chemical preservatives on total soluble solids, titratable acidity and ascorbic acid of custard apple pulp during
storage

Total soluble solids (%) Titratable acidity (%) Ascorbic acid (mg/100g)
Treatments Days after storage
Initial 5 10 15 Initial 5 10 15 Initial 5 10 15
T4- Potassium metabisulphite at 1000 ppm 26.32 | 27.33 27.77 0.69 0.61 0.59 0.51 414 413 3.62 3.52
T, -Potassium metabisulphite at 1500 ppm 26.88 | 27.73 27.80 0.73 0.68 0.63 0.56 4.31 4.27 3.72 3.62
Ts- Sodium benzoate 1000 ppm 26.07 | 27.07 27.15 0.61 0.56 0.51 0.43 3.95 3.93 3.49 3.39
T4~ Sodium benzoate 1500 ppm 26.09 | 27.30 27.37 0.65 0.60 0.55 0.49 413 4.08 3.60 3.49
Ts- Potassium sorbate 1000 ppm 26.00 | 26.03 | 26.09 26.11 0.57 0.52 0.47 0.39 3.68 3.63 3.16 3.06
Te-Potassium sorbate 1500 ppm 26.04 | 26.67 26.68 0.58 0.53 0.48 0.39 3.74 3.69 3.31 3.23
T--Citric acid 1000 ppm 26.00 | 26.17 26.19 0.55 0.50 0.45 0.38 3.60 3.54 3.14 3.04
Ts-Control 25.03 | 25.30 25.50 0.52 0.47 0.42 0.37 3.44 3.41 3.04 2.99
Mean 26.00 | 26.06 | 26.71 26.82 0.61 0.56 0.51 0.44 3.87 3.84 3.34 3.29
S.Emzt - 0.12 0.13 0.13 0.04 0.03 0.04 0.04 0.11 0.1 0.13 0.13
C.D.at1% 0.49 0.49 0.56 0.14 0.14 0.14 0.12 0.43 0.43 0.49 0.49




Table 3: Effect of chemical preservative on colour (L* a* b*) values of custard apple pulp during storage

L* value a*value b* value
Treatments Days after storage
Initial 5 10 15 Initial 5 10 15 Initial 5 10 15

Ts- Potassium metabisulphite at 1000 ppm | 40.43 | 40.13 | 39.99 39.92 2.76 2.96 2.98 2.99 4.27 3.98 3.65 3.15
T, - Potassium metabisulphite at 1500 41.22 | 40.92 | 40.72 40.62 2.82 2.96 2.98 3.00 3.57 2.89 2.36 2.13
ppm

Ts- Sodium benzoate 1000 ppm 43.25 | 4295 | 4275 42.65 2.80 2.94 2.95 2.96 2.99 3.33 2.99 2.99
T4~ Sodium benzoate 1500 ppm 48.47 | 48.37 | 48.31 48.21 2.38 2.58 2.78 2.93 2.70 2.78 2.40 2.17
Ts- Potassium sorbate 1000 ppm 38.83 | 38.53 | 38.33 38.26 2.53 2.73 2.93 2.96 2.46 2.79 2.49 2.50
Te- Potassium sorbate 1000 ppm 35.13 | 34.93 | 34.73 34.63 2.19 2.39 2.46 2.46 3.77 2.93 3.89 3.89
T~ Citric acid 1000 ppm 36.78 | 36.52 | 36.35 36.25 2.69 2.89 2.96 2.97 3.31 3.31 2.95 2.95
Ts- Control 3455 | 3445 | 34.25 33.81 2.11 2.28 2.41 2.41 1.88 1.81 1.85 1.90
Mean 39.83 | 39.60 | 39.43 39.30 2.54 2,72 2.81 2.84 3.19 2.98 2.82 2.7
S.Emz 2.41 242 243 2.46 0.15 0.14 0.12 0.12 0.19 0.29 0.12 0.17
C.D.at 1% 9.95 10.0 10.04 10.16 0.61 0.57 0.49 0.50 0.78 1.21 0.53 0.66

L*= Dark - Light, a*= Green —Red, b*= Blue —yellow




minimum was associated with the treatment Ts (14.43, 14.78, 15.13, 15.18%) at initial, 5, 10
and 15 days of storage.

The treatment T, was on par with treatments T+, T3, T4, Ts at initial DAS, T4, T3, T4, and
Ts at 5and 15 DAS, T4, Ts, Ts, Ts, and Te at 10 DAS.

4.1.5 Non-reducing sugar (%)

The mean values for non-reducing sugar decreased with the progress in the storage
period (Table 2). The treatment Ts recorded maximum non reducing sugar content (3.75, 3.44,
3.15 and 3.12%) respectively and it was on par with T, and T; at
initial days after storage; with T; at 5 DAS; with T4, T4, and T7 at 10 DAS; with Ty, Ty, Ts, Ta,
and Ty at 15 DAS.

The minimum non-reducing sugar was observed in the treatment T¢ (2.80 and 2.79%)
at initial and 5 DAS respectively and it was on par with all treatments except T, at initial DAS;
withTs and Ts at 5 DAS. The lowest non- reducing sugar was observed in treatment Ts (2.71
and 2.70%) at 10 and 15 DAS respectively and it was on par with Ts at 10 and 15 days after
storage.

4.1.6 Total sugar (%)

The treatment showed significant differences at initial days after storage
(Table 2). The treatment T, (potassium metabisulphite at 1500 ppm) recorded maximum total
sugar content of 19.14 per cent and it was on par with T4 and T4. The minimum total sugar
(18.35%) was observed in the treatment Ts (potassium sorbate at 1000 ppm) and it was on
par with T3, Ts, Tz and Ts.

However at 5, 10 and 15 days after storage, the results showed non-difference
difference among treatments.

4.1.7 Colour analysis

The data on changes in colour of custard apple pulp during storage was measured by
Lovibond colour meter in terms of L*(brightness), a* (red-green) and b* (blue-yellow) and is
presented in Table 3.

The mean values of lightness (L*) and blueness (b*) decreased with increasing
storage period and whereas redness (a*) showed increasing trend. Significantly maximum L*
value was observed in the treatment T, (48.47, 48.37, 48.31, 48.21) and it was on par with T4,
T,, Ts and Ts at initial, 5, 10 and 15 days after storage, The minimum L* values of 34.55,
48.37, 48.31 and 48.21 were observed in treatment Ts at initial, 5, 10 and 15 DAS
respectively. It was on par with all treatments except T, at initial, 5, 10 and 15 DAS.

The significantly maximum a* value was observed in treatment T, (potassium
metabisulphite at 1500 ppm) with values of 2.82, 2.96, 2.98 and 3.00 at initial, 5, 10 and
15 DAS respectively and it was on par with T4, T3, T4, Ts and T7 at initial, 5, 10 and 15 days
after storage with Ts, T, Ts, Teand Trat 10 and 15 DAS. Significantly minimum a*value for T,
211, 2.28, 2.41 and 2.41 at initial, 5, 10 and 15 DAS respectively and it was on par with T4,
Ts, Te, and Ty at initial DAS; with T4, Ts and Ts at 5 DAS; with T, and Ts at 10 DAS; with T, at
15 DAS respectively.

Significantly maximum b* value of (4.27 and 3.98) observed in treatment T,
(potassium metabisulphite at 1500 ppm) at initial and 5 DAS which was on par with T, and Ts
at the beginning of storage; with all treatments except T, at 5 DAS. At 10 and 15 days after
storage treatment Ts (potassium sorbate at 1000 ppm) with its value being 3.89 and it was on
par with T,. Significantly minimum b* value for custard apple was observed in treatment Ts
(1.88, 1.81, 1.85 and 1.90) at initial, 5, 10 and 15 DAS respectively.



Table 2: Effect of chemical preservative on reducing sugar, non-reducing sugar and total sugar of custard apple pulp during storage

Reducing sugar (%)

Non-reducing sugar (%)

Total sugar (%)

Treatments Days after storage

Initial 5 10 15 Initial 5 10 15 Initial 5 10 15
T,- Potassium metabisulphite at 1000 ppm 15.74 | 1580 | 15.91 15.95 3.1 3.10 3.09 3.08 | 19.01 | 19.07 | 19.18 | 19.19
T, -Potassium metabisulphite at 1500 ppm 15.90 | 15.92 16.00 16.01 3.08 3.06 3.01 3.00 19.14 | 19.16 | 19.16 | 19.17
Ts- Sodium benzoate 1000 ppm 1555 | 15.62 | 15.85 15.86 3.06 3.05 3.04 3.03 | 18.44 | 18.79 | 19.05 | 19.06
T4 Sodium benzoate 1500 ppm 15.62 | 15.79 | 15.95 15.96 3.50 3.13 3.12 3.08 | 19.06 | 19.08 | 19.09 | 19.10
Ts- Potassium sorbate 1000 ppm 15.17 15.51 15.83 15.84 3.02 2.98 2.71 2.70 18.35 | 18.65 | 18.68 | 18.70
Te-Potassium sorbate 1500 ppm 1546 | 1553 | 15.54 15.56 2.80 2.79 2.78 277 | 1839 | 1842 | 18.45 | 18.48
T,-Citric acid 1000 ppm 1498 | 15.10 | 15.39 15.40 3.34 3.25 3.09 3.00 | 1849 | 18.52 | 18.54 | 18.56
Te-Control 1443 | 14.78 | 15.13 15.18 3.75 3.44 3.15 312 | 18.38 | 18.40 | 18.45 | 18.46
Mean 15.36 | 15.51 | 15.70 15.72 3.21 3.10 3.00 297 | 18.66 | 18.76 | 18.83 | 18.84
S. Emzt 0.16 0.17 0.1 0.1 0.14 0.06 0.03 0.06 0.13 0.10 0.14 0.21
C.D. at1% 0.66 0.68 0.46 0.44 0.57 0.23 0.09 0.23 0.54 NS NS NS

NS- Non significant




4.1.8 Non enzymatic browning (OD at 440 nm)

The data on non enzymatic browning of custard apple was measured by optical
density at 440 nm and is presented in Table 4. The data indicated with respect to non
enzymatic browning showed non significant differences among the treatments.

4.1.9 Microbial analysis (CFU/ml)

The data presented in Table 4 indicate the microbial load of custard apple pulp as
influenced by treatments and storage period.

As evident from mean values, bacterial population exhibited an increasing trend in
custard apple pulp from the beginning (12.71 CFU/ ml) to 15 days after storage (29.37
CFU/ml). Significantly maximum bacterial population was seen in Tg (30, 32, 38 and 49.33
CFU/ml) at initial, 5, 10 and 15 DAS respectively and it was followed by T+ (19, 21, 36.67 and
42 CFU/ml) respectively at initial, 5, 10 and 15 days after storage respectively.

The minimum bacterial population was deserved in T, (3.33, 5.33, 10 and 15.33
CFU/ml) at initial, 5, 10 and 15 DAS respectively and it was on par with bacterial load in T4 (5,
7, 11.67 and 17.67 CFU/ml) and T4 (7.67, 9.67, 18.33 and 21.33 CFU/ml respectively) at
initial, 5, 10, 15 days after storage, respectively.

4.1.10 Organoleptic evaluation (Score out of 5.00)

The custard apple pulp was subjected to organoleptic evaluation to assess the
sensory attributes like colour and appearance, mouthfeel, taste and flavour, and overall
acceptability.

4.1.10.1 Colour and appearance

The data on organoleptic evaluation pertaining to the colour and appearance as
influenced by treatments and storage period are presented in Table 4.

The result on colour and appearance varied during storage, the mean score for
custard apple pulp colour and appearance irrespective of treatments decreased from an initial
value of 3.57 to 1.95 at the end of 15 days after storage. The highest score (4.50, 4.45, 3.40
and 3.30) respectively was observed in treatment T, (potassium metabisulphite at 1500 ppm)
and it was on par with T, at initial; Ts at 5 days; followed by T, at 10, 15 DAS.

The least score was obtained in treatment Ts (2.71, 1.70, 1.55 and 1.08) on par with
T at initial and 5 DAS; followed by Ts and Te during 10 and 15 days after storage respectively.

4.1.10.2 Mouth feel

The data on organoleptic evaluation pertaining to the mouth-feel as influenced by
different treatments and storage period are presented in Table 5.

The results on mouth feel of custard apple pulp indicated that, highest score for
mouth feel was observed in treatment T, (4.08, 4.02, 3.87 and 3.80) at initial, 5, 10 and 15
days after storage respectively. There was no-significantly difference among the treatments in
the beginning and 5 DAS. During 10 and 15 days of storage significantly maximum score was
recorded in T, and it was on par with T; at 10 and 15 DAS.



Table 4: Effect of chemical preservative on non enzymatic browning, total bacterial count and colour and appearance of custard

apple pulp during storage

Non enzymatic browning

(OD at 440 nm)

(CFU/ml)

Total bacterial count

Colour and appearance
(Score out of 5.0)

Treatments Days after storage
Initial 5 10 15 Initial 5 10 15 Initial | 5 10 | 15
T:- Potassium metabisulphite at 1000 ppm 0.18 0.19 0.20 0.21 5.00 | 7.00 | 11.67 | 17.67 | 3.89 | 3.50 | 2.24 | 1.41
T, -Potassium metabisulphite at 1500 ppm 0.19 0.20 0.21 0.22 3.33 | 533 | 10.00 | 15.33 | 450 |4.45|3.40]| 3.30
Ts- Sodium benzoate 1000 ppm 0.18 0.19 0.20 0.21 11.67 | 13.67 | 22.00 | 26.33 | 3.78 | 3.74 | 2.40 | 1.38
T4~ Sodium benzoate 1500 ppm 0.18 0.19 0.20 0.21 767 | 967 | 1833 | 21.33 | 3.15 | 3.10 | 3.04 | 3.01
Ts- Potassium sorbate 1000 ppm 0.18 0.19 0.20 0.21 13.00 | 15.00 | 24.00 30.00 | 3.87 |3.40|2.07|1.37
Te-Potassium sorbate 1500 ppm 0.18 0.19 0.20 0.21 12.00 | 14.00 | 33.67 | 35.67 | 3.64 |3.20|2.10 | 1.31
T-Citric acid 1000 ppm 0.18 0.19 0.20 0.21 19.00 | 21.00 | 36.67 | 42.00 | 3.00 | 2.95|2.75| 2.70
Ts-Control 0.18 0.18 0.19 0.20 | 30.00 | 32.00 | 38.00 | 49.33 | 2.71 |1.70 | 1.55| 1.08
Mean 0.18 0.19 0.20 0.21 12.71 | 14.71 | 24.29 | 29.71 | 3.57 | 3.26 | 2.44 | 1.95
S.Emzt 1.11 0.75 0.83 0.75 1.92 | 1.92 2.51 1.54 0.13 | 0.12[0.15 0.02
C.D. at 1% NS NS NS NS 7.91 7.91 10.37 6.36 0.96 [ 0.85(0.03]|0.14

CFU = Colony forming unit, NS- Non significant, OD-optical density




Table 5: Effect of chemical preservative on mouthfeel, taste and flavour and overall acceptability of custard apple pulp during storage

Mouth feel Taste and flavour Overall acceptability
(Score out of 5.0) (Score out of 5.00) (Score out of 5.00)
Treatments
Days after storage
Initial 5 10 15 Initial 5 10 15 Initial 5 10 15
T,- Potassium metabisulphite at 1000 ppm 3.58 3.50 3.49 2.77 3.83 342 3.35 2.18 3.32 3.77 2.52 2.37
T, -Potassium metabisulphite at 1500 ppm 4.08 4.02 3.87 3.80 4.68 3.83 3.50 3.08 3.95 3.53 3.52 3.28
Ts- Sodium benzoate 1000 ppm 3.83 3.91 3.77 3.70 3.67 3.43 3.25 2.15 3.25 3.23 3.20 3.18
T4~ Sodium benzoate 1500 ppm 3.67 3.51 3.50 3.25 3.71 3.10 3.04 3.00 3.70 3.43 3.08 3.03
Ts- Potassium sorbate 1000 ppm 3.75 3.58 3.08 3.06 3.60 3.67 3.07 2.62 3.13 2.90 2.78 213
Te-Potassium sorbate 1500 ppm 4.04 3.58 3.01 3.00 3.61 3.25 3.15 2.50 3.58 3.57 3.50 3.17
T+-Citric acid 1000 ppm 3.58 3.52 3.03 2.80 3.85 3.60 3.43 2.33 3.50 2.92 2.52 2.33
Ts-Control 3.17 2.87 1.33 1.08 3.50 3.05 242 1.03 2.80 2.75 1.72 1.03
Mean 3.7 3.56 3.14 293 3.81 3.42 3.15 2.36 3.40 3.19 2.86 2.57
S.Emzt 0.17 0.48 0.46 0.24 0.02 0.12 0.01 0.17 0.12 0.02 0.17 0.14
CD.at1% NS NS 1.52 1.70 0.21 NS 0.15 1.21 NS 0.13 1.20 0.99

NS- Non significant




Whereas lowest score was noted in Ts (3.17, 2.87, 1.33 and 1.08) at initial, 5, 10 and
15 days after storage and it was on par with T, at 10 DAS; followed by Ts at 15 DAS
respectively.

4.1.10.3 Taste and flavour

At the beginning, the highest score (4.68) was registered in treatment T, (containing
potassium metabisulphite at 1500 ppm). The lowest score was observed in control, Ts (3.50).

The treatment T, (4.68, 3.83, 3.50, 3.08) continued to record the highest score for
taste and flavour at 5, 10 and 15 days after storage and it was followed by T at initial; on par
with T4 at 10 DAS; T, at 15 DAS. The lowest score for taste and flavour was observed in
treatment Ts (3.50, 3.05. 2.42 and 1.03) during storage at initial, 5, 10 and 15 days after
storage respectively. and followed by T.at 10 DAS; on par with T,at 15 DAS.

4.1.10.4 Overall acceptability

The highest score for overall acceptability of custard apple at the beginning was
observed in treatment T, contain potassium metabisulphite at 1500 ppm scored (3.95, 3.53,
3.52 and 3.28) at 0, 5, 10 and 15 DAS respectively and it was followed by T¢at 5 DAS; on par
with Teand Tz at 10 and 15 DAS.

The lowest score was obtained by the treatment Ts (2.80, 2.75, 1.72 and 1.03)
respectively at 0, 5, 10 and 15 DAS, and it was followed by Tsat 5 and 15 DAS; on par with T
at 10 DAS.

4.2 Experiment |l: Effect of pasteurization temperature for
preservation of custard apple pulp

4.2.1 Total soluble solids (%)

The data on changes in total soluble solids with respect to different treatments and
storage periods are presented in Table 6. Initially TSS was commonly adjusted to 26% in all
the treatments. The total soluble solids of pasteurized pulp were found to increase with the
increase in storage period. The result on total soluble solids of pulp indicated no significant
differences among the treatments during storage.

4.2.2 Titratable acidity (%)

The data on titratable acidity was expressed in terms of citric acid as. During storage,
the mean titratable acidity content decreased (0.69, 0.65, 0.61 and 0.50%) at 0, 5, 10 and 15
DAS respectively.

The treatment T, (0.79%) recorded significantly maximum titratable acidity and it was
found to be on par with the treatments T, (0.68), Ts (0.68) and Ts (0.75) and minimum value
was observed in T; (0.59%) at initial days after storage. At 5, 10 and 15 days the data
indicated with respect to titratable acidity showed non-significant differences among the
treatments.

4.2.3 Ascorbic acid (mg/100g)

In general, ascorbic acid content of custard apple pulp was found to decrease with
the storage period in all the treatments. The data indicated for ascorbic acid showed no
significant differences among the treatments (Table 6).



Table 6: Effect of pasteurization treatments on total soluble solids, titratable acidity and ascorbic acid of custard apple pulp during

storage
Total soluble solids (%) Titratable acidity (%) Ascorbic acid (mg/100g)
Treatments Days after storage
Initial | 5 10 15 | Initial | 5 10 15 | Initial 5 10 15
T~ Pasteurization temperature at 26.07 | 26.08 | 26.10 | 068 | 063 | 060 | 050 | 539 | 434 | 424 | 414
85 °C for 20 min
Tz~ Pasteurization temperature at 2610 | 2612 | 2615 | 079 | 074 | 067 | 057 | 526 | 432 | 421 | 418
85 °C for 25 min
T, Pasteurizat
s~ Pasteurization temperature at 26.05 | 2609 | 26.10 | 065 | 060 | 057 | 047 | 550 | 435 | 428 | 423
85 °C for 30 min
T+ Pasteurization t ture at
¢ Tasieunzaton lemperaiure & | 26.00 | 26.06 | 26.08 | 2614 | 067 | 062 | 059 | 047 | 543 | 434 | 427 | 4.16
90 °C for 20 min
T~ Pasteurization temperature at 26.06 | 26.09 | 2611 | 068 | 066 | 063 | 049 | 556 | 435 | 432 | 426
90 °C for 25 min
Te- Pasteurization temperature at 26.04 | 2606 | 2609 | 075 | 071 | 067 | 053 | 540 | 434 | 431 | 418
90 °C for 30 min
T;- Control 26.04 | 2606 | 26.08 | 059 | 057 | 054 | 044 | 515 | 431 | 416 | 4.11
Mean 26.00 | 26.06 | 26.08 | 2611 | 069 | 065 | 061 | 050 | 538 | 434 | 426 | 4.8
S.Ems — | 005 | 005 | 005 | 003 | 002 | 005 | 005 | 017 | 005 | 005 | 0.03
C.D.at 1% NS NS Ns | o012 | Ns | Ns NS NS NS NS NS

NS- Non significant







4.2.4 Reducing sugar (%)

The data regarding sugar content of pasteurized custard apple pulp as influenced
by different treatments and storage periods are presented in Table 7.

The reducing sugar content of all the treatments was found to increase with the
progress in storage period. Fresh pulp had considerably maximum reducing sugar in
treatment T; (16.24 %) which was on par with T4, T, T4 and Ts. The minimum reducing sugar
content was observed in treatment T+ (15.38%).

After 5, 10, 15 days after storage, the maximum reducing sugar content was
observed in treatment Ts (16.29, 16.32, 16.36%) respectively and it was on par with T4 T2, T4
and Ts. The minimum reducing sugar content was observed in treatment T7 (15.51%), Ts &T7
(15.60%) and T,(15.68%) at 5, 10 and 15 DAS.

4.2.5 Non-reducing sugar (%)

The result on non-reducing sugar content was found to decrease with storage
period (Table 7). Maximum non-reducing sugar (3.44, 3.41, and 3.37 %) was recorded in the
treatment T; and it was on par with T at initial, 5 and 15 DAS. The minimum non- reducing
sugar content was observed in treatment T; (2.65, 2.64, 2.57%) respectively followed by T,
and T, at initial, 5 and 15 days after storage respectively. However, at 10 days of storage
showed non-significant difference between the treatments.

4.2.6 Total sugar (%)

The mean values of total sugar increased with stages of storage periods of
pasteurized pulp. However, the treatment did not showed any significant differences among
the treatments at fresh as well as during storage.

4.2.7 Colour analysis

The data on changes in L*(brightness), a* (red-green) and b* (blue-yellow) of custard
apple as influenced by treatment and storage are presented in Table 8.

The mean values of lightness (L*) and greenness (b*) decreased with increasing
storage period where as redness (a*) showed an increasing trend. Custard apple pulp had
significantly maximum brightness in treatment T, (45.54, 44.57, 42.54, 40.54) respectively
over all other treatments. However, it was on par with Ts, T4 and Ts. The significantly minimum
L* value observed in treatment T, (35.80, 34.78, 32.76 and 30.69) and it was on par with Ts at
initial, 5, 10 and 15 DAS respectively.

The maximum a* values was observed in treatment T; (1.41 and 1.51) and it was on
par with T, and T,. It showed significantly more redness than any other treatments at 0 and 5
DAS. But at 10 and15 DAS, T, (1.80 and 1.86) was on par with T, and Ts. The minimum a*
values was observed in treatment Ts and T (1.01) at 0 DAS and T~ (1.02, 1.04, and 1.34) at 5,
10 and 15 DAS respectively.

The significantly maximum b* value was observed in treatment T; (5.89, 5.78, 5.71
and 5.61) and it was on par with T,, T4, Ts and Te at initial as well as 5, 10 and 15 days after
storage respectively. The minimum b* value was observed in treatment T at all the periods of
observation (4.65, 4.55, 4.54 and 4.54).

4.2.8 Non enzymatic browning (OD at 440 nm)



Table 7: Effect of pasteurization treatments on reducing sugar, non-reducing sugar and total sugar of custard apple pulp during
storage

Reducing sugar (%) | Non-reducing sugar (%) | Total sugar (%)
Treatments Days after storage
Initial 5 10 15 Initial 5 10 15 Initial 5 10 15

T,- Pasteurization temperature at
85 °C for 20 min

T,- Pasteurization temperature at
85 °C for 25 min

Ts- Pasteurization temperature at
85 °C for 30 min

T,- Pasteurization temperature at
90 °C for 20 min

Ts- Pasteurization temperature at
90 °C for 25 min

Te- Pasteurization temperature at
90 °C for 30 min

15.88 | 15.90 15.94 15.98 3.04 3.03 3.01 3.00 19.08 19.19 19.29 19.42

15.86 | 15.91 15.93 15.70 3.13 3.12 3.1 3.10 19.15 19.30 19.41 19.49

16.24 | 16.29 16.32 16.36 2.65 2.64 2.63 2.57 19.03 19.23 19.30 19.38

15.80 | 15.88 15.94 15.98 3.07 3.02 3.01 3.00 19.04 19.27 19.32 19.41

15.87 | 15.90 15.93 16.02 3.07 3.05 3.04 3.03 19.06 19.17 19.29 19.35

15.49 | 15.52 15.60 16.23 3.39 3.36 3.31 3.04 19.06 19.16 19.29 19.43

T7- Control 15.38 | 15.51 15.60 15.68 3.44 3.41 3.40 3.37 19.01 19.10 19.25 19.34
Mean 15.79 | 15.84 15.89 15.99 3.11 3.09 3.07 3.02 19.06 19.20 19.31 19.40
S.Emz+ 0.10 0.11 0.11 0.10 0.05 0.04 0.22 0.06 0.12 0.09 0.07 0.05
C.D.at 1% 0.45 0.45 0.44 0.46 0.15 0.13 NS 0.29 NS NS NS NS

NS- Non significant

Table 8: Effect of pasteurization treatments on colour (L* a* b*) values of custard apple pulp during storage




L* value a*value b* value
Treatments Days after storage
Initial | 5 10 15 | Initial | 5 10 15 | Initial 5 10 15
Tr-Pasteurization temperature at | y5 54 | 4457 | 4254 | 4054 | 141 | 121 | 141 | 143 | 486 | 483 | 475 | 465
85 °C for 20 min
Tz- Pasteurization temperature at | g9 g7 | 3787 | 37.87 | 3587 | 137 | 147 | 167 | 177 | 530 | 519 | 518 | 5.14
85 °C for 25 min
To- Pasteurization temperature at | 345 | 4583 | 4083 | 3883 | 141 | 151 | 1.71 1.81 580 | 578 | 571 5.61
85 °C for 30 min
Te- Pasteurization temperature at | 43 05 | 4285 | 4085 | 3885 | 126 | 133 | 180 | 186 | 553 | 533 | 520 | 510
90 °C for 20 min
Ts- Pasteurization temperature at | 3585 | 3582 | 3384 | 3171 | 1.06 | 110 | 124 | 151 | 578 | 548 | 528 | 521
90 °C for 25 min
Te- Pasteurization temperature at | y5 5y | 4254 | 4054 | 3754 | 101 | 108 | 143 | 171 | 544 | 524 | 511 | 504
90 °C for 30 min
T;- Control 35.80 | 34.78 | 3276 | 3069 | 1.01 | 102 | 104 | 134 | 465 | 455 | 454 | 454
Mean 4117 | 4017 | 3846 | 3632 | 118 | 125 | 143 | 163 | 535 | 520 | 512 | 5.04
S.Emt 068 | 068 | 055 | 055 | 0.06 | 008 | 007 | 005 | 022 | 020 | o019 | 0.8
C.D.at 1% 286 | 286 | 234 | 234 | 027 | 033 | 020 | 021 | 095 | 083 | 078 | 075

L*= Dark - Light, a*= Green — Red, b*= Blue —yellow




The data on non enzymatic browning of custard apple pulp was measured by optical
density at 440 nm and is presented in Table 9. Non enzymatic browning did not showed any
significant differences among the treatments at all the days of storage.

4.2.9 Microbial analysis (CFU/ml)

The perusal of data presented in Table 9 indicate that microbial load of pasteurized
custard apple pulp varied significantly in the treatments as influenced by treatments and
storage period.

As evident of the mean values, microbial population showed an increasing trend
from fresh (30.24 CFU/ml) to 15 days after storage (54.29 CFU/ml). Significantly minimum
microbial load of (17, 30, 39.33 and 41.67 CFU/ml) was observed in treatment T,
(pasteurization temperature at 85 °C for 25 min) in the beginning as well as after 5, 10 and 15
days after storage respectively and it was on par with treatment T4 and Ts at initial DAS,
treatment T4, Ts, T4 and Ts at 5, 10 and 15 days after storage. The maximum microbial
population was observed in treatment T; (60, 71.67, 74.33 and 75.67 CFU/ml) and it was on
par with Te (31.33, 46.67, 64 and 66 CFU/mI) at initial, 5, 10 and 15 days after storage
respectively.

4.2.10 Organoleptic evaluation (Score out of 5.00)

Organoleptic evaluation of custard apple pulp involving various treatments was
carried out to assess its consumer acceptability by a panel of semi trained judges.

4.2.10.1 Colour and appearance

The data pertaining to the colour and appearance of pulp as influenced by treatments
and storage period are presented in Table 9.

Significantly highest score (4.92, 4.85, 3.83 and 2.92) respectively at the beginning, 5,
10 and 15 DAS respectively was observed in treatment Ts (pasteurization temperature at 90
°C for 25 min) and it was on par with T, at initial; T;at 5 DAS; followed by Teat 10 DAS; T at
15 DAS.

The lowest score was observed in treatment T7 (3.74, 2.83, 2.67 and 1.62) at initial,
5, 10 and 15 DAS respectively and it was on par with T, in the beginning; T, at 5 DAS;
followed by T at 10 and 15 DAS.

4.2.10.2 Mouth feel

In pasteurized pulp, the highest score (4.92, 4.84, 4.57 and 4.03) for colour and
appearance was observed in treatment Ts (pasteurization temperature for 90 °C at 25 min) at
initial, 5, 10 and 15 DAS respectively it was on par with Tsat initial and 5 DAS; T, at 15 DAS.

The lowest score was observed in treatment T (3.82, 3.33, 2.50 and 1.90) at initial, 5,
10 and 15 DAS, respectively and it was followed by T, at initial and 5 DAS; followed by T, at
15 DAS (Table 10).

4.2.10.3 Taste and flavour

The sensory scores for taste and flavour of pulp indicate a linear decrease in mean
values from 3.41 at initial stage to 2.36 at the end of 15 days after storage. The significantly
maximum taste and flavour was observed in the treatment Ts (4.17, 3.58, 3.17 and 3.14) at
initial, 5, 10 and 15 days after storage respectively and it was followed by T+ at initial; on par
with Toat 5 DAS; Tsat 10 and 15 DAS. The minimum taste and flavour was observed in



Table 9: Effect of pasteurization treatments on non enzymatic browning, total bacterial count, colour and appearance of custard
apple pulp during storage

Non enzymatic browning Total bacterial count Colour and appearance
(OD value) (CFU/ml) (Score out of 5.0)
Treatments
Days after storage
Initial 5 10 15 Initial 5 10 15 Initial 5 10 15

Ts- Pasteurization temperature at
85 °C for 20 min

T,- Pasteurization temperature at
85 °C for 25 min

Ts- Pasteurization temperature at
85 °C for 30 min

T, Pasteurization temperature at
90 °C for 20 min

Ts- Pasteurization temperature at
90 °C for 25 min

Te- Pasteurization temperature at
90 °C for 30 min

0.28 0.28 0.30 0.39 2467 | 33.67 | 43.00 47.33 4.69 4.67 3.75 3.00

0.23 0.24 0.27 0.34 17.00 | 30.00 39.33 41.67 3.83 3.58 2.67 2.27

0.24 0.25 0.28 0.34 28.67 | 36.33 | 46.00 49.33 4.85 4.83 3.72 3.50

0.25 0.25 0.27 0.34 26.33 | 38.33 | 43.67 44.67 4.88 4.50 3.92 3.17

0.22 0.23 0.27 0.34 23.67 | 35.33 54.00 55.33 4.92 4.84 4.57 4.03

0.26 0.26 0.27 0.34 31.33 | 46.67 | 64.00 66.00 4.40 4.25 417 3.14

T7- Control 0.22 0.22 0.25 0.33 60.00 | 71.67 74.33 75.67 3.82 3.33 2.50 1.90
Mean 0.24 0.25 0.27 0.35 30.24 | 1.7 52.05 54.29 4.48 4.29 3.61 3.00
S.Em+ 0.03 0.03 0.02 0.05 1.90 2.64 4.44 3.82 0.02 0.03 0.03 0.01
C.D.at1% NS NS NS NS 7.99 11.11 18.69 16.07 0.18 1.13 0.11 0.12

CFU= Colony forming unit, NS- Non significant, OD-optical density




treatment T7 (2.50, 1.45, 1.40 and 0.48) throughout the study and it was followed by
Tsat initial; T1at 5 DAS; on par with T;at 10 and 15 DAS.

4.2.10.4 Overall acceptability

The maximum score for overall acceptability was observed in treatment Ts
(pasteurization temperature at 90°C for 25 min) with score of 4.75, 3.67, 3.47 and 3.32 at
initial, 5, 10 and 15 days after storage respectively and it was followed by T at initial and 10
DAS; Tzat 5 and 15 DAS.

The minimum overall acceptability was observed in treatment T, (3, 1.55, 1.17 and
0.68) at initial, 5, 10 and 15 days after storage respectively and it was on par with T at initial;
followed by T.at 5, 10, 15 DAS.

4.3 Experiment Ill — Preparation and preservation of custard
apple RTS

In the present study, different recipes containing three (10, 12, 14%) levels of pulp
and 14, 15, 16% of TSS were used to develop custard apple RTS. The results of the study
are presented hereunder.

4.3.1 Total soluble solids (%)

The data on total soluble solids (TSS) of custard apple RTS as influenced by
treatments and storage periods were presented in Table 11. The treatments found significant
differences with respect to TSS content throughout the study. There was a general increase in
the TSS content in all the treatments as the storage period prolonged.

The maximum TSS was observed in treatments To (14% pulp +16% TSS) with the
highest TSS of 16.33, 16.52 and 16.74 per cent at 1, 2 and 3 months after storage
respectively. The minimum TSS was recorded in treatment T4 (14.21, 14.35 and 14.51%) and
it was on par with T7 (14.23, 14.46, 14.66 %) at 1, 2 and 3 months after storage respectively.

4.3.2 Titratable acidity (%)

The titratable acidity content (expressed in terms of citric acid) of the fresh custard
apple RTS decreased as the storage period increased (Table 11).

At initial, 1, 2 and 3 months after storage, the data showed non-significant difference
between the treatments.

4.3.3 Ascorbic acid (mg/1009)

The mean ascorbic acid content over the different periods of observation indicates
that the ascorbic acid content gradually increased with the increase in storage period. The
treatments differed significantly among themselves at different periods of storage.

In custard apple RTS, significantly maximum ascorbic acid content was noticed in
treatment T¢ (2.56, 2.51, 2.46 and 2.42 mg/100ml) at initial, 1, 2 and 3 MAS respectively and it
was on par with treatments Tg, T7 and Ts at initial and 1 month after storage, and treatment Ts,
Te, Tz and Tsat 2 and 3 MAS. A significantly minimum ascorbic acid content (2.17, 2.14, 2.09
and 2.01 mg/100ml) was observed in T4 (10% pulp + 14 % TSS) and on par with T, Ts, and T,
atinitial, 1, 2 and 3 MAS respectively.

4.3.4 Reducing sugar (%)

The data on reducing sugar as influenced by treatments and storage periods are
presented in Table 12. The reducing sugar at initial days was found to non-significant.






Table 10: Effect of pasteurization treatments on mouthfeel, taste and flavour and overall acceptability of custard apple pulp during

storage
Mouth feel Taste and flavour Overall acceptability
(Score out of 5.0) (Score out of 5.0) (Score out of 5.0)
Treatments
Days after storage
Initial 5 10 15 Initial 5 10 15 Initial 5 10 15
Ti- Pasteurization temperature at |, 47 | 346 | 308 | 247 | 392 | 267 | 175 | 075 | 318 | 311 | 300 | 3.05
85 °C for 20 min
T,- Pasteurization temperature at
0 . 4.83 4.33 3.00 3.02 3.67 3.27 3.09 3.03 3.93 2.60 1.55 1.17
85 °C for 25 min
Ts- Pasteurization temperature at
o . 4.85 4.77 3.83 2.25 3.33 3.12 3.1 3.08 3.17 3.13 3.09 3.05
85 °C for 30 min
Te- Pasteurization temperature at |y 43 | 307 | 305 | 301 | 308 | 302 | 301 | 300 | 392 | 275 | 200 | 127
90 °C for 20 min
Te- Pasteurization temperature at |, o) | 485 | 383 | 292 | 417 | 358 | 347 | 344 | 475 | 367 | 347 | 332
90 °C for 25 min
Te- Pasteurization temperature at | 40 | 345 | 343 | 306 | 319 | 307 | 305 | 302 | 305 | 304 | 303 | 302
90 °C for 30 min
T7- Control 3.74 2.83 2.67 1.62 2.50 1.45 1.40 0.48 3.00 1.55 1.17 0.68
Mean 4.40 3.74 3.23 2.58 3.41 2.88 2.65 2.36 3.57 2.84 2.49 2.22
S.Em+ 0.02 0.02 0.18 0.03 0.03 0.09 0.12 0.13 0.03 0.03 0.01 0.02
C.D.at1% 0.14 0.15 NS 0.14 0.16 0.62 0.92 0.92 0.16 0.10 0.18 0.17

NS- Non significant




Table 11: Effect of treatments on total soluble solids, titratable acidity and ascorbic acid of custard apple RTS during storage.

Total soluble solids (%)

Titrable acidity (%)

Ascorbic acid (mg/100g)

Treatments Months after storage
Initial 1 2 3 Initial 1 2 3 Initial 1 2 3
Tq- Pulp (10%) + TSS (14°B) 14.00 14.67 | 1491 | 1520 | 0.06 0.05 0.04 0.03 2.17 2.14 2.09 2.01
T, - Pulp (10%) + TSS (15°B) 15.00 15.84 | 15.98 | 16.21 0.03 0.02 0.02 0.01 2.27 2.22 2.18 2.11
Ts- Pulp (10%) + TSS (16°B) 16.00 16.28 | 16.42 | 16.58 | 0.03 0.02 0.02 0.01 2.29 2.24 2.20 2.15
T4~ Pulp (12%) + TSS (14°B) 14.00 14.21 14.35 | 14.51 0.05 0.04 0.03 0.02 2.32 2.29 2.24 217
Ts- Pulp (12%) + TSS (15°B) 15.00 15.27 | 1545 | 15.65 | 0.04 0.04 0.03 0.02 2.36 232 2.29 2.24
Te- Pulp (12%) + TSS (16°B) 16.00 16.26 | 16.44 | 16.67 | 0.04 0.03 0.02 0.02 2.41 2.34 2.30 2.25
T7- Pulp (14%) + TSS (14°B) 14.00 1423 | 1446 | 1466 | 0.04 0.03 0.02 0.02 2.45 242 2.38 2.32
Ts- Pulp (14%) + TSS (15°B) 15.00 15.14 | 15.34 | 1555 | 0.03 0.02 0.02 0.02 2.51 2.46 2.42 2.33
Te- Pulp (14%) + TSS (16°B) 16.00 16.33 | 16.52 | 16.74 | 0.06 0.05 0.04 0.03 2.56 2.51 246 242
Mean -- 15.36 | 15.54 | 15.75 | 0.04 0.03 0.03 0.02 2.37 233 2.28 2.22
S.Emt - 0.03 0.06 0.07 0.05 0.04 0.03 0.02 0.05 0.05 0.06 0.02
C.D.at1% 0.19 0.23 0.28 NS NS NS NS 0.16 0.17 0.17 0.22

NS- Non significant




The significantly maximum reducing sugar level was existent in treatment T (3.78,
4.35, 4.90%) at 1, 2 and 3 MAS respectively and it was on par with T, T7, Ts, and Ty at
1month after storage. treatment Ts(4.28, 4.70 %) at 2 and 3 MAS.

The minimum reducing sugar content was observed in treatment T+ (2.90, 3.18 and
3.50) at 1, 2 and 3 MAS respectively and was on par with T4, T,, and Tz at 1 months after
storage, the treatment T, (3.23 and 3.57%) at 2 and 3 MAS.

4.3.5 Non-reducing sugar (%)

The glance of data on non-reducing sugar content indicated non-significant
differences among the treatments.

4.3.6 Total sugar (%)

The data revealed significant differences among the treatments and also at different
months of storage. Maximum total sugar was recorded in treatment T, (3.67, 4.15, 4.69 and
5.20 %) respectively and it was on par with T; and Ts at 0, 1, 2 and 3 months after storage.
However, the minimum total sugar content was observed in treatment T, (2.90, 3.07, 3.34 and
3.64%) respectively at 0, 1, 2 and 3 months after storage respectively.

4.3.7 Colour analysis

Colour of custard apple RTS was measured by colour meter in terms of L*(dark-light),
a* (red-green) and b* (blue- yellow) and the data is presented in Table 13.

The significantly maximum L* was observed in treatment T; (37.42, 37.63, 37.55 and
37.51) atinitial, 1, 2 and 3 months after storage respectively and it was on par with Ts, T4, and
Ts. The minimum L* value was observed in T, (27.94, 27.82, 27.80 and 27.76) at initial, 1, 2
and 3 months after storage respectively.

The significantly maximum a* value was observed in treatment T, (1.50, 1.67, 1.80
and 1.87) at initial, 1, 2, and 3 MAS respectively. The significantly minimum a* value was
observed in treatment Ts (1.01) at initial DAS and Te (1.05, 1.25 and 1.35) at 1, 2 and 3 MAS.

Significantly higher b* value was observed in treatment T; containing 10 per cent pulp
+ 16 per cent TSS (5.31, 5.54, 5.46 and 5.42) at initial, 1, 2 and 3 MAS respectively. It was on
par with T,, T4 Ts and Te. Significantly minimum value was observed in T (4.16, 4.13, 4.11
and 4.10) at initial, 1, 2 and 3 MAS respectively.

4.3.8 Non enzymatic browning (OD at 440 nm)

The data on non enzymatic browning of custard apple RTS was measured by optical
density at 440 nm and is presented in Table 14. The data showed the continuation of non
significant differences among the treatments at all the storage period.

4.3.9 Microbial analysis (CFU/mI)

Indicates that microbial load of custard apple RTS varied significantly among the
treatments as influenced by treatments and storage period. As marked from the mean values,
microbial population showed an increasing trend in custard apple RTS from fresh (22.70
CFU /ml) to (54.26 CFU/mI) at 3 months after storage.



Table 12: Effect of treatments on reducing sugar, non-reducing sugar and total sugar of custard apple RTS during storage

Reducing sugar (%) Non-reducing sugar (%) Total sugar (%)
Treatments Months after storage
Initial 1 2 3 Initial 1 2 3 Initial 1 2 3

2.71 2.90 3.18 | 3.50 | 0.18 0.16 0.15 0.13 2.90 3.07 3.34 3.64
2.75 3.10 3.23 | 3.57 | 0.22 0.20 0.18 0.17 2.98 3.31 3.42 3.75
Pulp (10%) + TSS (16°B 2.80 3.18 351 | 3.78 | 0.24 0.23 0.16 0.14 3.05 3.43 3.68 3.93
T4~ Pulp (12%) + TSS (14°B 2.84 3.32 3.59 | 3.95 | 0.29 0.22 0.21 0.19 3.14 3.55 3.82 4.15

T+~ Pulp (10%) + TSS (14°B)
(15°B)
(16°B)
(14°B)
Ts- Pulp (12%) + TSS (15°B) | 2.89 | 3.47 | 3.81 | 415 | 030 | 0.15 | 0.11 0.10 3.21 3.63 3.93 4.25
(16°B)
(14°B)
(15°B)
(16°B)

T, - Pulp (10%) + TSS (15°B

by

Te- Pulp (12%) + TSS (16°B 2.91 3.52 3.97 | 4.44 | 0.37 0.21 0.18 0.14 3.30 3.74 4.16 4.59
T7- Pulp (14%) + TSS (14°B 2.96 3.57 413 | 464 | 042 0.23 0.18 0.17 3.40 3.81 4.32 4.82
Te- Pulp (14%) + TSS (15°B 3.02 3.56 428 | 470 | 0.49 0.34 0.28 0.25 3.53 3.92 4.57 4.96
To- Pulp (14%) + TSS (16°B 3.12 3.78 435 | 490 | 0.52 0.35 0.32 0.29 3.67 4.15 4.69 5.20

Mean 2.89 3.38 3.78 | 418 | 0.34 0.23 0.20 0.18 3.24 3.62 3.99 4.37
S.Emzt 0.21 0.08 0.05 | 0.06 | 0.11 0.06 0.04 0.04 0.05 0.05 0.10 0.07
C.D.at 1% NS 0.35 0.21 | 0.25 NS NS NS NS 0.15 0.15 0.39 0.32

NS- Non significant



Table 13: Effect of treatments on colour (L* a* b*) values of custard apple RTS during storage

L* value a*value b* value
Treatments Months after storage
Initial 1 2 3 Initial 1 2 3 Initial 1 2 3

T4- Pulp (10%) + TSS (14°B) 2794 | 2782 | 27.80 | 27.76 1.08 1.14 1.34 1.44 4.42 4.40 4.38 4.37
T, - Pulp (10%) + TSS (15°B) 33.04 | 33.01 32.87 | 32.77 1.09 1.26 1.44 1.54 4.82 4.79 4.77 4.76
Ts- Pulp (10%) + TSS (16°B) 35.89 | 35.86 | 35.83 | 3549 1.21 1.51 1.71 1.81 5.31 5.54 5.46 5.42
T4~ Pulp (12%) + TSS (14°B) 35.71 35.94 | 35.85 | 35.81 1.50 1.67 1.80 1.87 4.74 4.71 4.69 4.68
Ts- Pulp (12%) + TSS (15°B) 28.85 | 28.82 | 28.81 | 28.74 1.02 1.21 1.41 1.51 4.98 4.87 4.80 4.76
Te- Pulp (12%) + TSS (16°B) 3468 | 3456 | 34.54 | 34.53 1.03 1.05 1.25 1.35 4.85 4.73 4.65 4.61
T7- Pulp (14%) + TSS (14°B) 3742 | 3763 | 37.55 | 37.51 1.12 1.42 1.62 1.72 4.39 4.36 4.34 4.33
Te- Pulp (14%) + TSS (15°B) 3596 | 3593 | 3591 | 35.81 1.01 1.15 1.35 1.45 4.16 413 4.1 4.10
To- Pulp (14%) + TSS (16°B) 3218 | 32.15 | 31.81 | 31.81 1.07 1.34 1.57 1.67 4.46 4.44 4.43 4.42
Mean 33.52 | 33.52 | 33.44 | 33.36 1.13 1.31 1.50 1.59 4.68 4.66 4.63 4.61
S.Emz 0.56 0.52 0.54 0.55 0.10 0.08 0.08 0.08 0.20 0.21 0.22 0.22
C.D.at 1% 2.33 2.14 2.24 2.27 0.40 0.32 0.33 0.31 0.84 0.88 0.90 0.91
L*= Dark - Light, a*= Green — Red, b* = Blue —yellow




Table 14: Effect of treatments on non enzymatic browning, total bacterial count, colour and appearance of custard apple RTS during

storage
Non enzymatic browning Total bacterial count Colour and appearance
Treatments (OD value) (CFU/ml) (Score out of 5.0)
Months after storage

Initial 1 2 3 Initial 1 2 3 Initial 1 2 3
T4- Pulp (10%) + TSS (14°B) | 0.13 0.14 0.16 | 0.17 | 34.33 | 54.67 | 63.67 71.33 417 3.83 3.43 *
T, - Pulp (10%) + TSS (15°B) | 0.13 0.14 0.16 | 0.17 | 30.67 | 49.67 | 61.67 68.00 417 4.08 3.50 3.17
Ts- Pulp (10%) + TSS (16°B) | 0.13 0.14 0.16 | 0.17 | 27.67 | 46.33 | 55.67 60.00 4.16 3.86 * *
T4~ Pulp (12%) + TSS (14°B) | 0.14 0.15 0.16 | 0.17 | 25.67 | 43.00 | 54.00 57.33 3.88 3.83 3.45 3.00
Ts- Pulp (12%) + TSS (15°B) | 0.13 0.14 0.16 | 0.16 | 21.33 | 43.00 | 49.33 53.00 3.75 3.50 * *
Te- Pulp (12%) + TSS (16°B) | 0.14 0.15 0.16 | 0.17 | 19.67 | 37.67 | 46.67 51.67 2.83 2.75 2.00 1.33
T~ Pulp (14%) + TSS (14°B) | 0.14 0.15 0.16 | 0.17 | 17.00 | 37.33 | 46.67 50.67 3.50 3.17 2.92 217
Ts- Pulp (14%) + TSS (15°B) | 0.14 0.15 0.16 | 0.17 | 15.33 | 29.33 | 43.67 | 45.00 3.45 3.17 2.83 2.50
Te- Pulp (14%) + TSS (16°B) | 0.13 0.15 0.15 | 0.16 | 12.67 | 26.33 | 29.33 31.33 3.33 2.50 2.27 1.92
Mean 0.13 0.15 0.16 | 0.17 | 22.70 | 40.52 | 50.08 54.26 3.69 3.41 227 1.57
S.Emt 0.79 0.79 053 | 0.79 | 1.15 2.93 3.46 3.39 0.19 0.02 0.02 0.01
C.D.at 1% NS NS NS NS 468 | 11.92 | 14.07 13.80 NS 0.23 0.22 0.22

CFU = Colony forming unit, * Product spoiled, NS- Non significant, OD- Optical density




Significantly minimum microbial load was noticed in Tg (14% pulp + 16% TSS) with
colonies of 12.67, 26.33, 29.33 and 31.33 CFU/ml at initial, 1, 2 and 3 months after storage
respectively, which was on par with T; and Ts at initial; with Ts, T; and Tg at 1 MAS. The
maximum microbial population was observed in T, (34.33, 54.67, 63.67 and 71.33 CFU/ml) at
initial, 1, 2 and 3 MAS respectively.

4.3.10 Organoleptic evaluation (Score out of 5.00)

Organoleptic evaluation of custard apple RTS was carried out by a panal of judges
at the all stages of storage periods. Each treatment was evaluated for colour and appearance,
taste and flavour, mouthfeel and overall acceptability on a 5 point scale.

4.3.10.1 Colour and appearance

Colour and appearance influenced by treatments and storage period are presented
in Table 14.

The score with respect to colour and appearance was recorded to be highest in
treatment T, (4.17, 4.08, 3.50 and 3.17) at initial, 1, 2 and 3 months after storage respectively.
Fresh custard apple RTS observed non significant difference and it was on par with T at 1
MAS; T,at 2 and 3 MAS.

The minimum score for colour and appearance was observed in Ty at initial and 1
MAS and it was followed by Tsat 1 MAS, T at 2 and 3 MAS lowest score was observed and
was followed To. However, T4 was spoiled at 1 MAS and T, T, were spoiled at 2 MAS.

4.3.10.2 Mouthfeel

The score for mouth feel of RTS decreased from 3.61 at initial stage to 1.58 at 3
months after storage (Table 15).

The maximum score was recorded in treatment T, (4.00, 3.92, 3.33 and 3.17) at
initial, 1, 2 and 3 MAS respectively and it was on par with T3 at initial; followed by Tz at 1 MAS;
followed by T7at 2 and 3 MAS. And lowest was observed in Tsfollowed by Te, and Ts at initial
and 1 month after storage and it was followed by Ts; with Ty and Ts at 2 and 3 MAS and was
followed by Teand Ts.

4.3.10.3 Taste and flavour

The score for taste and flavour of custard apple RTS indicates their decrease
linearly from 3.57 at initial stage to 1.53 at 3 months after storage.

In fresh RTS as well as at 1, 2 and 3 months after storage, the treatment T, (10%
pulp + 15% TSS) recorded maximum score (4.00, 3.85, 3.17 and 3.08) at initial, 1, 2 and 3
MAS respectively and it was followed by Ts at initial; Ts at 1 MAS; Tr at 2 and 3 MAS. The
minimum score was observed in T, (3.42, 1.43 and 0.67) at initial, 1 and 2 MAS respectively
and it was on par with T, at initial; followed by T; at 1 MAS; Te at 2 MAS; while T observed
lowest score at 3 MAS and it was on par with Ts.

4.3.10.4 Overall acceptability

The mean for overall acceptability showed decrease in score (3.62 to 1.44) with
advancement in storage period (Table 15). In fresh RTS as well as in RTS after storing for 1, 2
and 3 month, the maximum overall acceptability was recorded in T, (4.03, 3.97, 3.25 and
2.87) at initial, 1, 2 and 3 MAS respectively and was followed by Tsat initial; Tzat 1 MAS; T- at
2 MAS; T,at 3 MAS.



The lowest score in Ts and was followed by T at initial and was on par with T; at 1
MAS treatment Ts scored lowest and was on par with T+. at 2 MAS T, observed lowest score



Table 15: Effect of treatments on mouthfeel, taste and flavour and overall acceptability of custard apple RTS during storage

Mouth feel Taste and flavour Overall acceptability
(Score out of 5.0) (Score out of 5.00) (Score out of 5.00)
Treatments Months after storage

Initial 1 2 3 Initial 1 2 3 Initial 1 2 3
T4- Pulp (10%) + TSS (14°B) 358 | 3.27 | 0.33 * 3.42 1.43 0.67 * 3.52 2.25 0.67 *
T2 - Pulp (10%) + TSS (15°B) 400 | 392 | 3.33 |3.17 | 4.00 3.85 3.17 3.08 4.03 3.97 3.25 2.87
Ts- Pulp (10%) + TSS (16°B) 3.83 | 3.58 * * 3.43 1.83 * * 3.73 3.60 * *
T4~ Pulp (12%) + TSS (14°B) 367 | 3.08 | 250 | 245 | 3.58 3.08 2.50 2.25 3.68 3.27 2.43 2.40
Ts- Pulp (12%) + TSS (15°B) 3.75 | 217 * * 3.75 3.17 * * 3.78 2.23 * *
Te- Pulp (12%) + TSS (16°B) 342 | 3.00 | 267 | 250 | 3.50 3.17 3.08 2.50 3.50 3.07 2.17 2.11
T7- Pulp (14%) + TSS (14°B) 350 | 3.33 | 2.83 | 258 | 3.50 3.33 3.14 2.58 3.52 3.42 3.00 2.27
Te- Pulp (14%) + TSS (15°B) 3.17 | 310 | 2.75 | 1.83 | 3.43 3.40 2.90 1.67 3.27 3.13 2.83 1.82
To- Pulp (14%) + TSS (16°B) 358 | 333 | 1.75 | 1.67 | 3.50 3.00 1.83 1.67 3.58 3.18 1.62 1.50
Mean 3.61 3.20 | 1.80 | 1.58 | 3.57 2,92 1.92 1.53 3.62 3.12 1.77 1.44
S.Emzt 0.03 | 0.01 0.04 | 0.03 | 0.03 0.01 0.05 0.09 0.02 0.02 0.03 0.03
C.D.at 1% 024 | 014 | 0.28 | 010 [ 0.24 0.10 0.22 0.23 0.20 0.11 0.10 0.22

*Product spoiled




and it was followed by To. at 3 MAS the lowest score was observed T, and was
followed by T during the investigation.

4.4 Experiment IV — Preparation and preservation of custard
apple squash

In the present study, different recipes containing six level (40, 42, 44, 46, 48 and
50%) TSS and 25% pulp were used to develop custard apple squash. The results of the study
are presented hereunder.

4.4 .1 Total soluble solids (%)

The data on total soluble solids (TSS) of custard apple squash as influenced by
treatments and storage periods are presented in Table 16. The treatments found significant
differences with respect to TSS content throughout the study. There was a general increase in
the TSS content in all the treatments as the storage period prolonged.

The maximum TSS was observed in treatments T¢ (25% pulp +50% TSS) recorded
50.72, 50.79 and 50.87 % and followed by Ts (48.73, 48.77 and 48.83%) at 1, 2 and 3 MAS
respectively. The minimum TSS was recorded in treatment T4 (40.79, 40.88 and 41.23%) and
followed by T, (42.78, 42.91, 43.65%) at 1, 2 and 3 months after storage respectively.

4.4.2 Titratable acidity (%)

The results showed significant differences among the treatments and storage
periods (Table 16). The titratable acidity content of the fresh custard apple squash was initially
adjusted to 1 per cent in all the treatments. During storage, the mean titratable acidity content
was decreased, it was found to be 0.95, 0.92 and 0.90 per cent, at 1, 2 and 3 MAS
respectively.

The treatment Te recorded significantly maximum titratable acidity in squash after 1, 2
and 3 months of storage (0.98, 0.96 and 0.95%) respectively and it was found to be on par
with the treatments T3, T4 and Ts. The significantly minimum score was recorded in T4 (0.92,
0.87 and 0.82%) at 1, 2 and 3 MAS respectively and it was at on par with treatment T, T,
and T, at 1 MAS; with T> and Ts at 2 MAS; with T, at 3 MAS.

4.4.3 Ascorbic acid (mg/1009)

The record on ascorbic acid content over the different periods of observation
showed non-significant among themselves at different periods of storage (Table 16).

4.4.4 Reducing sugar (%)

The data on reducing sugar as influenced by treatments and storage periods are
presented in Table 17.

In custard apple squash, significantly maximum reducing sugar level was existent in
treatment Ts (13.31%) at initial days of storage and treatment Ts (15.28, 15.38 and 15.97%) at
1, 2 and 3 months after storage respectively. The minimum reducing sugar content was
observed in treatment T, (12.07, 14.37, 14.67 and 15.16 %) at initial, 1, 2 and 3 months after
storage respectively.

4.4.5 Non-reducing sugar (%)

The perusal of data on non-reducing sugar content indicated significant differences
among the treatments and this biochemical parameter decreased linearly as the storage
period increased.



Table 16: Effect of treatments on total soluble solids, titratable acidity and ascorbic acid of custard apple squash during
storage

Total soluble solids (%) Titratable acidity (%) Ascorbic acid (mg/100g)
Treatments Months after storage
Initial 1 2 3 Initial 1 2 3 Initial 1 2 3
Ts- Pulp (25%) + TSS (40°B) 40.00 | 40.79 | 40.88 | 41.23 0.92 0.87 0.82 2.59 2.47 2.15 2.16
T, - Pulp (25%) + TSS (42°B) 42.00 | 42.78 | 42.91 | 43.65 0.93 0.88 0.86 2.63 249 2.41 2.28
Ts- Pulp (25%) + TSS (44°B) 44.00 | 44.84 | 4491 | 45.09 | 1.00 | 0.95 0.91 0.89 2.54 2.31 2.18 2.10
T4~ Pulp (25%) + TSS (46°B) 46.00 | 46.62 | 46.74 | 47.77 0.96 0.93 0.91 2.52 2.59 2.51 2.39
Ts- Pulp (25%) + TSS (48°B) 48.00 | 48.73 | 48.77 | 48.83 0.97 0.95 0.94 2.58 2.49 2.37 2.23
Te- Pulp (25%) + TSS (50°B) 50.00 | 50.72 | 50.79 | 50.87 0.98 0.96 0.95 2.74 2.59 2.53 2.39
Mean 45.75 | 45.83 | 46.24 | 1.00 | 0.95 0.92 0.90 2.60 2.49 2.36 2.26
S.Emt 0.09 0.10 0.10 0.02 0.03 0.03 0.11 0.09 0.16 0.10
C.D.at 1% 0.38 0.44 0.45 0.04 0.05 0.05 NS NS NS NS

NS- Non significant




Table 17: Effect of treatments on reducing sugar, non-reducing sugar and total sugar of custard apple squash during storage

Reducing sugar (%)

Non —reducing sugar (%)

Total sugar (%)

Treatments Months after storage
Initial 1 2 3 Initial 1 2 3 Initial 1 2 3
Ti- Pulp (25%) + TSS (40°B) | 12.07 | 14.37 | 14.67 | 15.16 | 4.81 355 | 3.42 3.35 17.13 18.11 18.59 19.32
T, - Pulp (25%) + TSS (42°B) | 12.50 | 14.43 | 14.79 | 15.33 | 5.70 423 | 4.02 3.80 18.50 18.88 19.02 19.33
Ts- Pulp (25%) + TSS (44°B) | 12.60 | 14.53 | 14.89 | 1545 | 6.25 | 4.65 | 4.60 4.50 19.18 19.42 19.83 20.19
T4~ Pulp (25%) + TSS (46°B) | 12.71 | 14.69 | 14.99 | 1559 | 6.38 4.66 | 4.53 4.50 19.42 19.59 19.99 20.38
Ts- Pulp (25%) + TSS (48°B) | 12.93 | 1528 | 15.38 | 15.97 | 6.33 429 | 419 413 19.59 19.79 20.11 20.53
Te- Pulp (25%) + TSS (50°B) | 13.31 | 14.89 | 15.14 | 15.78 | 6.14 486 | 4.80 4.78 19.77 20.01 20.33 20.81
Mean 12.69 | 14.53 | 1498 | 1555 | 594 | 4.37 | 4.26 4.18 18.93 19.30 19.65 20.09
S.Emt 0.07 | 0.08 0.10 0.05 0.15 0.03 | 0.04 0.03 0.13 0.14 0.09 0.08
C.D.at 1% 0.21 0.35 0.40 0.24 0.60 0.09 | 0.12 0.10 0.56 0.55 0.40 0.35




In the fresh custard apple squash, the treatment T4 (25% pulp + 46 % TSS) showed
the maximum value of 6.38 and at 1, 2 and 3 MAS treatment Ts (4.86, 4.80, 4.78%)
respectively, showed maximum reducing sugar. The significantly minimum value in treatment
Tq (4.81, 3.55, 3.42 and 3.35%) respectively and followed by T, (5.70, 4.23, 4.02 and 3.80)
respectively at initial, 1, 2 and 3 months after storage.

4.4.6 Total sugar (%)

The data revealed significant differences among the treatments and also at different
months of storage. Maximum total sugar were recorded in treatment Ts (19.77, 20.01, 20.33
and 20.81 %) respectively and it was on par with T, and Ts at 0, 1, 2 and 3 months after
storage.

The minimum total sugar content was observed in treatment T, (17.13, 18.11, 18.59
and 19.32%) respectively and followed by T, at 0, 1 and 2 months after storage and it was on
par with treatment T, at 3 MAS (Table 17).

4.4.7 Colour analysis

Colour of custard apple squash was measured by colour meter in terms of L*(dark-
light), a* (red-green) and b* (blue- yellow) and the data is presented in Table 18.

The significantly maximum L* value was observed in treatment T, (21.79, 21.76,
21.66 and 21.56) and followed by T, (20.38, 20.22, 20.14 and 20.06) at initial, 1, 2 and 3
months after storage respectively. The minimum L* value was observed in Ts (14.81, 14.54,
14.37 and 14.24) respectively and followed by treatment Ts (17.61, 17.42, 17.32 and 17.22) at
initial, 1, 2 and 3 months after storage respectively.

In custard apple pulp, the significantly maximum a* value was observed in treatment
T, (1.71, 1.81, 1.97 and 2.23) at initial, 1, 2 and 3 MAS respectively. The minimum a* value
was observed in treatment Ts (1.08, 1.18, 1.33 and 1.43) respectively at initial, 1, 2 and 3
MAS respectively.

Significantly higher b* value was observed in treatment T (25 per cent pulp + 40 %
TSS) and recorded (3.40, 3.37, 3.34 and 3.03) respectively. It was on par with T, and T, at
initial; with T3 at 1 and 2 MAS; followed by T; at 3 MAS. Significantly minimum value was
observed in Ts (1.96, 1.91, 1.85 and 1.76) respectively and it was on par with T, and Ts at
initial, 1, 2 and 3 MAS.

4.4.8 Non enzymatic browning (OD at 440 nm)

The data on non enzymatic browning of custard apple squash was measured by
optical density at 440 nm (Table 19). The results showed the prolongation of non significant
differences among the treatments.

4.4.9 Microbial analysis (CFU/mI)

The data presented in Table 19 indicate the microbial load of custard apple squash as
influenced by treatments and storage period.

The significantly minimum bacterial load was observed in treatment Te (2.25, 4.75,
9.50, 11.75 CFU/ml) at initial, 1, 2 and 3 MAS respectively. The maximum bacterial population
was observed in Ty (7.63, 15.50, 18.75 and 21.00 CFU/ml) at initial, 1, 2 and 3 MAS
respectively.



Table 18: Effect of treatments on colour (L* a* b*) values of custard apple Squash during storage

L*value a*value b* value
Treatments Months after storage
Initial 1 2 3 Initial 1 2 3 Initial 1 2 3

T+- Pulp (25%) + TSS (40°B) | 21.79 | 21.76 | 21.66 | 21.56 | 1.67 1.77 1.96 1.98 3.40 3.37 3.34 3.03
T2 - Pulp (25%) + TSS (42°B) | 20.38 | 20.22 | 20.14 | 20.06 | 1.71 1.81 1.97 2.23 2.85 2.78 2.73 2.43
Ts- Pulp (25%) + TSS (44°B) | 19.91 | 19.88 | 19.83 | 19.73 | 1.69 1.79 1.97 1.98 2.95 2.94 2.88 2.65
T4~ Pulp (25%) + TSS (46°B) | 17.74 | 17.49 | 17.39 | 17.29 | 1.28 1.38 1.58 1.88 2.26 2.22 2.15 2.06
Ts- Pulp (25%) + TSS (48°B) | 17.61 | 17.42 | 17.32 | 17.22 | 1.42 1.52 1.72 1.95 2.36 2.30 2.24 2.08

Te- Pulp (25%) + TSS (50°B) | 14.81 | 14.54 | 14.34 | 14.24 | 1.08 1.18 1.33 1.43 1.96 1.91 1.85 1.76

Mean 18.71 | 18.55 | 18.45 | 18.35 1.48 1.58 1.76 1.91 2.63 2.59 2.53 2.34
S.Emzt 0.16 0.12 0.12 | 0.11 0.01 0.01 0.03 0.1 0.16 0.13 0.14 0.08
C.D.at 1% 0.47 0.36 0.34 | 0.34 0.03 0.03 0.08 0.33 0.63 0.56 0.55 0.34

L*= Dark - Light, a*= Green — Red, b* = Blue —yellow




Table 19: Effect of treatments on non enzymatic browning, total bacterial count and colour and appearance of custard apple squash

during storage

Non enzymatic browning

Total bacterial count

Colour and appearances

(OD value) (CFU/ml) (Score out of 5.00)
Treatments Months after storage
Initial 1 2 3 Initial 1 2 3 Initial 1 2 3
Ts- Pulp (25%) + TSS (40°B) 0.05 0.09 | 0.1 0.13 | 7.63 | 1550 | 18.75 | 21.00 4.30 3.75 3.75 3.13
T, - Pulp (25%) + TSS (42°B) 0.06 0.09 | 0.1 0.13 | 6.38 | 13.50 | 17.00 | 20.50 4.33 4.13 3.88 3.50
Ts- Pulp (25%) + TSS (44°B) 0.06 0.09 | 0.12 | 013 | 6.00 | 12.00 | 14.50 | 18.00 3.93 3.63 3.54 3.50
T4 Pulp (25%) + TSS (46°B) 0.06 0.08 | 0.11 0.13 | 438 | 875 | 1225 | 15.25 4.07 3.82 3.57 3.32
Ts- Pulp (25%) + TSS (48°B) 0.05 0.09 | 012 | 013 | 325 | 6.75 | 11.00 | 13.25 4.09 4.09 3.50 3.38
Te- Pulp (25%) + TSS (50°B) 0.07 0.09 | 0.1 0.12 | 225 | 475 | 9.50 11.75 4.07 4.07 3.75 3.44
Mean 0.06 0.09 | 0.1 0.13 | 4.98 | 10.21 | 13.83 | 16.64 414 3.92 3.67 3.38
S.Emt 0.87 126 | 057 | 0.75 | 0.86 1.75 | 2.84 2.98 0.13 0.12 0.15 0.02
C.D.at 1% NS NS NS NS 349 | 7.12 NS NS 0.96 0.85 0.03 0.14

CFU = Colony forming units, NS- Non significant, OD-optical density




4.4.10 Organoleptic evaluation (Score out of 5.00)

Organoleptic evaluation of custard apple squash was carried out by a panel of judges
at the all stages of storage periods. Each treatment was evaluated for colour and appearance,
taste and flavour, mouthfeel and overall acceptability on a 5 point scale.

4.4.10.1 Colour and appearance

Colour and appearance influenced by treatments and storage period are presented in
Table 19. The score with respect to colour and appearance was recorded to be the highest in
treatment T, (4.33, 4.13, 3.88 and 3.50) at initial, 1, 2 and 3 MAS and was on par with T at
initial and 2 MAS; Tsat 1 MAS; T; at 3 MAS. The lowest score was recorded in T3 (3.93 and
3.63) at initial, 1 month after storage and was followed T, at initial; T, at 1 MAS. Ts (3.50) at 2
MAS and was on par with T3; T4 (3.13) at 3 MAS followed T..

4.4.10.2 Mouthfeel

The score for mouth feel linearly decreased from 4.01 at initial stage to 3.31 at 3
months after storage (Table 20). The maximum score was recorded in treatment T, (4.13,
4.00, 3.83 and 3.82) and was on par with T;and Ts at 3 MAS. And lowest was observed with
Ts at initial and was T, Te at 1 and 2 month after storage and was on par with T4, T4 at 3 MAS
followed by Te.

4.4.10.3 Taste and flavour

The score for taste and flavour of custard apple squash indicates their decrease
linearly from 3.96 at initial stage to 3.62 at 3 months after storage. The maximum score was
recorded in treatment T, (25% pulp + 42% TSS) (4.22, 4.00, 3.75 and 3.70) at initial and was
followed by Ts, at 1 MAS followed by T4, at 2 MAS on par with T; and 3 MAS on par with T;
respectively and minimum score was observed in T, (3.88) at initial and was on par with T4, Tg
(3.63 and 3.44) at 1 and 2 MAS and was on par with Tsand T4; T4 (2.24) at 3 MAS and was
followed Te.

4.4.10.4 Overall acceptability

The mean for overall acceptability showed decrease in score (4.16 to 3.36) with
advancement in storage period (Table 20). The maximum overall acceptability was recorded
in T, (4.30, 4.13, 3.80 and 3.69) respectively and was followed T4 at 1 MAS; on par with Tsat 2
MAS; T1at 3 MAS. The lowest score was observed in Ts at 1 MAS and was followed by T+; T
at 2 MAS and Ts at 3 months after storage.



Table 20: Effect of treatments on mouth feel, taste and flavour and overall acceptability of custard apple squash during

storage
Mouth feel Taste and flavour Overall acceptability
(Score out of 5.00) (Score out of 5.00) (Score out of 5.00)
Treatments
Months after storage
Initial 1 2 3 Initial 1 2 3 Initial 1 2 3

T+- Pulp (25%) + TSS (40°B) 412 3.88 3.77 | 2.00 | 3.88 3.82 3.57 3.44 4.20 3.78 3.72 3.64
T2 - Pulp (25%) + TSS (42°B) 413 4.00 3.83 | 3.82 | 4.22 4.00 3.75 3.70 4.30 413 3.80 3.69
Ts- Pulp (25%) + TSS (44°B) 3.84 3.80 3.72 | 3.69 | 3.94 3.74 3.71 3.69 3.83 3.80 3.67 3.57
T4~ Pulp (25%) + TSS (46°B) 3.93 3.75 3.64 | 3.44 | 3.90 3.64 3.60 2.24 410 3.90 3.67 2.58
Ts- Pulp (25%) + TSS (48°B) 4.05 3.82 3.82 | 3.52 | 4.09 3.64 3.63 3.52 4.28 3.86 3.73 3.42
Te- Pulp (25%) + TSS (50°B) 3.97 3.63 3.63 | 3.39 | 3.93 3.63 3.44 3.08 4.24 3.50 3.50 3.25
Mean 4.01 3.81 3.74 | 3.31 | 3.96 3.75 3.62 3.28 4.16 3.83 3.68 3.36
S.Emzt 0.17 0.48 046 | 0.24 | 0.02 0.12 0.01 0.17 0.12 0.02 0.17 0.14
C.D.at 1% NS NS 1.52 | 1.70 | 0.21 NS 0.15 1.21 NS 0.13 1.20 0.99

NS- Non significant




5. DISCUSSION

Custard apple is a typical fruit characterized by very short shelf life and highly perishable
under ambient condition. The fruit ripens on third day retain edible status up to 4" day and
rapidly shows symptom of deterioration after fourth day and becomes unfit for consumption
on fifth day of storage. In this context experiment was carried out to identify suitable technique
to increase the availability of processed pulp and products all round the year.

It is evident from reviewed literature that little attention has been given to develop
the processing technologies for custard apple fruits. Based on the available technology for
other fruits, few products such as ready-to-serve beverage, squash, nectar and other soft
drinks can be tried for the domestic as well as international markets developing protocols for
preservation of pulp will help for further preparation of value added products during
unseasonal period. Further, efforts are needed to standardize the processing techniques and
processed products. Out of the several products that can be prepared from a fruit, juice based
beverages are more popular in India as well as in the world (Chakraborthy et al., 1993).
Therefore, the present investigation was carried out to study the preparation and preservation
of custard apple pulp by two methods of preservation technique, preparation of ready-to-serve
beverage and squash. The results obtained in the study are discussed hereunder.

5.1 Preservation of custard apple pulp by chemical preservatives

Preservation of fruit pulp is very important so that the preserved pulp can be further
used for preparation of juice based beverages. But preservation of fruit juices at ambient
temperature without addition of any chemical preservatives or pasteurisation is not possible
due to high nutritional composition of fruit juices. Fruit pulp is rich source of sugars, minerals,
vitamins, organic acids, etc., which act as a good source of food for spoilage microorganisms.
The enzymes present in pulp are also responsible for deterioration of the quality. Thus, any of
the preservation method either alone or in combination is a prerequisite for extending the
shelf life of fruit pulp at refrigeration temperature. Therefore, an attempt was made to
preserve the custard apple pulp at ambient temperature.

Pasteurisation and use of chemical preservatives are two well known methods of
preservation of pulp and juices. However, correct pasteurisation temperature, duration and
suitable chemical preservatives and their concentrations need to be worked out for specific
fruits as their composition and pH vary. Hence, in the present investigation, two methods of
preservation of custard apple pulp separately were employed in order to know their effect on
the physico-chemical characteristics of the pulp, organoleptic qualities affected by treatments.

5.1.1 TSS, sugars and non enzymatic browning

Increase in total soluble solids content of pulp during storage is desirable for the
preservation of good quality pulp. The total soluble solids content in the pulp increased
apparently during storage (Table 1, 2 and 4).

Chemical composition of pulp in different treatments was affected by the chemical
preservative. TSS and total sugar in custard apple pulp was significantly maximum in T,
(potassium metabisulphite at 1500 ppm) at initial and during storage, This might be due to
slow hydrolysis of polysaccharides, acids and pectic substances to simpler substances like
sugar in presence of acid present in juice. Significantly minimum TSS and total sugar was
recorded in Ts (control) where no preservative was added. Similar results of increase in TSS
and total sugar of stored pulp was reported by several workers viz., Urmil and satinder (1988)
in citrus juice, Ranote et al. (1993) in kinnow orange juice, Devaraju (2001) in ber juice and
Jayalaxmi (2006) in sapota juice, Amin et al. (2008) and Muhammad et al. (2011) in apple

pulp.

The pulp in treatment T, (15.90, 15.92, 16.00 and 16.01 %) recorded highest reducing
sugar at initial, 5, 10 and 15 days after storage respectively. The minimum was recorded in



control. The increase in reducing sugar may be attributed to the conversion of non-reducing
sugar to reducing sugar, Non-reducing sugar recorded decreased trend over storage period
and non enzymatic browning exhibited minimum value for all these parameters throughout the
study period. However, the treatments had showed non significant differences with respect to
non enzymatic browning. Similar result of increase in the level of reducing sugar and total
sugar during storage have been reported by Devaraju (2001) in ber juice, Jayalaxmi (2006) in
sapota juice, Amin et al.(2008) in mango pulp, Ayub et al. (2010) in strawberry juice, Akhtar et
al.(2009) in mango pulp.

5.1.2 Titratable acidity, ascorbic acid and total bacterial count

In the present investigation, the level of titratable acidity decrease might be due to
chemical reaction between the organic constituents of the pulp and influenced further by
temperature and enzymatic action. (Table 1 and 4). Further ascorbic acid content decreased
during storage period. This behaviour may be due to its oxidation by trapped oxygen in the
glass bottles which results in formation of dehydroascorbic acid in the juice. It is evident that
pulp preserved without any chemical preservative (Ts) showed substantial increase in
microbial load with correspondent increase in storage period. Chemical preservatives
significantly decreased the microbial load in the pulp. Custard apple pulp samples containing
potassium metabisulphite 1500 ppm performed superior up to 15 days of storage. Similar
results have been reported by Hashmi et al. (2007) in mango pulp, Amin et al. (2008) in
mango pulp, Hussain et al. (2008), Mouhammad et al. (2011).

5.1.3 Colour analysis

Colour in food is usually due to the presence of natural pigments like anthocyanins,
carotenoids or chlorophyll (Table 3). The variation in the colour of a system varies with
changes in concentration of some of the components that forms the basis of colorimetric
analysis. Ludneava and Yankov, (1994) determined changes in colour (L* a* b* values)
during storage of mixed nectars prepared from apple and citrus fruits.

The mean values of lightness (L*) and yellowness (b*) decreased with increasing
storage period and whereas redness (a*) showed increasing trend in custard apple pulp.
Significantly maximum L* (lightness) value was observed in treatment T, (48.47, 48.37, 48.31
and 48.31) respectively at 0, 5, 10 and 15 days after storage respectively, which was treated
with sodium benzoate at 1500 ppm. However, minimum L* value was observed in Tg (34.55,
34.45, 34.25 and 33.81) at 0, 5, 10 and 15 days after storage respectively. Lower L* values
indicate the darkness.

Significantly maximum a* value was observed in treatment T, (2.82, 2.96, 2.98 and
3.00) at 0, 5, 10 and 15 days after storage, which was treated with sodium benzoate at 1500
ppm. Maximum results in pulp treated with sodium benzoate with increasing storage period
may be a due to effective control of browning helps in retaining original color during storage.

Significantly maximum b* value was observed in treatment T, (4.27, 3.98) in freshly
prepared and 5 days after storage and treatment T (3.89) at 5 and 10 days after storage.
However, minimum b* value was observed in Ts. Highest value of b* indicate that yellowness,
contrary lowest means towards blue.

5.1.4 Organoleptic evaluation

Evaluation of sensory qualities of products is an important tool for deciding the
consumer acceptability (Table 4 and 5). A human element plays an important role in
evaluation of organoleptic characters of a product. For any new product, the consumer
acceptability needs be evaluated first at the laboratory level. Hence, in the present
investigation, 10 semi-trained panellists comprising teachers and post graduate students of
Kittur Rani Channamma College of Horticulture, Arabhavi were involved in the evaluation
process.



Quality aspects of food products such as colour, flavour and nutritive value generally
reduce with the increase in storage period. In the present study also, organoleptic scores for
colour and appearance, mouth-feel, taste and flavour and overall acceptability of pulp
decreased in all the treatments as the storage time progressed. Similar decrease in sensory
quality during storage of pulp has been reported by Gamage et al. (1997) in custard apple,
Sonia et al. (2003) in sand pear, Hashmi et al. (2007) in mango pulp, Akhtar et al. (2009) in
mango, Durrani et al. (2010) in apple pulp, Kamble and Soni (2010) in custard apple pulp,
Pawar et al. (2010) in custard apple, Muhammad et al.(2011) apple pulp, Hiremath and
Rokhade (2012) in sapota.

The treatments which contain potassium metabisulphite at 1500 ppm had highest
score for all sensory qualities due to effective control of browning their by retaining original
colour, whereas superimposition of intermediate colour developed due to maillard reaction
accelerated between reducing sugars and amino acids during storage.

5.2 Preservation of custard apple pulp by pasteurization

5.2.1 TSS, sugars and non enzymatic browning

The total soluble solids, total sugar and non enzymatic browning of pasteurized pulp
were found to increase with increase in storage period (Table 6, 7 and 9).

The treatment T (pasteurization temperature at 85°C for 30 min) was found to have
high reducing sugar content initially as well as during storage. The increase in total sugar
corresponding to decrease in non-reducing sugar, which might be due to hydrolysis of
polysaccharides into reducing sugar. The result on TSS, total sugar and non enzymatic
browning of pulp indicated non significant differences among the treatments during storage
and increase in reducing sugars was correlated with decrease in non-reducing sugar. It is
supported by Kamble and Soni (2010), Hiremath and Rokhade (2012), Pawar et al. (2010).

5.2.2 Titratable acidity, ascorbic acid and total bacterial count

The titratable acidity decreased with the progress in storage period (Table 6 and 9).
Significantly maximum value was recorded in T, (pasteurization temperature at 85 °C for 25
min) in freshly prepared pulp and at 5, 10, 15 days after storage. The treatments showed non
significant differences among treatments.

Ascorbic acid is one of the important parameters from the nutritional point of view. So,
conservation of ascorbic acid is very important during storage period. The ascorbic acid
content decreased as the storage period increased. In the present investigation data indicated
non significant difference among the treatments.

The treatment T recorded significantly minimum microbial load of 17, 30, 39.33, and
41.67 CFU/ml at initial, 5, 10 and 15 days after storage respectively. The significantly
maximum value was observed in T7 (60, 71.67, 74.33 and 75.67). The results corroborates
with Umme et al. (1997), Pawar et al. (2010), Hiremath and Rokhade (2012), Nwachukwu and
Ezeigbo (2013).

5.2.3 Colour analysis

The variation in the colour of a system varies with changes in concentration of some
of the components that form the basis of colorimetric analysis. Ludneava and Yankov, (1994)
determined changes in colour (L* a* b* values) during storage. The maximum L* value was
observed in T, (pasteurization temperature-85 °C for 20 min) throughout the storage period. In
this study the duration of pasteurization was show more lightness compared to other
treatments. The minimum value was observed in treatment T; (control) at initial, 5, 10 and 15
days after storage.
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Fig 1: Effect of different treatments on changes in total soluble

solids and ascorbic acid content of chemical treated
custard apple pulp.
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Fig. 2: Effect of different treatments on changes in reducing sugar
and L* value of pasteurized custard apple pulp.

The maximum a* value was observed in the treatment T; at 0 and 5 DAS. At 10 and
15 DAS treatment T, was observed maximum value. This might be due to possible browning
reaction during storage. On other hand minimum a* value was observed in treatment Ts and
T; at initial days of storage. T; at 5, 10 and 15 DAS. Lower a* value indicates towards
greenness of the sample due to microbial growth observed in the sample.

The maximum b* value was observed in treatment T; (5.89, 5.78, 5.71 and 5.67) at
0. 5, 10 and 15 days after storage respectively, this may be due to moderate temperature and
timing fixed for pasteurization of sample. However, minimum was observed in T+ (4.65, 4.55.
4.54 and 4.54) at 0, 5, 10 and 15 days after storage respectively.

5.2.4 Organoleptic evaluation

Evaluation of sensory qualities of product is an important tool for deciding the
consumer acceptability. Human element plays an important role in the evaluation of
organoleptic characters of a product. This evaluation serves as a guide to consumer
acceptability. In fresh pulp and during storage, the highest score for all sensory qualities was
observed in treatment Ts (pasteurization temperature-90°C for 25 min). This may be attributed
to the inactivation of enzymes like Polyphenol oxidase responsible for browning reaction
which prevented discoloration of pulp their by getting higher scores. This observation is in
agreement with Masoodi et al. (1992), Ranote et al. (1993) and Panesar et al. (2000). The
lowest score was observed in treatment T; and in control where there was no pasteurization
done during processing. Similar results were reported by Umme et al. (1997), Kamble and
soni (2010), Nwachukwu and Ezeigbo (2013).

5.3 Preparation and preservation of custard apple RTS

In case of processed products, yield is not the one and only criteria for evaluating
the efficiency of a treatment. The chemical composition also determines the quality of the
product. Therefore, the RTS beverage developed from custard apple in the present
investigation was analysed for physico-chemical composition.

5.3.1 TSS, sugars and non enzymatic browning

The TSS content of 14, 15 and 16 per cent with pulp concentration of 10, 12 and 14
per cent was adjusted (Table 11, 12 and 14). Significantly maximum TSS was observed in
treatment Ty containing pulp 14 per cent + TSS 16 per cent. The increase in total soluble
solids throughout storage period might be due to conversion of polysaccharides into sugars
by hydrolysis. The minimum TSS was observed in treatment T (pulp 10%+TSS 14%)
Corroborative findings to the present study are reported by Kotecha et al. (1995) in custard
apple juice, Tripathi et al. (1988) in aonla, Ramajayam et al. (2002) in simarouba, Sorolia and
Mukharjee (2002) in lime, Kannan et al. (2004) in jamun fruit products, Saravanan et al.
(2004) in papaya beverage, Bharadwaj and Mukherjee (2011) in kinnow RTS blend.

Concomitant with the change in TSS, sugar content of RTS increased during the
storage period. Both total sugars and reducing sugar increased significantly, whereas non-
reducing sugar decreased and treatment showed non significant differences during storage
period. Total and reducing sugar varied in the same way as TSS in the RTS treatments for the
similar reason. The findings of the present study are well supported by Attri et al. (1998) in
pear blended juice, Tiwari (2000) in guava and papaya blended RTS, Deka (2000) in mixed
fruit juice, Vijayalakshmi (2012) in blended RTS. The data on browning of custard apple RTS
showed non significant differences among the treatments at all the storage period.

5.3.2 Titratable acidity, ascorbic acid and total bacterial count



In the present investigation, the level of titratable acidity decreased as the storage
period increased. The data showed non significant difference between the treatments (Table
11).

Ascorbic acid is one of the major nutritional components. In this experiment mean
ascorbic acid content of RTS was found to decrease from 2.37 mg/100 g in the fresh RTS to
2.22 mg/100 g at 3 MAS. Significantly maximum ascorbic acid content throughout the study
period was observed in To. On the contrary, the treatment T4 showed significantly minimum
ascorbic acid content at the end of 3 MAS this could be attributed to light and heat labile
nature of the vitamin-C which was affected by temperature during pasteurization. Most
researchers agree that the ascorbic acid can be easily destroyed by heat and oxidation
similar results were reported by Gowda and Ramanjaneya (1995), Pandey and Singh (1998)
in guava squash, Jain ef al. (1996), Dobhal, (2000) in phalsa beverage and Mandal, (2003) in
pineapple and phalsa blended everage.

The quality of the products may deteriorate during storage. It might be influenced by
various treatments employed in the preparation of products and conditions of storage
environment. The microbial population showed a slight increase in their number during the
storage period of 3 months (Table 14). However, such marginal increase did not affect the
wholesomeness of the products. Potassium metabisulphite used for preservation of RTS in
the present study. Pasteurization of custard apple RTS prior to filling in to bottles combined
with addition of these chemical preservative might have helped in controlling and limiting the
bacterial population to a safe level. significantly minimum bacterial population was recorded in
Te (potassium metabisulphite at 1500 ppm), similar results were reported by Giridharilal et al.
(1986), Ejechi et al. (1998) in mango juice, Attri et al. (1998) in pear juice blended with
temperate fruit, Deka (2000) in mixed fruit juice, Abbo et al. (2006) in soursop juice, Markam
and Singh, (2012) in custard apple RTS.

5.3.3 Colour analysis

The variation in the colour of a system varies with changes in concentration of some
of the components that form the basis of colorimetric analysis. Ludneava and Yankov, (1994)
determined changes in colour (L* a* b* values) during storage. The maximum L* value was
observed in T; (15 per cent pulp + 14 per cent TSS) throughout the storage period and
minimum value was observed in T4, lower L* value indicate the darkness. The maximum a*
value was observed in the treatment T4 (1.50, 1.67, 1.80 and 1.87) containing 12 per cent
pulp+14%TSS at 0, 1, 2 and 3 months after storage respectively and minimum value was
observed in Ts, In present study a* values was increased with increasing storage period. It
might be due to browning reaction observed during storage. The maximum b* value was
observed in treatment T3 (1.98, 1.35, 1.07 and 0.87) containing 10 per cent pulp+16%TSS at
0, 1, 2 and 3 months after storage respectively. Highest value of b* indicates yellowness,
contrary lowest means towards blue (Table13).

5.3.4 Organoleptic evaluation

Quality is the ultimate criteria of the desirability of any food product to the consumer,
whereas, sensory quality is a combination of different senses of perception coming in to play
in choosing a product.

Quality aspects of food products such as colour, flavour and nutritive value generally
reduce with the increase in storage period. In the present study also, organoleptic score for
colour and appearance, mouth-feel, taste and flavour and overall acceptability of RTS
decreased in all the treatments as the storage time progressed. The treatment with 10 per
cent pulp + 15 per cent TSS (T:) scored better for all the four sensory parameters than the
remaining treatments. Similar decrease in sensory quality during storage of beverages has
been reported by Rao et al. (1979) in rangpur lime beverage, Jain and Khurdiya (2004) in
blended Indian gooseberry RTS, Markam and Singh, (2012).
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5.4 Preparation and preservation of custard apple squash

5.4.1 TSS, sugars and non enzymatic browning

The TSS of custard apple squash recorded a increase in total soluble solids with the
advancement of storage period. This might be due to increase in total sugars caused by
inversion of polysaccharides like starch and cellulose substances in the presence of organic
acids into simpler soluble molecules and also inversion of added sucrose into simpler soluble
substance in the course of time. This indicates that, during storage there was change in the
composition of juice extracts or other ingredients used in the product causing change in TSS.
Similar results were observed by Kannan and Thirumaran (2004) in jamun syrup, Surender et
al. (2005) in bael or blended bael ready to serve beverage, Madanlal et al. (2006) in guava
ready to serve beverage and Vijay et al. (2006) in aonla squash.

The treatment T (25% pulp + 50% TSS) was found to have high total soluble solids,
reducing sugar and total sugar content initially as well as during storage (Table 16 and 17).
On the contrary, the treatment T, (25% pulp + 40% TSS) exhibited minimum value for all these
parameters throughout the study period. However, for the non enzymatic browning treatments
did not showed any significant differences for all these parameters (Table 19).

The increase in reducing and total sugars corresponding to the increase in total
soluble solids and ultimate decrease in non-reducing sugars, which might be due to
hydrolysis of polysaccharides into reducing sugar. As increase in reducing sugar was
correlated with decrease in non-reducing sugar. This view was corroborated by Jain et al.
(1984) in orange, lemon and bael squash, Vijay et al. (2006) in aonla squash and Gajanana
(2002) in aonla juice.

5.4.2 Titratable acidity, ascorbic acid and total microbial count

Mean values of titratable acidity at different months of storage of custard apple
squash (1.00, 0.95, 0.92 and 0.90%) at 0, 1, 2 and 3 months after storage respectively
indicate that titratable acidity decreased with the progress in storage period (Table 16). The
decrease in acidity might be due to hydrolysis of polysaccharide in to simple sugars and non-
reducing in to reducing sugars, where acid is utilized for converting them in to reducing
sugars. Similar results were reported by Gajanana (2002) in aonla juice, Ramajayam et al.
(2002) in simarouba, and Surender et al. (2005) in blended bael RTS.

The treatment Te recorded significantly maximum titratable acidity after 1, 2 and 3
months of storage and the significantly lowest titratable acidity were found in T4 throughout
the storage period. Reduction in acidity level in fruit beverages owes to chemical interaction
between the organic constituents of the juice induced by temperature and actions of enzymes
as reported by Nath et al. (2005). The decrease in acidity during storage was also observed in
kinnow mandarin juice by Sarmah et al. (1981); similar result was reported by Mehta and
Bajaj (1983). With respect to ascorbic acid content showed non-significant difference among
themselves at different periods of storage (Table 16).

Microbial spoilage is a major constraint in improving storability of squash. They
multiply and infect the product when the congenial condition prevails. The data on total
bacterial count indicates that microbial population showed an increase in their number during
the storage period of three months (Table 19). But it did not affect the integrity of the product.
Use of potassium metabisulphite has been reported to be very effective in preventing the
spoilage of the products during storage (Giridharilal et al.,, 1986). In the current experiment
preservative employed for safeguarding squash beverages from microbial spoilage.
Pasteurization of squash prior to filing in to bottles and addition of these chemical
preservative might have played notable task in controlling and limiting the bacterial population
to a safer level. However, minimum microbial population was recorded in treatments
containing pulp 25 per cent + 50 per cent TSS (T¢) and maximum was recorded in T4 and it
has been documented in some studies Deka, (2000), Ejechi et al. (1998), Attri et al. (1998),



Bharadwaj and Mukherjee, (2011). After 2 months of storage results showed non significant
difference among the treatments.

5.4.3 Colour analysis

The variation in the colour of a system varies with changes in concentration of some
of the components that form the basis of colorimetric analysis. Ludneava and Yankov, (1994)
determined changes in colour (L* a* b* values) during storage. The maximum L* value was
observed in T, throughout the storage period which containing pulp 25 per cent+ 40% TSS
whereas minimum value was recorded in Ts at initial, 1, 2 and 3 months after storage (Table
18).

The maximum a* value was observed in the treatment T, (1.71, 1.81, 1.97 and 2.33)
at 0, 1, 2 and 3 months after storage respectively. It might be due to maillard reaction during
storage. On other hand minimum a* value was observed in treatment Ts (1.08, 1.18, 1.33 and
1.43) respectively. Lower a* value indicates that towards the greenness of the sample and
juice was light in colour.

The maximum b* value was observed in treatment T,. However, minimum was
observed in Ts (1.96, 1.91. 1.85 and 1.76) at 0, 1, 2 and 3 months after storage respectively.

5.4.4 Organoleptic evaluation

The merit of any product for consumer acceptability depends on the consumer
preference. Hence, organoleptic evaluation is an important tool to know the consumer
acceptability. In fresh custard apple squash (Table 19 and 20), the highest score for colour
and appearance (4.33) was observed in treatment T, (pulp 25 per cent + 42 per cent TSS),
the lowest score was observed in treatment T;. However, considering the performance with
respect to colour and appearance, taste and flavour as well as overall acceptability, the
treatment T, stands better and recorded maximum score during storage. Similar results were
reported by Waskar and Khurdiya (1987) in phalsa beverage, Kaur et al. (1995) in
seabuckthorn berries, Chauhan et al. (1997) in aloe-vera leaves, Jadhav et al. (2004) in
tamarind juice, Singh et al. (2007).
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SUMMARY AND CONCLUSIONS

Investigation on “Studies on processing and preservation of custard apple pulp, squash
and ready-to-serve beverages” was conducted during 2013-14 in the Department of Post
Harvest Technology, Kittur Rani Channamma College of Horticulture, Arabhavi (UHS,
Bagalkot) Karnataka. The present study was carried out to standardize the methods of
preservation of pulp and to evaluate storage stability of processed products such as RTS,
squash.

6.1 Effect of chemical preservatives on storage of custard apple
pulp

The chemical constituents of the pulp viz., total soluble solids, reducing sugar, total
sugar, a* value and non enzymatic browning were found to increased marginally from 26 to
26.82 per cent, 15.36 to 15.72 per cent, 18.66 to 18.84 and 2.54 to 2.84 and 0.18 to 0.21
respectively, whereas ascorbic acid, titratable acidity, non-reducing sugar, L* value and b*
value decreased from 3.87 to 3.29 mg per 100g, 0.61 to 0.44 per cent, 3.21 to 2.94 per cent,
39.83 to 39.30 and 3.19 to 2.71respectively, during the storage period of 15 days. However,
non significant differences were noticed in total sugar and non enzymatic browning at 5, 10
and 15 days after storage.

During storage period of 15 days, the mean organoleptic scores decreased from an
initial value of 3.57 to 1.95 for colour and appearance, 3.71 to 2.93 for mouth feel, 3.81 to
2.36 for taste and flavor and 3.40 to 2.57 for overall acceptability. The results of organoleptic
evaluation particularly indicated that the treatment T, (pulp treated with potassium
metabisulphite at 1500 ppm) was found superior in their acceptability than other treatments
for all the four organoleptic parameters throughout the course of investigation. There was
marginal increase in microbial load (TBC) in custard apple pulp during storage, but it did not
affect the wholesomeness of the product up to 15 days of storage.

6.2 Effect of pasteurization temperature for preservation of
custard apple pulp

The results of pasteurization of pulp revealed that the chemical constituents, viz., total
soluble solids, reducing sugar, total sugar, a* value and non enzymatic browning were found
to increase from 26 to 26.11 per cent, 15.79 to 15.99 per cent, 19.06 to 19.40 per cent, 1.18
to 1.63, and 0.24 to 0.35 respectively. There was non significant change in TSS, titratable
acidity, ascorbic acid, total sugar, non reducing sugar at 10" day of storage. Whereas
titratable acidity, ascorbic acid, non-reducing sugar, L* value and b* value decreased from
0.69 to 0.50 per cent, 5.38 to 4.18 mg per 100 g, 3.11 to 3.02 per cent, 41.17 to 36.32
lightness and 5.35 to 5.04 yellowness respectively at 15 days after storage.

At 15 days of storage, the mean scores decreased from an initial value of 4.48 to 3.00
for colour and appearance, 4.40 to 2.58 for mouth feel, 3.41 to 2.36 for taste and flavor and
3.57 to 2.22 for overall acceptability. Considering the performance with respect to all the
sensory parameters, the treatment Ts (Pasteurization temperature at 90 °C for 25 min) was
found superior in comparison to all other treatments. There was marginal increase in
microbial load of pulp during storage period but did not affect the wholesomeness of the
product upto 15 days of storage.

6.3 Preparation and preservation of custard apple RTS

Custard apple RTS with different recipes containing three (10, 12, 14%) levels of pulp
with 14, 15, 16% of TSS were used to develop RTS. However, titratable acidity (0.1%) was
kept constant in all the treatments. At initial titratable acidity, non reducing sugar and non
enzymatic browning showed non significant difference among the treatments.



The highest total soluble solids, reducing sugar, total sugar and non-reducing sugar
was observed in treatment Ty with 14 per cent pulp + 16 per cent TSS and highest a* value
was observed in treatment with T4 12 per cent pulp + 14 per cent TSS. However, the mean
titratable acidity, ascorbic acid, L* and b*values decreased in general from 0.04 to 0.02 per
cent, 2.37 to 2.22 mg/100 g, 33.52 to 33.36 and 4.68 to 4.61 respectively during the storage
of 3 months.

The organoleptic evaluation of RTS revealed that the treatments T, (pulp 10%+15%
TSS) observed maximum acceptability based on organoleptic scores for all the parameters.

The total bacterial count was found to increase in custard apple RTS during storage
period. However, it did not affect the quality of the product during three months of storage.

6.4 Preparation and preservation of custard apple squash

In custard apple squash, different recipes containing six levels of TSS (40, 42, 44, 46,
48 and 50%) and 25 per cent pulp were used as constant to develop product. However,
titratable acidity (1%) was kept constant in all the treatments. During storage studies the
parameters like ascorbic acid, non enzymatic browning and total bacterial count showed non
significant difference except initial and 1 MAS.

Analyzing the squash for specific chemical parameters indicated significant
differences among the treatments. The chemical constituents, viz., total soluble solids,
reducing sugar, total sugar and a* value were found to increase from 45.75 to 46.24 per cent,
12.69 to 15.55 per cent, 18.93 to 20.09 per cent and 1.48 to 1.91 respectively. Whereas
titratable acidity, ascorbic acid, non-reducing sugar, L* value, and b* value decreased from
1.00 to 0.90 per cent, 2.60 to 2.26 mg/100 g, 5.94 to 4.18 per cent, 18.71 to 18.35 lightness
and 2.63 to 2.34 yellowness respectively at initial, 1, 2 and 3 MAS.

During three months of storage, the mean scores decreased significantly from an
initial value of 4.14 to 3.38 for colour and appearance, 4.01 to 3.31 for mouth feel, 3.96 to
3.28 for taste and aroma and 4.16 to 3.36 for overall acceptability. It indicates eventual
decrease in preference due to changes in the chemical constituents of juice during storage.
Considering the performance with respect to all the sensory parameters, the treatment T,
(pulp 25% + 42 % TSS) stands superior in comparison to all other treatments. There was
marginal increase in microbial load of custard apple squash beverage during storage period
but did not affect the wholesomeness of the product during three months of storage.

Conclusion

1. Custard apple pulp treated with potassium metabisulphite at 1500 ppm had scored
better result with respect to physico-chemical characters and organoleptic traits.

2. Pulp pasteurized at 90°C for 25 min stands superior in maintaining physico-chemical
and organoleptic parameters.

3. Ready to serve beverage prepared with treatment T, (pulp 10%+15% TSS) observed to
have maximum acceptability based on organoleptic and physico-chemical
characteristics.

4. Performance of squash with respect to all the sensory parameters and physico-
chemical, the treatment T, (pulp 25% + 42 % TSS) stands superior.

Future line of work

1. Methods and protocols for long term storage products of custard apple through freeze
drying should be developed.

2. Addition of antioxidants helps to avoid browning.

3. Efforts may be made to accomplish supplementary increase in nutritional and
functional quality of highly acceptable recipes of custard apple RTS, squash and
syrup.Other products such as jam, ice-cream may be tried to add more food value to
custard apple.
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Appendix I: Metrological data recorded for the experimental period from
January-2013 to December 2013 at Agriculture Research
Station Arabhavi-591 218

Temperature (°C) _ .
eyt 0 Rl i

Min Max
January -2013 12. 8 31.3 60 0.0
February -2013 14.0 32.5 63 3.6
March -2013 15.5 35.6 52 0.0
April -2013 19.3 38.2 52 6.1
May -2013 22.3 38.1 66 87.8
June -2013 21.6 30.9 77 11.7
July -2013 21.2 27.9 86 53.5
August -2013 20.4 28.6 81 31.3
September- 2013 20.3 294 79 77.2
October -2013 19.8 29.8 76 83.8
November- 2013 13.7 29.5 70 0.0
December- 2013 11.6 28.5 66 0.0
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ABSTRACT

Investigation on “Studies on processing and preservation of custard apple pulp,
squash and ready-to-serve beverage” was conducted during 2013-14 in the Department of
Post Harvest Technology, Kittur Rani Channamma College of Horticulture, Arabhavi (UHS,
Bagalkot), Karnataka.

The custard apple pulp was prepared by two methods and was stored for 15 days
and they were analysed at fresh, 5, 10 and 15 days intervals. Initially, TSS was maintained at
26° B and acidity at 0.5% for chemically preserved pulp and pasteurized at different
temperatures respectively. TSS, total and reducing sugars were maximum, while titratable
acidity and total bacterial count was minimum in pulp treated with KMS at 1500 ppm similarly
pulp pasteurized at 90 °C for 25 min stands superior in maintaining physico-chemical and
organoleptic parameters.

In squash, significantly maximum TSS, reducing, total sugars and a* value were
found to increased during storage. Whereas titratable acidity, ascorbic acid, non-reducing
sugar, L* value, and b* value decreased respectively at initial, 1, 2 and 3 MAS. The treatment
T, (pulp 25% + 42 % TSS) stands superior with respect to all the sensory parameters and
physico-chemical.

In ready to serve beverage, the maximum TSS reducing, non-reducing and total
sugars were observed with 14 per cent pulp + 16 per cent TSS and highest a* value was
observed in treatment with T, (12 per cent pulp + 14 per cent TSS). The organoleptic
evaluation of RTS revealed that the treatments T, (Pulp 10%+15% TSS) observed maximum
acceptability based on organoleptic scores for all the parameters.
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