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Abstract

A ready-to-serve (RTS) beverage was developed using pulp, extracted by the cold and hot pulping
method. Among different combinations of TSS (10, 12, 15 °Brix), pulp concentration (10, 15, 20 %)
and acidity (0.2, 0.3, 0.4 %) beverage developed in which treatment T

5
 at 10°Brix using cold extracted

pulp and in treatment T
2
 at 12 °Brix using hot extracted pulp was found to be the best on the basis of

sensory evaluation. They exhibited ascorbic acid (2.26 and 1.44 mg/100 g), β-carotene (0.040 and
0.054 μg/100 g) and total phenols (0.58 and 0.55 mg/100 g). Further, comparing the nutritional and
sensory characteristics of the RTS beverage, the use of hot extracted pulp was selected for the preparation
of herbal RTS beverage (ginger, ginger-mint). Persimmon RTS beverage was evaluated for quality and
stability during storage. Though, sensory scores decreased significantly with the advancement of storage
but processed products of all the treatments were well above the acceptable limits. The study indicated
that the RTS beverage can be stored safely for a period of six months with minimal changes in chemical
and sensory attributes.
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1. Introduction

Different types of RTS beverages available in the market include
synthetic, carbonated, fruit juice based, etc. The pulp/juice extracted
from fruits and vegetables when used to prepare beverage is usually
referred to as fruit beverage. The nutritive value of fruit based
beverages is much more than that of the synthetic products. If,
synthetic drinks are substituted with fruit beverages, it would be
beneficial to the consumers as well as to the fruit growers. Different
researchers had used different fruits for the preparation of RTS

beverages. Ripe pumpkin based RTS beverage was developed by
Dhiman et al. (2017) by using various combinations of pulp
(10, 13, 15 and 17 %) and TSS (10, 13 and 15 °Brix) with lime, hill
lemon and citric acid as acidulants. Mulberry (Morus alba L.) RTS

was prepared by Hamid et al. (2017) with different combinations
of juice (8, 10, 12, 14 and 16 %) and TSS (12 and 15 °Brix). The RTS

beverage prepared with different combinations of juice (10, 12, 14
and 16 %) and TSS (12 and 15 °Brix) from wild aonla (Phyllanthus
emblica L.) was evaluated for quality by Thakur et al. (2018). In
addition, novel techniques are also involved for the processing of
beverages. Nguyen (2020) prepared dragon fruit beverage using
acoustic treatment by varying acoustic power, duration and

temperature. Further, incorporation of herbal extracts in RTS

beverage helps in maintaining health and treating chronic diseases
(Alam, 2019). Dhiman et al. (2017) also developed ginger, mint,
ginger-mint flavoured RTS beverages using ripe pumpkin pulp.
Looking upon the demand for natural beverages, there exists a great
scope for the preparation of beverages by utilizing fruit juices and
pulps.

Persimmon (Diospyros kaki L.) is a fleshy fibrous perennial and
sub tropical deciduous fruit belongs to the family Ebenaceae. The
fruit is known as Oriental or Japanese persimmon and is commonly
called as ‘Japaniphal’. It is widely cultivated in warm regions of
China, Japan, Korea, Brazil, Italy and Mediterranean region (Bubba
et al., 2009). As per FAO report, the total world production of
persimmon is more than 7.9 million tonnes of which China, Japan
and Korea account 85 % in 2018 (FAO, 2018). Persimmon fruit is
potentially a rich source of carbohydrates, organic acids, vitamins
and minerals as well as functional components such as ascorbic
acid, carotenoids, polyphenolic compounds (tannins), flavanoids
and flavonols. It is an excellent source of vitamin A that constitutes
about 5400 IU and minerals such as calcium (9 mg/100 g),
phosphorus (27 mg/100 g), potassium (203 mg/100 g) and magnesium
(11 mg/100 g) (Takekawa and Matsumoto, 2012). The ascorbic
acid and total carotenoids content range from 85.63 to 102.47 and
8 to 12 mg/100 g on fresh weight basis, respectively (Novillo et al.,
2016). The composition of pigments reveals cryptoxanthin (31%)
and lycopene (20-30%) to be the major components of total carotene.
The soluble tannins in the fruit range from 0-4 % depending upon
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the ripening stage. These bioactive components acquire potential
role against oxidation of LDL cholesterol, arterial stiffness that
results in atherosclerotic plague formation. Further, they possess
antioxidant and antimutagenic effect that activate immune response,
resulting in normal functioning of metabolic activities (Butt et al.,
2015). Besides being rich in various nutrients and functional
components, persimmon has not yet been so far utilized for
processing. Moreover, due to valuable health effects and high
economic value, persimmon fruits are off late the target of increasing
scientific interest. Therefore, the present investigation was
undertaken to utilize persimmon for the production of RTS beverages

2. Materials and Methods

The fully ripe persimmon fruit (cv. Fuyu) was used for the
preparation of RTS beverage. It was acquired from Regional
Horticulture Research and Training Station Seobahg, Kullu,
Himachal Pradesh and stored at cold store (4-10 °C) to maintain
the shelf life. The chemicals required for the preparation of RTS

beverage (citric acid) and conducting chemical analysis were acquired
from Loba International Scientifics and Surgicals, Solan (HP). Other
materials like sugar, glass bottles (200 ml) were also purchased
from the Solan market. The whole experiment was conducted in the
Department of Food Science and Technology, UHF, Nauni, Solan,
HP, India.

2.1 Preparation of RTS beverages

Persimmon pulp was extracted using the cold and hot pulping
method according to the method standardized by (Gautam, 2020).
Further, RTS beverages were prepared using both cold and hot
extracted pulp by following FSSAI specification. Different
combinations of persimmon pulp (10, 15 and 20 %), TSS (10, 12
and 15 °Brix) and acidity (0.3, 0.4 and 0.5 %) were tried to prepare
the beverages. The prepared product was hot filled in pre-sterilised
glass bottles of 200 ml capacity up to a rim and crown corked.
Then the product was heat processed at 85 °C for 30 min. The
bottles were allowed to cool at room temperature.

2.2 Herbal based persimmon RTS beverage

The best RTS beverages developed using cold and hot extracted
pulp was evaluated further for nutritional and sensory characteristics
to select one for the preparation of flavoured persimmon RTS

beverage. Similar process was followed for the preparation of
flavoured persimmon RTS beverage. Ginger and ginger-mint herbal
extract was used for the preparation of flavoured persimmon RTS

beverage.

2.2.1 Ginger based persimmon RTS beverage

For the preparation of ginger-based RTS beverage, ginger extract
was prepared. The fresh ginger rhizomes were washed and peeled,
followed by further washing. After grating the ginger manually, the
shreds were ground in a mixer and grinder (Model MX-1155) by
adding water in the ratio of 1:2. The juice was then obtained by
squeezing the mixture through double layer cheese cloth. The RTS

beverage was prepared by replacing persimmon pulp with ginger
extract in different proportions (1, 3, 6 and 9 %). The beverages of
these combinations were prepared and subjected to sensory
evaluation. The best combination was selected on the basis of
highest sensory scores for further storage studies.

2.2.2 Ginger-mint based persimmon RTS beverage

For preparation of ginger-mint based RTS beverage, ginger extract
was obtained from the above process while mint extract was
prepared using fresh mint leaves. The leaves were washed and
ground in a mixer cum grinder. The juice was extracted by passing
the mass through double layered muslin cloth. The pulp of base
recipe was replaced with different concentrations of ginger-mint
extract (7-6, 5-6, 3-2 and 1-1 %). The beverage, thus prepared was
subjected for sensory evaluation to a panel of ten judges. The
combination which got the highest overall acceptability score was
selected for further storage studies.

2.3 Storage study

The persimmon RTS beverages were packed in glass bottles and
stored at two environmental conditions, i.e., refrigerated temperature
(4 °C) and room temperature (20-23 °C). The quality for chemical,
sensory and microbial parameters were evaluated at a storage interval
of 0, 3, 6 months.

2.4 Quality evaluation of persimmon RTS beverage

2.4.1 Chemical characteristics

The persimmon RTS beverage was evaluated for different chemical
characteristics. Total Soluble Solids (TSS) was measured using hand
refractometer of °Brix ranging between 0-32 (Ranganna, 2009).
Titratable acidity was estimated by titrating known volume of
sample against standard 0.1 N NaOH using phenolphthalein as an
indicator (Ranganna, 2009). A digital pH meter (CRISON Instrument,
Ltd Spain) was used to analysis pH of the sample. The method
given by Ranganna (2009) was used for the evaluation of sugars,
ascorbic acid and β-carotene. On the other hand, total phenols were
estimated as per the procedure suggested by Singleton and Rossi
(1965), using gallic acid as standard. Total plate count was done
under aseptically conditions, in which 0.1 g of serially diluted
samples was inoculated on standard plate count agar medium
(Ranganna, 2009). Then, the plates were incubated at 37 °C for 72 h
prior to counting of microbes. The results of total plate count
(TPC) were expressed as cfu/ml of sample.

2.4.2 Sensory evaluation

Ten semi-trained panelist was selected for sensory evaluation. The

RTS beverages prepared was subjected for sensory evaluation. The

persimmon RTS beverage of different combinations having a

temperature of 10 °C was subjected for sensory evaluation in order

to avoid variation in sensory parameter during evaluation. Nine

point Hedonic scale method given by Amerine et al. (1965) was

followed for conducting the study. A panel of ten judges comprising

of faculty members and post graduate students of Department of
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Food Science and Technology, Dr YS Parmar University of

Horticulture and Forestry, Nauni, Solan (HP) were selected with

care to evaluate the products for various sensory parameters such

as colour, body, taste, aroma, consistency and overall acceptability,

depending upon the type of product. Throughout, the entire period

of study, efforts were made to keep the same panellist. The samples

were offered to the judges in the way they are normally consumed

and plain water was served to rinse their mouth in between the

evaluation of samples. The samples were coded prior to presentation

to judges in separate chambers or places in order to get unbiased

results.

2.4.3 Statistical analysis

The data collected on chemical characteristics of persimmon RTS

beverage as per the experiment were analysed by using completely
randomized design (CRD), given by Cochran and Cox (1967) and
sensory evaluations were analyzed by randomized block design
(RBD), described by Mahony (1985). Further, paired t-test was
also used to compare the quality of persimmon RTS beverage
prepared using cold and hot extracted pulp.

3. Results

3.1 Standardization of recipe for persimmon RTS beverage
prepared using cold and hot extracted pulp

The persimmon pulp prepared using the cold and hot pulping
method was used to develop RTS beverage of different TSS. The
data for different sensory attributes of beverage are highlighted in
Table 1. In case of beverage prepared using cold extracted pulp,
data clearly reflected that among different combinations of beverage
of 10 °Brix TSS treatment T5 (pulp 15 % and 0.4 % acidity) was
awarded the highest (7.88) overall acceptability scores. The T5

recorded the scores of 8.25, 7.50 and 8.43 colour, consistency and
taste. In different treatments of beverages of 12 °Brix TSS, T2

treatment having combination of (15 % pulp and 0.3 % acidity) got
the maximum rating for colour (8.28), consistency (7.67), taste
(8.44) and (7.83) overall acceptability. The highest score was
obtained by T2 (pulp 15 % and acidity 0.3 %) in beverage of
15 °Brix TSS. The sensory score was found to be 8.36, 7.55, 8.67
and 7.79 for the corresponding sensory attributes. Among these
treatments, beverage having TSS of 10 °B, 15 % pulp concentration
and 0.4 % acidity was selected as best.

Table 1: Sensory score of persimmon RTS beverage prepared using cold and hot extracted pulp

Treatment Col our Taste Consistency Overall acceptability

(Pulp:TSS:Acidity) Cold pulp Hot pulp Cold pulp Hot pulp Cold pulp Hot pulp Cold pulp Hot pulp

Beverage with TSS 10°Brix

T
1
 (10:0.3) 8.15 8.32 8.32 8.41 7.42 7.53 7.79 7.76

T
2
 (15:0.3) 8.17 8.36 8.33 8.54 7.45 7.54 7.82 7.75

T
3
 (20:0.3) 8.19 8.25 8.34 8.46 7.46 7.55 7.83 7.79

T
4
 (10:0.4) 8.21 8.34 8.39 8.40 7.47 7.51 7.84 7.73

T
5
 (15:0.4) 8.25 8.33 8.43 8.58 7.50 7.50 7.86 7.74

T
6
 (20:0.4) 8.22 8.31 8.42 8.42 7.41 7.48 7.76 7.72

T
7
 (10:0.5) 8.14 8.30 8.31 8.41 7.42 7.46 7.78 7.71

T
8
 (15:0.5) 8.16 8.28 8.29 8.45 7.43 7.44 7.79 7.72

T
9
 (20:0.5) 8.18 8.26 8.28 8.38 7.44 7.42 7.80 7.70

Beverage with TSS 12°Brix

T
1
 (10:0.3) 8.22 8.21 8.43 8.43 7.65 7.65 7.80 7.80

T
2
 (15:0.3) 8.28 8.38 8.44 8.63 7.67 7.67 7.83 7.88

T
3
 (20:0.3) 8.20 8.20 8.42 8.42 7.63 7.63 7.82 7.82

T
4
 (10:0.4) 8.22 8.22 8.38 8.38 7.60 7.60 7.79 7.79

T
5
 (15:0.4) 8.23 8.23 8.36 8.36 7.58 7.58 7.76 7.76

T
6
 (20:0.4) 8.24 8.24 8.34 8.34 7.56 7.56 7.74 7.74

T
7
 (10:0.5) 8.17 8.17 8.32 8.32 7.53 7.53 7.75 7.75

T
8
 (15:0.5) 8.15 8.15 8.30 8.30 7.51 7.51 7.73 7.73

T
9
 (20:0.5) 8.14 8.14 8.29 8.29 7.50 7.50 7.72 7.72

Beverage with TSS 15°Brix

T
1
 (10:0.3) 8.32 8.15 8.64 8.32 7.53 7.42 7.65 7.79

T
2
 (15:0.3) 8.36 8.25 8.67 8.43 7.55 7.50 7.79 7.83

T
3
 (20:0.3) 8.38 8.19 8.63 8.34 7.54 7.46 7.70 7.83

T
4
 (10:0.4) 8.34 8.21 8.65 8.39 7.51 7.47 7.68 7.84

T
5
 (15:0.4) 8.33 8.17 8.62 8.33 7.50 7.44 7.59 7.82

T
6
 (20:0.4) 8.31 8.22 8.62 8.42 7.48 7.41 7.62 7.76

T
7
 (10:0.5) 8.30 8.14 8.61 8.31 7.46 7.42 7.73 7.78

T
8
 (15:0.5) 8.28 8.16 8.59 8.29 7.44 7.43 7.61 7.79

T
9
 (20:0.5) 8.26 8.18 8.58 8.28 7.42 7.44 7.54 7.80

CD
0.05

0.005 0.01 0.004 0.014 0.005 0.011 0.004 0.008

Where, CD
0.05

 = 5 % level of significance.
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On the other hand, beverage prepared using hot extracted pulp, the
data showed that among different combinations of beverage of 10 °Brix
TSS treatment T3 (pulp 20 % and 0.3 % acidity) was awarded the
highest (7.79) overall acceptability scores. The score for other
parameters were colour (8.25), consistency (7.55) and taste (8.46)
which reflects the higher acceptability for T3 of 10 °B. In different
treatments of beverages having 12 °Brix TSS, T2 treatment with
combination of (15 % pulp and 0.3 % acidity) got the maximum
rating for colour (8.38), consistency (7.67), taste (8.63) and (7.88)
overall acceptability. The highest scores in beverage of 15 °Brix
TSS was obtained by T2 (pulp 15 % and acidity 0.3 %). The
sensory score for other parameter was 8.25, 7.50, 8.43 and 7.83,
respectively for colour, consistency, taste and overall acceptability.
Among these treatments, beverage having TSS of 12 °Brix, 15 %
pulp concentration and 0.3 % acidity was selected as best.

3.2 Selection of best treatment for preparation of herbal
persimmon RTS beverage

The best treatments of RTS beverage prepared from cold and hot
extracted pulp was compared for the nutritional and sensory
characteristics using paired t-test (Table 2). It was observed that all
the parameters had significant difference which means that the
mean value of the parameters were hypothetically not similar.
Therefore, it reflects that cooked pulp improves the colour and
consistency of the RTS beverage due to tissue breakdown and
inactivation of pectinase due to heating. Further, heating causes
breakdown of polysaccharides into simple sugars. Therefore, based
on nutritional and sensory characteristics RTS beverage prepared
using hot extracted pulp was selected for development of herbal
persimmon RTS beverage and referred as T

1
.

The data reflected significant difference among different treatments for
all sensory attributes. Under ginger based RTS beverage G2 combination
was awarded the maximum scores for colour (7.60), body (7.75), taste
(8.13), aroma (8.09) and overall acceptability (8.30), followed by G

1
,

G
3
 and G

4
. On the other hand, in case of ginger-mint based persimmon

RTS beverage GM
3
 received maximum scores for all the sensory

attributes such as colour (8.52), body (7.69), taste (7.98), aroma (7.82)
and overall acceptability (8.44). Significant differences were observed
among all the treatments as far as various sensory parameters are
concerned. Based upon sensory evaluation, treatment G

2 
and GM

3
 was

selected for further studies and referred as T
2
 and T

3
, respectively.

3.4 Effect of nutritional and sensory attributes on persimmon
RTS beverage

The persimmon RTS beverage represented a significant difference
in its storage quality when stored at different conditions for 6 months
(Table 3). There was a slight increase in TSS content, pH, total
sugars, reducing sugars while decrease in titratable acidity, ascorbic
acid, β-carotene and total phenols during six months storage of
persimmon RTS beverage.

3.4.1 TSS and sugars

The data indicate a gradual increase in the TSS and sugars of RTS

beverages of different treatments with the advancement of storage.
During storage up to 6 months, TSS ranged from 12.00 to 12.79
°Brix in ambient and 12.00 to 12.68 °Brix in refrigerated conditions.
Among different treatments, T

3
 has the highest mean value (12.56

°Brix) and T
1
 lowest (12.21 °Brix). Similarly, mean value was

gradually increased from 9.80 to 11.07 and 9.87 to 10.27 % of total
sugars and from 7.65 to 9.72 and 7.65 to 8.95 % of reducing sugars
under ambient and refrigerated conditions, respectively. The average
value ranged from 9.62 to 10.82 % and 8.07 to 9.39 % for total and
reducing sugars among different treatments. The interaction effect
of treatment and storage conditions, are found to be significant while
non-significant in TSS only. Also, the combine effect of treatment
and storage condition of TSS was found to be non-significant.

3.4.2 Titratable acidity and pH

There was a significant decrease in titratable acidity in all types of
beverage during storage from 0.30 to 0.23 % irrespective of the
storage conditions. In relation to acidity, pH was observed to be
increased with mean maximum value in treatment T

3
 (4.17) and

minimum in T
1
 (4.11). The storage conditions revealed a mean

value of 4.15 under ambient and 4.13 under refrigerated condition. The
insignificant effect of storage condition was observed for titratable
acidity. The interaction effects were found to be non-significant for
storage condition and storage interval for both the parameter.

3.3.3 Functional components

The analysis of data shows that the storage of persimmon RTS

beverage decreases its functional characteristics. The highest value
for ascorbic acid and total phenols was recorded in T

3
 (2.71 and 0.39

mg/100 g) while lowest in T
1
 (0.72 and 0.36 mg/100 g), respectively.

The overall effect of storage condition (C) showed the mean value to

Table 2: Nutritional and sensory attributes of persimmon RTS beverage

3.3 Standardization of recipe for the preparation of herbal
persimmon RTS beverage

The data regarding sensory scores of herbal RTS beverage prepared by
incorporating ginger extract or a mixture of ginger and mint extract in
different proportion with persimmon pulp are presented in Figure 1.

Parameter RTS from cold RTS from hot t-test
extracted pulp extracted pulp

TSS (°Brix) 10 12 Significant
Titratable acidity (%) 0.40 0.30 Significant
pH 4.07 4.08 Significant
Total sugars (%) 8.40 10.16 Significant
Reducing sugars (%) 6.11 7.20 Significant
Ascorbic acid (mg/100 g) 2.26 1.44 Significant
β-carotene (mg/100g) 0.040 0.054 Significant
Total phenols (mg/100 g) 0.58 0.55 Significant
Colour 8.20 8.60 Significant
Consistency 8.00 8.23 Significant
Taste 8.00 8.23 Significant
Aroma 7.90 8.23 Significant
Overall acceptability 8.00 8.25 Significant

Statistical analysis: Paired t-test at 5 % level of significance.
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be higher in refrigerated conditions (2.01 and 0.40 mg/100 g) as
compared to ambient condition (1.91 and 0.36 mg/100 g) for the
corresponding parameters. The data for β-carotene also showed a
declining trend during storage period of 6 months. The mean value
significantly decreased from 0.043 to 0.01 mg/100 g under ambient
while 0.043 to 0.013 mg/100 g under refrigerated condition. The
mean maximum value of 0.04 mg/100 g was recorded in T

1
 during

storage. An interaction effect was found to be significant while the
combined effect of treatments, a storage interval and storage condition
was found to be non-significant in case of total phenols and β-carotene.

3.3.4 Sensory score

The sensory score have significant difference among treatment and
was also affected during storage as shown in Figures 2, 3 and 4. The
colour scores of treatment T

1
 had higher score (8.60) while taste

(8.72), aroma (8.25) and consistency (8.32) score was highest in T
3

at 0 month of storage. The effect of storage condition reflected the

mean colour score of 7.82, taste score of 7.69, aroma score of 7.71
and consistency score of 7.69 in refrigerated condition and 7.78,
7.68, 7.62 and 7.59, respectively at ambient condition. The overall
effect of storage period depicts decrease in score from 8.32 to 7.28
for colour, 8.47 to 6.84 for taste, 8.20 to 7.01 for aroma and 8.23 to
6.77. An interaction of treatments, storage interval and storage
condition was noticed to be non-significant for colour and taste and
the combined effect of treatment and storage condition was found
to be non-significant for taste. The mean score of overall
acceptability of persimmon RTS beverage was significantly
decreased from 8.31 to 6.76 during storage for 6 months. Treatment
T

3
 got the maximum score which was at par with T

1
. Further

storage of beverage under refrigerated condition maintained the
quality of the beverage to higher extent in comparison to room
temperature condition. The interaction effect of treatment, storage
interval and storage condition and combine effect of treatment and
storage condition was noticed to be non-significant.

Table 3: Effect of storage on chemical characteristics of persimmon RTS beverage

Parameters Packaging    Room temperature Mean Refrigerated temperature Mean T x S interaction table Mean CD
0.05

material

0 3 6 0 3 6 0 3 6
months months months months months months months months months

Total T1 12.00 12.30 12.40 12.24 12.00 12.25 12.33 12.20 12.00 12.28 12.36 12.21 T=0.013
soluble T2 12.00 12.60 12.86 12.50 12.00 12.51 12.72 12.41 12.00 12.55 12.80 12.45 C=0.011
sol ids T3 12.00 12.68 13.10 12.60 12.00 12.61 12.98 12.53 12.00 12.65 13.04 12.56 S=0.013
(°B) Mean 12.00 12.53 12.79 12.44 12.00 12.46 12.68 12.38 2.00 12.50 12.73 TxCxS=NS

Titratable T1 0.30 0.23 0.20 0.25 0.30 0.20 0.18 0.23 0.30 0.22 0.19 0.24 T=0.014
acidity T2 0.30 0.26 0.24 0.27 0.30 0.28 0.26 0.28 0.30 0.27 0.25 0.27 C=NS
(%) T3 0.30 0.25 0.23 0.26 0.30 0.27 0.25 0.27 0.30 0.26 0.24 0.27 S=0.014

Mean 0.30 0.25 0.23 0.26 0.30 0.25 0.23 0.26 0.30 0.25 0.23 TxCxS=NS

pH T1 4.08 4.12 4.16 4.12 4.08 4.10 4.13 4.11 4.08 4.11 4.15 4.11 T=0.014
T2 4.11 4.14 4.18 4.15 4.11 4.12 4.15 4.13 4.11 4.13 4.17 4.14 C=0.011
T3 4.14 4.18 4.22 4.18 4.14 4.16 4.19 4.17 4.14 4.17 4.21 4.17 S=0.014
Mean 4.11 4.15 4.19 4.15 4.11 4.13 4.16 4.13 4.11 4.14 4.17 TxCxS=NS

Total T1 10.16 11.38 12.51 11.35 10.16 10.31 10.39 10.29 10.16 10.84 11.45 10.82 T=0.068
sugars T2 9.28 9.53 10.02 9.61 9.52 9.49 9.87 9.63 9.40 9.51 9.95 9.62 C=0.056
(%) T3 9.95 10.20 10.69 10.23 9.95 10.16 10.54 10.22 9.95 10.18 10.61 10.25 S=0.068

Mean 9.80 10.37 11.07 10.42 9.87 9.99 10.27 10.05 9.84 10.18 10.67 TxCxS=0.167

Reducing T1 7.20 9.50 9.67 8.80 7.20 7.35 7.52 7.36 7.20 8.43 8.60 8.07 T=0.014
sugars T2 7.20 8.25 9.02 8.16 7.20 8.20 8.97 8.13 7.20 8.23 8.99 8.14 C=0.012
(%) T3 8.53 9.27 10.46 9.42 8.53 9.22 10.34 9.36 8.53 9.25 10.40 9.39 S=0.014

Mean 7.65 9.01 9.72 8.80 7.65 8.26 8.95 8.28 7.65 8.63 9.33 TxCxS=0.035

Ascorbic T1 1.443 0.243 0.143 0.61 1.443 0.643 0.393 0.83 1.44 0.44 0.27 0.72 S=0.014
acid T2 2.753 2.573 1.953 2.43 2.753 2.613 2.030 2.46 2.75 2.59 1.99 2.44 T=0.014
(mg/100 g) T3 3.073 2.783 2.183 2.68 3.073 2.853 2.323 2.75 3.07 2.81 2.25 2.71 C=0.012

Mean 2.423 1.867 1.427 1.91 2.423 2.037 1.582 2.01 2.42 1.95 1.50 TxCxS=0.035

β-carotene T1 0.054 0.034 0.024 0.038 0.054 0.043 0.031 0.043 0.054 0.039 0.028 0.040 T=0.002
(mg/100 g) T2 0.037 0.023 0.003 0.021 0.037 0.028 0.003 0.023 0.037 0.026 0.003 0.022 C=0.001

T3 0.037 0.024 0.003 0.022 0.037 0.030 0.004 0.024 0.037 0.027 0.004 0.023 S=0.002
Mean 0.043 0.027 0.010 0.027 0.043 0.034 0.013 0.030 0.043 0.031 0.012 TxCxS=NS

Phenol s T1 0.55 0.25 0.18 0.33 0.55 0.38 0.26 0.40 0.55 0.32 0.22 0.36 T=0.017
(mg/100 g) T2 0.58 0.35 0.14 0.36 0.58 0.37 0.18 0.38 0.58 0.36 0.16 0.37 C=0.014

T3 0.60 0.37 0.16 0.38 0.60 0.42 0.19 0.41 0.60 0.40 0.18 0.39 S=0.017
Mean 0.58 0.33 0.16 0.36 0.58 0.39 0.21 0.40 0.58 0.36 0.18 TxCxS=NS

Where, T = Treatment, C = Storage condition, S = Storage interval, CD
0.05

 = 5 % level of significance.
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Figure 1: Sensory score* of flavoured persimmon RTS beverage
Statistical analysis: Values are average of sensory score analysed by RBD three factors ANOVA.

Figure 2: Effect of storage on sensory score* of persimmon RTS beverage
Statistical analysis: Values are average of sensory score analysed by RBD three factors ANOVA.

Figure 3: Effect of storage on sensory score* of ginger flavoured persimmon RTS beverage
Statistical analysis: Values are average of sensory score analysed by RBD three factors ANOVA.
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3.3.5 Changes in microbial population (1 x 102 cfu/ml) of
persimmon RTS beverage prepared using pulp of hot
pulping method

The data for microbial count of persimmon RTS beverages prepared
and stored under ambient and refrigerated condition for a period of
6 months, revealed no microbial growth in all the treatments at
0 month. However, a few microbial growths were observed during
storage but the count was below safe limits of FSSAI, 2006.
Therefore, the product was considered as safe for consumption.

4. Discussion

In case of beverage prepared using cold extracted pulp, the score of
colour and taste was improved with increase in TSS up to pulp
concentration of 15 %. The consistency was found to be better of
the beverages having TSS of 12 °Brix and pulp concentration up to
15 %. With increase in pulp concentration, the overall acceptability
was high at lower level of acidity but when the acidity of beverage
is increased to 0.5 %, it decreased. Also increase in TSS decreases
the overall acceptability of the beverages. Similarly in RTS beverage
prepared using hot extracted pulp, taste was found to be improved
by increasing TSS up to 12 °Brix, pulp concentration 15 % and
acidity 0.4 %. With increase in pulp concentration consistency and
overall acceptability was increased at lower level of acidity but
when the acidity of beverage is increased, it decreased. Also at
12 °Brix TSS, the overall acceptability of the beverages was highest
and gets decreased with either increase or decrease in TSS. In a
similar manner, Dhiman et al. (2017) formulated pumpkin based
RTS beverage involving 15 % pulp, 13 ºB TSS and 0.3 % acidity
while Hamid et al. (2017) developed RTS beverage using 14 %
mulberry fruits, at 12 °Brix TSS and 0.3 % acidity. Thakur et al.
(2020) prepared RTS beverage from wild prickly pear fruits having
12 °Brix TSS, 14 % juice and 0.03 % acidity.

During 6 month of storage, the increase in TSS and total sugars
during storage might be due to the solubilisation of solids present
in the juice and another reason might be the conversion of

polysaccharides into simple sugar (Anita, 2012). Increase in reducing
sugars during storage might be due to the hydrolysis of starch into
sugars and more increase under ambient conditions which might be
due to the faster rate of reaction because higher temperature (Heikal
et al., 1964). The decrease in titratable acidity during storage might
be due to co-polymerization of organic acids with sugars and amino
acids and loss of volatile acids during storage (Krishnaveni
et al., 2001). The present findings are in conformity with Krishnaveni
et al. (2001) in jack fruit, Deka et al. (2004) in lime-aonla, Satkar
et al. (2013) in bittergourd RTS beverage, Thakur and Thakur (2017)
in box myrtle drink, Thakur et al. (2018) in wild aonla drink and
Hamid et al. (2017) in mulberry drink during storage. Also,
Sashikumar et al. (2013) found an increasing trend of TSS and decrease
in titratable acidity during storage of therapeutic ready-to-serve
made from blends of Aloe-vera, aonla and ginger juice, Sirohi et al.
(2010) in whey based mango-herbal (pudina) beverage, Bhagwan
and Awadesh (2014) in mango-ginger RTS, Dhiman et al., (2017) for
pumpkin RTS beverages and Chandra et al. (2018) for aloe-vera,
mint and ginger RTS beverage.

Further, degradation into dehydroascorbic acid or furfural during
storage might have caused decrease in ascorbic acid in persimmon
RTS beverage. Degradation is more under ambient conditions as,
ascorbic acid is highly sensitive to heat. Also, according to Jaiswal
et al. (2008), the oxidation of irreversible conversion of L-ascorbic
acid into dehydroascorbic acid oxidase caused by trapped or residual
oxygen in the glass bottles causes loss in ascorbic acid. Decrease in
β-carotene might be due to the auto-oxidative degradation during
processing and storage of food or due to oxidative breakdown,
isomerization or enzymatic destruction of the pigments (Alkesh,
2005). Involvement of phenols in the formation of polymeric
compounds complex of phenols with protein and their subsequent
precipitations leads to significant decrease in total phenols during
storage. The results for ascorbic acid, total phenols and β-carotene of
the study are in accordance with the findings of Yadav et al. (2014) in
guava-mango drink, Thakur and Thakur (2017) in box myrtle drink,

Figure 4: Effect of storage on sensory score* of ginger-mint flavoured persimmon RTS beverage
Statistical analysis: Values are average of sensory score analysed by RBD three factors ANOVA.
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Satkar et al. (2015) in bitter gourd drink, Thakur et al. (2018) in wild
aonla drink, Dhiman et al., (2017) for pumpkin RTS beverages and
Hamid et al. (2017) in mulberry drink. Even in case of herbal RTS

beverage, decreasing trend was observed by Tiwari (2000) in guava-
papaya RTS, Sindumathi and Premalatha (2015) in papaya-pineapple
flavoured RTS, Sirohi et al. (2010) in whey based mango-herbal
(pudina) beverage, Bhagwan and Awadesh (2014) in mango-ginger
RTS, Dhiman et al. (2017) for pumpkin RTS beverages, Chandra et al.
(2018) for Aloe-vera, mint and ginger RTS beverage and Sharma et al.
(2019) for apple-whey based herbal functional RTS beverage.

5. Conclusion

The study showed that the RTS beverages prepared using pulp
extracted by cold pulping method of treatment T5 (10 °Brix TSS +
15 % pulp+ 0.4 % acidity) and RTS beverage prepared using pulp
extracted by hot pulping of treatment T1 (12 °Brix TSS + 15 %
pulp+ 0.3 % acidity), was found to be the best. Herbal persimmon
RTS beverage prepared from persimmon pulp using ginger and
ginger-mint extract was most liked by the panellists with the mean
overall acceptability score of 8.30 and 8.44. Among different RTS

beverage, the highest β-carotene (0.023 mg/100 g), ascorbic acid
(2.71 mg/100 g) and total phenols (0.39 mg/100 g) was recorded in
ginger-mint base persimmon RTS beverage. Henceforth, it is
concluded that persimmon fruit is highly nutritious crop, but is
utilized to a very limited extent for processing. The non-astringent
Fuyu persimmon (D. kaki) can be converted into pulp and utilized
for the preparation of nutritionally enriched persimmon RTS

beverage of remunerative cost.
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