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Abstract

Wild pomegranate fruit is a rich source of organic acids apart from having appreciable amount of sugars, anthocyanins, phenols, ascorbic
acid and minerals like phosphorus, calcium, potassium, iron etc. The present studies were undertaken for the development of squash
from wild pomegranate fruit and its quality evaluation during storage of six months. Different combinations of juice and sugar syrup/TSS
(Total soluble solids) were tried to standardize proper combination for squash. The squash prepared by following the best selected recipe
(42% juice and 45 °B TSS) was packed in glass and PET (Polyethylene terephthalate) bottles and stored for six months under ambient and
refrigerated temperature conditions. Squash could be safely stored for a period of six months under both the storage conditions without
much change in various quality characteristics. Various physico-chemical characteristics increased/decreased like TSS (45 to 45.68 °B),
reducing sugars (22.66 to 31.50%), titratable acidity (1.51 to 1.40 %), ascorbic acid (6.74 to 3.26 mg 100 ml?), total phenols (48.34 to 38.89
mg 100 ml?!) and anthocyanins (9.15 to 3.58 mg 100 ml?). Various sensory characteristics scores of squash like colour (8.00 to 6.37), body
(8.10 to 6.97), taste (8.10 to 6.97), aroma (8.20 to 6.57) and overall acceptability (8.05 to 6.39) decreased during storage. However, the
changes in the quality characteristics of the squash were slower in refrigerated storage conditions as compared to ambient conditions. Both
the packaging materials viz. PET and glass bottles were found suitable, with comparatively less changes occurring in glass bottles stored
under refrigerated conditions.
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1. Introduction organic acids, vitamins and bioactive compounds (Tehranifar et
al., 2010). The fruit also contains good amount of minerals like
phosphorus, calcium, potassium and iron (Parmar and Kaushal,
1982). Citric acid is present in sufficient quantity in this fruit
besides, other acids like malic, succinic and tartaric acid.
The unripe fruits and flowers are useful in inducing vomiting
and the rind of the fruit is used for curing of diarrhoea and
dysentery (Kirtikar and Basu, 1935). Extracts of tannins (bark,
leaves and immature fruit) have been used to treat diarrhoea
and haemorrhage, whereas, dried and crushed flower buds are
made into tea as a remedy for bronchitis. Today pomegranate
juice has been found to contain polyphenols (primarily ellagic
and punicalagin) that may lower down the risk of heart
diseases (Aviram et al., 2004) and slow down the cancer
progress (Adams et al., 2006). Traditionally, wild pomegranate

Wild pomegranate (Punica granatum L.), belongs to
Punicaceae family and it is an important wild fruit of economic
importance. Pomegranate is extensively cultivated in Spain,
Egypt, Russia, France, Argentina, China, Japan and India
besides its wild form is found in Syria, Afghanistan, Central
Asia and India (Patil and Karade, 1996). In India it is found in
sub mountainous and outer Himalayas of Himachal Pradesh,
Jammu and Kashmir, and Uttaranchal, up to an elevation of
1800 m above mean sea level (Parmar and Kaushal, 1982;
Saxena et al., 1987). In India, it is found in vast tract of the
hill slopes of Himachal Pradesh, Jammu and Kashmir and
Uttarakhand at an altitude of 900 to 1800 m above mean sea
level. In Himachal Pradesh, it is distributed in some pockets

of Solan, Sirmour, Mandi, Shimla, Kullu and Chamba districts.

The traditional importance of pomegranate as a medicinal
plant is well established by various researchers. The edible
part of the pomegranate fruit is arils, which are rich in sugars,
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fruit is used for the preparation of dried arils (anardana) and
used as a spice in Northern India (Kingsly et al., 2006). The
use of cultivated pomegranate fruits for various value added
products is well known. But only few reports are available for
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the development of various value added products out of wild
pomegranate fruit. So keeping in view its nutritional value
and increasing demand of value added products in modern
era, the present study has been carried out to standardize the
recipe for squash preparation along with its quality evaluation
during storage.

2. Materials and Methods

2.1. Raw material and extraction of juice

Wild pomegranate fruits harvested at optimum maturity were
procured from Narag area of Sirmour district of Himachal
Pradesh during the year 2009-2010 and were used for physico-
chemical analysis and juice extraction. The juice from the fruit
was extracted with help of food processor.

2.2. Development of fruit squash

Squashes were prepared by mixing the wild pomegranate juice
and sugar syrup as per the different treatment combinations
given in Table 1. To get the desirable concentration of acid
(1.50%) in squash, citric acid was added in all the treatment
combinations. Sodium benzoate (600 ppm) was added in all the
treatments as a preservative during product preparation. The
squash prepared by following the best selected combination
on the basis of sensory evaluation was packed in pre-sterilised
glass and PET bottles (transparent bottles of 700 ml capacity).
All the packed products were properly labelled and stored at
ambient (20-25 °C) and refrigerated (4-7 °C) conditions for six
months. The physico-chemical and sensory characteristics of
allthe products were analyzed at 0, 3 and 6 months of storage.

and during storage, whereas, data pertaining to the sensory
evaluation were analyzed by using Randomized Block Design
(RBD) as described by Mahony (1985). The experiment for
recipe standardization was replicated three times and for
storage studies five times.

3. Results and Discussion

3.1. Standardization of recipe for the preparation of wild
pomegranate squash

The data pertaining to physico-chemical and sensory
characteristics of wild pomegranate squash prepared by
following different recipes are presented in Table 2 and 3.

3.1.1. Physico-chemical characteristics

Data in Table 2 reveal that visual red and yellow TCU of
different recipes ranged between 9.24 to 15.90 and 1.08
to 2.40, respectively. The maximum (15.90) red TCU were
recorded in treatment combination having 42 % juice and 45
°BTSS (T,) which were statistically at par with T, T,, T, and T,
and minimum (9.24) were observed in treatment combination
having 30 % juice and 40 °B TSS (T,) which were statistically at
par with T, and T,. Highest (2.40) yellow TCU were recorded
in treatment combination having 30 % juice and 40 °B TSS
(Tl) and lowest (1.08) were observed in recipe containing 40
% juice and 50 °B TSS (T ).

Further, the highest titratable acidity of squash was recorded
in T, T, and T ,, whereas, lowest (0.98%) was recorded in
recipe containing 30 % juice and 50 °B TSS (T,). The ascorbic

Table 1: Treatment combinations of fruit squash

T T T T T 7T T T, T T, T, T

1 2 10 11 12

Table 2: Physico-chemical characteristics of different recipes
of wild pomegranate squash

30 35 40 42 30 35 40 42 30 35 40 42
40 40 40 40 45 45 45 45 50 50 50 50

2.3. Physico-chemical analysis and sensory evaluation

The colour of squash in terms of different units (Red and
Yellow) was observed with Tintometer (Lovibond Tintometer
Model-E). TSS, sugars, titratable acidity, ascorbic acid content
and anthocyanins of squash were determined according to the
standard procedures as described by Ranganna (2009). Total
phenols content was determined by Folin-Ciocalteu procedure
given by Singleton and Rossi (1965). Nine point hedonic rating
test was followed for conducting the sensory evaluation of wild
pomegranate squash. The panel of ten judges comprising of
faculty members and students of department of Food Science
and Technology, Dr Y S Parmar University of Horticulture and
Forestry, Nauni, Solan (HP) were selected to evaluate the
products for sensory parameters such as colour, body, taste,
aroma and overall acceptability.

2.4. Statistical analysis

Data on physico-chemical characteristics of squash was
analysed by Completely Randomized Design (CRD) before
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Treatments Physico-chemical characteristics

Co- (TCU) TSS TA AA pH

lour (°B)

R Y
T, 9.24 240 40.00 0.99 4.86 3.95
T, 11.92 2.10 40.00 1.20 563 391
T, 13.80 2.00 40.00 140 6.42 3.90
T, 15.65 1.10 40.00 1.51 6.72 3.89
T, 9.28 2.34 4500 1.00 485 3.95
T, 11.94 2.14 45.00 1.20 567 391
T, 13.94 2.15 45.00 141 6.45 3.90
T, 1590 1.15 45.00 1.51 6.74 3.90
T, 9.32 226 50.00 098 4.87 3.96
T, 12.00 2.17 50.00 1.21 567 391
T, 14.01 1.08 50.00 1.41 6.47 3.95
i 15.82 1.15 50.00 1.51 6.78 3.88

CD (p=0.05) 2.10 0.15 - 0.02 042 o0.01

TA: Titratable acidity (%); AA: Ascorbic acid (mg 100 ml?);
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acid content of different recipes ranged between 4.85 to
6.78 mg/100 ml. The maximum was recorded in treatment
combination having 42 % juice and 50 °B TSS (T ,) which
was statistically at par with T,,T,, T, T, T,and T_,. However,
minimum was observed in the recipe containing 30 % juice
and 45°B TSS (T,) The pH value of various recipes varied from

3.88 to 3.96.
3.1.2. Sensory characteristics

The data on sensory characteristics of different recipes of wild
pomegranate squash has been given in Table 3. The colour

Table 3: Sensory characteristics (score) of different recipes
of wild pomegranate squash

Treatments Colour Body Taste Aroma Overall ac-

ceptability
T, 6.00 6.65 515 6.00 5.65
T, 640 6.80 6.00 6.50 5.85
T, 7.00 7.05 6.80 7.00 7.00
T, 7.30 7.65 7.45 7.10 7.55
T, 6.35 6.70 510 6.15 5.85
T, 6.50 690 6.15 6.25 5.75
T, 7.10 7.00 7.10 7.00 7.05
T, 8.00 810 810 8.20 8.05
T, 6.15 6.70 510 6.30 5.55
T, 6.80 6.85 6.00 6.60 5.90
T, 7.20 7.15 7.10 7.10 7.10
B 7.75 720 735 7.00 7.05
CD (p=0.05) 0.53 057 054 0.52 0.47

score ranged from 6.00 to 8.00, the highest score was obtained
in treatment combination having 42% juice and 45 °B TSS (T,)
which was statistically at par with treatment combination
having 42% juice and 50 °B TSS (T,,) whereas, lowest was
observed in recipe containing 30% juice and 40 °B TSS (T,).
The mean body score of this product ranged from 6.65 to 8.10
and among different recipes the same recipe (T,) obtained the
maximum body score which was statistically at par with T, and
the minimum was recorded in recipe containing 30 % juice and
40°BTSS (T,). The taste score of the product ranged from 5.10
to 8.10. The highest score of this parameter was recorded in
treatment combination having 42% juice and 45 °B TSS (T,)
while T, and T, got the lowest score. The aroma score was
recorded highest in the same recipe (T,), whereas, minimum
score was observed in recipe containing 30% juice and 40 °B
TSS (T,) The highest score (8.05) of overall acceptability was
awarded to treatment combination having 42 % juice and 45
°B TSS (T,) while recipe with 30% juice and 50 °B TSS (T,) got
the lowest score of 5.55.

From the above results it was concluded that recipe with 42
per cent juice and 45 °B TSS (T,) was the best on the basis of
w
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sensory and some physico-chemical characteristics of squash.
This recipe obtained maximum scores for sensory parameters
like colour, body, taste, aroma and overall acceptability which
might be due to higher juice content, best combination of juice
and syrup, best sugar-acid blend in the product and finally all
these factors might have led the judges to award the highest
scores to this recipe.

3.2. Storage of wild pomegranate squash
3.2.1. Physico-chemical characteristics

The red and yellow TCU (Tintometer Colour Units) of squash
decreased significantly (Figure 1a and 1b) during storage.
However, decrease was significantly lower under refrigerated
storage conditions than ambient. The reason for decrease
in colour units of squash during storage might be due to
degradation of anthocyanins pigment. However, these
pigments degraded at slower rate in low temperature hence,
less decrease observed in refrigerated conditions. Non-
significant difference among both the packaging materials
shows their equal effect on colour of squash. Similar trend of
decrease in red and yellow TCU has been reported by Thakur et
al. (2016) in box myrtle appetizer, Thakur and Thakur (2017) in
box myrtle squash and Hamid et al. (2017) in mulberry syrup.

The squash showed a slight decrease in titratable acidity
during storage (Figure 1c) which was comparatively more
under ambient conditions as compared to refrigerated
conditions. However, with respect to packaging material this
decrease was non-significant. The decrease in titratable acidity
during storage might be due to co-polymerization of organic
acids with sugars and amino acids (Selvamuthukumaran and
Khanum, 2013). The TSS content of squash increased slightly
during storage (Figure 1d) and this increase during storage
might be due to partial hydrolysis of complex carbohydrates
into monosaccharide and soluble disaccharides (Kannan
and Thirumaran, 2002). More increase in TSS was found in
squash stored under ambient conditions as compared to
refrigerated storage conditions. Reducing and total sugars
of squash (Figure 1e and 1f) showed a significant increase in
storage which was comparatively less in refrigerated storage
conditions than in ambient conditions. This increase might be
due to hydrolysis of starch into sugars as well as conversion
of complex polysaccharides into simple sugars and hydrolysis
or inversion of non-reducing to reducing sugars. However,
non-significant decrease among both the packaging materials
shows their equal effect on sugar content of squash.

Ascorbic acid content of squash decreased significantly during
storage however, the decrease was lower in refrigerated
storage conditions than ambient (Figure 1g). The decrease
in ascorbic acid content might be due to its degradation
into dehydro-ascorbic acid or furfural during storage. A
significant decrease in anthocyanins content of squash was
recorded during the storage (Figure 1h) and more retention
of anthocyanins was observed under refrigerated storage
conditions than ambient conditions. Loss of anthocyanins
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in squash might be due to their high susceptibility to auto
oxidative degradation (hydrolysis) during storage (Waskar and
Khurdiya, 1987). A significant decrease in total phenols content
of squash was recorded during storage (Figure 1i) and their
decrease was lower under refrigerated storage conditions than
ambient conditions. The decrease in the total phenol content
of squash during storage might be due to their involvement in
the formation of polymeric compounds by complexing with
protein and their subsequent precipitations as observed by
Abers and Wrolstad (1979).

The changes in various physico-chemical characteristics during

16
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Figure 1: Effect of storage on physico-chemical characteristics
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storage were comparatively more under ambient conditions
as compared to refrigerated storage conditions due to the
faster rate of reaction as a result of high temperature in
ambient conditions. As far as packaging material is concerned,
fewer changes in physico-chemical characteristics of squash
packed in glass bottles than PET bottles were observed which
might be due to the difference in their thermal conductance
properties which affect internal decomposition reactions. A
similar trend for above said physico-chemical characteristics
has been reported by Prasad and Mali (2000) and Shrinivas
et al. (2007) in pomegranate squash.

3.2.2. Sensory characteristics of wild pomegranate squash
during storage

The sensory characteristics scores of squash decreased
significantly during storage (Figure 2-5) and this decrease was
more pronounced under ambient storage conditions than
refrigerated storage conditions. Retention of higher sensory
scores in refrigerated conditions might be due to the better
condition of the squash during storage as a result of slower rate
of chemical reactions. Decrease in colour scores during storage
might be due to degradation of colour pigment (anthocyanins)
and browning caused by co-polymerization of organic acids of
the product and this might have led the judges to award the
lower scores during storage. The possible reason for decrease
in body scores might be due to the formation of precipitates
in the product as a result of interactions between phenols
and protein as well as the formation of cation complexes with
phenols during storage. The possible reason for decrease

-+6 Months

——0 Months --+---3 Months
Cplor

Overall
acceptability

Aroma Taste

Figure 2: Effect of storage on sensory characteristics of wild
pomegranate squash packed in PET bottles stored under
ambient conditions

——0 Months --+--3 Months -6 Months
Color
Overall
acceptability Body
Aroma Taste

Figure 3: Effect of storage on sensory characteristics of wild
pomegranate squash packed in glass bottles stored under
ambient conditions

o
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Figure 4: Effect of storage on sensory characteristics of wild
pomegranate squash packed in PET bottles stored under
refrigerated conditions
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Figure 5: Effect of storage on sensory characteristics of wild
pomegranate squash packed in glass bottles stored under
refrigerated conditions

in taste scores might be due to the loss of sugar-acid blend
responsible for taste during storage. The decrease in aroma
scores during storage might be due to degradation of aromatic
compounds in the product (Thakur and Barwal, 1998). There
was a decrease in overall acceptability scores of squash during
storage, which might be due to the loss in appearance, flavour
compounds and uniformity of the product. Squash packed in
glass bottles retained more sensory scores than PET bottles.
The retention of better overall sensory scores of squash in
glass bottles might be due to the better retention of above
given factors as a result of slower reaction rate in glass bottles
as compared to PET. The results were in conformity with the
finding of Prasad and Mali (2000) and Shrinivas et al. (2007)
in pomegranate squash.

4. Conclusion

The recipe with 42% juice and 45 °B TSS (T,) was the best on
the basis of sensory characteristics of the squash. Squash
could be stored safely for a period of six months under both
storage conditions and also in both packaging materials
with minimum changes in chemical and sensory attributes.
However, comparatively fewer changes in squash packed in
glass bottle and stored under refrigerated storage conditions
were observed as compared to PET bottle.
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