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ARTICLE INFO ABSTRACT

Keywords: Bitterness in citrus fruit juices is the major problem faced by food processing industries. Because bitterness
Bitter compounds reduce the shelf life of juice and consumer acceptability. The major components responsible for the bitterness in
Fruit juice

citrus fruit juices are limonin and naringin. Several researchers/scientists are working in the direction to remove
bitterness from citrus fruit juices so that shelf life may be enhanced. The major scientific methods used for the
reduction of bitterness in the citrus fruit juices are lye treatment, addition of sugars, p-cyclodextrin, hot water
treatment, cellulose acetate layers, enzymatic methods using microbial consortia. Capability of microbial con-
sortia for the production of debittering enzymes has been explored and discussed in a systematic manner. The
present review paper has its focus on major problems faced during processing of fruit juices, debittering methods,

Debittering methods
Microbial consortia

challenging tasks and future prospects.

1. Introduction

Citrus fruits are one of the famous world fruit crops which are rich in
specific vitamins, minerals and bioactive compounds. Major citrus fruit
grown by Indian farmers are mosambi, kinnow, orange, bitter orange,
lemon, lime, galgal, tangerine and grapefruit and they belongs to family
Rutaceae and Plantae kingdom. Throughout the world they are being
consumed either directly or in the form of fresh juice/processed fruit
products. Fruits are well known for their specific taste, aroma and oils
(Zou et al., 2016; Cai et al., 2004; Ke et al., 2015). Despite seasonal
availability, packing of fruit juices and products could be an alternate
option to make them available throughout the year. Packing of food
materials facilitates the easiest way to transport fruits based products to
distant places (Purewal and Sandhu, 2020; Matche, 2018; Ramos et al.,
2015). However, the bitterness of citrus juice may create problem during
their long term storage. Chemical composition indicates the presence of
various metabolites in the fruits which are chemically bitter (Naringin,
tangeretin, nobiletin, sinensetin, quercetin, limonin, nomilin and neo-
hesperidin) however only few selected metabolites (limonin and nar-
ingin) play an important role in causing bitterness (Singh et al., 2003).
During processing of citrus fruits, the major problem is bitter taste (Ley,
2008; Drewnoswki, 2001). Bitterness may results in deterioration of
quality, reduced consumer acceptability and economic value of the fruit
based products (Kore and Chakraborty, 2015; Mongkolkul et al., 2006).

* Corresponding authors.

The concentration of the bitterness causing components in citrus fruits
may vary with the fruit type, fruit parts, cultivars and conditions under
which they are growing. In fruits, a non bitter compound limonoate
A-ring lactone is formed which is converted to limonin (bitter com-
pound) in acidic conditions. Scientific studies reported that under low
pH conditions the conversion of limonoate-A ring lactone to limonin
occurs at faster rate (Hasegawa et al., 1991). Majority of consumer’s
rejects fruit products having bitter taste. Bitter taste in fruit juices/-
products is not desirable so there is a need to eliminate bitterness from
citrus juice.

Researchers are focusing on the scientific methods which could be
utilized for the debittering of fruit juices to enhance the shelf life of fruits
juices as well as to increase the consumer acceptability. Worldwide
physical, chemical and microorganisms based biological methods are
being screened for the efficacy towards bitterness reduction in citrus
fruits. Artificial sweeteners, resins and enzymes are also being used to
reduce the bitterness and improve the taste. The basic mechanism
behind reduction of bitterness includes i) removal of bitter compounds
ii) removal of physical barriers such as pith iii) flavor enhancers and use
of bitter compounds scavengers (salt, sugar, florisil) iv) enzymatic
(naringinase and o-L-rhamnosidase) reduction of bitter components v)
use of genetic engineering techniques for modulating the synthetic
pathways of bitter compounds. The present review paper has its focus on
major problems in processing of citrus fruit juices, debittering methods,
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challenging tasks, future prospects and the methods using which shelf
life of fruit juices may be enhanced.

2. Bitterness causing compounds

Different types of phytonutrients are present in citrus fruits with
specific functionality and usefulness (Malta et al., 2013; Arruda et al.,
2017; Neri-Numa et al., 2018; Arruda et al., 2018; Pereira et al., 2020).
Out of these compounds some are very bitter whereas others are not,
depending upon the type of the glycoside chain. Phytonutrients are
classified as flavanones, flavones, flavonols, flavans, isoflavones, tri-
terpenes, limonoid aglycones, glucosinolates (organosulphur com-
pounds) and isothiocyanates etc. Naringin, tangeretin, nobiletin,
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sinensetin, quercetin, limonin and nomilin are bitter compounds present
in citrus fruits. Major bitterness causing compounds in kinnow are
naringin (Flavanones) and limonin (Limonoid aglycones). The type and
concentration of bitterness causing compounds may vary with the spe-
cific part, maturity stage, growing conditions and type of fruit.

3. Naringin

Naringin (Cy7H32014 M.W.: 580.5 g mol™!) is an important disac-
charide derivative. It is (S)-naringenin substituted by 2-O-(alpha-i-
rhamnopyranosyl)-beta-p-glucopyranosyl moiety at 7th position via
glycosidic linkage (Alam et al., 2014; Chen et al., 2016). The IUPAC
name of naringin is (2S)-5-hydroxy-2-(4-hydroxyphenyl)-4-oxo-3,

Table 1
Bitter compounds present in fruits.
Fruits Botanical name Fruit part  Bitter Amount References
compound
Flavedo 2710.1—431.9 mg 100
Albedo 130.1:}559.2 mg
100 g
. . .. . L. 1328.5-1760.3 mg Ortuno et al. (1995); Puri et al. (1996); McIntosh and Mansell (1997); Hsu et al.
£ Pith N
Grapefruit Citrus x paradisi it] aringin 100 g’l (1998); Del-Rio et al. (1998)
Seeds 2i?i5—267.7 mg 100
. 30.0-75.0 mg 100
Juice 1
ml
Whole 1
fruit Tangeretin 0-3mg 100 ¢ Del-Rio et al. (1998)
Juice 0.06 mg 100 m1~!
Whol
0% 1.4-11.2mg100g~!
Orange Citrus x sinensis fruit Nobiletin
Juice 0.27-0.29 mg 100
ml ! Veldhuis et al. (1970); Sendra et al. (1988); Pupin et al. (1998)
Whole 1
fruit Sinensetin 1.4-4.6 mg 100 g
Juice 0.1 mgL™?
. . . . 1
Grapefruit Citrus x paradisi Ju%ce Quercetin 4.9 mg L71 Trock et al. (1990)
Lemon Citrus limon Juice 7-4mg L
Juice 12.2mg L7!
Orange Citrus x sinensis Juice 9.7 mg L™t
Grapefruit Citrus x paradisi Juice 11.4mg L~}
Tangerine Citrus tangerina Juice 34.7 mg L7}
Flabedo 2;61174'2 mg 100
Limonin Puri et al. (1996)
Albedo ;.711676.5 mg 100
Grapefruit Citrus x paradisi - 10.3-52.5 mg 100
Pith 1
8
118.8—188.5 mg
d
Seeds 100 g’l
Naringin 0.00—1.73 mg 100 Peterson et al. (2006); Fisher (1978); Drawert et al. (1980); Galensa and Herrmann
Sweet & g71 (1980); Rouseff et al. (1987); Rouseff (1988); Gamache et al. (1993); Mouly et al.
orange Citrus x sinensis 0.00—6.87 mg 100 (1993); Ooghe et al. (1994); Fuchs (1994); Bronner and Beecher (1995); Wallrauch
8 Narirutin 3 : & (1995); Marini and Balestrieri (1995); Mouly et al. (1997); Justesen et al. (1997),
g 1998; Pupin et al. (1998a); Berhow et al. (1998); Careri et al. (2000)
Tangerine Citrus tangerina Narirutin 7.70 mg 100 g ! Nogata et al. (1994); Berhow et al. (1998)
C. reticulat C. 3.15-11.17 100 .
Tangor . re Fu ata x Narirutin o me Rouseff et al. (1987); Berhow et al. (1998)
sinensis
.00—-33. 1
Naringin ggo 33.73 mg 100
Citrus reticulat .
Tangelo l i cu.a‘a X A 0.45-5.82 mg 100 Rouseff et al. (1987); Berhow et al. (1998)
Citrus paradisi Narirutin g !
Neohesperidin 65.07 mg 100 g’1
- 6.10—34.13 mg 100
Naringin g’l
So;l:ange Citrus x aurantium Narirutin 0.44 mg 100 g1 Rouseff et al. (1987); Mouly et al. (1993); Berhow et al. (1998)
Neohesperidin 1;50721'25 mg 100
I -1
Pulp Naringin 0.4-78mg g Singla et al. (2019)
. e . residue Limonin 3-6mgg
. Citrus nobilis x Citrus . . -1
Kinnow deliciosa Peel Limonin 8mg 100 g
Seeds Limonin 0.25g100 g ! Mabhajan et al. (2018)
Juice Limonin 1.5 mg 100 ml~*
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4-dihydro-2H-chromen-7-yl 2-O-(6-deoxy-a-L-mannopyranosyl)-p-p-glu
copyranoside. Naringin possess 8 hydrogen bond donors, 14 hydrogen
bond acceptor, 6 rotatable bonds with topological polar surface area 225
A2, Naringin is a flavanone-7-O-glycoside which is present in citrus fruits
and the major cause of juice bitterness. Naringin is involved in inhibition
mechanism of certain drugs dealing with enzymes (drug metabolizing
cytochrome P450, CYP1A2 and CYP3A4). Inhalation/ingestion of nar-
ingin powder affects absorption of drugs and their circulation. Bitter
compounds present in citrus fruits are presented in the form of Table 1.
Diversity in amount of bitter compounds may be observed in the
different parts of single fruit (Drewnowski and Gomez-Carneros, 2000;
Soares et al., 2013; Li et al., 2019). Different parts of grapefruit (Albedo,
flavedo, pith, seeds and juice) were analyzed to check the presence of
naringin by different workers. Naringin present in different parts of
grapefruit was observed as flavedo (270—431 mg 100 g~1); albedo
(130—1559mg 100 g’l); pith (1328—1760 mg 100 g’l); seeds (29—-267
mg 100 g~1) and juice (30—75 mg 100 g~ 1) (Orturio et al., 1995; Puri
et al., 1996; McIntosh and Mansell, 1997; Hsu et al., 1998; Del-Rio et al.,
1998). The amount of naringin in sweet orange was 1.73 mg 100 g~*;
sour orange (6—34 mg 100 g~') and Tangelo (33.73 mg 100 g 1)
(Gamache et al., 1993; Mouly et al., 1993; Ooghe et al., 1994; Wall-
rauch, 1995; Marini and Balestrieri, 1995; Mouly et al., 1997; Berhow
et al., 1998; Careri et al., 2000).

4. Limonin

Limonin is a derivative of limonoid aglycones which is highly
oxygenated metabolites related to triterpene derivatives. They are pre-
sent in fruits related to Rutaceae and Meliaceae families (Yang et al.,
2020; Yaqoob et al., 2020; Roy and Saraf, 2006). There are two different
groups of limonoids: first group includes the aglycones whereas second
group includes their corresponding glucosides. Limonoids include
limonin, nomilin, limonin glucoside, ichangin, and nomilinic acid etc.
(Yang et al., 2019; Montoya et al., 2019; Minamisawa et al., 2017; Russo
et al., 2016). Limonin (CgeH3003 M.W. 470.52 g mol-1) is a white
colored compound present in citrus fruits. The compound is well known
as limonoic acid di-delta-lactone and limonoate p-ring-lactone. Chemi-
cally limonin belongs to furanolactones. The IUPAC name of limonin is
7,16-Diox0-7,16-dideoxylimondiol. Limonin possess 8 hydrogen bond
acceptors, 1 rotatable bond with topological polar surface area 105 A2
and 1 covalently bonded unit. Limonin is slightly soluble in water
however soluble in absolute ethanol and glacial acetic acid. Limonin is
an important type of limonoids that is present in fruits belonging to
Rutaceae family. More than 30 different limonoids has been identified
from citrus fruits and their hybrid cultivars (Sato, 2013; H. Li et al.,
2016; N. Li et al., 2016; Izawa et al., 2010). Hasegawa and Miyake
(1996) demonstrated that limonoids are synthesized in citrus fruits via
terpenoid biosynthetic pathway which initialize with the squalene
cyclization through CAM (cytoplasmatic acetate mevalonate) pathway.
They are highly oxygenated compounds which possess furan ring
attached with D ring. Further limonoids are classified on the basis of
their skeletal arrangement and oxidative reactions (Endo et al., 2002).
Limonin concentration in juice extracted from different citrus fruits such
as: lemon (12 mg L’l); grapefruit (11.4 mg L’l); orange (9.7 mg L’l)
and tangerine (34 mg L_l) (Drewnowski and Gomez-Carneros, 2000).
Mahajan et al. (2018) studied kinnow peel, seeds and juice to check the
presence of limonin and they found limonin 8 mg 100g™* in peel; 0.25 mg
100g~! in seeds and 1.5 mg 100g ™~ in juice. Concentration of limonin in
different parts of grapefruit was reported as: flavedo (6—42 mg/Kg);
albedo (11—65 mg Kg™1); pith (10.3—52.5 mg 100g™}) and seeds
(118.8—188.5 mg IOOg’l) respectively. Nomilin concentration in juice
extracted from grapefruit, oroblanco and melogold was reported as
0.1-0.6 mg L™!; 0.4—0.8 mg L™! and 0.9-1.8 mg L~! respectively.
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5. Mechanism

Although the fresh juice extracted from the fruits don’t elicit
bitterness in taste, however, after a particular span of time the juice
become bitter/not acceptable by consumers. The mechanism behind the
appearance of bitter taste in juice is the conversion of limonin glucoside
(non-bitter component) in to bitter compound (limonin) by deglycosy-
lation and cyclization (Hasegawa, 2000; Mongkolkul et al., 2006). Premi
et al. (1995) reported that seeds of citrus fruits possess maximal amount
of limonin followed by peel and juice. McIntosh et al. (1982) reported
that bitterness in juice extracted from fruits (bitter and non-bitter) oc-
curs in two different ways: 1) bitterness due to the presence on flavo-
noids and their derivatives in fruits (pummelo; bitter orange and
grapefruit) 2) bitterness due to conversion of tasteless form of com-
pounds in to bitter one. Limonin derived bitterness in juice extracted
from citrus fruits generally develops as a result of physical and freezing
damage. The reaction starts with the mechanical disruption of juice
containing sacs which results in transformation of non-bitter LARL
(limonate A-ring monolactone) in to bitter form (limonin). Fong et al.
(1992) reported that transformation of tasteless non-bitter form in to
bitter form is an enzyme (limonin D-ring lactone hydrolase) catalyzed
reaction which occurs in acidic condition and rate of reaction depends
on the availability of LARL. With the maturation stage the concentration
of limonin glucoside and expression of CitLGT starts increasing while a
decrease in concentration of LARL was observed (Endo et al., 2002; Kita
et al., 2000; Moriguchi et al., 2003).

6. Debittering methods

So many efforts have been made by researchers/food scientists to
reduce the accumulation of bitter compounds during the development
and maturing of citrus fruits using chemical sprays, agronomic practices
and post-harvest treatment of fruit. Many debittering technologies have
been developed based on physical, chemical and biological processes.

7. Physical methods
7.1. Resins

Resins are mixture of heterogeneous fatty acids, waxes, resenes and
resin acid (Cy9H3gO2). Commercially resins are extracted from trees
which mainly belong to family Pinaceae and Dipterocarpaceae. Resins are
synthesized in specific surface glands/internal ducts of both non-woody
and woody plants. They are metabolic byproducts of plants which can be
extracted by infection/incision (Dilworth et al., 2017). Chemically
resins are water insoluble and organic solvent soluble metabolic
byproducts with inert nature. The efficacy of various resins is presented
in Table 2. Mishra and Kar (2003) reported the effect of amberlite IR 400
and IR 120 on reduction of bitterness in grapefruit juice. Significant
difference was observed in debittering potential of IR 400 and IR 120 as
IR 400 resulted in removal of naringin by 69.23 % whereas IR 120 de-
creases the naringin content by 9%. Kola et al. (2010) use Dowex
Optipore 1285 and Amberlite XAD-16HP for the removal of limonin
based bitterness from orange juice. They observed that application of
Dowex Optipore L285 results in reduction of titrable acidity in orange
while Amberlite XAD-16HP application does not pose any risk to change
in nutritional quality. Nas and Karatas (2017) use Amberlite XAD-7HP
for the reduction of bitterness in orange juice. Their results showed
that Amberlite XAD-7HP application was successful as the applied
method results in reduction of 90-96 % limonin from orange juice.

7.2. Fruit juice extraction methods
Juice extraction method play an important role while determining

the bitterness of juice extracted from fruits (Lotha et al., 1994). Premi
et al. (1994) reported that a gentle pressing of fruits results in lowest
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Table 2
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Detailed descriptions of physical and chemical treatments being used for debittering of juice extracted from different natural resources.

Substrate Chemical used Conc. Used Temp. pH

Exposure References

duration

Major findings

Bitter gourd p-cyclodextrin 0.25—2% 24+2°C 35

Bitter gourd Sodium chloride 3.5%

Bitter gourd Carboxymethylcellulose 0.5 % - -

Bitter gourd Gum arabic 15 % - -

1.25-1.75%  82-83°C
Room

temp.

Sodium hydroxide

Pummelo juice 4.05—4.10

Citric acid 1%

Room
temp.

Pummelo juice Sodium bicarbonate - 4.25—-4.75

Tangerine
Citrus
Reticulata
Blanco Juice

B-cyclodextrin 5%

Ambi
p-cyclodextrin 2% ient _
temp.

Lime Juice

Amberlite XAD-16HP
Orange Juice and - -
Dowex Optipore L285 50°C

30°C

; 40°C
Amberlite XAD-7HP - 50 °C -

60 °C

Orange juice

Deshaware
et al., 2018

1h Use of B-cyclodextrin in concentration 1.5 % proved
to be useful for debittering of juice extracted from
bitter gourd. As compared to untreated counterparts
the amount of bioactive compounds in
p-cyclodextrin treated juice was observed in higher
concentration.

1h Amount of total soluble solids, catechin and
chlorogenic acid was significantly higher in sodium
chloride treated bitter gourd as compared to
untreated bitter gourd.

- Authors observed the increment in viscosity and
total soluble solids in carboxymethylcellulose and
gum Arabic treated bitter gourd. Antioxidant

- potential in carboxymethylcellulose and gum
treated bitter gourd was found significantly higher
during ABTS assay.

40s Treatment with sodium hydroxide and sodium
bicarbonate results in improvement in pH which
contributes in decreasing the bitterness of juice.
However, the amount of ascorbic acid in juice

- extracted from treated samples was significantly

lower as compared to untreated counterparts.

Use of B-cyclodextrin in concentration 5% at 30 °C

for a period of 60 min. results in reduction of

limonin by 80.71 %. The efficiency of f-cyclodextrin
retained even at temperature 6 °C with limonin
reduction by 80.96 %.

Treatment of juice with p-cyclodextrin in

concentration 2% at ambient temp. for a period of

10 min. results in reduction of limonin content from

23.24-19.93 pg ml~L.

Orange juice was treated with Amberlite XAD-16HP

at temperature range 20—50 °C. Significant

reduction in limonin content (ppm) was observed at
temp. 20 °C which results in reduction of limonin

_ content Fp})m) from 10.677'0‘06. . Kola et al., 2010
Orange juice was treated with Dowex Optipore
L1285 at temperature range 20—50 °C. Significant
reduction in limonin content (ppm) was observed at
temp. 20 °C which results in reduction of limonin
content (ppm) from 10.67—0.126.

Rashima et al.,
2017

Kore and
Chakraborty,
2015

Mongkolkul

60 min et al., 2006

10 min Bala et al., 2017

Treatment of orange juice with Amberlite XAD-7HP
- results in reduction of limonin content (ppm) from
11.4-5.4 ppm at temperature 40 °C.

Nas and
Karatas, 2017

bitterness in juice as compared to untreated counterparts. Modern juice
extractor although results in faster extraction of juice from fruits how-
ever during the extraction process crushing of seeds along with juicy sac
may contribute in providing bitterness to juice. Manual removal of seeds
from fruits before juice extraction results in decreased bitterness in juice.
Sandhu and Singh (2001) observed that use of screw type juice extractor
was effective to decrease the bitterness in juice. Thakur and Lal Kaushal
(2000) demonstrated that the amount of bitterness causing components
(naringin and limonin) was minimum in juice extracted from seedless
fruits.

7.3. Hot water treatment and filtration

Hot water treatment (HWT) and filtration is the important physical
methods which are being applied on variety of fruits to reduce the
bitterness problem. During the HWT, fruits are kept in hot water (50 °C)
for a specific period (20—30 min) followed by manual peeling and juice
extraction. Kore and Chakraborty (2015) reported that HWT of
pummelo juice results in decrease in TSS (11.10—9.40°B); acidity
(1.32—0.94%) and ascorbic acid (73.9—32.5 mg 100 ml™ D). Specific
equipments (filter press) and membranes (HFM; hollow fiber
membranes)/ultra-filtrations (UF) are in use to avoid the entry of
bitterness causing components to extracted juice. Wethern (1991)

reported the use of UF for the clarification of juice extracted from
grapefruit. The mechanism behind the filtration is: UF membranes have
the capability to retain large sized molecules whereas smaller one could
pass through the membrane thus resulting in the specific permeability
(Cassano and Basile, 2013). HFM and UF helps in clarification of juice
without allowing the entry of suspended particles and pulp. Clarified
juice will be further processed using chemical as well as other physical
methods. Ilame and Singh (2018) demonstrated that UF membrane
modules (polysulfone based membrane; 30 kDa) have potential to in-
crease the shelf life of kinnow for a period of 60 days without the
requirement of additives.

8. Chemical method
8.1. Lye treatment

Debittering of fruit juices using lye treatment includes the treatment
of fruits with sodium hydroxide at temperature 82—83 °C for 40-60 s
followed by rinsing in citric acid of known concentration and washing
under tap water to remove excess sodium hydroxide (Kore and Chak-
raborty, 2015). Debittering using lye treatment could be applied on
variety of fruits with different ages. During the lye treatment outer
creamy-white part of peeled fruit reacts with hydroxyl and carboxylic
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group and results in removal of hydrophilic derivative during washing
with water. Sogi and Singh (2001) observed that during the lye treat-
ment concentration of sodium hydroxide used acts a determinant factor
for debittering. As sodium hydroxide up to a specific concentration re-
sults in debittering however beyond specific limits it results in negative
effects. Anand et al. (2012) studied the effect of various techniques for
the purpose to debitter kinnow juice. Among different methods (lye
treatment, florisil and their combinations) they found that lye treatment
as best method for debittering of juice. Scientific reports on juice deb-
ittering suggest that removal of white papery segment from kinnow
fruits during lye treatment results in maximal debittering of juice
(Sandhu et al., 1990; Sandhu and Singh, 2001).

8.2. Florisil

Florisil is white colored, odorless compound which is chemically
known as activated magnesium silicates. Florisil is used as an important
debittering agent to improve the shelf life of fruit juices. Barmore et al.
(1986) reported the use of florisil for the purpose to debitter the
grapefruit juice. In their study, different concentration of florisil (5-20
%) was used. Increasing concentration of florisil significantly affects the
amount of bitterness causing compounds in grapefruit juice. Use of
florisil in concentration (20 %) results in reduction of limonin content
from 8.8 to 1.7 ppm and naringin from 326ppm-159 ppm. Percentage of
total acid in grapefruit juice was reduced from 0.81—0.33%. Kashyap
and Anand (2017) reported the effect of florisil on ascorbic acid and
reducing sugar of kinnow juice. The observed that florisil use results in
decrease in ascorbic acid content from 18—14 mg 100g ™! and reducing
sugar (3.53—2.90%).

8.3. p-cyclodextrin

Scientific studies reported the use of p-cyclodextrin for the removal
of bitterness from fruit juices. Deshaware et al. (2018) reported the use
of B-cyclodextrin for debittering of bitter gourd juice. They use
B-cyclodextrin in concentration 0.25-2% out of which 1.5 % proved to
be fruitful for removing the bitterness from bitter gourd (Table 2).
Mongkolkul et al. (2006) demonstrated that p-cyclodextrin in concen-
tration 5% at 30 °C for a period of 60 min. results in reduction of limonin
content from tangerine Juice by 80.71 %. Bala et al. (2017) reported that
treatment of lime juice with p-cyclodextrin (2%, 10 min) decrease the
amount of limonin from 23—20 pg ml~%.

9. Biological methods
9.1. Microbial consortia for enzyme production

Microbial strains are continuously being used for the production of
specific enzymes (a-i-rhamnosidase and naringinase) for debittering
purposes. The strains specifically used by researchers for the production
of naringinase are A. oryzae (Chen et al., 2010); A. foetidus (Mendoza-Cal
et al., 2010); A. niger (Luo et al., 2019; Igbonekwu et al., 2018; Awad
et al., 2016; Shanmugaprakash et al., 2011; Machado et al., 2010);
A. flavus (Srikantha et al., 2016); Bacillus sp. (Patil et al., 2019); Pseu-
domonas sp. (Patil et al., 2019); Streptomyces sp.(Patil et al., 2019);
Fusarium solani (Patil et al., 2019); Escherichia coli (Patil et al., 2019);
Aspergillus brasiliensis (Patil et al., 2019); Rhizophus Stolonifer (Kar-
uppaija et al., 2017); Bacillus cereus (Pegu et al., 2019). Fungal and
bacterial strains commonly utilized for the production of a-L-rhamno-
sidase are Clavispora lusitaniae (Singh et al., 2018); A. niger (Petri et al.,
2014); Aspergillus ochraceous (Yadav et al., 2018); A. wentii (Yadav et al.,
2018); A. sydowii (Yadav et al., 2018) and A. foetidus (Yadav et al.,
2018).
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9.2. Substrate used in enzymes production

The potential of microbial strains for the production of a-L-rhamno-
sidase and naringinase are being screened throughout the world using
different substrates. Substrates chosen for microbial fermentation
should be easily available at low cost and may be season independent so
that enzymatic productions may continue throughout the year. Specific
substrates are being utilized as solid platform during fermentation
process as they could serve as best carbon and energy source. For the
production of a-i-rhamnosidase commonly used substrates are orange
peel, rice bran, wheat bran, corn cob (Yadav et al., 2018); sugarcane
bagasse (Yadav et al., 2018; Petri et al., 2014); soybean hull (Petri et al.,
2014); and rice straw (Petri et al., 2014). For the production of nar-
inginase substrate that were used during fermentation process are
pomelo pericarp powder (Chen et al., 2010); grapefruit rind (Mendo-
za-Cal et al., 2010); rice bran, wheat bran, sugarcane bagasse, citrus
peel, press mud (Shanmugaprakash et al., 2011); orange rind (Shehata
and Abd-El-Aty, 2014; Awad et al., 2016); Citrus fruit and peel (Luo
et al., 2019; Patil et al., 2019; Srikantha et al., 2016; Machado et al.,
2010) and lemon peel (Igbonekwu et al., 2018).

Although various substrates could be used for enzymatic productions
however, the capability of microbial strains that can grow on specific
substrates may vary depending on the nutritional profile of substrate;
water retention potential; surface area of fermentation chamber/flask
and incubation conditions. Substrate being fermented should be capable
enough to imbibe moisture for sustaining microbial growth and meta-
bolic reactions during the fermentation period (Purewal et al., 2019;
Salar et al., 2017; Postemsky et al., 2017; Sandhu et al., 2016). Food
grade GRAS (generally recognized as safe) cultures is one of important
choice for the enzymatic production as they are safe. As compared to
bacterial strains fungal strains are preferably used because of their
capability to grow under minimal presence of water. For the better re-
sults during fermentation process it is necessary to maintain the softness
of substrates as they ease the penetration of fungal hyphae in them and
helps in boosting mycelial growth (Purewal et al., 2020; Acosta-Estrada
et al., 2019; Mansor et al., 2019; Aita et al., 2019; Salar and Purewal,
2016; Salar et al., 2012). Physiology of starter culture (microbial strains)
and incubation conditions (moisture content; temp.; pH etc.); aeration,
particle size of substrate and porosity are the factors which ultimately
determine the amount of enzymes produced during fermentation pro-
cess. Ncube et al. (2012) reported that sometimes during the fermen-
tation process if substrate doesn’t fulfill the necessity of starter culture,
addition of medium supplements (external supportive sources) could
helps to achieve desirable changes. List of starter cultures along with
substrates used are reported in Table 2.

9.3. Debittering enzymes and their production under different conditions

Researchers are working throughout the world to debitter the juice
extracted from citrus family fruits. The keen focus of their research is to
convert the bitterness causing components in to non-bitter metabolites
so that the shelf life of juice may be extended. Enzymatic methods for
debittering fruit juices are gaining interest from researchers/scientists/
industries as their action on bitterness causing components are much
higher as compared to chemical reagents. Further the enzymatic
methods are cheaper than chemical treatments as enzymes can be
immobilized on suitable surface to ensure their long term repetitive
uses. For this purpose screening of microorganisms are being carried out
for their potential to produce specific enzymes so that they can be used
at industrial level for debittering the juice. Depending on the specific
substrate, microbial strains and incubation conditions the type and
amount of enzymes produced may vary accordingly. Production of
debittering enzymes under different set of conditions using microbial
consortia is represented in the form of Table 3. Brewster et al. (1976)
reported that use of enzyme limonite dehydrogenase on orange juice
results in reduction of limonin content of juice from 21—3 ppm. Johnson
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Table 3
Production of debittering enzymes under different set of conditions using microbial consortia.
Source Microorganisms Process type Temp. pH Static/ Enzyme Enzyme Amount Material for References
used Shaking extraction of enzyme
phase enzyme immobilization
Aspergillus 1 mll of 69U ml
ochraceous sodium
A. wentii Solid state Static. acetate / O-L- 73U ml !
° . ? - Yadav et al., 201
Corn cob A. sydowii fermentation s0°c 45 Shaking acetic acid rhamnosidase 142 Uml™? adav et al., 2018
buff
A. foetidus uter 39U ml?
solution
Aspergillus 1 m.l of 34U ml?
ochraceous sodium
. A. wentii Solid state Static. acetate / o-L- 43Uml™?
b: ° X ? - Yadav et al., 2018
Rice bran A. sydowii fermentation s0°c 45 Shaking acetic acid rhamnosidase 73 Uml? adavetal,
A. foetidus buffe}' 11?19 v
solution ml
Aspergillus 1 m.l of 186 U ml-
ochraceous sodium
Sugarcane A. wentii Solid state Static, acetate / o-L- 153 Uml !
° X - Yadav et al., 2018
bagasse A. sydowii fermentation s0°¢c 45 Shaking acetic acid rhamnosidase 198 U ml™* adavetat,
A. foetidus buffer 309 U ml~!
solution
Aspergillus 1 mll of 52U ml-!
ochraceous sodium
A. wentii Solid state Static. acetate / O-L- 60 Uml !
Wheat b; . 30°C 4.5 2 X . . _ - Yadav et al., 2018
cat bran A. sydowii fermentation Shaking acetic acid rhamnosidase 39 Uml! daveta
A. foetidus buffer 201 U ml
solution
Aspergillus 1 mll of 69U ml!
ochraceous sodium
A. wentii Solid state Static. acetate / o-L- 39 Uml!
° X ’ - Yade al.,, 201
Orange peel A. sydowii fermentation sorc 45 Shaking acetic acid rhamnosidase 105 U ml ™! adav et al., 2018
A. foetidus buffe‘r 92 Uml?
solution
pomelo .
1 281
pericarp A. oryzae Solid state. 28°C 6.0 Shaking - Naringinase 40{: 81U - Chen et al., 2010
fermentation ml
powder
sodium
i i Mendoza-Cal et al.
Gra.pefru1t A. foetidus Solid state. 35°C 5.4 Static acetate Naringinase 2.58 U - endoza-Cal et al,
rind fermentation 2010
buffer 0.1 M
sodium
G fruit Solid stat Mendoza-Cal et al.,
ra.pe i niger oudsta e. 35°C 5.4 Static acetate Naringinase 2.06 U - endozastatetd
rind fermentation 2010
buffer 0.1 M
. X . Solid state . . acetate - 1 Shanmugaprakash
Rice bran Aspergillus niger fermentation 27 °C 4.5 Static buffer 0.1 M Naringinase 58.1U¢g - etal, 2011
Wheat bran Aspergillus niger Solid state 27 °C 4.5 Static acetate Naringinase 484Ug! Shanmugaprakash
pergt 8 fermentation : buffer 0.1 M 8 : 8 - et al., 2011
Sugarcane N . Solid state . acetate - 1 Shanmugaprakash
A 27 ° . N .2 -
bagasse spergillus niger fermentation 7°C 45 Static buffer 0.1 M aringinase 432U¢ etal., 2011
Citrus peel Aspergillus niger Solid state 27 °C 4.5 Static acetate Naringinase 33Ug! Shanmugaprakash
P perst & fermentation : buffer 0.1 M & : & et al., 2011
N . Solid state R . acetate - 54.76 U Shanmugaprakash
Press mud Aspergillus niger fermentation 27 °C 4.5 Static buffer 0.1 M Naringinase g’l - etal, 2011
Suﬁz;asse sodium
’ li -L- 1.92
soybean Aspergillus niger Solid statg 28 °C 4.5 Static acetate L . 9,1 u - Petri et al., 2014
fermentation buffer rhamnosidase ml
hulls and
. 50mM
rice straw
sodium
. . . Solid state . . - 4420 Shehata and
Orange rind Aspergillus niger fermentation 28°C 7.5 Static acetate Naringinase ml-? - Abd-El-Aty, 2014
buffer 0.1 M
Orange rind sodium
li 2—
anc‘l grape niger Solid Staté 28°C 7.5 Static acetate Naringinase 3,1 899U Alginate beads Awad et al., 2016
fruit fermentation buffer g
powder 0.1 M
17. . .
- Aspergillus niger - 40°C 3.5 - - Naringinase ;12143 v Silica material Luo et al., 2019
Citrus fruit . Liquid state Room . . 449.58 U Srikantha et al.,
and peel Aspergillus flavus fermentation temp. Shaking - Naringinase g - 2016
) . Liquid state R . - 178.6mUl/ Machado et al.,
- Aspergillus niger fermentation 28°C 4.5 Shaking - Naringinase L - 2010
- Bacillus sp. Liquid sta.te 28 °C - Shaking - Naringinase 197.3U - Patil et al., 2019
fermentation
Liquid statt
- Pseudomonas sp. 1quic s a.e 28°C - Shaking - Naringinase 186.8 U - Patil et al., 2019
fermentation
- Streptomyces sp. 28°C - Shaking - Naringinase 168.4 U - Patil et al., 2019

(continued on next page)
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Table 3 (continued)
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Source Microorganisms Process type Temp. pH Static/ Enzyme Enzyme Amount Material for References
used Shaking extraction of enzyme
phase enzyme immobilization
Liquid state
fermentation
- Fusarium solani Liquid state 28°C - Shaking Naringinase 1789 U - Patil et al., 2019
fermentation
- Escherichia coli Liquid state 28°C - Shaking Naringinase 89.4U - Patil et al., 2019
fermentation
- Aspergillus Liquid state 28°C - Shaking Naringinase 194.7 U - Patil et al., 2019
brasiliensis fermentation
Palmyrah Rhizophus Liquid state Room 4.0 Shaking Naringinase 3.125 pmol - Karuppaija et al.,
Fruit Pulp Stolonifer fermentation temp. ml~! 2017
- Bacillus cereus Liquid state 35°C 4-9  Shaking Naringinase 7.8 Uml-1 - Pegu et al., 2019
fermentation
- Clavispora Liquid state 35°C 4.0 Shaking o-L- 0.106 IU - Singh et al., 2018
lusitaniae fermentation rhamnosidase ml-1
Lemon peel Aspergillus niger Submerged 50 °C 3.5 - Naringinase 157.70 U - Igbonekwu et al.,
fermentation 2018

and Chandler (1982) demonstrated the absorptive potential of cellulose
acetate films for limonin. The smoother surface of cellulose acetate films
helps in maintaining the activity of enzymes at low temperature com-
parable to free enzymes. Due to the presence of naringin reduction po-
tential cellulose acetate films are used in packing materials for storing
citrus fruit juices. Immobilization of industrially important enzymes are
currently in trend as the process results in maintenance of enzymatic
activity for longer time and facilitate their repetitive use. Immobiliza-
tion could be achieved in many ways which includes a) Use of inert
material for immobilization of enzymes b) Entrapment of enzymes with
in polymerizes gel lattice c¢) Cross linking of active proteins with
multifunctional reagents d) covalent bonding of enzymes on insoluble
supporting materials. The success rate of immobilization depends on
activity of enzymes under different pH and temperature, presence of
specific prosthetic and functional groups; molecular mass and enzymatic
purity. Hasegawa et al. (1982) observed that application of immobilized
cells could reduce the limonin content of serum up to 70 %. Soares and
Hotchkiss (1988) reported that naringinase enzymes immobilized using
cellulose acetate film was capable to reduce the level of naringin in
grapefruit by 23 %. Puri et al. (1996) reported the action of a-L.-Rham-
nosidase and p-p-glucosidase on conversion of naringin to bitterless
compound naringenin. The mechanisms of action of both enzymes are
represented in the form of Fig. 1. Yadav and Yadav (2004) studied 6
MTCC certified fungal strains for their potential to produce a-L-rham-
nosidase under pH range 4.0-5.5 and temperature range 53—60 °C. The

a-L-Rhamnosidase

Naringin (C27H32014)

oH o OH OH
Ho\@) O 0 O HO O o. HO\G»OH
e (o}
0" HO™
CHOH  OH O o o CH0H
3-D-glucosidase
Prunin (C21H22010) Naringenin (bitterless compound) (C1sH120s) + Glucose (CeH1206)

Prunin (C21H22010) +

conditions under which the fungal strains gave their optimal response
was as follows; Aspergillus foetidus MTCC-508 (K, value: 0.17 mM; Peak
value: 7.74; pH: 4.0 and temp. 56 °C); Aspergilus terreus MTCC-3566 (K,
value: 0.13 mM; Peak value: 4.60; pH: 4.0 and temp. 55 °C); Aspergilus
terreus MTCC-3375 (K, value: 0.42; Peak value: 6.97; pH: 4.5 and temp.
57 °C); Aspergillus ochraceus MTCC-4643 (K, value: 0.36; Peak value:
4.32; pH: 5.0 and temp. 60 °C); Aspergillus flavipus MTCC-4644 (K
value: 0.48; Peak value: 7.92; pH: 5.5 and temp. 55 °C) and Aspergillus
fumigatus MTCC-3376 (K, value: 0.18; Peak value: 3.75; pH: 4.5 and
temp. 53 °C).

Machado et al. (2010) reported that combination of naringin and
molasses results in enhancement of naringinase activity produced by
Aspergillus niger. The optimum experimental conditions for the produc-
tion of naringinase was KHyPO4 (1 g L’l); KCl(0.5g L’l); MgS04.7H0
0.5¢g L Y and FeCl3(0.1g L’l); peptone (10 g L’l); naringin (0.5 g LH
and molasses (3 g L™!). Experimental conditions were temperature (28
°C); pH (4.5); spore count (10° spores ml™ ) and shaking condition (180
rpm). Under these conditions the amount of naringinase produced by
Aspergillus niger was 178.6 mUI ml~l. Mendoza-Cal et al. (2010)
screened twelve different fungal strains for their potential to produce
naringinase enzyme. During their study they used naringin as an
inductor and observed the hydrolysis of naringin in range 79-81 %. The
optimal conditions for the naringinase producing fungal strains were pH
5.4; temperature 35 °C and 40 °C. Aspergillus foetidus was the best fungal
strain which produce 2.58 U ml~ ! of enzyme. Chen et al. (2010) use

OH ?H
0 O HO, JOH

h 0 HO™ "0 \CH3

Rhamnose (CsH120s)

Fig. 1. Enzymatic action on naringin (Puri et al., 1996).
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Aspergillus oryzae as starter culture on pomelo pericarp powder for the
naringinase production. The optimal conditions they found for the
maximum production of naringinase enzyme was: pomelo pericarp
powder (15 g); peptone (12 g); NaCl (0.4 g); MgS04.7H20 (2 g); CaCly
(0.2 g) and K;HPOy4 (1 g). The amount of naringinase enzyme produced
under optimized conditions was 408.28 TU ml .

Shanmugaprakash et al. (2011) use Aspergillus niger (MTCC-1344) as
starter culture on different substrates (sugarcane bagasse; rice bran;
citrus peel; press mud; wheat bran and citrus peel) for the production of
naringinase enzyme. Amount of naringinase produced by starter culture
on different substrates was as follows: rice bran (58 U g’l); wheat bran
(48U g’l); sugarcane bagasse (43 U g’l); press mud (3 U g’l) and citrus
peel (54.76 U g’l). Shehata and Abd-El-Aty (2014) optimized the
experimental parameters for the production of naringinase from marine
fungi. The output of their study indicates Aspergillus niger as promising
strain for the naringinase production. During optimization strategy
TOAD (Taguchi’s orthogonal array design) and PBFD (Plackett-Burman
factorial design) design was used to verify the significance of experi-
mental parameters. The optimized conditions for the naringinase pro-
duction from Aspergillus niger was orange rind (15 g); FeSO4 (5 mM);
MgS04 (5 mM); NaNO3 (1%); grape fruit (1%); KoHPO4 (0.5 %) and pH
(7.5). Naringinase activity observed under optimized experimental
conditions was 3.14 fold higher as compared to routine cultivation
conditions.

Awad et al. (2016) reported the immobilization of naringinase from
Aspergillus niger on biocatalytically active gel beads. Under optimized
conditions the loading capacity improved by 28 folds (32—899 U g™1).
Srikantha et al. (2016) studied use of paddy husk on 5 fungal strains for
the screening of their potential to produce naringinase enzyme. The
fungal strain with maximual naringinase production potential was
identified as Aspergillus flavus. The enzyme activity observed for Asper-
gillus flavus was 450 U g~ 1.

Karuppaija et al. (2017) reported naringinase activity in strain
Rhizopus stolonifer isolated from Palmyrah fruit pulp. They observed that
enzyme produced by Rhizopus stolonifer remains active with Vpay: 3.125
pmol ml ™! at temperature 60 °C and pH 4.5. Yadav et al. (2018) compare
the a-L-rhamnosidase production capability of A. foetidus;, A. wentii; A.
sydowii and Aspergillus ochraceous. They observed maximum enzyme
production at 30 °C with substrate:moisture ratio (1:1 w/v). They
demonstrated that use of naringin as substrate during the fermentation
process results in enhancement of enzyme production. Sucrose proved to
be an efficient carbon source which results in a-L.-rhamnosidase activity
in A. foetidus (738 U ml™Y), A. wentii (397 U ml™1); A. sydowii (596 U
ml™ Y and Aspergillus ochraceous (363.6 U ml™H comparable to other
carbon sources (rhamnose, fructose and glucose) which produces lesser
enzymes unit.

Singh et al. (2018) studied the effect of C-sources (glucose, fructose,
lactose, sucrose and rhamnose) and reported the maximum production
of rhamnosidase by Clavispara lusitaniae (KF633446) under experi-
mental conditions rhamnose (0.6 g 100 ml™1); yeast extract (0.4 g 100
ml™Y) and naringin (0.2 g 100 ml™}!). Temperature and pH during the
experimental work was 35 + 5 °C and 4 respectively. Luo et al. (2019)
use silica material for the purpose of naringinase immobilization. The
starter culture used by them was Aspergillus niger. Silica material with
variable pore size (MCM-41 2 nm; SBA-15 7.7 nm and silica gel 80 nm)
was screened for the efficiency to retain naringinase activity. As
compared to free enzymes (89 U ml’l); they found SBA-15 as efficient
carrier for retaining enzyme activity (467.62 U g~'; 40 °C for 4h) up to 8
consecutive cycles. Storage period of 30 days results in residual nar-
inginase activity 81 %. Patil et al. (2019) reported the presence of nar-
inginase activity in 6 microbial strains namely: Bacillus sp. (197 U);
Pseudomonas sp. (186 U); Streptomyces sp. (168 U); Fusarium solani (179
U); Escherichia coli (89 U) and Aspergillus brasiliensis MTCC-1344 (195
U). The maximum naringinase activity was shown by Bacillus sp. (197U).
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10. Other debittering method
10.1. Addition of syrup

Bitterness in kinnow juice depends on the sugar-acid ratio in the juice
sacs. Environmental conditions especially temperature, light irradiance
and agricultural practice significantly affects the sugar content in juice
sacs of kinnow fruit. During ripening phase, increase in temperature
resulted in decreased acid level and increased sugar content of kinnow
fruit (Lado et al., 2016; Benjamin et al., 2013; Marsh et al., 1999). Total
soluble solids (TSS) present in kinnow pulp may vary from 9.5-16%
(Goldenberg et al., 2014; Shen et al., 2013; Ladaniya, 2011; Xu et al.,
2008). Sugar syrups are being used to overcome the bitterness of juice.
Bala et al. (2017) reported the reduction in amount of bitterness causing
components present in kagzi lime juice. They observed 60.38 % and
39.76 % reduction in limonin (ug ml™') during treatment T; (juice TSS
65°B) and Ty, (juice TSS 45°B). Further, 63.35 % and 49.16 % reduction
in naringin content was also observed in both T; (juice TSS 65°B) and Ty
(juice TSS 45°B) treatments. Kore and Chakraborty (2015) studied the
effect of syrup treatment on debittering of pummelo juice. In their study
pummelo juice was mixed with sugar syrup to achieve final TSS value
(15°B, 30°B and 45°B). They reported that addition of syrup results in
modulation of bio-chemical properties of pummelo juice as indicated by
change in acidity from 1.32 to 0.50 %; reducing sugar (4.61-18.47 %)
and ascorbic acid (73.97—42.35 mg 100 ml™b). Further, addition of
sugar syrup in juice results in improvement of consumer acceptability
from 3.33 to 7.88 (Sensory analysis, hedonic scale).

10.2. Challenges

Besides chemical methods which is a costly method for adoption at
industrial scale, one of the attracting and challenging approach to
combat bitterness in fruit juice is the utilizing the potential of genetic
engineering techniques. Transgenic plants could be able to solve the
problem of bitterness in juice. Enzyme coding genes whose action result
in formation of non bitter intermediate complexes in the juice may be
synthesized. Suitable changes in genome at specific locations could ar-
rest the formation of limonin in such fruits where the problems of
bitterness in juice mainly due to limonin. Enzymes which could be one of
the target for genetic engineering is: 1) Nomilin Deacetylase 2) Limonate
dehydrogenase 3) Glucosyltransferase. Insertion of specific enzymes like
Nomilin deacetylase in citrus fruit could modulate the pathway of
limonin synthesis. In routine way the metabolic pathways results in
formation of limonin from nomilin which results in bitterness in juice
extracted from citrus fruits. The action of enzyme results in formation of
deacetylnomilin from nomilin which is a bitterless compound. Another
important enzyme that could be a boon in debittering direction is lim-
onate dehydrogenase which has potential to convert bitter limonin in to
bitterless 17-dehydrolimonate A-ring lactone. Glucosyltransferase
catalyze the conversion of limonin aglycones to bitterless 17p-p-gluco-
pyranoside derivatives.

10.3. Future prospects and conclusions

Nowadays, cost effective, easy to perform, reliable and user friendly
methods are gaining more interest. Pulpy part of citrus and seeds are
mainly responsible for the bitterness of juice therefore decreasing their
shelf life and consumer acceptance. It is important to develop a juice
extraction method or use of specific equipment like screw type juice
extractor which allow minimal addition of pulp particles and seeds to
improve shelf life with consumer acceptance. The methods which could
results in debittering of juice with lesser effects on organoleptic prop-
erties of fruits are needs to be developed. Scientific studies on debit-
tering of juice indicate that screw type juice extractor is more efficient to
extract juice with less bitter components as compared to other methods.
Application of specific growth promoting hormones such as 2-(4-
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cholorophenyl thio) tri-ethylamine, ethylene and GA3 could improve
the nutritional profile of citrus fruits (Sandhu et al., 2012; Berhow,
2000). The amount of bitterness causing components starts decreasing
with the age of fruit and seasonal variation. Seasonal changes in
bitterness causing components of citrus fruits should be kept in mind
before preparing any food product based on them. Lye treatment,
addition of sugar, florisil and naringinase are in use to combat bitterness
of juice and improvement of taste. Blending of juice is also useful as it
improve the taste and aroma. Enzymes immobilized on suitable material
could be preferable as they could be used again and again for debittering
purposes. Naringinase has been used mainly for debittering of citrus
juices and in biotransformation processes. Enzymes are sufficient
enough to reduce the bitterness causing compounds up to a significant
level. However with many advantages, enzymatic use also has some
limitation. Industries are not adopting the use of enzymes for debittering
purpose as the enzymatic use raise the cost of products prepared from
debittered juice. Further, enzymes purification/immobilization is a
tedious process and inactivation of enzymes/leaching limits the efficacy
level half time.

Funding information

This study was supported by Grant No. SP/YO/727/2018 received
from SEED Division, Department of Science & Technology (DST), New
Delhi, India.

Declaration of Competing Interest
Authors declare no conflict of interest.

References

Acosta-Estrada, B.A., Villela-Castrejon, J., Perez-Carrillo, E., Gomez-Sanchez, C.E.,
Gutiérrez-Uribe, J.A., 2019. Effects of solid-state fungi fermentation on phenolic
content, antioxidant properties and fiber composition of lime cooked maize by-
product (nejayote). J. Cereal Sci. 90, 102837 https://doi.org/10.1016/j.
j€s.2019.102837.

Aita, B.C., Spannemberg, S.S., Schmaltz, S., Zabot, G.L., Tres, M.V., Kuhn, R.C.,
Mazutti, M.A., 2019. Production of cell-wall degrading enzymes by solid-state
fermentation using agroindustrial residues as substrates. J. Environ. Chem. Eng. 7,
103193 https://doi.org/10.1016/j.jece.2019.103193.

Alam, M.A., Subhan, N., Rahman, M.M., Uddin, S.J., Reza, H.M., Sarker, S.D., 2014.
Effect of citrus flavonoids, naringin and naringenin, on metabolic syndrome and
their mechanisms of action. Adv. Nutr. 14, 404-417. https://doi.org/10.3945/
an.113.005603.

Anand, S., Dhaliwal, Y.S., Badyal, J., 2012. Effect of debittering techniques on the
chemical characteristics of stored kinnow juice. Innovation in food science and
technology to fuel the growth of the Indian food industry (abstracts). Proceedings of
the XXI Indian Convention of Food Scientists and Technologists, Pune, Maharashtra,
p. 146.

Arruda, H.S., Pereira, G.A., Pastore, G.M., 2017. Optimization of extraction parameters
of total phenolics from Annona crassiflora Mart. (Araticum) fruits using response
surface methodology. Food Anal. Methods 10, 100-110. https://doi.org/10.1007/
512161-016-0554-y.

Arruda, H.S., Pereira, G.A., Pastore, G.M., 2018. Brazilian Cerrado fruit araticum
(Annona crassiflora Mart.) as a potential source of natural antioxidant compounds.
Int. Food Res. J. 25, 2005-2012.

Awad, G.E.A., Abd-El-Aty, A.A., Shehata, A.N., Hassan, M.E., Elnashar, M.M., 2016.
Covalent immobilization of microbial naringinase using novel thermally stable
biopolymer for hydrolysis of naringin. 3 Biotech 6, 14. https://doi.org/10.1007/
$13205-015-0338-x.

Bala, A., Kaushal, B.B.L., Joshi, V.K., Kaushal, M., 2017. Comparisons of juice extraction
methods, determination of bittering principles and standardization of debittering of
lime juice. Indian J. Nat. Prod. Resour. 8, 263-268.

Barmore, C.R., Fisher, J.F., Fellers, P.J., Rouseff, R.L., 1986. Reduction of bitterness and
tartness in grapefruit juice with florisil. J. Food Sci. 51, 415-416. https://doi.org/
10.1111/j.1365-2621.1986.tb11144.x.

Benjamin, G., Tietel, Z., Porat, R., 2013. Effects of rootstock/scion combinations on the
flavor of citrus fruit. J. Agric. Food Chem. 61, 11286-11294.

Berhow, M.A., 2000. Effects of early plant growth regulator treatments on flavonoid
levels in grapefruit. Plant Growth Regul. 30, 225-232. https://doi.org/10.1023/a:
1006349108636.

Berhow, M., Tisserat, B., Kanes, K., Vandercook, C., 1998. Survey of phenolic compounds
produced in Citrus. USDA ARS Techn. Bull. 1856, 1-154.

Scientia Horticulturae 276 (2021) 109750

Brewster, L.C., Hasegawa, S., Maier, V.P., 1976. Bitterness prevention in citrus juices.
Comparative activities and stabilities of the limonoate dehydrogenases from
Pseudomonas and Arthrobacter. J. Agric. Food Chem. 24, 21-24.

Bronner, W.E., Beecher, G.R., 1995. Extraction and measurement of prominent
flavonoids in orange and grapefruit concentrates. J. Chromatogr. A 705, 247-256.

Cai, Y., Luo, Q., Sun, M., Corke, H., 2004. Antioxidant activity and phenolic compounds
of 112 traditional Chinese medicinal plants associated with anticancer. Life Sci. 74,
2157-2184.

Careri, M., Elviri, L., Mangia, A., Musci, M., 2000. Spectrophotometric and coulometric
detection in the high-performance liquid chromatography of flavonoids and
optimization of sample treatment for the determination of quercetin in orange juice.
J. Chromatogr. A 881, 449-460.

Cassano, A., Basile, A., 2013. Integrating different membrane operations and combining
membranes with conventional separation techniques in industrial processes.
Handbook of Membrane Reactors, pp. 296-343. https://doi.org/10.1533/
9780857097347.1.296.

Chen, D., Niu, T., Cai, H., 2010. Optimizing culture medium for debittering constitutive
enzyme naringinase production by Aspergillus oryzae JMU316. Afr. J. Biotechnol. 9,
4970-4978.

Chen, R., Qi, Q., Wang, M., Li, Q., 2016. Therapeutic potential of naringin: an overview.
Pharm. Biol. 54, 3203-3210. https://doi.org/10.1080/13880209.2016.1216131.

Del-Rio, J.A., Arcas, M.C., Benavente, O., Sabater, F., Ortuno, A., 1998. Changes of
polymethoxylated flavones levels during development of Citrus aurantium (cv.
Sevillano) fruits. Planta Med. 64, 575-576.

Deshaware, S., Gupta, S., Singhal, R.S., Joshi, M., Variyar, P.S., 2018. Debittering of
bitter gourd juice using f-cyclodextrin: mechanism and effect on antidiabetic
potential. Food Chem. 262, 78-85. https://doi.org/10.1016/j.
foodchem.2018.04.077.

Dilworth, L.L., Riley, C.K., Stennett, D.K., 2017. Plant constituents: carbohydrates, oils,
resins, Balsams, and plant hormones. Pharm. Fund. Appl. Strat. 61-80. https://doi.
org/10.1016/B978-0-12-802104-0.00005-6.

Drawert, F., Leupold, G., Pivernetz, H., 1980. Quantitative gaschromatographische
Bestimmung Von Rutin, Hesperidin und naringin in Orangensaft. Chem. Mikrobiol.
Technol. Leben. 6, 189-191.

Drewnoswki, A., 2001. The science and complexity of bitter taste. Nutr. Rev. 59,
163-169.

Drewnowski, A., Gomez-Carneros, C., 2000. Bitter taste, phytonutrients, and the
consumer: a review. Am. J. Clin. Nutr. 72, 1424-1435.

Endo, T., Kita, M., Shimada, T., Moriguchi, T., Hidaka, T., Matsumoto, R., Hasegawa, S.,
Omura, M., 2002. Modification of limonoid metabolism in suspension cell culture of
citrus. Plant Biotechnol. 19, 397-403.

Fisher, J.F., 1978. A high-performance liquid chromatographic method for the
quantitation of hesperidin in orange juice. J. Agric. Food Chem. 26, 1459-1460.
Fong, C.H., Hasegawa, S., Coggins Jr., C.W., Atkins, D.R., Miyake, M., 1992. Contents of
limonoids and limonin 17-B-D-glucopyranoside in fruit tissue of valencia orange

during fruit growth and maturation. J. Agric. Food Chem. 40, 1178-1181.

Fuchs, G., 1994. Orange juices from Cuba. Fruit Process 1, 10-13.

Galensa, R., Herrmann, K., 1980. Hochdruckflussigkeitschromatographische
Bestimmung Von Hesperidin in orangesa ften. Deutsch Leben. Rund. 76, 270-273.

Gamache, P., Ryan, E., Acworth, L.N., 1993. Analysis of phenolic and flavonoid
compounds in juice beverages using high performance liquid chromatography with
coulometric array detection. J. Chromatogr. 635, 143-150.

Goldenberg, L., Yaniv, Y., Kaplunov, T., Doron-Faigenboim, A., Porat, R., Carmi, N.,
2014. Genetic diversity among mandarins in fruit-quality traits. J. Agric. Food Chem.
62, 4938-4946. https://doi.org/10.1021/f5002414.

Li, H., Peng, Y., Zheng, J., 2016. Metabolic activation and toxicities of furanoterpenoids.
Adv. Mol. Toxicol. 10, 55-97. https://doi.org/10.1016/B978-0-12-804700-2.00002-
7.

Hasegawa, S., 2000. Biochemistry of Limonoids in Citrus. Citrus Limonoids 758, 9-30.
https://doi.org/10.1021/bk-2000-0758.ch002.

Hasegawa, S., Miyake, M., 1996. Biochemistry and biological functions of citrus
limonoids. Food Rev. Int. 12, 413-435.

Hasegawa, S., Patel, M.N., Snyder, R.C., 1982. Reduction of limonin bitterness in Navel
orange juice serum with bacterial cells immobilized in acrylamide gel. J. Agric. Food
Chem. 30, 509-511.

Hasegawa, S., Ou, P., Fong, C.H., Herman, Z., Coggins, C.W.Jr., Atkin, D.R., 1991.
Changes in the limonoate A-ring lactone and limonin 17-8-D-glucopyranoside
content of navel oranges during fruit growth and maturation. J. Agric. Food Chem.
39, 262-265.

Hsu, W.J., Berhow, M., Robertson, G.H., Hasegawa, S., 1998. Limonoids and flavonoids
in juices of Oroblanco and Melogold grapefruit hybrids. J. Food Sci. 63, 57-60.

Igbonekwu, A., Omeje, K.O., Ezugwu, A.L., Soo, E., Njoku, O.U., Chilaka, F.C., 2018.
Characterization of nariginase obtained from Aspergillus niger by submerged
fermentation using naringin extracted from lemon peels. Res. Dev. Mater. Sci. 4,
420-424. https://doi.org/10.31031/RDMS.2018.04.000599.

Ilame, S.A., Singh, S.V., 2018. Physico-chemical properties of ultrafiltered kinnow
(mandarin) fruit juice. J. Food Sci. Technol. 55, 2189-2196. https://doi.org/
10.1007/513197-018-3136-8.

Izawa, K., Amino, Y., Kohmura, M., Ueda, Y., Kuroda, M., 2010. Human-environment
interactions-taste. Comp. Natl. Products II Chem. Biol. 4, 631-671. https://doi.org/
10.1016/B978-008045382-8.00108-8.

Johnson, R.L., Chandler, B.V., 1982. Reduction of bitterness and acidity in grapefruit
juice by adsorptive processes. J. Sci. Food Agric. 33, 287-293.

Justesen, U., Knuthsen, P., Leth, T., 1997. Determination of plant phenols in Danish
foodstuffs by HPLC-UV and LC-MS detection. Cancer Lett. 114, 165-167.


https://doi.org/10.1016/j.jcs.2019.102837
https://doi.org/10.1016/j.jcs.2019.102837
https://doi.org/10.1016/j.jece.2019.103193
https://doi.org/10.3945/an.113.005603
https://doi.org/10.3945/an.113.005603
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0020
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0020
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0020
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0020
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0020
https://doi.org/10.1007/s12161-016-0554-y
https://doi.org/10.1007/s12161-016-0554-y
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0030
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0030
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0030
https://doi.org/10.1007/s13205-015-0338-x
https://doi.org/10.1007/s13205-015-0338-x
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0040
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0040
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0040
https://doi.org/10.1111/j.1365-2621.1986.tb11144.x
https://doi.org/10.1111/j.1365-2621.1986.tb11144.x
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0050
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0050
https://doi.org/10.1023/a:1006349108636
https://doi.org/10.1023/a:1006349108636
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0060
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0060
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0065
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0065
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0065
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0070
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0070
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0075
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0075
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0075
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0080
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0080
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0080
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0080
https://doi.org/10.1533/9780857097347.1.296
https://doi.org/10.1533/9780857097347.1.296
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0090
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0090
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0090
https://doi.org/10.1080/13880209.2016.1216131
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0100
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0100
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0100
https://doi.org/10.1016/j.foodchem.2018.04.077
https://doi.org/10.1016/j.foodchem.2018.04.077
https://doi.org/10.1016/B978-0-12-802104-0.00005-6
https://doi.org/10.1016/B978-0-12-802104-0.00005-6
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0115
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0115
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0115
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0120
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0120
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0125
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0125
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0130
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0130
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0130
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0135
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0135
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0140
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0140
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0140
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0145
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0150
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0150
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0155
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0155
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0155
https://doi.org/10.1021/jf5002414
https://doi.org/10.1016/B978-0-12-804700-2.00002-7
https://doi.org/10.1016/B978-0-12-804700-2.00002-7
https://doi.org/10.1021/bk-2000-0758.ch002
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0175
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0175
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0180
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0180
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0180
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0185
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0185
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0185
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0185
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0190
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0190
https://doi.org/10.31031/RDMS.2018.04.000599
https://doi.org/10.1007/s13197-018-3136-8
https://doi.org/10.1007/s13197-018-3136-8
https://doi.org/10.1016/B978-008045382-8.00108-8
https://doi.org/10.1016/B978-008045382-8.00108-8
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0210
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0210
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0215
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0215

S.S. Purewal and K.S. Sandhu

Justesen, U., Knuthsen, P., Leth, T., 1998. Quantitative analysis of flavonols, flavones,
and flavanones in fruits, vegetables and beverages by high-performance liquid
chromatography with photo-diode array and mass spectrometric detection.

J. Chromatogr. A 799, 101-110.

Karuppaija, S., Kapilan, R., Vasantharuba, S., 2017. Kinetic properties of extracellular
thermophilic naringinase produced by Rhizophus stolonifer isolated from Palmyrah
fruit pulp. Int. J. Sci. Res. Agric. Sci. 4, 9-18. https://doi.org/10.12983/ijsras-2017-
p0009-0018.

Kashyap, P., Anand, S., 2017. Effect of debittering techniques on the chemical
characteristics of stored kinnow juice. J. Hill Agric. 8, 490-494.

Ke, Z.L., Pan, Y., Xu, X.D., Nie, C., Zhou, Z.Q., 2015. Citrus flavonoids and human
cancers. J. Food Nutr. Res. 3, 341-351.

Kita, M., Hisada, S., Endo-Inagaki, T., Omura, M., Moriguchi, T., 2000. Changes in the
levels of mRNAs for putative cell growth-related genes in the albedo and flavedo
during citrus fruit development. Plant Cell Rep. 19, 582-587.

Kola, O., Kaya, C., Duran, H., Altan, A., 2010. Removal of limonin bitterness by
treatment of ion exchange and adsorbent resins. Food Sci. Biotechnol. 19, 411-416.

Kore, V.K., Chakraborty, 1., 2015. Efficacy of various techniques on biochemical
characteristics and bitterness of pummelo juice. J. Food Sci. Technol. 52,
6073-6077.

Ladaniya, M.S., 2011. Physico-chemical, respiratory and fungicide residue changes in
wax coated mandarin fruit stored at chilling temperature with intermittent warming.
J. Food Sci. Technol. 48, 150-158.

Lado, J., Cuellar, F., Rodrigo, M.J., Zacarias, L., 2016. Nutritional Composition of
Mandarins. Nutritional Composition of Fruit Cultivars, pp. 420-443. https://doi.
org/10.1016/B978-0-12-408117-8.00018-0.

Ley, J.P., 2008. Masking bitter taste by molecules. Chemosens. Percept. 1, 58-77.
https://doi.org/10.1007/512078-008-9008-2.

Li, L., Tan, W., Li, W., Zhu, Y., Cheng, Y., Ni, H., 2019. Citrus taste modification
potentials by genetic engineering. Int. J. Mol. Sci. 20, 6194. https://doi.org/
10.3390/1jms20246194.

Lotha, R.E., Khurdiya, D.S., Mahashwari, M.L., 1994. Effect of storage on the quality of
kinnow mandarin for juice processing. Indian Food Packers 48, 25-38.

Luo, J., Li, Q., Sun, X., Tian, J., Fei, X., Shi, F., Zhang, N., Liu, X., 2019. The study of the
characteristics and hydrolysis properties of naringinase immobilized by porous silica
material. RSC Adv. 9, 4514. https://doi.org/10.1039/c9ra00075e.

Machado, R.A.M., Buzato, J.B., Dias, C.D., Celligoi, M.A.P.C., 2010. Naringinase
production by Aspergillus niger in the fermentation of different carbon and nitrogen
sources. Biotechnol.: Indian J. 4, 201-206.

Mahajan, B.V.C., Kapoor, S., Tandon, R., 2018. Transformation in physico-chemical and
bioactive constituents in variable grades of Kinnow Mandarin during different stages
of maturity. Nutr. Food Sci. Int. J. 6, 555679 https://doi.org/10.19080/
NFS1J.2018.05.555679.

Malta, L.M., Tessaro, E.P., Eberlin, M., Pastore, G.M., Liu, R.H., 2013. Assessment of
antioxidant and antiproliferative activities and the identification of phenolic
compounds of exotic Brazilian fruits. Food Res. Int. 53, 417-425. https://doi.org/
10.1016/j.foodres.2013.04.024.

Mansor, A., Ramli, M.S., Abdul-Rashid, N.Y., Samat, N., Lani, M.N., Sharifudin, S.A.,
Raseetha, S., 2019. Evaluation of selected agri-industrial residues as potential
substrates for enhanced tannase production via solid-state fermentation. Biocatal.
Agric. Biotechnol. 20, 101216 https://doi.org/10.1016/j.bcab.2019.101216.

Marini, D., Balestrieri, F., 1995. Multivariate analysis of flavanone glycosides in citrus
juices. Ital. J. Food Sci. 7, 255-264.

Marsh, K.B., Richardson, A.C., MacRae, E.A., 1999. Early- and mid-season temperature
effects on the growth and composition of satsuma mandarins. J. Hortic. Sci.
Biotechnol. 74, 443-451. https://doi.org/10.1080/14620316.1999.11511135.

Matche, R.S., 2018. Packaging technologies for fruit juices. Fruit Juices. Elsevier,
pp. 637-666.

Mclntosh, C.A., Mansell, R.L., 1997. Three-dimensional distribution of limonin,
limonoate A-ring monolactone, and naringin in the fruit tissues of three varieties of
Citrus paradisi. J. Agric. Food Chem. 45, 2876-2883.

MclIntosh, C.A., Mansel, R.L., Rouse, V., R. L, 1982. Distribution of limonin in the fruit
tissues of nine grapefruit cultivars. J. Agric. Food Chem. 30, 689-692.

Mendoza-Cal, A., Cuevas-Glory, L., Lizama-Uc, G., Ortiz-Vazquez, E., 2010. Naringinase
production from filamentous fungi using grapefruit rind in solid state fermentation.
Afr. J. Microbiol. Res. 4, 1964-1969.

Minamisawa, M., Suzuki, K., Kawai, G., Yamaguchi, A., Yamanaka, S., 2017. Functional
evaluation of yuzu (Citrus junos) extracts containing limonoids and polyamine for
life extension. J. Funct. Foods 38, 591-600. https://doi.org/10.1016/j.
jf£.2017.09.043.

Mishra, P., Kar, R., 2003. Treatment of Grapefruit Juice for bitterness removal by
amberlite IR 120 and amberlite IR 400 and alginate entrapped naringinase enzyme.
J. Food Sci. 68, 1229-1233. https://doi.org/10.1111/j.1365-2621.2003.tb09630.x.

Mongkolkul, P., Rodart, P., Pipatthitikorn, T., Meksut, L., Sanguandeekul, R., 2006.
Debittering of Tangerine (Citrus reticulata Blanco.) juice by p-Cyclodextrin polymer.
J. Incl. Phenom. Macrocycl. Chem. 56, 167-170.

Montoya, C., Gonzdlez, L., Pulido, S., Atehortta, L., Robledo, S.M., 2019. Identification
and quantification of limonoid aglycones content of Citrus seeds. Rev. Bras.
Farmacogn. 29, 710-714. https://doi.org/10.1016/].bjp.2019.07.006.

Moriguchi, T., Kita, M., Hasegawa, S., Omura, M., 2003. Molecular approach to citrus
flavonoid and limonoid biosynthesis. Food Agric. Environ. 1, 22-25.

Mouly, P.P., Gaydou, E.M., Estienne, J.M., 1993. Column liquid chromatographic
determination of flavanone glycosides in Citrus. J. Chromatogr. 634, 129-134.

Mouly, P.P., Gaydou, E.M., Faure, R., Estienne, J.M., 1997. Blood orange juice
authentication using cinnamic acid derivatives. Variety differentiations associated
with flavanone glycoside content. J. Agric. Chem. 45, 373-377.

Scientia Horticulturae 276 (2021) 109750

Li, N., Whitaker, C., Xu, Z., Heggeness, M., Yang, S., 2016. Therapeutic effects of naringin
on degenerative human nucleus pulposus cells for discogenic low back pain. Spine J.
16, 1231-1237. https://doi.org/10.1016/j.spinee.2016.05.007.

Nas, G., Karatas, S., 2017. Removal of bitterness by using of amberlite in orange juices.
Int. J. Electron. Mech. Mechatron. Eng. 7, 1419-1432.

Ncube, T., Howard, R.L., Abotsi, E.K., Elbert, L., Ncube, J.R.I., 2012. Jatropha curcas
seed cake as substrate for production of xylanase and cellulase by Aspergillus niger
FGSCA733 in solid-state fermentation. Ind. Crops Prod. 37, 118-123. https://doi.
org/10.1016/j.indcrop.2011.11.024.

Neri-Numa, I.A., Sancho, R.A.S., Pereira, A.P.A., Pastore, G.M., 2018. Small Brazilian
wild fruits: nutrients, bioactive compounds, health-promotion properties and
commercial interest. Food Res. Int. 103, 345-360. https://doi.org/10.1016/j.
foodres.2017.10.053.

Nogata, Y., Hideaki, O., Koh-Ichi, Y., Berhow, M., Hasegawa, S., 1994. High-performance
liquid chromatographic determination of naturally occurring flavonoids in Citrus
with a photodiode-array detector. J. Chromatogr. A 667, 59-66.

Ooghe, W.C., Ooghe, S.J., Detavernier, C.M., Huyghebaert, A., 1994. Characterization of
orange juice (Citrus sinensis) by flavanone glycosides. J. Agric. Food Chem. 42,
2183-2190.

Ortuno, A., Garcia-Puig, D., Fuster, M.D., Perez, M.L., Sabater, F., Garcia-Lidon, P.A.,
Del-Rio, J.A., 1995. Flavanone and nootkatone levels in different varieties of
grapefruit and pummelo. J. Agric. Food Chem. 43, 1-5.

Patil, S.V., Koli, S.H., Mohite, B.V., Patil, R.P., Patil, R.R., Borase, H.P., Patil, V.S., 2019.
A novel screening method for potential naringinase producing microorganisms.
Biotechnol. Appl. Biochem. 323-327. https://doi.org/10.1002/bab.1728.

Pegu, B.K., Chutia, J., Kardong, D., Gogoi, D., 2019. Optimization of environmental
parameters for enhancement of naringinase production of Bacillus cereus-K1 a
bacterial strain. Int. J. Adv. Sci. Res. Manag. 4, 68-73.

Pereira, G.A., Arruda, H.S., Morais, D.R., Araujo, N.M.P., Pastore, G.M., 2020. Mutamba
(Guazuma ulmifolia Lam.) fruit as a novel source of dietary fibre and phenolic
compounds. Food Chem. 310, 125857 https://doi.org/10.1016/j.
foodchem.2019.125857.

Peterson, J.J., Dwyer, J.T., Beecher, G.R., Bhagwat, S.A., Gebhardt, S.E., Haytowitz, D.B.,
Holden, J.M., 2006. Flavanones in oranges, tangerines (mandarins), tangors, and
tangelos: a compilation and review of the data from the analytical literature. J. Food
Compos. Anal. 19, S66-S73.

Petri, A.C., Buzato, J.B., Celligoi, M.A.P.C., Borsato, D., 2014. Optimization of the
production of a-Irhamnosidase by Aspergillus niger in solid state fermentation using
agro-industrial residues. Br. Microbiol. Res. J. 4, 1198-1210.

Postemsky, P.D., Bidegain, M.A., Gonzalez-Matute, R., Figlas, N.D., Cubitto, M.A., 2017.
Pilot-scale bioconversion of rice and sunflower agro-residues into medicinal
mushrooms and laccase enzymes through solid-state fermentation with Ganoderma
lucidum. Bioresour. Technol. 231, 85-93. https://doi.org/10.1016/j.
biortech.2017.01.064.

Premi, B.R., Lal, B.B., Joshi, V.K., 1994. Distribution pattern of bittering principle in
Kinnow fruits. J. Food Sci. Technol. 31, 140-141.

Premi, B.R.,, Lal, B.B., Joshi, V.K., 1995. Efficacy of various techniques for removing
bitter principles in Kinnow juice. J. Food Sci. Technol. 32, 332-335.

Pupin, A.M., Dennis, M.J., Toledo, M.C.F., 1998. Polymethoxylated flavones in Brazilian
orange juice. Food Chem. 63, 513-518.

Pupin, A.M., Dennis, M.J., Toledo, M.C.F., 1998a. Flavanone glycosides in Brazilian
orange juice. Food Chem. 61, 275-280.

Purewal, S.S., Sandhu, K.S., 2020. Nutritional profile and health benefits of kinnow: an
updated review. Int. J. Fruit Sci. 1-21. https://doi.org/10.1080/
15538362.2020.1792390.

Purewal, S.S., Sandhu, K.S., Salar, R.K., Kaur, P., 2019. Fermented pearl millet: a product
with enhanced bioactive compounds and DNA damage protection activity. J. Food
Meas. Charact. 13, 1479-1488. https://doi.org/10.1007/511694-019-00063-1.

Purewal, S.S., Salar, R.K., Bhatti, M.S., Sandhu, K.S., Singh, S.K., Kaur, P., 2020. Solid-
state fermentation of pearl millet with Aspergillus oryzae and Rhizopus azygosporus:
effects on bioactive profile and DNA damage protection activity. J. Food Meas.
Charact. 14, 150-162. https://doi.org/10.1007/s11694-019-00277-3.

Puri, M., Marwaha, S.S., Kothari, R.M., Kennedy, J.F., 1996. Biochemical basis of
bitterness in citrus fruit juices and biotech approaches for debittering. Crit. Rev.
Biotechnol. 16, 145-155.

Ramos, M., Valdes, A., Mellinas, A.C., Garrigos, M.C., 2015. New trends in beverage
packaging systems: a review. Beverages 1, 248-272. https://doi.org/10.3390/
beverages1040248.

Rashima, R.S., Maizura, M., Kang, W.M., Fazilah, A., Tan, L.X., 2017. Influence of sodium
chloride treatment and polysaccharides as debittering agent on the physicochemical
properties, antioxidant capacity and sensory characteristics of bitter gourd
(Momordica charantia) juice. J. Food Sci. Technol. 54, 228-235. https://doi.org/
10.1007/513197-016-2454-y.

Rouseff, R.L., 1988. Liquid chromatographic determination of naringin and
neohesperidin as a detector of grapefruit juice in orange juice. J.- Assoc. Off. Anal.
Chem. 71, 798-802.

Rouseff, R.L., Martin, S.F., Youtsey, C.O., 1987. Quantitative survey of narirutin,
naringin, hesperidin, neohesperidin in Citrus. J. Agric. Chem. 35, 1027-1030.

Roy, A., Saraf, S., 2006. Limonoids: overview of significant bioactive triterpenes
distributed in plants kingdom. Biol. Pharm. Bull. 29 (2), 191-201. https://doi.org/
10.1248/bpb.29.191.

Russo, M., Arigo, A., Calabro, M.L., Farnetti, S., Mondello, L., Dugo, P., 2016. Bergamot
(Citrus bergamia Risso) as a source of nutraceuticals: limonoids and flavonoids.

J. Funct. Foods 20, 10-19. https://doi.org/10.1016/].jff.2015.10.005.

Salar, R.K., Purewal, S.S., 2016. Improvement of DNA damage protection and

antioxidant activity of biotransformed pearl millet (Pennisetum glaucum) cultivar


http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0220
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0220
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0220
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0220
https://doi.org/10.12983/ijsras-2017-p0009-0018
https://doi.org/10.12983/ijsras-2017-p0009-0018
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0230
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0230
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0235
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0235
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0240
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0240
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0240
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0245
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0245
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0250
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0250
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0250
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0255
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0255
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0255
https://doi.org/10.1016/B978-0-12-408117-8.00018-0
https://doi.org/10.1016/B978-0-12-408117-8.00018-0
https://doi.org/10.1007/s12078-008-9008-2
https://doi.org/10.3390/ijms20246194
https://doi.org/10.3390/ijms20246194
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0275
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0275
https://doi.org/10.1039/c9ra00075e
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0285
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0285
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0285
https://doi.org/10.19080/NFSIJ.2018.05.555679
https://doi.org/10.19080/NFSIJ.2018.05.555679
https://doi.org/10.1016/j.foodres.2013.04.024
https://doi.org/10.1016/j.foodres.2013.04.024
https://doi.org/10.1016/j.bcab.2019.101216
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0305
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0305
https://doi.org/10.1080/14620316.1999.11511135
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0315
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0315
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0320
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0320
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0320
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0325
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0325
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0330
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0330
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0330
https://doi.org/10.1016/j.jff.2017.09.043
https://doi.org/10.1016/j.jff.2017.09.043
https://doi.org/10.1111/j.1365-2621.2003.tb09630.x
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0345
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0345
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0345
https://doi.org/10.1016/j.bjp.2019.07.006
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0355
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0355
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0360
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0360
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0365
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0365
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0365
https://doi.org/10.1016/j.spinee.2016.05.007
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0375
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0375
https://doi.org/10.1016/j.indcrop.2011.11.024
https://doi.org/10.1016/j.indcrop.2011.11.024
https://doi.org/10.1016/j.foodres.2017.10.053
https://doi.org/10.1016/j.foodres.2017.10.053
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0390
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0390
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0390
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0395
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0395
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0395
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0400
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0400
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0400
https://doi.org/10.1002/bab.1728
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0410
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0410
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0410
https://doi.org/10.1016/j.foodchem.2019.125857
https://doi.org/10.1016/j.foodchem.2019.125857
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0420
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0420
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0420
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0420
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0425
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0425
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0425
https://doi.org/10.1016/j.biortech.2017.01.064
https://doi.org/10.1016/j.biortech.2017.01.064
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0435
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0435
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0440
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0440
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0445
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0445
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0450
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0450
https://doi.org/10.1080/15538362.2020.1792390
https://doi.org/10.1080/15538362.2020.1792390
https://doi.org/10.1007/s11694-019-00063-1
https://doi.org/10.1007/s11694-019-00277-3
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0470
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0470
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0470
https://doi.org/10.3390/beverages1040248
https://doi.org/10.3390/beverages1040248
https://doi.org/10.1007/s13197-016-2454-y
https://doi.org/10.1007/s13197-016-2454-y
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0485
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0485
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0485
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0490
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0490
https://doi.org/10.1248/bpb.29.191
https://doi.org/10.1248/bpb.29.191
https://doi.org/10.1016/j.jff.2015.10.005

S.S. Purewal and K.S. Sandhu

PUSA-415 using Aspergillus oryzae MTCC 3107. Biocatal. Agric. Biotechnol. 8,
221-227. https://doi.org/10.1016/j.bcab.2016.10.005.

Salar, R.K., Certik, M., Brezova, V., 2012. Modulation of phenolic content and
antioxidant activity of maize by solid state fermentation with Thamnidium elegans
CCF 1456. Biotechnol. Bioprocess Eng. 17, 109-116. https://doi.org/10.1007/
512257-011-0455-2.

Salar, R.K., Purewal, S.S., Sandhu, K.S., 2017. Fermented pearl millet (Pennisetum
glaucum) with in vitro DNA damage protection activity, bioactive compounds and
antioxidant potential. Food Res. Int. 100, 204-210. https://doi.org/10.1016/j.
foodres.2017.08.045.

Sandhu, K.S., Singh, N., 2001. Studies on factors affecting the physicochemical and
organoleptic properties of Kinnow juice. J. Food Sci. Technol. 38, 266-269.

Sandhu, K.S., Bhatia, B.S., Shukla, F.C., 1990. Effect of lye treatment on the quality of
Kinnow mandarin juice. Indian J. Hortic. 47, 55.

Sandhu, K.S., Minhas, K.S., Sidhu, J.S., 2012. Processing of Citrus juices. Handbook of
Fruits and Fruit Processing, pp. 489-533. https://doi.org/10.1002/9781118352533.
ch29.

Sandhu, K.S., Punia, S., Kaur, M., 2016. Effect of duration of solid state fermentation by
Aspergillus awamorinakazawa on antioxidant properties of wheat cultivars. LWT
Food Sci. Technol. 71, 323-328.

Sato, R., 2013. Nomilin as an anti-obesity and anti-hyperglycemic agent. Vitam. Horm.
91, 425-439. https://doi.org/10.1016/B978-0-12-407766-9.00018-3.

Sendra, J.M., Navarro, J.L., Izquierdo, L., 1988. C18 solid-phase isolation and high-
performance liquid chromatography/ultraviolet diode array determination of fully
methoxylated flavones in citrus juice. J. Chromatogr. 26, 443-448.

Shanmugaprakash, M., Kumar, V.V., Hemalatha, M., Melbia, V., Karthik, P., 2011. Solid-
state fermentation for the production of debittering enzyme naringinase using
Aspergillus niger MTCC 1344. Eng. Life Sci. 11, 322-325.

Shehata, A.N., Abd-El-Aty, A., 2014. Optimization of process parameters by statistical
experimental designs for the production of naringinase enzyme by marine fungi. Int.
J. Chem. Eng. 2014, 1-10. https://doi.org/10.1155/2014/273523.

Shen, Y., Zhong, L., Sun, Y., Chen, J., Liu, D., Ye, X., 2013. Influence of hot water dip on
fruit quality, phe—nolic compounds and antioxidant capacity of Satsuma mandarin
during storage. Food Sci. Technol. Int. 19, 511-521. https://doi.org/10.1177/
1082013212457669.

Singh, S.V., Jain, R.K., Gupta, A.K., Dhatt, A.S., 2003. Debittering of citrus juices-a
review. J. Food Sci. Technol. 40, 247-253.

Singh, P., Sahota, P.P., Singh, R.K., 2018. Optimization of media components for
production of a-L-rhamnosidase from Clavispora lusitaniae KF633446. Int. J. Curr.
Microbiol. Appl. Sci. 7, 2947-2959.

Singla, G., Krishania, M., Sandhu, P.P., Sangwan, R.S., Panesar, P.S., 2019. Value
addition of kinnow juice processing industry byproducts using green solvents.

J. Pharmacogn. Phytochem. SP1, 19-22.

11

Scientia Horticulturae 276 (2021) 109750

Soares, N.F.F., Hotchkiss, J.H., 1988. Naringinase immobilization in packaging films for
reducing naringin concentration in grapefruit juice. J. Food Sci. 63, 61-65.

Soares, S., Kohl, S., Thaimann, S., Mateus, N., Meyerhof, W., De-Freitas, V., 2013.
Different phenolic compounds activate distinct human bitter taste receptors.

J. Agric. Food Chem. 61, 1525-1533. https://doi.org/10.1021/jf304198k.

Sogi, D.G., Singh, S., 2001. Studies on bitterness development in kinnow juice, ready to
serve beverage, squash, jam and candy. J. Food Sci. Technol. 38, 433-438.

Srikantha, K., Kapilan, R., Seevaratnam, V., 2016. Characterization of best naringinase
producing fungus isolated from the citrus fruits. Int. J. Biol. Res. 4, 83-87. https://
doi.org/10.14419/ijbr.v4i2.6281.

Thakur, N.K., Lal Kaushal, B.B., 2000. Effect of level of juice extraction on physico-
chemical characteristics and bitterness of heat processed Kinnow juice. J. Food Sci.
Tech. 3 (4), 412-414.

Trock, B., Lanza, E., Greenwald, P., 1990. Dietary fiber, vegetables, and colon cancer:
critical review and meta-analyses of the epidemiological evidence. J. Natl. Cancer
Inst. 82, 650-661.

Veldhuis, M.K., Swift, L.J., Scott, W.C., 1970. Fully-methoxylated flavones in Florida
orange juices. J. Agric. Food Chem. 18, 590-592.

Wallrauch, S., 1995. Beitrag Zur Beurteilung von kubanischen orangenund grapefruitsa’
ften. Fluss. Obst. 62, 115-124.

Wethern, M., 1991. Citrus debittering with ultrafiltration/adsorption combined
technology. pp. 48-46. 37th Annual Citrus Engineering Conference. March 21, Lake
Alfred, FL, USA. ASME American Society of Mechanical Engineers, Lake Alfred, FL,
USA (1991).

Xu, G., Liu, D., Chen, J., Ye, X., Ma, Y., Shi, J., 2008. Juice components and antioxidant
capacity of citrus varieties cultivated in China. Food Chem. 106, 545-551. https://
doi.org/10.1016/j.foodchem.2007.06.046.

Yadav, S., Yadav, K.D.S., 2004. Secretion of a-L-rhamnosidase by some indigenous fungal
strains. J. Sci. Ind. Res. 63, 439-443. X.

Yadav, S., Kumar, D., Yadav, K.D.S., 2018. a-L- rhamnosidases produced under solid state
fermentation by few Aspergillus strains. Biotechnol. J. Int. 21, 1-8.

Yang, X.-R., Tanaka, N., Tsuji, D., Lu, F.-L., Yan, X.-J., Itoh, K., Kashiwada, Y., 2019.
Limonoids from the aerial parts of Munronia pinnata. Tetrahedron 75 (52), 130779.
https://doi.org/10.1016/j.tet.2019.130779.

Yang, R., Song, C., Chen, J., Zhou, L., Jiang, X., Cao, X., Sun, Y., Zhang, Q., 2020.
Limonin ameliorates acetaminophen-induced hepatotoxicity by activating Nrf2
antioxidative pathway and inhibiting NF-kB inflammatory response via upregulating
Sirtl. Phytomedicine 69, 153211. https://doi.org/10.1016/j.phymed.2020.153211.

Yaqoob, M., Aggarwal, P., Aslam, R., Rehal, J., 2020. Extraction of Bioactives From
Citrus. Green Sustainable Process for Chemical and Environmental Engineering and
Science, pp. 357-377. https://doi.org/10.1016/b978-0-12-817388-6.00015-5.

Zou, Z., Xi, W., Hu, Y., Nie, C., Zhou, Z., 2016. Antioxidant activity of Citrus fruits. Food
Chem. 196, 885-896. https://doi.org/10.1016/j.foodchem.2015.09.072.


https://doi.org/10.1016/j.bcab.2016.10.005
https://doi.org/10.1007/s12257-011-0455-2
https://doi.org/10.1007/s12257-011-0455-2
https://doi.org/10.1016/j.foodres.2017.08.045
https://doi.org/10.1016/j.foodres.2017.08.045
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0520
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0520
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0525
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0525
https://doi.org/10.1002/9781118352533.ch29
https://doi.org/10.1002/9781118352533.ch29
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0535
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0535
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0535
https://doi.org/10.1016/B978-0-12-407766-9.00018-3
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0545
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0545
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0545
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0550
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0550
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0550
https://doi.org/10.1155/2014/273523
https://doi.org/10.1177/1082013212457669
https://doi.org/10.1177/1082013212457669
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0565
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0565
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0570
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0570
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0570
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0575
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0575
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0575
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0580
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0580
https://doi.org/10.1021/jf304198k
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0590
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0590
https://doi.org/10.14419/ijbr.v4i2.6281
https://doi.org/10.14419/ijbr.v4i2.6281
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0600
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0600
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0600
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0605
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0605
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0605
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0610
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0610
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0615
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0615
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0620
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0620
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0620
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0620
https://doi.org/10.1016/j.foodchem.2007.06.046
https://doi.org/10.1016/j.foodchem.2007.06.046
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0630
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0630
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0635
http://refhub.elsevier.com/S0304-4238(20)30578-1/sbref0635
https://doi.org/10.1016/j.tet.2019.130779
https://doi.org/10.1016/j.phymed.2020.153211
https://doi.org/10.1016/b978-0-12-817388-6.00015-5
https://doi.org/10.1016/j.foodchem.2015.09.072

	Debittering of citrus juice by different processing methods: A novel approach for food industry and agro-industrial sector
	1 Introduction
	2 Bitterness causing compounds
	3 Naringin
	4 Limonin
	5 Mechanism
	6 Debittering methods
	7 Physical methods
	7.1 Resins
	7.2 Fruit juice extraction methods
	7.3 Hot water treatment and filtration

	8 Chemical method
	8.1 Lye treatment
	8.2 Florisil
	8.3 β-cyclodextrin

	9 Biological methods
	9.1 Microbial consortia for enzyme production
	9.2 Substrate used in enzymes production
	9.3 Debittering enzymes and their production under different conditions

	10 Other debittering method
	10.1 Addition of syrup
	10.2 Challenges
	10.3 Future prospects and conclusions

	Funding information
	Declaration of Competing Interest
	References


