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Abstract
Pummelo juice is a rich source of health-promoting bioactive compounds. 
However, its consumer acceptability remains extremely low due to 
its inherent bitterness. Notably, the bitterness tends to intensify after 
extraction, rendering the juice increasingly unpalatable within a few hours 
of processing". The bitterness of pummelo juice is primarily attributed to 
bitter compounds such as limonin and naringin, which are present in various 
parts of the fruit and are co-extracted during juice extraction. This inherent 
bitterness is a major constraint to the popularization and commercial viability 
of pummelo juice." Accordingly, this study aimed to mitigate the bitterness of 
pummelo juice by (i) applying various pre‑treatments to whole fruits before 
extraction and (ii) treating the extracted juice with turmeric, ginger, or clove 
extracts at concentrations of 4 % and 6 %. Among all spices concentration 
combinations tested, a 6 % turmeric extract proved the most effective and 
economically viable option, significantly reducing the levels of the key bitter 
compounds limonin and naringin. The limonin concentration was reduced 
by 60.43 and 47.82 % and naringin by 33.00 and 20.21%, respectively.  In 
both the cases, the reduction in bittering compounds by turmeric extract 
(6%) was significantly lower as compared to control. Organoleptic qualities 
and acceptability were found increased in the same treatment.
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Introduction
Citrus fruits are popular all over the world due to its 
specific taste, aroma and oil content.1,2 Among fruit 
juices, citrus juices are the most popular all over the 
world. It is because citrus fruits are refreshing and 
a rich source of health promoting phytonutrients3-6 
and reduces risk of chronic diseases.7,8 Pummelo 
(Citrus grandis (L.) Osbeck) is the largest fruit 
among the citrus genus and an important tropical 
fruit crop. Globally, the production of pummelo is 
estimated at approximately 9.5 million metric tons.9 
Due to its refreshing flavor, nutritional value, and 
health-promoting properties, pummelo is gaining 
popularity worldwide. It is currently ranked among 
the top five most widely cultivated and consumed 
citrus fruits globally.10

Like other citrus juices, pummelo juice is rich in 
antioxidant compounds7 and has been reported to 
offer numerous health benefits.1 However, despite its 
nutritional value, pummelo remains relatively unpopular 
among consumers and is not widely cultivated by citrus 
growers in India. The primary reason for this limited 
acceptance is the bitterness of its juice, which not only 
affects its palatability but also intensifies after extraction. 
In fact, within just a few hours’ post-extraction, the juice 
often becomes unfit for consumption. This bitterness 
is mainly attributed to the presence of flavonoids and 
limonoids, natural compounds found in the fruit, which 
are released during the juice extraction process.11 
Unlike other citrus fruits, the juice is present in juice 
sacs of pummelo fruits which is protected by segment 
membrane and seeds (Plate 1 & 2).

Plate 1. Cross Sectional View of Pummelo fruit

Plate 2: Separated parts of a pummelo fruit (left) and parts of a fruit segment (right)
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During juice extraction, juice sacs, segment 
membrane, seeds, core and a portion of flavedo 
is also crushed, contains bittering compounds and 
mixed with juice during extraction. This bitterness is 
in fact, a limiting factor for commercial production of 
value added products from pummelo fruit. 

There are many debittering techniques useful for 
reducing bitterness such as physical adsorption,12 
changing pH value of juice,13 enzymatic conversion 
of bittering compounds into non-bitter molecules,14 
ultra-filtration,15 clarification8 and their combinations. 
All methods are tedious, high cost and difficult to 
apply. In order to overcome these problems, a need 
is felt to develop a cost effective and easy debittering 
method for debittering pummelo fruit juice by using 
spices extract. Spices in foods are mainly used for 
their colour, flavour, source of natural antioxidants 
and antibacterial properties. There are many spices 
grown in India for use in foods and juices. The extract 
of three spices namely turmeric, clove and zinger 
have been used in this experiment. The Turmeric 
(Curcuma longa Linn) is one of the most important 
spices of the world and a common food additive 
for colouring and flavouring food formulations,16 
improving nutritional quality17 and a rich source of 
bioactive compounds.18 Owing to rich in curcumin, 
turmeric is extensively used in food industries as 
spices, preservative, flavoring and coloring agent19 
as well as in traditional Indian medicine (ayurveda) 
and pharmaceuticals products.20,21 It has been 
reported that cucurmin have an excellent chelating 
property.22,23 This chelating property of curcumin 
may be used for removal or reduction of bittering 
compounds in pummelo juice. Fresh turmeric 
rhizome is also a source of different enzymes that 

can also be used for inhibiting enzymes or reactions 
responsible for synthesis of bittering compounds. 
Ginger (Zingiber officinale Rosc) is an underground 
rhizome or stem of family Zingiberaceae and 
considered indigenous to tropical and subtropical 
countries24. The ginger extract is very rich source 
of gingerol, a volatile oil responsible for its pleasant 
aroma25. Additionally, ginger contains many 
chemical compounds having antimicrobial, anti-
inflammatory, and anti-carcinogenic properties.26 
Clove (Syzygium aromaticum) is a good source of 
phenolic compounds responsible for antioxidant 
activities of the clove oil, eugenol.27 The antimicrobial 
and antioxidant properties of ginger and clove can be 
used for preserving food products. Hence, all three 
spices have antibacterial and antioxidant properties 
that can be used for preserving and increasing the 
shelf life of food items. Keeping the above facts in 
view, the present study was undertaken to reduce 
the bitterness of pummelo juice using spice extracts 
and to evaluate the quality of the treated juice.

Materials and Methods
Procurement of Pummelo Fruits and Spices and 
Juice Extraction
Uniformly ripened pummelo fruits were procured 
from university orchard, Uttar Banga Krishi 
Viswavidyalaya (UBKV) and spices (turmeric, ginger 
and cloves) from Pundibari market, respectively, and 
brought in the laboratory, Department of Pomology 
and Postharvest Technology, Faculty of Horticulture, 
UBKV, Pundibari, Cooch Behar, West Bengal, India. 
After sorting and removing damaged and under ripe 
fruits, juice was extracted using a screw-type juice 
extractor. Two distinct juice extraction methods were 
employed in this study (Table 1)

Table 1: Description of juice extraction methods (JEM-1 and JEM-2)

JEM-1	 JEM-2 

Fruits were dipped in hot water at 80°C for 5 minutes, 	 Fruits were dipped in hot water at 80°C
then peeled, followed by juice extraction using a	 for 10 minutes, then peeled, followed by
screw-type juice extractor and subsequent filtration.	 juice extraction using a screw-type juice
	 extractor and filtration.

Preparation of Spices Extracts
A 10% extract was prepared for all three spices. For 
preparation of 10% extract of turmeric and ginger, 
10 mL of pure juice was diluted to 100 mL. However, 
for preparation of 10% extract of clove, 10 g powder 

was dissolved in 80 mL distilled water and final 
volume was made up to 100 mL and filtered using 
muslin cloths. Extracted juice was treated with spices 
extracts (Table-2).
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Treatment of Pummelo Juice Using Spices 
Extracts
The extracted juice from JEM-1 and JEM-2, were 
kept separately in a 250 mL beaker. First of all, 
the required amount of juice was kept in a 100 mL 
volumetric flask and then spices extract was added 
as per treatments (4% or 6%). For example, In the 
case of 4% turmeric extract (T1), 4 mL of 10 percent 
turmeric extract was added in 96 mL of juice and 
for 6% turmeric extract (T2), 6 mL of 10 percent 
turmeric extract was added in 94 mL of juice. The 
same procedure was followed in all other treatments. 

Analysis of  Bit ter ing Compounds and 
Biochemical Parameters
Limonin content in the juice samples was estimated 
using the colorimetric method.28 The samples 
(pummelo juice) were extracted for limonin in 
chloroform solvent and limonin reagent was added 
before estimation. The limonin reagent was prepared 
by adding three chemicals (10 gm of 4-dimethyl 

amino benzaldehyde, 300 mL acetic acid and 240 
ml of 70% per chloric acid) in a 1000 mL beaker. 
Fruit juice and chloroform in the ratio of 1: 9 were 
taken in a separating funnel and thoroughly mixed 
by shaking. After shaking, it was left for sometimes 
or overnight for separation into two layers (upper and 
lower layer). The clear and transparent lower layer 
of chloroform extract was collected for estimation of 
limonin. 5 mL of this extract of each treatment was 
taken into a test tube and 7.5 mL limonin reagent 
was added in all the test tubes and left for 30 minutes 
at room temperature for development of red color. 
In blank, chloroform extract was not taken but only 
5 mL chloroform and 7.5 mL limonin reagent was 
taken. Brown red color was developed in each 
test tube except blank (Photo 1). The sample was 
taken for measuring optical density (OD) in a UV 
Spectrophotometer at 503 nm. The limonin content 
was calculated by using a standard graph prepared 
of pure limonin in the range of 8 - 40 ppm and results 
were expressed in parts per million (ppm).

Table 2: Treatments with spices extracts

Treatments	 JEM-1	 JEM-2

T1	 Turmeric @ 4% (v/v)	 Turmeric @ 4% (v/v)
T2	 Turmeric @ 6% (v/v)	 Turmeric @ 6% (v/v)
T3	 Ginger @ 4% (v/v)	 Ginger @ 4% (v/v)
T4	 Ginger @ 6% (v/v)	 Ginger @ 6% (v/v)
T5	 Clove @ 4% (w/v)	 Clove @ 4% (w/v)
T6	 Clove @ 6% (w/v)	 Clove @ 6% (w/v)
T7	 Control	 Control

Photo 1. Development of Red brown color in samples containing limonin.
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Naringin content in the fruit juice was estimated using 
the method of Davis (1947).29 In this procedure, 0.2 
ml of juice was taken in a test tube and mixed with 
10 ml of 90% diethylene glycol. Then, 0.2 ml of 4 

M sodium hydroxide solution was added and mixed 
thoroughly. After 5–10 minutes of incubation at room 
temperature, a yellow color developed, indicating the 
presence of naringin (Photo 2)

Similarly, a blank was prepared in a separate test 
tube containing 10 ml of 90% diethylene glycol and 
0.2 ml 4M NaOH solution. The intensity of yellow 
colour was measured in a Spectrophotometer at 420 
nm. A standard graph of pure naringin was prepared 
in the range of 40-220 ppm to quantify the naringin 
content in the juice samples.

Biochemical parameters (% titratable acidity, ascorbic 
acid (mg/100mL), reducing and total sugars (%) were 
evaluated by AOAC methods30. Total Soluble Solids. 
(TSS) and pH were estimated by hand refractometer 
and digital pH meter, respectively. TSS: acid ratio 
was estimated by dividing TSS by % titratable acidity.

Sensory Attributes (Customer Acceptance)

The evaluation of sensory properties was based 
on 9- point hedonic scale (Table 3) as per methods 
described by Ranganna31. All chemicals used for 
analysis were purchased from Loba and Merck 
Millipore, India.

Statistical analysis
Data for each parameter were collected in triplicate 
and analyzed statistically using a Factorial 
Completely Randomized Design (Factorial CRD). 
Statistical analysis was performed using SPSS 
software (Version 26). Differences between 
treatment means were considered significant at the 
5% probability level (p < 0.05).

Results
The results of spices extracts on bittering compounds, 
limonin and naringin are shown in Table 4 and 5, 
respectively, which clearly indicates that spices 
extracts reduced the concentration of bittering 
compounds. A significantly lower values of limonin 
was observed in treatment T2 (6% turmeric extract) 

of JEM-1 (52.15 µg/mL) and JEM-2 (78.86 µg/mL), 
respectively, as compared to control (T7) (131.72 
in JEM-1 and 355.58 µg/mL in JEM-2) (Table 4). 
Turmeric extract of 6% (T2) recorded limonin 52.15 
and 78.86 µg/mL in JEM-1 and JEM-2, respectively, 
as compared to control (T7) (131.72 and 355.58 µg/
mL in JEM-1 and JEM-2, respectively).

Similarly, a significantly lower values of naringin 

Table 3:  9 - Point Hedonic Scale

Numbering	 Description

1	 Like Extremely
2	 Like Very much
3	 Like Moderately
4	 Like Slightly
5	 Neither Like nor Dislike
6	 Dislike Slightly
7	 Dislike Moderately
8	 Dislike Very much
9	 Dislike Extremely

Photo 2. Development of yellow color in samples of naringin
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Table 4: Effect of spices extracts on bittering compound, limonin (µg/mL) of pummelo juice.

Treatments	 Treatments’ descriptions	 Limonin (µg/mL) 	 Limonin (µg/mL) 	 Mean
		  (JEM-1) 	 (JEM-2)

T1	 Turmeric @ 4% (v/v)	 129.53	 101.74	 115.64
T2	 Turmeric @ 6% (v/v)	 52.15	 78.86	 65.51
T3	 Ginger @ 4% (v/v)	 126.40	 310.75	 218.57
T4	 Ginger @ 6% (v/v)	 90.41	 98.59	 94.50
T5	 Clove @ 4% (w/v)	 117.69	 86.44	 102.07
T6	 Clove @ 6% (w/v)	 91.96	 262.60	 177.28
T7	 Control	 131.72	 355.58	 243.65
	 Mean	 105.70	 184.94	
		  Juice extraction	 Treatment (T)	 JEM × T
		  methods (JEM)

	 S. Em (±)	 17.43	 32.61	 46.12
	 CD (P=0.05)	 50.50	 94.48	 133.61

JEM-1 = Fruits were dipped in hot water at 80°C for 5 minutes, then peeled, followed by juice extraction 
using a screw-type juice extractor and subsequent filtration.
JEM-2 = Fruits were dipped in hot water at 80°C for 10 minutes, then peeled, followed by juice extraction 
using a screw-type juice extractor and subsequent filtration

(777.80 and 1020.55 µg/mL) was observed in 6% 
turmeric extract (T2) as compared to control (T7) 
where, it was recorded 1122.72 and 1279.08 µg/
mL, in both JEM-1 and JEM-2, respectively (Table 

5). This was found equivalent to 30.72% and 20.21% 
reduction in naringin concentration in JEM-1 and 2, 
respectively.

Table 5: Effect of spices extracts on bittering compound, naringin (µg/mL) of pummelo juice

Treatments	 Treatment (T)	 Naringin (µg/mL) 	 Naringin (µg/mL) 	 Mean
		  (JEM-1)	 (JEM-2)

T1	 Turmeric @ 4% (v/v)	 985.81	 1123.56	 1054.69
T2	 Turmeric @ 6% (v/v)	 777.80	 1020.55	 899.17
T3	 Ginger @ 4% (v/v)	 1320.52	 1112.51	 1216.52
T4	 Ginger @ 6% (v/v)	 1317.37	 1464.20	 1390.78
T5	 Clove @ 4% (w/v)	 1257.77	 1301.97	 1279.87
T6	 Clove @ 6% (w/v)	 1038.70	 1100.28	 1069.49
T7	 Control	 1161.06	 1279.08	 1220.07
	 Mean	 1122.72	 1200.31	
		  Juice extraction	 Treatment (T)	 JEM × T
		  methods (JEM)	
	
	 SEm (±)	 22.69	 42.46	 60.05
	 CD (P=0.05)	 65.75	 123.01	 173.96
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The effect of spices extracts on total soluble solids 
(TSS), pH and TSS: Acid ratio of pummelo juice is 
shown in Figure 1. A lower value of total soluble 
solids was observed in all treatments as compared 
to control irrespective of extraction methods but a 
higher value of the same was recorded in JEM-2 as 
compared to JME-1. The pH value was found non-

significant in both extraction methods (JEM-1 and 
JEM-2) and their interactions were also found to be 
non-significant. While, TSS: Acid ratio was found 
significant in JEM-1 but non-significant in JEM-2 and 
also in their interaction effect. The maximum value of 
TSS: Acid was obtained in treatment T2 (6% turmeric 
extract) and minimum in T7 (control).

Fig. 1: Effect of spices extracts on Total Soluble Solids (°B), pH and 
TSS; Acid ratio of pummelo juice

Fig. 2: Effect of spices extracts on titratable acidity (%) of pummelo juice

The effect of spices extracts on titratable acidity (%) 
shown in Figure 2. A non-significant results were 

found in both extraction methods (JEM-1 and 150.
JEM-2) However, their interaction effect was found 
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to be significant. The maximum mean values of 
titratable acidity (1.407 and 1.299%) was found in 
control (T7) and lowest value (0.987 and 1.162%) in 
6% ginger extract (T4) in both extraction methods.

The effect of spices extracts on reducing and total 
sugars (%) of pummelo juice is presented in Figure 

3 which indicates a higher value of both sugars (%) 
in extraction method 2 (JEM-2) as compared to 
extraction method 1 (JEM-1) and their interaction 
effect was also found to be significant. The maximum 
reducing sugar (%) was found in control (T7) followed 
by T2 (6% turmeric extract) and minimum in T4 (6% 
ginger extract) in JEM-1.

Fig. 3: Effect of spices extracts on reducing and total sugar (%) of pummelo juice

The impact of spices extracts on ascorbic acid 
content (mg/100mL) of pummelo juice is presented 
in Table 6. The ascorbic acid (mg/ 100mL) was 
found significantly higher in extraction method 1 
(JEM-1) as compared to extraction method 2 (JEM-

2) and their interaction effect was also found to be 
significant. The maximum ascorbic acid was found 
in treatment T2 (6% turmeric extract) and minimum 
in T5 (4% ginger extract) in JEM-1 as shown in the 
table (table 6).

Table 6: Effect of spices extracts on ascorbic acid (mg/100mL) of pummelo juice

Treatment (T)	 JEM-1	 JEM-2	 Mean

T1	 42.81	 38.94	 40.87
T2	 46.34	 39.54	 42.94
T3	 37.55	 30.14	 33.84
T4	 26.10	 24.30	 25.20
T5	 23.74	 20.29	 22.01
T6	 32.49	 27.27	 29.88
T7 (Control)	 44.91	 30.14	 37.52
Mean	 36.28	 30.08	
	 Juice extraction	 Treatment (T)	 JEM × T
	 methods (JEM)

SEm (+)	 1.921	 3.594	 5.082
CD (P=0.05)	 5.565	 10.411	 14.722
	 S	 NS	 S
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The effect of spices extracts on organoleptic 
properties (over all acceptability) is shown in Table 
7 and Figure 4 which clearly exhibited a significant 
difference between both extraction methods (JEM-
1 and JEM-2). However, their interaction effect 
was found to be insignificant. Among treatments, 

control (T7) registered lower sensorial qualities as 
compared to turmeric extracts (T1 & T2) in both 
extraction methods. This might be due to increased 
organoleptic qualities in terms of better color and 
reduced bittering compounds in T1 and T2 (4% and 
6% turmeric extracts).

Table 7: Effect of spices extracts application on sensory properties 
(over all acceptability) of pummelo juice

Treatment (T)	 JEM-1	 JEM-2	 Mean

Turmeric @ 4% (v/v)	 5.00	 4.67	 4.83
Turmeric @ 6% (v/v)	 5.00	 3.33	 4.17
Ginger @ 4% (v/v)	 4.33	 5.33	 4.83
Ginger @ 6% (v/v)	 4.33	 4.67	 4.50
Clove @ 4% (w/v)	 4.67	 4.67	 4.67
Clove @ 6% (w/v)	 4.67	 4.67	 4.67
Control	 7.33	 6.33	 6.83
Mean	 5.05	 4.67	
	 Juice extraction	 Treatment (T)	 JEM × T
	 methods (JEM)

SEm (±)	 0.11	 0.21	 0.30
CD (P=0.05)	 0.33	 0.63	 0.89
	 S	 S	 NS

Fig.  4. Effect of spices extracts application on sensory properties 
(over all acceptability) of pummelo juice.

Discussion
The reduction in limonin concentration might be 
due to the chelating action of curcumin, a bioactive 

molecule found in turmeric. The α, β-unsaturated 
β-diketo moiety of curcumin has been reported to 
have an excellent chelating property.21,22 Chelating 
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agents have been reported to exhibit an inhibitory 
effect on Limonoate D-ring Lactone Hydrolase 
(LDLH), an enzyme responsible for the conversion 
of limonoate A-ring lactone, a non-bitter precursor, 
into limonin, the bitter compound responsible for the 
unpleasant taste in citrus juices.

Ethylenediamine tetra acetic acid (EDTA), a strong 
chelating agent, has been reported to inhibit the 
activity of Limonoate D-ring Lactone Hydrolase 
(LDLH),32 the enzyme responsible for converting the 
non-bitter precursor, limonoate A-ring lactone, into 
the bitter compound limonin. According to authors,32 
EDTA inhibited LDLH enzyme activity by 187.58.1%. 
The action of curcumin may be similar to that of EDTA 
and thus helped in reducing limonin concentration 
by reducing the activity of LDLH. The reduction 
in naringin concentration might be the action of 
enzymes found in turmeric extract on naringin 
biosynthesis directly or indirectly. Fresh turmeric 
extract is a good source of multiple enzymes. 
Several key enzymes involved in secondary 
metabolite biosynthesis have been reported in 
turmeric, including phenylalanine ammonia lyase 
(PAL), p-coumaroyl-CoA:p-coumaroyl-5-O-shikimate 
transferase (CST), curcuminoid synthase (a type of 
polyketide synthase), and hydroxycinnamoyl-CoA 
thioesterase.33 These enzymes might have reduced 
the activity of enzymes responsible for naringin 
biosynthesis or decreased solubility properties 
of naringin or have catalyzed the precipitation of 
naringin that helped in the reduction of bitterness.  
Sandhu and Singh34 also reported that addition 
of sugar, salt and chaat masala (a mixture of 
different spices and condiments) enhanced the 
acceptability of Kinnow juice by reducing bitterness. 
Li et al35 reported a reduction of 73.01% in naringin 
concentration when fresh citrus juice was treated 
with an enzyme, Aspergillus α-l- rhamnosidase. A 
lower value of total soluble solids in all treatments 
as compared to control was due to addition 
of spices extracts which diluted the juice that 
resulted reduction in total soluble solids in all other 
treatments except control. Higher value of total 
soluble solids was recorded in JEM-2 as compared 
to JME-1. This might be due to more conversion 
of polysaccharides into mono and disaccharides 
upon hot water dip treatment for longer period of 
times (10 minutes) in JEM-2. The pH value and their 
interaction effects were found non-significant in both 
extraction methods. The TSS: Acid ratio was found 

significant in JEM-1 may be due to a significant 
difference in total soluble solids of pummelo juice of 
extraction method JEM-1) as compared to JEM-2. 
The maximum value of TSS: Acid in treatment T2 
(6% turmeric extract) and minimum in T7 (control) 
was due to higher values of TSS and lower values 
of titratable acidity (%) in pummelo juice of 6% 
turmeric extract (T2). The higher values of reducing 
and total sugars (%) in JEM-2 might be due to 
higher rate of conversion of polysaccharides into 
mono and disaccharides upon prolong heating 
of fruits in JEM-2. Kore and Chakraborty13 also 
reported an increased value of total and reducing 
sugars in hot water treated pummelo fruit juice. 
Maximum total sugar (4.66%) in 6% turmeric extract 
(T2) might be due to contribution of the same by 
turmeric extract also. The maximum loss of ascorbic 
acid in JEM-2 as compared to JEM-1 may be due 
to more destruction of vitamin C during prolong 
heating of fruits in JEM-2 as compared to JEM-1 as 
prolonged heating heating resulted more destruction 
of Vitamin C36. The maximum ascorbic acid in 
treatment T2 (6% turmeric extract) and minimum 
in T5 (4% ginger extract) in JEM-1 might be due to 
contribution of vitamin C by fresh turmeric rhizome 
(66.749mg/100ml).37,38 The effect of spices extracts 
on organoleptic properties registered lowest in the 
control treatment as compared to turmeric extracts 
(T1 & T2) in both extraction methods. This might be 
due to increased organoleptic qualities in terms of 
better color and reduced bittering compounds in T1 
and T2 (4% and 6% turmeric extracts). This might be 
due to increased organoleptic qualities in terms of 
better color and reduced bittering compounds in the 
same treatments (T1 and T2). Mane et al.37 formulated 
fresh turmeric juice-based orange RTS beverages 
and found that 10% turmeric juice based RTS was 
superior among all with respect to organoleptic 
qualities such as color, flavour, overall acceptability 
and taste. This finding is consistent with the 
results reported by Amaravathi et al. (2014)39, who 
observed improved organoleptic qualities including 
taste, colour, and flavour in freshly prepared spiced 
pineapple ready-to-serve (RTS) beverages.

Conclusion
Pummelo juice is bitter in taste due to presence 
of bittering compounds, limonin and naringin. 
Bitterness increases with the passage of time and 
during storage. The present study was undertaken 
to evaluate the efficacy of spice extracts in reducing 
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bittering compounds in pummelo juice, with the aim 
of improving its quality and enhancing consumer 
acceptability. Among the spices, 6% turmeric extract 
was found the most effective, reduced 60.43% 
limonin and 33.00% naringin. The chelating action of 
turmeric might be one of the reasons for the drastic 
reduction of both limonin and naringin. Organoleptic 
qualities were found improved and acceptability 
increased in the same treatment. Therefore, turmeric 
extract can be effectively utilized for debittering 
pummelo juice, thereby enhancing its overall quality 
and consumer acceptability.

Summary
Pummelo juice is a health promoting juice. However, 
it is bitter in taste and hence not popular among the 
consumers. Reducing bitterness by low cost, easy 
to apply technologies using spices extracts not only 
increase the popularity among the consumers but 
will also benefit the growers.
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