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Abstract

The study was conducted to utilize functional attributes of Momordica charantia juice extract by mixing
with papaya pulp for imparting yellow-orangecolour of its carotenoids and aonla juice with high Vitamin C to
develop Momordica charantia blended functional nectar beverage without any preservative and synthetic
food colorant. The ratio of 50 : 25 : 25 of bitter gourd juice extract, aonla juice and papaya pulp with best
sensory scores on a nine-point hedonic scale was optimized for the processing of the blended beverage.
Functional profile in terms of quality attributes such as reducing sugars (8.39%), DPPH activity (64.20%),
total phenolics (41 mg/100 ml), carotenoids (0.58 mg/100 ml), and ascorbic acid (28.8 mg/100 ml) were
recorded best in organic honey-based spiced blended nectar. However, charantin content (0.111 mg/100 ml)
was found highest in plain bitter gourd beverage. Organoleptic scores and rich functional profile recorded
during studies strongly indicated a positive perception of consumers and the need for commercialization.

Introduction

In the recent past, consumers have become more aware of the role of functional food in
decreasing the prevalence of chronic diseases. The rise of functional foods in the market has made
the word nutrition and pharma indistinct from each other (Khan et al. 2013). Therefore, the
consumption and production of functional foods have gained the interest of consumers, food and
nutraceutical industries (Bigliardiand Galati 2013). Today, the most active class of functional
foods are beverages (Corbo et al. 2014). Further, vegetables and fruits are considered as an
excellent means of delivering bioactive compounds. Thus, the beverage industry isfocusing on
blending the nutritionally rich medicinal vegetables with fruit juices to improve the overall
functional and flavor profile (Baldini et al. 2017).

Bitter gourd (Momordica charantia L.) a medicinal cucurbit belonging to Cucurbitaceae is an
excellent means of delivering nutrients such as vitamins, essential amino acids, riboflavin, niacin,
folic acid, and minerals (Sorifa 2018). Its juice possesses numerous therapeutic properties viz.,
antidiabetic, antioxidant, laxative, blood purifier, and stimulant. Despite these nutritional and
therapeutic properties, it is not generally used in the beverage industry due to its bitter taste
(Sharma and Tandon 2015). To overcome this drawback, mixing with other fruit juices seems to
be an impressive alternative. Another functionally enriched botanical for the preparation of
functional beverages is Indian gooseberry or aonla (Emblica officinalis L.), belonging to the
family Euphorbiaceae. The vitamin C concentration of 100g of fresh aonla fruit is between 470-
680 mg which is equivalent to the vitamin C concentration in two oranges (Patra and Samal 2018).
This fruitis a reserve of significant antioxidants and polyphenols. Further, to impart natural
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colour in processed beverages, it is suggested to utilize horticultural commodities rich in natural
colour pigments. One such natural pigment is carotenoid which also acts as a food colorant
(Sharma et al. 2019). Thus, the organoleptic attributes namely the colour of nectar was enhanced
with the inclusion of papaya (Carica papaya) belonging to the family Caricaceae, considered as a
good source of carotenoids.

Moreover, the acceptance of beverages by consumers is determined by the sweetening agent.
Sugar is a natural carbohydrate and usually used to improve the taste of the products. However,
regular consumption of sugar predisposes to various chronic diseases (Rippeand Angelopoulos,
2016). Another natural sweetener that can be used to impart sweetness is honey. Its composition
contains approximately 80 percent of carbohydrates, 18 percent of water, 2.0 percent of vitamins,
minerals (especially Zn, K), and amino acids (Asaduzzamanet al. 2015). Therefore, honey
especially organic forest honey can be used as a substitute for sugar for improving the sensory and
nutraceutical profile of the end product (Sreckovic et al. 2019). Further, spice extract as a
functional ingredient is being used in many food products to enhance flavour and storage life due
to the taste-enhancing and antimicrobial properties (Fritts et al. 2018). In this context, the present
study was carried out to develop functional blended nectar beverage by utilizing bitter gourd along
with aonla, papaya, forest honey, spice extract, and subsequently compares the functional and
sensory profile of the prepared nectar.

Materials and Methods

Fresh bitter gourd (Momordica charantia) cv Pusa hybrid I, aonla (Emblica officinalis) cv
Desi, and ripe papaya (Carica papaya) cv Red Lady were procured from the local market. Other
ingredients for the preparation of nectar such as organic forest honey, sulphur free sugar and
spices viz., cumin, black pepper, cardamom, common salt, and black salt were purchased from the
local market. All the reagents and chemicals used in the study were of analytical grade.

Fresh and tender bitter gourds were sorted, washed, and cut into small pieces. The juice was
extracted bypassing the cut pieces through a crusher-type juice extractor. Fresh and mature fruits
of aonla were sorted, washed, sliced into small pieces, and destoned manually. The juice was
extracted by using screw-type juice extractor. Ripened fruits of papaya were washed, peeled, and
cut into two halves and pulp was extracted through domestic mixer grinder (Bajaj GX1).Spice
extract was prepared by boiling a ground mixture of predetermined quantities of spices as per the
standard recipe described by Anju et al. (2017) with slight modifications.

Different combinations of bitter gourd juice, aonla juice and papaya pulp with varying
proportions of fruit part (blended juice) and total soluble solids (TSS) were tried for optimization
of the recipe to prepare functional nectar as per the standard method. Various combinations of the
blend of bitter gourd juice, aonla juice, and papaya pulp viz., BTO (B100 : A0:P0), BT1 (B90: A5
: P5), BT2 (B80 : A10: P10), BT3 (B70: A15: P15), BT4 (B60: A20:P20) and BT5 (B50 : A25:
P25) were tried to prepare functional nectar with 20 percent juice, 15 °B TSS and 0.3-0.5 percent
acidity as per the Food Safety and Standards Authority of India(FSSAI) specifications. Further,
the selected blend was used to optimize the blended juice part and TSS to develop the best nectar
in terms of organoleptic attributes. The best combination of blended juice was used to prepare
different samples of nectar using sweeteners such as organic forest honey and table sugar. The
samples viz., SO, S1, S2 and S3were prepared as per the standard procedure described by Ahmed
et al. (2016).

The ascorbic acid, reducing and total sugars and carotenoid content were quantified as per the
standard procedure illustrated in Ranganna (2017).The total phenolic content of the samples was
estimated by the modified Folin-Ciocalteu method using catechol as a Singleton and Rossi’s
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standard Procedure mentioned by Ranganna (2017). The results were expressed as mg per 100
g/ml on a fresh weight/volume basis.The determination of the antioxidant activity of different
samples was done by 2, 2-diphenyl-2-picryl hydrazine (DPPH) inhibition method (Brand-
Williams et al.1995) illustrated in Ranganna (2017). The reducing potential of the juice was
evaluated by the procedure illustrated by Manohar (2017). The charantin is isolated from bitter
gourd fruit and measured by the high-performance thin-layer method of chromatography
procedure (Thomas et al. 2012).

The sensory attributes were examined by creating a panel of 15 judges who marked scores on
a nine-point hedonic scale as described by Ranganna (2017).

Statistical analysis of quantitative data recorded on physico-chemical parameters was
performed with the help of factorial Completely Randomized Design (CRD) analysis. Whereas the
data pertaining to the organoleptic evaluation of the samples were done by Randomized Block
Design (RBD) using two-factorial analysis of variance (ANOVA) with the help of OPSTAT
(Sharma and Thakur 2016).

Results and Discussion

Data pertaining to chemical characteristics of extracted juice/pulp from bitter gourd, aonla,
and papaya are presented in Table 1. The revealed that aonla juice contains significantly higher
ascorbic acid content (511.48 mg/l) in comparison to bitter gourd juice (87.51 mg/100 g) and
papaya pulp (51 mg/100 g). This difference also reflected a positive impact on the ascorbic acid
content of blended beverages after processing. The total sugar (8.74%) and reducing sugar
(5.29%) content of papaya pulp was the highest followed by aonla and bitter gourd juice. In the
present study, aonla juice exhibited a maximum amount of phenolics (289.00 mg/100 g) followed
by papaya pulp (133 mg/100 g). Similarly, Kumari and Khatkar (2016) recorded a rich phenolic
profile of aonla fruits. Whereas bitter gourd juice had minimum (24.16 mg/100 g) phenols in it.

Table 1. Chemical attributes of fresh bitter gourd juice, aonla juice and papaya pulp.

Mean+ SE

Parameters

Bitter gourd Aonla Papaya
Ascorbic acid (mg/100g) 87.51+1.24 511.48 +14.82 51.00 £ 8.2
Reducing sugars (%) 0.58 +.06 4.26 £0.19 5.29+0.29
Total sugars (%) 1.84 +0.07 6.10+0.16 8.74+0.16
Antioxidant potential, DPPH (%) 68.84 +2.34 89.69 + 0.85 73.85+4.63
Total phenols (mg/100g) 24.16 £ 0.49 289.00 £15.33 133+8.83
Carotenoids (mg/100g) 1.05+0.2 0.005 £ 0.02 4.92+0.3
Charantin (mg/100g) 0.361+£0.2 - -

Every value is mean of 3 replications; SE= Standard Error.

Due to the highest content of ascorbic acid and phenols, aonla juice was also recorded with a
rich amount of antioxidant activity (89.69%) in comparison to other two juices. Moderately
significantly higher concentration of carotenoids was observed in papaya pulp (4.92 mg/100 ml)
than aonla juice (1.05 mg/100 ml), whereas a trace amount of this pigment (0.0005 mg/100 ml)
was observed in bitter gourd juice. Charantin content, a phyto-chemical present only in bitter
gourd responsible for its hypoglycemic behavior was found to be 0.391 mg/100 ml of the
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extracted juice. A similar trend of results was observed by Kim et al. (2014) while doing chemical
analysis of different varieties of bitter gourd.

Results of organoleptic scores of blended juice percent prepared by using different
proportions of bitter gourd juice, aonla juice, and papaya pulp are shown in Fig. 1 suggest that the
nectar prepared by using treatment (BT5) with the blending ratio of B50 : A25 : P25 secured the
highest organoleptic scores for colour, body, flavour, and overall acceptability (7.0, 7.5, 6.5 and
7.0) on the 9-point hedonic scale while treatment BTO got the lowest. Thus, a treatment
combination of BT5 (B50 : A25 : P25) was used for further preparation of different samples of
nectar.
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Fig. 1. Sensory evaluation of blends prepared by using different proportion of bitter gourd juice, aonla juice,
and papaya pulp on 9-point hedonic scale.
Sp = plain bitter gourd juice nectar as control, S; = sugar-based non-spiced blended nectar, S,= honey-
based non-spiced blended nectar, S;- honey-based spiced blended nectar, B= Bitter gourd, A= Aonla, P=
Papaya, CD=critical difference, SE (m)= standard error (mean), SE(d): standard error (deviation), BT=
Blend

Data depicting results for the chemical attributes of different samples of nectars (SO, S1, S2
and S3) presented in Table 2 showed almost similar values were recorded for the total sugars with
a range of 11.6 to 12.0% for all the prepared samples. However, when reducing sugars were
estimated, honey-based blended nectars were found to be significantly higher for reducing sugars
i.e. 8.33 and 8.39 % in treatment S2 and S3 whereas the corresponding values of 3.9 and 4.0 %
were recorded in S1 and SO for the same attribute. The significantly lesser reducing sugars of the
sugar-based samples than honey might be because of the non-reducing nature of the table sugar in
the form of sucrose, while honey mainly consists of glucose and fructose which come under
reducing sugars as reported by Lakhanpal and Vaidya (2016).

The incorporation of aonla juice has improved the functional profile of the functional nectar
as evident from higher ascorbic acid (28.8 mg/100 ml) and total phenolic content (41.00 mg/100
ml) of blended nectars compared to plain bitter gourd nectar (15.68 mg/100g and 5.43 mg/100ml),
respectively (Table 2, Fig. 2). Among blended samples of nectar, honey-based blended nectars (S2
and S3) had more ascorbic acid than sugar-based blended nectars (S1 and S2) which might be
because honey is a good source of vitamin C, unlike sugar which does not contain vitamins.
However, no significant difference was observed between S3 and S2 (Table 3). Obtained results
are more or less imilar to the results obtained by Khan et al. (2018). As for the total phenolic
content, the highest mean value was observed in S3 (41 mg/100ml) followed by S2 (40 mg/100
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ml), whereas, the minimal amount of phenols was seen in SO (control). It was expected to observe
a possible increase in this attribute in blended honey-based nectar due to the rich phenolic profile
of forest honey. Further, mixing of spice extract might be the additional advantage to improve the
overall phenolic content of S3 nectar. Baldini et al. (2017) observed a similar trend of increase in
the resulting values of phenolics in apple nectar when supplemented with freeze-dried Araca-boi.

Table 2. Quality attributes in terms of functional components of different samples of prepared nectars.

Parameters Treatment samples (S) CDggs,  SE(m), SE(d)
So S; S, Ss
Reducing sugars 2.89 3.90 8.33 8.39 0.256 0.077,
(%) 0.109
Total sugars (%) 1370 1350 13.00 13.11 0.561 0.169,
0.239
Ascorbic acid 14.95 23.00 28.15 28.80 1.045 0.316,
(mg/100ml) 0.446
Total phenols 5.00 26.25  40.10 41.00 1.346 0.406,
(mg/100ml) 0.575
Charantin 0.111  0.055  0.056 0.054 0.006 0.002,
(mg/100ml) 0.002
Carotenoids 0.20 0.50 0.53 0.57 0.022 0.007,
(mg/100ml) 0.009
Antioxidant 2340 50.00 60.51 63.00 2.259 0.682,
activity, DPPH (%) 0.965
Antioxidant 2.73 5.84 6.21 6.36 0.245 0.074,
activity, FRAP 0.105
(mg/AA100ml)

Every value is mean of 3 replications.
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Fig. 2. Comparative concentration of ascorbic acid and total phenols content of prepared different blended
nectar.
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Resulting values illustrated in Fig. 3 and Table 2 depicts that the concentration of total
carotenoids was significantly lower in plain bitter gourd nectar (0.20 mg/100 ml) than other
blended samples of nectar viz., S1 (0.50 mg/100 ml), S2 (0.53 mg/100 ml) and S3 (0.57 mg/100
ml). From the resulting values, it was also evident that higher carotenoid content in blended nectar
might be because of the presence of ripe papaya pulp. No significant difference between the values
obtained for sugar and honey-based blended beverages as the papaya pulp percent was the same in
each blended formulation. A similar trend of results in terms of an increase in the concentration of
carotenoids was noticed by Prabha et al. (2019). In the present study, charantin content was the
highest (0.111 mg/100 ml) in plain bitter gourd beverage (SO) as compared to other blended
samples (Fig. 3). This might be due to the decrease in the percent of bitter gourd juice after
blending with aonla juice and papaya pulp.

Charantin Carotenoids
CDy 45 :0.006, CDy 05 :0.022,
SE(m) : 0.002, SE(m): 0.007,
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Fig. 3. Comparative evaluation of charantin, and carotenoid concentration of prepared different
blended nectar.
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Fig. 4. Comparative evaluation of DPPH (a) and FRAP(b) activity of prepared different blended nectar.

Results obtained by the DPPH assay showed that S3 had the maximum antioxidant capacity
(Fig. 4a). Significantly lower antioxidant capacities for the DPPH method were determined for S2
and S1. The lowest value was recorded for SO. This might be because phenolic compounds have
the ability to donate their electrons or hydrogen ions, so they can also act as antioxidants. Thus,
the addition of fruit extract (aonla and papaya) rich in phenols and organic acids contributes to the
antioxidant capacity of the beverage. In addition, the incorporation of forest honey and spice
extract, which have been reported with good free radical scavenging activity in research studies
might have added to the antioxidant potential of the beverage.
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Similarly, the FRAP assay was also performed to obtain a somewhat accurate estimation of
antioxidant activity. The obtained values of nectar samples were found to range from 2.73-6.36
mg AA/100ml (Fig. 4b). The assay showed that S3 had the highest value of FRAP (6.86 mg/AA
100ml) followed by S2 and S1. As per expectations due to the low antioxidant activity of plain
nectar, FRAP value was recorded lowest in SO. High FRAP value in the blended beverage samples
might be due to the richness of aonla juice with ascorbic acid. In S3, additional forest honey and
spice extract also contributed to the elevation in the FRAP value.
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Fig. 5. Sensory scores of prepared different blended nectars on a 9-point hedonic scale.

Data on the sensory profile of different samples of nectar analyzed through a 9-point hedonic
scale is shown in Fig. 5. From the data on colour rating, the highest mean score was recorded in
S3 (8.2) followed by S2 (7.9), S1 (7.0), and SO (6.0), respectively. Improved colour of honey-
based beverage might be due to the presence of honey instead of sugar. Further, the darker color of
honey reflects high antioxidant activity, biological value, and phenolic content (Pontiset al. 2014).
Sugar lacks antioxidants and phenolic compounds, so sugar-based non-spiced nectar is
comparatively less attractive in colour. For the determination of body scores in different samples
of nectar, the highest score was observed in S3 (7.6) followed by S2 (7.5), S1 (7.4), and SO (7.1),
respectively. Further, concerning the flavour, the highest mean score is observed in S3 (7.7)
followed by S2 (7.0), S1 (6.5), and SO (4.5), respectively. The highest scores for flavour in spiced
nectar might be due to the presence of honey and spice extract. The sweetening effect of honey
was found to increases the flavour profile. Further, spice extract imparts a characteristic aromatic
flavour to the nectar due to the presence of essential oils. The data on overall acceptability showed
the highest average score in S3sample. Thus, concerning sensory impressions, the best scores
among all the combinations were evident for spiced honey-based nectar.

In conclusion it may be said that S3 obtained the highest acceptability in terms of quality
attributes. Also, it marks an impressive increase in organoleptic attributes suggesting its
commercial potential in the beverage and functional food industry. Therefore, this investigation
might represent the basis for the researcher's desire to enhance the functional profile of beverages
by blending fruit and vegetable juices.
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