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Abstract

Pummelo (Citrus grandis (L.) Osbeck, is the largest fruits among fruits of citrus family and mainly
grown in home gardens of many Indian states. Fresh pummelo juice is an excellent source of antioxidant,
nutrition and Posses medicinal values but people don’t like to consume it either as fresh or processed.
This is because the taste of pummelo juice turns highly bitter within few hours of extraction. This
bitterness is mainly due to flavonoids and limonoids found in the fruit itself and get mixed during
extraction process. This is a major problem and limiting factor of popularization and commercialization
of pummelo fruit juice. The juices of other citrus fruits are also bitter but acceptable due to less quantity
of bittering compounds. The present investigation was therefore, aimed at reducing bitterness of juice by
different methods of juice extraction as well as enhances the yield. Two methods were applied for
extraction of juice. In the first method of juice extraction, fruits were halved with stainless steel knife and
pressed using a hand press citrus Juicer. In the second method, Screw type juice extractor was used for
juice extraction with and without pre-treatment. Out of different methods tried, dipping of fruit in hot
water at 80°C for 5 and 10 minutes, peeling and juice extraction by Screw type juice extractor was found
most effective and economical with respect to low bitter compounds (limonin @ 86.62 + 79.81 and 34.15
+ 11.58 ppm and naringin @ 961.89 + 299.41and 132.84 + 97.87 ppm respectively). High Percentage of
juice yield (42.44+3.27 and 44.10 + 1.76%) and low percent of wastage (49.49 + 2.37 and 44.73 %
1.30%) also recorded in the same treatments.
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1. Introduction

Citrus fruits are popular throughout the world and extensively processed into juices due to its
health and nutritional benefits. A wide range of flavonoid glycosides, such as naringin,
narirutin, neohesperidin, and hesperidin are present in citrus fruits (Ramful et al. 2011) (€],
Citrus fruits belong to the family Rutaceae and are the most produced fruit crop of the world
(Davies and Albrigo 1994; Khan 2007) [ 91, Citrus fruits are a rich source of vitamin C. It also
contains vitamin P, which keeps the small blood vessels in our bodies in a healthy condition
and helps in the assimilation of vitamin C (Singh and Saxena, 2008) [?Y1. In India, citrus fruits
are grown on large scale and occupy third position among fruits grown with an annual
production of 13.40 million MT (National Horticulture Board (NHB), 2018-19). It accounts
about 13.68% of total fruit production and occupies about 15.58% of total area under fruits in
the country (NHB, 2018-19).

Pummelo [Citrus grandis (L.) Osbeck] is one of the most important fruits of genus citrus,
grown in many states of India. It is also known as pomelo, shaddock (Uzun and Yesiloglu,
2012) 24 or Chinese grapefruit and commonly classified on the basis of segment color such as
white, pink and red (Morton, J.F., 1987; Sawamura et al. 1990) 1291, The world production of
pummelo is about 9.3 million metric tons (FAOSTAT, 2019) [6l. The pummelo fruit has been
gaining popularity all over the world and is now one of the five most widely cultivated and
consumed citrus fruit of the world (Tocmo et al. 2020) 22,

Pummelo juice has been reported to have many health benefits. Its juice is an excellent source
of antioxidant compounds and exhibited great efficiency in scavenging different forms of free
radicals including DPPH, superoxide anion, and hydrogen peroxide radicals (Tsai et al., 2007).
Despite its health and nutritional benefits, it has neither become popular among consumers nor
attained the commercial importance in any state of the country. It is because the juice of
pummelo is bitter in taste and bitterness increases after extraction. This bitterness is mainly
due to flavonoids and limonoids found in the fruit itself and get mixed during extraction
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process. Bitterness in fresh juice is due to flavonoids and
during storage is due to limonoids (Premi et al. 1996) [,
This is a major problem and limiting factor of popularization
and commercialization of pummelo fruit juice. The juices of
other citrus fruits are also bitter but acceptable due to less
quantity of bittering compounds

The optimization of juice extraction methods and debittering
process in grapefruit will not only enhance production and
productivity of pummelo but also ensure premium price to
growers. Keeping the above facts in considerations, the
present study was under taken to develop suitable technology
for debittering of pummelo juice and to evaluate its quality.

2. Materials and Methods

2.1 Pummelo fruits

Fully mature and ripened pummelo fruits were procured from
people’s backyard and farmer’s field locally available at
Pundibari, Cooch Behar and transported to the department of
Pomology and Postharvest Technology, UBKYV, Pundibari
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Cooch Behar. After sorting fruits were washed in clean water
to remove dirt and dust particles.

2.2 Pretreatments of fruits

The fruits were subjected to pre-treatment before juice
extraction (table 1) except control (T1) and peeling and screw
type juice extraction (T2). The best method was identified on
the basis of juice yield, waste generated and quantity of
bittering compounds (limonin and naringin).

2.3 Extraction of juice

Two methods were applied for extraction of juice. In the first
method of juice extraction, fruits were halved with stainless
steel knife prior to juice extraction. Each halve was pressed
and rotated against the projected knob of a stainless steel hand
press citrus juicer. In the second method, Screw type juice
extractor was used. The extracted juice was then strained
through a muslin cloth.

Table 1: Methods of Juice extraction

Treatment| _
symbol Descriptions of treatments
T1 Halving (without peeling) and manual juice extraction by a fruit/citrus juicer + filter (Control).
T2 Peeling and juice extraction by Screw type juice extractor + filter

T3 Peeling, lye treatment (in boiling 1% NaOH solution for 1 minute) + dipping in 1% Citric Acid + Screw type juice extractor + filter.

T4 Peeling, lye treatment (in boiling 2% NaOH solution for 1 minute) + dipping in 2% Citric Acid + Screw type juice extractor + filter.

Ts Dipping fruit in hot water at 80°C for 5 minutes, peeling juice extraction by Screw type juice extractor + filter.

Te Dipping fruit in hot water at 80°C for 10 minutes, peeling juice extraction by Screw type juice extractor + filter.

3. Physico-chemical analysis

The physico chemical analysis of pummelo fruits were
conducted for different parameters like percent juice content,
percent wastage, limonin, naringin, total soluble solids (TSS),
acidity, ascorbic acid, reducing and total sugar.

3.1 Percent juice content and percent wastage

Percent juice content was calculated by dividing amount of
extracted juice in gram with the weight of pummelo fruits
taken for juice extraction and multiplying by one hundred.
Similarly percent wastage was calculated by dividing amount
of waste generated (weight of peel + rag + seed) in gram with
the weight of pummelo fruits taken for juice extraction and
multiplying by one hundred.

3.2 Estimation of limonin and naringin

Limonin content was estimated by the colorimetric method of
Vaks and Lifshitz (1981) I and naringin by the method of
Davis (1947) [,

3.3 Statistical analysis

The data with three replications were collected for each
parameter and analysed statistically by using completely
randomized block design (CRD). The data were analyzed by
analysis of variance (ANOVA) and means were compared by
Duncan’s Multiple Range Test (DMRT) by using SPSS
Version 26. Differences between the means at the 5% level
were considered significant.

4. Results and Discussion
The physico chemical characteristics pertaining to
optimization of juice extraction is presented in table 2.

4.1 Influence of juice extraction methods on yield and
waste generated

Juice extraction methods always play an important role in
determining the bitterness of juice extracted from fruits
(Lotha et al., 1994) ' and therefore, optimization is required
in every fruit. The results of optimization of extraction
methods on juice yield and waste generated presented in table
2 and fig 1. It is evident from the table that out of different
methods of juice extraction studied, maximum recovery of
juice was obtained by screw type juice extractor. The findings
are in line with the findings of Bala et al. (2017) & where
they obtained maximum juice in kagzi lime by using screw
type juice extractor. Pareek et al. (2011) [*° also reported
higher juice yield in Nagpur mandarin by manual and power
operated screw type commercial juice extractor.

4.2 Influence of pretreatments on juice yield and waste
generated

Dipping fruits in hot water at 80°C for 10 minutes, followed
by peeling and juice extraction by screw type juice extractor
(Te) registered maximum yield and lowest waste generation.
However, other pretreatments of juice extraction by screw
type juice extractor were found non-significant. The higher
juice yield in hot water treated fruits (T¢ and Ts) might be due
to more squeezing of juice from warm juice sacs. Tomato
processors usually boil tomatoes after crushing or cutting
prior to pulping to obtain higher juice yields (Kaur et al.
2007) 1%, The minimum waste generated during extraction
was found significantly lowest in hot water treated fruits (Te).
Other treatments of screw type juice extractor were found
non-significant in waste generation as expected with higher
juice yield but significantly superior than control (T1).
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Table 2: Optimization of juice extraction methods for pummelo fruits
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Treatment (T) Juice (%) Wastage (%0) Limonin Naringin
T1 16.79 £ 2.10° 78.20 £ 11.75° 138.68 + 75.19% 1759.84 + 410.92%
T2 32.80+2.13° 58.05 + 2.84° 265.91 £ 127.45° 3596.03 + 1031.06%
Ts 4270 £6.17° 52.07 + 8.48™ 101.80 + 32.87° 2012.23 + 623.23°
T4 39.46 + 6.50% 52.96 + 4.27" 65.69 +40.71° 1258.89 + 169.87™
Ts 42.44 +£3.27° 49.49 +2.37™ 86.62 + 79.81° 961.89 + 299.41¢
Ts 4410 £ 1.76° 4473 +1.30° 34.15 +11.58° 132.84 + 97.87¢
S.Em (%) 2.392 3.678 41.592 311.664
CD (P=0.05) 7.37049 11.333 128.158 960.332
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Fig 1: Graphical presentation of percent wastage, Juice yield and bittering compounds

4.3 Influence of juice extraction methods on bittering
compounds (limonin and naringin)

Distribution pattern of limonin and naringin in pummelo is
found different in different parts like albedo, flavedo, seeds,
segment membrane and juice. It has been proved by many
workers that the concentration of limonin in pummelo fruit is
more in seeds, segment wall and albedo as compared to juice
and flavedo (Mclintoch et al. 1982; Jungsakulruijirek, 1997;
Pichaiyongvongdee and Haruenkit, 2009) 13 & 171 However,
albedo was found the major source of naringin followed by
albedo and segment membrane (Barthe et al., 1988;
Pichaiyongvongdee and Haruenkit, 2009) [ 171,

In the present study, the bittering compound (limonin and
naringin) were found significantly higher in the juice where
fruits were not subjected to any pre treatment prior to screw
type juice extraction (T2) than all other treatments including
control (T1) and lowest in the fruits of hot water treatments
(Ts & Te). The probable reason behind this finding might be
due to the fact that pretreatments facilitated removal of more
albedo and less crushing of seeds during juice extraction.
Sandhu and Singh (2001) 2° also reported reduction of bitter
compounds in kinnow juice extracted after pre-treatment (lye
peeling) of segments. Multiple blanching steps in hot water
were found very effective in reducing bitter compound
naringin by 40 - 50% for fresh orange slices, peel, and pulp
(Jagarnath and Kumar, 2016) "), Many citrus processors tend
to give a warm water wash to remove naringin, in citrus fruits.
Hot water blanching also facilitates water inflow in the fruit

and leaching of solutes including bitter flavanone glycosides,
as reported by Zid et al. (2015) 261 while working for Citrus
aurantium peels. The loss of naringin has been reported to
increase by the same author from 14% at 5 minutes to 52% at
60 minutes of treatment at 85 °C. The higher blanching
temperature for longer period results more outflow of
flavanones (Zid et al., 2015) %! and resulted less bitterness.

5. Concluding remark

The results of the present study indicate that hot water
treatment prior to juice extraction by screw type juice
extractor enhanced juice yield, minimized waste generation
and reduced bittering compounds (limonin and naringin) from
pummelo fruits. More or less similar results were also
obtained in lye treatment of fruits after peeling but not as
economical and feasible as hot water treatment.
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