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ABSTRACT

Citrus juice bitterness is the main problem in processing industries and is due to two main components limonin and
naringin. The bitterness of citrus juice affects its quality, decreases shelf life and lowers consumer acceptance. Many
scientists and researchers are attempting to extend the shelf life of citrus processed products by reducing the amount
of bitterness-causing compounds. The present review paper discusses the debittering techniques such as lye
treatment, by addition of f-cyclodextrin, blanching and enzymatic methods.
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Citrus fruit is one of the major horticultural
crops traded globally. Citrus fruits can be
consumed directly as table fruit, as fresh juice or
in the form of different value added products. The
genus citrus belongs to the family Rutaceae and
encompasses various species such as mandarin,
grapefruit, orange, pomelo, galgal, lemon, lime,
etc. Citrus fruits are well known for its pleasant
taste, flavor and aroma. Despite of possessing
numerous nutritional properties, industries are
facing many challenges in the acceptance of citrus
juices for commercialization. Citrus juice
bitterness is one of the major problems faced in
citrus processing industries all over the world
since ancient times. The processing of citrus juice
cause "bitterness" and "delayed bitterness” due to
the presence of chemical metabolites such as
naringin, tangeretin, limonin, nomilin,
neohespiridin and quercetin. While naringin is
primarily responsible for bitterness; limonin
causes delayed bitterness. Hence, de-bittering
techniques are required in order for the citrus
sector to florish in the market (Purewal and
Sandhu, 2021).

Bitterness in juice affects its quality,
decreases the value of citrus fruit based products
and is unacceptable by the consumers. The
concentration of limonin and naringin; primarily
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responsible for citrus juice bitterness vary in
concentration with respect to the fruit parts, type
and is affected by growing conditions, maturity
and cultivators (Kore and Chakraborty, 2015). In
order to improve consumer acceptance, numerous
studies have been conducted to develop scientific
methods for fruit juice debittering. There are
physical, chemical and biological methods
available to reduce bitterness; artificial sweeteners
are also used to improve the taste.
The basic mechanisms for reduction in bitter
compounds are (Kore and Chakraborty, 2015)
i. Removing the bitter compound
ii. Is to remove the physical barrier (pith)
iii. Use of bitter compounds scavengers, such as
salts, sugar and florisil
iv. Reduction of bitter compounds using enzymes
such as naringinase and  alpha-L-
rhamnosidase
v. Genetic engineering technique

BITTERNESS CAUSING COMPOUNDS

Citrus fruits contain many phytonutrients
having different activities. The predominant
phytonutrients are flavonoids, limonoids, ascorbic
acid, antioxidants, glucosionates, isothiocynates,
etc.
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Among these, flavonoids (naringin, tangeretin,
nobiletin, nomilin, quercetin) and limonoids
(limonoid aglycones) are the main compounds
causing bitterness of citrus juice (Malta et al.,
2013; Arruda et al., 2017; Neri-Numa et al., 2018;
Arruda et al., 2018; Pereira et al., 2020). Naringin
is an important disaccharide derivative comprising
of rhamnose and glucose residue attached to its
aglycone position called naringenin at the 7%
position (Chen et al., 2010). Puri et al. (1996)
analysed the naringin content in different parts of
grapefruit viz., albedo, flavedo, pith, seeds and
juice. The results reported that flavedo consist of
270-431 mg100-g, albedo have 130-1559 mg100-
19, pith have 1328-1760 mg100-'g, whereas seeds
and juice contains 29-267 mg100'g and 30-70
mgl1001g, respectively. Citrus fruits have been
found to contain over 30 different limonoids
which are oxygenated metabolites; a product of
limonoid aglycones. Limonoids have two groups,
first is aglycone and second is glucosides.
Limonin, nomilinic acid, nomilic, limonin
glucoside are some limonoids present in citrus
fruits (Rutaceae family). One significant limonoid
found in citrus fruits is limonin (Yang et al., 2020;
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Yaqoob et al., 2020). The limonin content
quantified in different citrus species i.e. lemon,
grapefruit, tangerine and orange was found to be
12 mgL?, 11.4 mgL?, 34 mgL?tand 9.7 mgL?,
respectively (Drewnowski and Gomez-Carneros,
2000).

The major factor for consumer acceptance of
various citrus based products is its bitterness.
Naringin and limonin are the main flavonoids
responsible for bitterness in citrus fruits. Naringin
was first abundantly found in grapefruit in
immature fruits. Naringenin is the aglycone form
of naringin. Naringinase is an enzyme complex
consisting of  B-D-glucosidase and a-L-
rhamnosidase which catalyzes the hydrolysis of
naringin; the main component of bitterness to
rhamnose and prunin. Further, pruning is
hydrolyzed to naringenin (tasteless) and glucose.
Thus, juice processing industries after enzymatic
action can process the juice into stable processed
products with acceptable organoleptic quality
(Igbonekwu, 2018). Puri et al. (1996) reported the
action of a-L-Rhamnosidase and p-D-glucosidase
on the conversion of bitter compound naringin to
bitterless compounds naringenin as shown in fig 1.
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Fig. 1: Enzymatic action on naringin

DEBITTERING METHODS
Physical methods

1. Resins

These are byproducts of plants mixture
extracted from trees belonging to Pinaceau and
Dipterocarpaceae family (Dilworth et al., 2017).
Resins are composed of mixture of fatty acids,
resin acid, waxes and the resenes that are generally
soluble in water and organic solvent. The
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reduction in grapefruit juice was performed by
using resin of amberlite IR 400 and IR 120 and
resulted that debittering potential of IR 400
removes naringin by 69.23% and 9% reduction of
naringin by IR 120 Mishra and Kar (2003).
Researchers have employed a variety of resins,
including IR 40, IR 120, IR 400, Dowex Optipore
L285 and Amberlite XAD-16HP and Amberlite
XAD-7HP, to effectively debitter citrus juices by
eliminating the content of naringin and limonin.



Processing techniques for debittering citrus juice

2. Extraction of juice

Extraction of juice plays an important role to
debitter the juice. During juice extraction, seeds
get crushed liberating bitter compounds (Premi et
al., 1994). Screw type juice extractor is useful to
extract juice with low limonin and narinign
content (Sandhu and Singh, 2001; Bala et al.,
2017).

3. Blanching and filtration

One physical method to lessen bitterness in
fruits is hot water treatment, which involves
immersing the fruits in 50°C hot water for 20 to 30
minutes. To prevent the entry of bitter compounds
into the juice that has been extracted, filter presses
and membranes like hollow fiber membranes
(HFM) and ultrafiltration are also utilized.

Chemical methods

1. Lye treatment

In lye treatment, fruits are treated with sodium
hydroxide (Lye) at temperature of 80-85°C for
40-60 seconds, after which they are rinsed in citric
acid and then washed under water to remove any
remaining NaOH. The hydroxyl and carboxylic
groups reacts with the outside of peeled fruits
during treatment, causing the hydrophilic
compounds to be washed away (Kore and
Chakraborty, 2015). Debittering of kinnow juice
was performed by lye treatment with water
(Anand et al., 2012; Sandhu et al., 1990).
2. Florisil

Florisil is activated magnesium silicates (a
white coloured and odourless compound). It is
used as a debittering agent for juices. Barmore et
al. (1986) carried out a study to determine the best
concentration of florisil (5-20%) to use for
debittering of grapefruit juice. The greatest
percentage of florisil (20%) causes the limonin
content to decrease from 8.8 ppm to 1.7 ppm
while the naringin content decreased from 326
ppm to 159 ppm, respectively.
3. p-cyclodextrin

Several studies have reported the use of f-
cyclodextrin in citrus juice debittering. A range of
B-cyclodextrin concentrations have been tested; of
which 5% concentration for 30 minutes have been
found to reduce the amount of limonin in
tangerine juice by 80% (Mongkolkul et al., 2006).
Additionally, B-cyclodextrin at 2% concentration
for 10 min decreased the amount of limonin from
23-20 ug ml* when added to lime juice.

Biological methods

Enzymatic process have been gaining interest
nowadays for debittering of fruit juices by
converting of bitterness causing compounds into
non bitter metabolites to enhance the shelf life of
juices. Their actions on compounds causing
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bitterness are much higher than other techniques.
Microorganisms are used for the production of
juice debittering enzymes. These enzymes are
produce depending on specific substrate,
conditions of incubations and microbial strains
(Purewal and Sandhu, 2021). Orange juice was
debittered using enzyme limonite dehydrogenase,
which decreased the amount of limonin from 21- 3
ppm (Brewster et al., 1976).

Debittering enzymes like a-L-rhamnosidase
and naringinase are produced by a variety of
microbial strains. A. oryzae, A. foetidus, A. niger,
A. flavus, Bacillus sp., Pseudomonas sp.,
Streptomyces sp., Fusarium solani, Escherichia
coli,  Aspergillus  brasiliensis, Rhizophus
stolonifer, and Bacillus cereus are the strains used
to produce naringinase. A variety of bacterial and
fungal strains, including Aspergillus ochraceous,
Clavispora lusitaniae, A. wentii, A. sydowii, and
A. foetidus, are utilized in the production of a-L-
rhamnosidase.

Various substrates that are inexpensive are
utilized to produce the enzymes a-L-rhamnosidase
and naringinase during microbial fermentation.
Certain  substrates are also wused in the
fermentation process because of their carbon and
energy source. Grapefruit rind, pomelo peel
powder, orange peel, citrus peel, orange rind,
citrus fruit peel and lemon peel was used as a
substrate for the production of a-L-rhamnosidase
and naringinase (Igbonekwu et al., 2018; Patil et
al., 2019; Srikantha et al., 2016).

The surface area of the fermentation tank, the
incubation conditions, the water retention
capacity, and the nutritional profile of the
substrate are some of the factors that affects the
ability of microbial strains to grow on particular
substrates. The substrates used for microbial
production of enzyme should also be able to
absorb moisture in order to support metabolic
processes and microbial growth (Purewal et al.,
2019; Salar et al., 2017). Physiology of microbial
strains, aeration, the particle size of substrate and
porosity and incubation conditions such as
moisture content, temperature, pH are the factors
used which are responsible for the amount of
enzymes production during fermentation. Table 1
reports the starter culture with the substrate used
in the production of debittering enzymes. Orange
juice treated with limonase dehydrogenase has
lower limonin content (Brewster et al., 1976).
According to Soares and Hotchkiss (1988),
grapefruit's naringin content was reduced by 23%
through the use of naringinase enzymes. Chen et
al. (2010) has reported the using of starter culture
Aspergillus oryzae for the production of
naringinase (408.28 {0] m).
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Table 1: Production of debittering enzyme under different conditions

Source Microorganism Temp pH Enzyme Amount Reference
used ©0)
Orange peel A. wentii 30 45 o-L- 39U mlt Yadav et al., 2018
A. sydowii rhamnosidase 105 U ml*
A. foetidus 92 U mlt
Pomelo peel A. oryzae 28 6 Naringinase 408.25 IU ml** Chenetal., 2010
powder
Grapefruitrind  A. foetidus 35 5.4 Naringinase 2.58 U Mendoza-Cal et al.,
2010
Grapefruitrind A niger 35 5.4 Naringinase 2.06 U Mendoza-Cal et al.,
2010
Orange rind A. niger 28 7.5 Naringinase 4.42U ml*  Shehata and Abd-El-
Aty, 2014
Orange rind and A. niger 28 7.5 Naringinase 32-899 U Awad et al., 2016
grapefruit mi?
powder
Citrus fruitand  A. flavus Room 4.5 Naringinase 449.58 U ml' Srikantha et al., 2016
peel temp
A. niger 28 178.6 Uml*  Machado et al., 2010
Bacillus sp. 28 197.3U Patil et al., 2019
Pseudomonas sp. 28 186.8 U Patil et al., 2019
Lemon peel A. niger 50 3.5 Naringinase 157.70 U Igbonekwu et al., 2018
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commercializing citrus juices due to bitterness
induced by chemicals like naringin and limonin.
The harsh flavor reduces the quality and value of
citrus-based products, resulting in consumer
displeasure. To solve this issue, different
debittering approaches have been investigated,

including physical methods such as resin
extraction, juice extraction, blanching, and
filtration. Chemical treatments, including lye
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increase the acceptance of citrus-based products,
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