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Abstract

Plant foods represent a very rich source of phytochemicals, including flavonoids
that play a prominent role as healthy compounds. Flavonoids are object of
numerous studies for their antioxidant, anti-inflammatory, neuroprotective, anti-
cancer, anti-obesity, and antidiabetic activities.

Whereas some classes of flavonoids are distributed in a wide range of plants,
others, such as flavanones, are found only in specific species. Indeed, flavanones
are present almost exclusively in Citrus species (Rutaceae). The aim of this
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chapter is to report the most recent developments related to the bioactivities of
Citrus flavanones, their bioavailability and metabolism, potential toxicity and
side effects, application in foods, and critical analyses of their potential future
application in food industries and for the formulation of pharmaceutical and
nutraceutical products.
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8.1 Introduction

Plant foods represent a very rich source of bioactive compounds, among which are
polyphenols. According to their chemical structures, polyphenols can be classified
into phenolic acids, flavonoids, lignans, and stilbenes. The polyphenols that mainly
characterize the human diet, representing about two-thirds and one-third of the total
daily intake of these phytochemicals, are phenolic acids and flavonoids (Ovaskainen
et al. 2008).

Several studies have reported an inverse relationship between flavonoids-rich
foods and some degenerative diseases (Ma et al. 2018; Spagnuolo et al. 2015).
According to their structures, dietary flavonoids are classified into six main groups,
namely, anthocyanidins, flavanols, flavanones, flavones, flavonols, and isoflavones.
Whereas some of these classes of flavonoids are distributed in a wide range of plant
foods, others, such as flavanones, are found only in particular foods. In fact, this
class of flavonoids is present almost exclusively in Citrus species. To a lesser extent,
they are found also in some plants including tomatoes and mint. In Citrus fruits,
flavanones account for approximately 95% of the total flavonoids (Peterson et al.
2006a, b). Flavanones occur mainly in flavedo, albedo, and segment membranes.

A total flavanones content in the range of 35–147 mg/100 g was found in
C. sinensis (orange) (Peterson et al. 2006b). Naringin and narirutin were quantified
in C. paradise. A content in the range of 44–106 mg/100 g was demonstrated
(Peterson et al. 2006b). However, because generally in the preparation of juices,
the albedo and membranous parts are discarded, flavanone levels in Citrus juices are
lower. Indeed, levels of naringenin in the range of 17–76 mg/100 mL were found in
the juice of C. paradisi (Ross et al. 2000) and levels of hesperidin and narirutin in the
range 13–77 mg/100 mg were found in the juice of C. sinensis (Tomas-Barberan and
Clifford 2000).

In Europe, C. sinensis represents the major source of Citrus flavanones (Zamora-
Ros et al. 2010). Flavanones are present in all cultivars. However, red cultivars showed
a higher number of flavanones (Grosso et al. 2013). Citrus fruits are largely consumed
as fresh or as juices or are canned. Moreover, uses in cosmetic and pharmaceutical
industries are reported. Citrus fruits have been used in traditional medicinal medicines
of several countries including China, Korea, and Japan. In particular, Chinese Pharma-
copoeia reports six Citrus species, namely, C. aurantium L., C. medica L., C. sinensis
Osbeck, C. reticulata Blanco, and C. wilsonii Tanaka (Lv et al. 2015) to treat skin
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inflammation, indigestion, cough, ringworm infections, muscle pain, and to lower
blood pressure. Both in vitro works and evidences from epidemiological, clinical,
and preclinical studies described the healthy promoting properties of Citrus species
and flavanones (Kang et al. 2016; Loizzo et al. 2012, 2016; Rendeiro et al. 2016;
Tundis et al. 2012; Zaidun et al. 2018; Zhou et al. 2018). The purpose of this chapter is
to compile data related to the bioactivities ofCitrus flavanones, their bioavailability and
metabolism, application in foods, marketed products, potential toxicity and side effects,
and critically analyze the future perspectives.

8.2 Bioactive Constituents of Citrus Species

In the Citrus genus, different types of flavonoids have been identified: flavanones,
flavones, flavonols, and – uniquely to blood oranges – anthocyanins. The flavonoids
contained in greater quantities in Citrus fruits are flavanones, representing approx-
imately 95% of the total (Peterson et al. 2006b). This subclass of polyphenols is the
intermediate structure for the biosynthesis of a wide range of flavonoids found
throughout the plant kingdom. In the vegetal tissues, flavanones result from the
condensation of two precursors: three molecules of malonyl-CoAwith one molecule
of p-coumaroyl-CoA by chalcone synthase (CHS), forming the 20,40,60,4-tetra-
hydroxychalcone or naringenin chalcone (Fig. 1) (Forkmann and Heller 1999).

Eventually, chalcone isomerizes into (2S)-flavanone (5,7,40-trihydroxyflavanone),
otherwise known as naringenin. This reaction can occur spontaneously, due the insta-
bility of the chalcone structure or stereospecifically by chalcone–flavanone isomerase
(CHI), which plays a significant role in the cyclization reaction of chalcones to form all
flavonoid classes (Forkmann and Heller 1999; Aoki et al. 2000). The main Citrus
flavanones aglycones are naringenin (5,7,40-trihydroxyflavanone), hesperetin
(40-methoxy-30,5,7-trihydroxyflavanone), eriodictyol (5,7,30,40-tetrahydroxyflavanone),
and isosakuranetin (40-methoxy-5,7-dihydroxyflavanone) (Fig. 2).

In Citrus fruits, these four compounds are generally glycosylated at position
7 by either the disaccharide neohesperidose or rutinose (Fig. 3) producing four
neohesperidose glycosides, namely, naringin, neoeriocitrin, neohesperidin, and
poncirin, and four rutinose glycosides, namely, didymin, eriocitrin, hesperidin, and
narirutin (Peterson et al. 2006b).

Neohesperidosides derivatives have a bitter taste, while rutinosides derivatives
have no taste. Surprisingly, chemical hydrogenation of neohesperidin in alkaline
solution produces the semisynthetic neohesperidin dihydrocalcone, a potent artificial
sweetener (Kinghorn et al. 2010).

Fig. 1 Naringenin chalcone
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8.3 Bioavailability and Metabolism of Flavanones

To exert their beneficial properties, polyphenols should be released during digestion
and absorbed (Parada and Aguilera 2007). Several works investigated how much of
polyphenols can be absorbed after ingestion. Nevertheless, the poor bioavailability
of these molecules have been highlighted.

Generally, the bioavailability of polyphenols is dependent on different factors
including bioaccessibility, transport, and metabolism (Bouayed et al. 2012). Most
studies that analyzed the bioavailability of Citrus flavanones involved hesperetin,
naringenin, and their glycosides. After intake, flavanone glycosides are hydrolyzed
in the small intestine and colon.

Fig. 2 Citrus flavanone aglycones: a naringenin, b hesperetin, c eriodictyol, d isosakuranetin

Fig. 3 Sugars present in Citrus flavanones glycosides: a neohesperidose and b rutinose
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Subsequently, during the passage across small intestine and liver, aglycones are
converted into their respective metabolites such as glucuronides, sulfoglucuronides,
and sulfates, which are distributed at the various cell sites. A considerable quantity
can be found in urine (Matsumoto et al. 2004). The deglycosylation of naringenin-7-
O-β-D-glucoside happens early in the small intestine.

Naringenin-7-O-β-D-rhamnoglucosides occur in the colon (Choudhury et al.
1999). Indeed, Felgines et al. (2000) showed the presence of naringenin conjugates
within 3 h in the plasma of rats fed with naringenin or its 7-O-β-D-glucoside.
No naringenin metabolites neither naringenin-7-O-β-D-rhamnoglucoside were
found. However, in the same work, similar naringenin concentrations after 10 h of
ingestion were found regardless of the diet. This evidence demonstrated the delayed
intestinal absorption of naringenin rhamnoglucosides.

Naringenin and its glucuronides were found in plasma and brain of rats 10 min
after administration of a concentration of 20 mg/kg (Peng et al. 1998). Higher
concentrations of naringin were detected in the bile and liver (Tsai 2002). Manach
et al. (2003) confirmed that in humans, both naringin and hesperidin are absorbed in
the distal part of the intestine, and once deglycosylated, during their transfer from the
luminal side of the gut to the portal vein, aglycones are sulfated and/or glucuronated
by uridine diphosphate (UDP)-glucuronosyltransferase and sulfotransferase.

Erlund et al. (2001) evaluated the concentration in human plasma of naringenin
and hesperetin aglycones after ingestion of grapefruit or orange juice (8 ml/kg body
weight). A range of 0.6–6.0 mmol/l with a peak concentration of 6.0 mmol/l for
naringenin (from grapefruit juice) and 2.2 mmol/l for hesperetin (from orange juice)
was found. A considerable distribution to tissues for both flavanones was suggested
(Erlund et al. 2001). Successively, the ingestion of 135 mg of both hesperetin and
naringenin under fasting conditions in 6 volunteers resulted in their appearance as
metabolites in blood plasma 20 min later. Peak plasma concentration of 2.7 and
7.4 mmol/l for hesperetin and naringenin was reached 4.0 and 3.5 h after ingestion,
respectively (Kanaze et al. 2007).

After ingestion of 1 l of orange juice (characterized by a content of 444 mg of
hesperidin and 96.4 mg of narirutin), analysis over 24 h led to C(max) values at 1.28
and 0.20 mmol/L for hesperetin and naringenin (after deconjugation), respectively.
The levels in urine of flavanones, expressed as percentage of their intake, amounted
to 7.9% and 6.4% for naringenin and hesperetin, respectively. The dose not consid-
erably affected the urinary excretion of flavanones (Manach et al. 2003). Generally,
naringenin is more bioavailable than hesperetin as resulted by both plasma and urine
analyses (Gardana et al. 2007; Kanaze et al. 2007).

The study of Cao et al. (2010) aimed to explain the different efficacy of two Zhi
Zhu Wan (ZZW) varieties on the basis on the results of pharmacokinetics of
hesperetin and naringenin. ZZW is a Chinese formulation that contains Atractylodes
Rhizome and Fructus Citrus Immaturus, which derived from C. aurantium and
C. sinensis. Although the immature C. aurantium and C. sinensis fruits showed
many common constituents, there are significant differences in their quantity and in
the presence of other characteristics compounds (Liu et al. 2008; Wang et al. 2008).
These chemical differences reflect the different clinical uses. After oral
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administration of C. aurantium, both naringenin and hesperetin were detected in
plasma and demonstrated similar pharmacokinetic parameters. After oral adminis-
tration of C. aurantium, both hesperetin and naringenin were detected in plasma and
showed comparable pharmacokinetic parameters. After oral administration
of C. sinensis, only hesperetin was detected. Moreover, it was found that the
pharmacokinetic properties for hesperetin in C. sinensis was different from
hesperetin in C. aurantium, and it was slowly eliminated. Based on all these results,
it can be concluded that hesperetin can be considered the effective compound for
both ZZW varieties.

The main plasma and urinary metabolites of aglycones are obtained by
glucuronidation and sulfation pathways. Glucuronide metabolites dominate with
a percentage of about 87%. However, the importance of the other metabolites
should not be neglected (Manach et al. 2003). Hesperetin-7-O-β-D-glucuronide,
hesperetin-30-O-β-D-glucuronide, hesperetin sulfoglucuronide, and hesperetin
diglucuronide are the main metabolites of hesperetin (Matsumoto et al. 2004; Mullen
et al. 2008). Naringenin-7-O-β-D-glucuronide, naringenin-40-O-β-D-glucuronide,
naringenin-40-O-sulfate-7-O-β-D-glucuronide, naringenin-40,7-O-disulfate, and
naringenin-40-O-β-D-glucuronide-7-O-sulfate are the most abundant metabolites of
naringenin (Brett et al. 2009; Tripoli et al. 2007).

A good determinant of flavanones intestinal absorption is their ability to permeate
of epithelial cells. The faster absorption of aglycones in comparison to glycosides
was demonstrated in humans by Miyake et al. (2006) that investigated the mecha-
nism of absorption of eriocitrin and eriodictyol.

The transport of flavonoids across the cell membranes in general imply the
presence of ATP-binding cassette (ABC) transporters, present in the enterocytes
apical or basolateral membrane, and allow the excretion back into the intestinal
lumen or uptake into the blood, respectively. Intestinal ABC transporters related
to the flavonoids include breast cancer resistance protein (BCRP), P-glycoprotein,
and multidrug resistance proteins. Kobayashi and Konishi (2008) confirmed that
the aglycone hesperetin was better absorbed across Caco-2 cell monolayers in
comparison to its glycoside hesperidin. The absorption occurs through transcellular
passive diffusion and a proton-coupled active transport (Kobayashi et al. 2008).
In the same year, Brand et al. (2008) revealed that hesperetin-7-O-β-D-glucuronide
and hesperetin-7-O-sulfate are mainly transported to the apical side in Caco-2
monolayers. Instead, it was demonstrated that hesperetin aglycone is able to perme-
ate the basolateral side of the monolayers of Caco-2 cell line. The results from
this work showed that BCRP-mediated transport could be one of the key steps
that could limit the bioavailability of hesperetin (Brand et al. 2008). Successively,
Brand et al. (2010) analyzed the differences in metabolism and transport, and the
activity of separated hesperetin enantiomers in in vitro models by using (i) human
intestinal fractions that contain UDP-glucuronosyl transferases or sulfotransferases,
(ii) Caco-2 cell monolayers, and (iii) mouse Hepa-1c1c7 cells transfected with
human EpRE-controlled luciferase.

These results showed relatively small differences in the metabolism, transport,
and activity between (S)- and (R)-hesperetin. This is important for the consideration
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that experiments that are performed with commercially available racemic
hesperetin may adequately reflect what can be expected for the naturally occurring
(S)-hesperetin.

Taking onto account that the bioavailability of healthy compounds may be
influenced by the food matrix in which they are to be found, the bioavailability
and metabolism of C. sinensis juice flavanones, namely, naringenin-7-O-rutinoside
and hesperetin-7-O-rutinoside, and the impact of the ingestion of the juice with
a yogurt were studied (Mullen et al. 2008). Human plasma and urine were collected
over a 24 h after the consumption of juice (250 mL) with and without of yogurt
(150 mL). Juice contains 168 and 12 μmol of hesperetin-7-O-rutinoside and
naringenin-7-O-rutinoside, respectively, paracetamol (1 g) and lactulose (5 g).
It was demonstrated that the investigated dairy food matrix may delay the intestinal
absorption of both naringenin-7-O-rutinoside and hesperetin-7-O-rutinoside with no
impact on their bioavailability. The role of the dietary matrix (yogurt) on the
bioavailability of flavanones was studied in a successive work in which it was
demonstrated that the quantity of flavanone metabolites excreted in urine after
24 h of C. sinensis juice consumption has reduced about 7 times when the orange
juice is ingested with yoghurt (Roowi et al. 2009). Probably, this reduction is due to
the alteration of flavanones metabolism by the action of the microflora in the large
intestine.

Flavanones demonstrated to be resistant to oxidative reactions, while their isom-
erization into chalcones was observed mainly for the orange juice. The processing
of pasteurization for 30 s at 95 �C, freezing, and concentration of juice showed no
effect on the in vitro flavanones bioaccessibility (Gil-Izquierdo et al. 2002).
Chalcones were found in higher quantities in industrially pressed juice in compar-
ison to the manually pressed juice.

Spigoni et al. (2017) recently investigated the bioavailability in humans
of different metabolites of Citrus bergamia (bergamot) phenolics (including flava-
nones) after juice intake. In particular, the potential use of bergamot in the system
of lipotoxicity-induced myeloid angiogenic cells (MACs) impairment was analyzed.
MACs play a crucial role in endothelial functionality and repairing processes.
However, the lipotoxic effects of some compounds, such as palmitic acid and
stearic acid, may decrease these activities. After consumption of bergamot juice,
the circulating flavanone metabolites in plasma and urine were assessed. Twelve
flavanone phase II conjugates were identified and quantified. Then, the effects at
physiological concentrations of hesperetin-7-O-glucuronide, naringenin-7-O-glucu-
ronide, hesperetin-30-O-glucuronide, and naringenin-40-O-glucuronide were investi-
gated on gene expression of apoptosis and inflammation markers in MACs after
exposition to stearic acid. Hesperetin-7-O-glucuronide and naringenin-40-O-glucu-
ronide demonstrated to be able to mitigate stearate-induced inflammation in MACs.

Previously, Aschoff et al. (2016) analyzed the bioavailability and the colonic
catabolism of flavanones from orange juice by using a dose 2.4-fold higher in
comparison to the flavanones from fruits. This choice is due to the consideration
that the juice contains flavanones at lower concentrations as compared to the fruits.
In this randomized two-way cross-over project, twelve healthy subjects are invited to
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consume a meal including either pasteurized juice or fresh fruits, providing 751 and
1774 μmol as total Citrus flavanones content, respectively.

Naringenin, deglucuronidated and desulfated hesperetin, and four catabolites,
namely, hippuric acid, 4-hydroxyhippuric acid, 3-(30-hydroxy-40-methoxyphenyl)
propionic acid, and 3-(30-hydroxyphenyl)hydracrylic acid, were quantitated in
24-h urine.

The urinary excretion of hesperetin as well as postprandial catabolites excretion
showed nonsignificant differences after consumption of both orange juice and fruits.
In conclusion, the excretion of flavanones after ingestion of orange fruits did not
differ from that succeeding at juice consumption, although the use of a 2.4-fold
higher dose. Probably, this is due to a saturation of absorption or flavanones
entrapment in the matrix of the fruit that is rich in fibers.

At the end of this paragraph, some general considerations are necessary.
Numerous studies show marked individual differences in the bioavailability of this
class of compounds, due to both molecular factors, including the activity and/or
synthesis of enzymes responsible of the biotransformation and transporters, and
physiological factors, including gastric motility, body composition, and body
weight. Variations have been described for biotransformation enzymes and secretory
transporters associated with flavonoids, including uridine diphosphate glucurono-
syltransferases, CYP3A4, and P-glycoprotein (Dai et al. 2001; Fisher et al. 2000;
Hall et al. 1999; Lown et al. 1995; van der Kolk et al. 2000). Determinant for the
bioavailability of flavonoids are also the composition and activity of the gastroin-
testinal microflora.

8.4 Bioactivities of Citrus Flavanones: Animal Experiments

Flavanones extracted from Citrus fruits are involved in many essential physiological
functions: as an antioxidant, anti-inflammatory, and antitumor activity (Table 1).
They are able to counteract the endogenous and exogenous biological stimuli.
They can also reduce cholesterol and triglyceride levels in experimental animals
(Jeon et al. 2007; Habauzit et al. 2011; Horcajada et al. 2008).

Citrus flavanones also possess antioxidant activities, although these
activities are poorer in respect to many other polyphenols (Jeon et al. 2002). Their
anti-inflammatory, antitumor, anti-atherogenic properties cannot be explained solely
based on their antioxidant properties. Investigations of their mechanism of action
suggested that they can act as free radical scavengers and, also, modulate cellular
signalling processes or may themselves serve as signalling molecules.

Several animal studies have been published during the past few years (Acquaviva
and Iauk 2010; Nijveldt et al. 2001; Ross and Kasum 2012). A lot of attention has
been paid to the anticarcinogenic properties of flavanones. In particular, hesperidin
has been shown to inhibit mammary, urinary bladder, and colon carcinogenesis in
laboratory animals (So et al. 1996; Yang et al. 1997; Tanaka et al. 1997; Miyagi et al.
2000).
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Flavanones may act with different mechanisms of action, such as inhibiting
carcinogen activation, stimulating carcinogen detoxification, scavenging free radical
species, controlling cell cycles, inhibiting cell proliferation, inducing cellular apo-
ptosis, and inhibiting angiogenesis, metastasis, and growth factors activity.

Nandakumar and Balasubramanian (2011) have investigated the antigenotoxic
activity of hesperidin and have demonstrated that the daily administration of this
compounds (30 mg/kg BW) for 45 days prevented 7,12-dimethylbenz(α)anthracene
(DMBA)-induced experimental breast cancer formation. Probably this effect is due
to the regulation of both phase I and phase II metabolizing enzymes and due to its
strong antioxidant activity.

Table 1 Major effects of flavanones

Flavanones Effects Mechanisms of action References

Hesperidin
Naringenin
Naringenin

Antioxidant ROS +
Antioxidant enzymes *
Lipid peroxidation production +
Nonenzymic antioxidants *

Acquaviva and Iauk
2010
Akiyama et al. 2010
Nandakumar and
Balasubramanian
2011

Hesperidin
Naringenin
Naringenin

Anticancer Apoptosis *
DNA binding of NFkB +
DNA binding of tumor initiation +
iNOS +
COX-2 +
Regulation of both phase I and
phase II metabolizing enzymes

Acquaviva and Iauk
2010
Leonardi et al. 2010
Nandakumar and
Balasubramanian
2011

Hesperidin
Naringenin
Naringenin

Anti-lipidemic Cholesterol ester synthesis +
3-Hydroxy-3-methylglutaryl-
coenzyme A reductase +
Acyl coenzyme A: cholesterol
O-acyltransferase +
LDL+
Cholesterol levels+

Lee et al. 1999a,b
Kurowska et al.
2000

Hesperidin
Naringenin
Naringenin

Antidiabetic ALT+
AST+
GLUT-4 antagonism
Modification of insulin sensitivity
Improve glycolytic and
gluconeogenetic enzymes
Impeded TNF-α expression
Induces AMPK

Akiyama et al. 2010
Priscilla et al. 2015
Vinayagam and Xu
2015

Hesperidin
Naringenin
Naringenin

Anti-
neurodegenerative

ROS +
Antioxidant enzymes *
Counteract the degeneration of the
nigrostriatal dopaminergic
projection
Anti-inflammatory activity *
TNF-α +
Aβ deposition +
APP expression+

Leem et al. 2014
Li et al. 2015
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In addition, in vivo studies have shown that naringenin could suppress the early
stage of colon cancer by attenuating inducible nitric oxide synthase (iNOS) and
cyclooxygenase 2 (COX-2) levels in carcinogen-injected rats (Leonardi et al. 2010).
It is known that inducible iNOS is another enzyme that plays a pivotal role in
mediating inflammation. Therefore, the anti-inflammatory effect of flavanones may
be due both to their antioxidant activity and to their effect on enzymes involved in
the inflammatory cascade.

It was demonstrated that phenolic compounds present in the juice of blood
oranges might prevent lipid peroxidation and the formation of atherosclerotic
plaques (Acquaviva and Iauk 2010; Sorrenti et al. 2004). Hesperidin and naringenin
also act on lipid metabolism; in fact, they are able to regulate the apolipoprotein B
secretion by HepG2 cells, probably through the inhibition of cholesterol ester
synthesis, and to inhibit 3-hydroxy-3-methylglutaryl-coenzyme A reductase and
acyl coenzyme A cholesterol O-acyltransferase in rats (Lee et al. 1999a, b).

Moreover, a decrease in serum LDL and hepatic cholesterol levels was observed
in rabbits fed with a cholesterol-rich diet and supplemented with orange juice
(Kurowska et al. 2000).

An increase in high-density lipoprotein levels has been shown in hypercholester-
olemic patients who consumed orange juice (Erlund 2004). Other biological activ-
ities attributed to naringenin and hesperidin include antidiabetic properties.

It is known that peroxisome proliferator-activated receptor gamma (PPARγ) plays
a critical role in peripheral glucose homeostasis and in modulating insulin sensitivity.
PPARγ induces glucose uptake by directly or indirectly increasing the transcription
of genes encoding proteins such as GLUT4. The partial antagonism, exerted by
flavanones, may be useful in improving insulin sensitivity (Vinayagam and Xu
2015). Recently, it was demonstrated that a 4-week diet-based administration of
hesperidin (10 g/kg), in streptozotocin (STZ)-induced diabetic type 1 rats, induced a
decrease of blood glucose compared to nondiabetic rats. In addition, hesperidin did
not influence both bone metabolism and body weight in diabetic rats. Moreover, the
antidiabetic effect of hesperidin may be due to its ability to inhibit pancreatic
damage, thanks to its antioxidant activity, increasing insulin secretion and conse-
quently decreasing glucose levels, and altering glycogen contents in the diabetic
tissues by the improvement of glycolytic and gluconeogenetic enzymes (Akiyama
et al. 2010). In addition, several studies showed that also naringenin possesses an
insulin-mimetic effect; naringenin, in fact, is able to decrease blood glucose levels in
healthy male Wistar rats (Vinayagam and Xu 2015). In particular, the oral adminis-
tration of naringenin (25 mg/kg bw) for 45 days exerts a significant inhibition
of intestinal α-glucosidase activity in diabetic rats induced by streptozotocin
(STZ). This effect delays the absorption of carbohydrates with a consequent signif-
icant decrease in postprandial glycemic levels. Moreover, naringenin treatment, in
diabetic rats, improved GLUT-4 and induced 50 adenosine monophosphate-activated
protein kinase (AMPK) activation, that increases glucose tolerance and insulin
sensitivity, while at the same time decreasing TNF-α expression and ALT, AST
levels in the serum, preventing STZ-induced liver damage in rats (Priscilla et al.
2014, 2015).
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Scientific research has shown that flavanones can provide benefits in the preven-
tion and treatment of metabolic diseases due to their antioxidant activity and their
ability to modulate the expression of some proteins involved in hyperglycemia and
hyperlipidemia.

It is reported that flavanones possess neuroprotective effects against various types
of insult associated with neurodegenerative diseases, including Parkinson and
Alzheimer diseases.

The neuroprotective activity of the Citrus flavanones may be due to their capacity
to cross the blood-brain barrier and to arrest free radical-induced oxidative damage,
which is known to play a pivotal role in many degenerative diseases. Antunes et al.
(2014) have demonstrated that hesperidin mitigated both the increased levels of ROS
and the activity of glutathione reductase induced by 6-hydroxydopamine.

Moreover, their neuroprotective action is mediated by the interaction with spe-
cific intracellular targets that are implicated in several signalling pathways important
for maintaining the cellular homeostasis. Naringin is able to counteract the degen-
eration of the nigrostriatal dopaminergic (DA) projection by increasing the level of
glia-derived neurotrophic factor (GDNF) in nigral DA neurons, with a concomitant
activation of mammalian target of rapamycin complex 1 (mTORC1) (Leem et al.
2014). Moreover, naringin exerts its anti-inflammatory activity in CNS mitigating
the increase of TNF-α induced by 1-methyl-4-phenylpyridinium (MPP+) in micro-
glia (Leem et al. 2014).

Li et al. (2015) demonstrated that the pre-treatment with hesperidin (100 mg/kg
body weight) for 10 days recovered deficits in non-cognitive nesting capability and
social interaction and attenuated Aβ deposition, plaque-associated amyloid precursor
protein (APP) expression, and microglial activation and TGF-β1 immuno-reactivity
in both cerebral cortex and hippocampus of transgenic APP/PS1 APP/PS1 mice.
Certainly further clinical studies must be performed to validate the neuroprotective
activities of the flavanones.

8.5 Benefits (Human Studies)

Citrus flavanones have shown many interesting effects in vivo and in vitro models,
including antioxidant properties, cholesterol and triglycerides reduction, cell prolif-
eration and angiogenesis inhibition, estrogenic activity, nitric oxide (NO) level
modulation, and decrease of lymphocyte immobilization and platelet aggregation
(Bellocco et al. 2009; Barreca et al. 2009; Codoner-Franch and Valls-Belles 2010).
Instead, their effectiveness in humans remains controversial because of both the
intersubject variability in flavanones pharmacokinetics and the chemical transfor-
mation carried out by gut microbiota that in turn influences their absorption and
biological activity as well.

Citrus healthy properties are mostly related to their antioxidant capacity. How-
ever, in healthy subjects, Citrus flavanones do not have significant antioxidant
effects, suggesting that their antioxidant potency is negligible in normal conditions
(Testai and Calderone 2017). Conversely, they can improve endogenous antioxidant
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defense in non-healthy individuals, allowing a reduced risk of certain chronic
diseases and the prevention of some cardiovascular disorders as well as certain
kinds of cancer (Tomás-Navarro et al. 2014).

Rangel-Huerta et al. (2017) demonstrated that the consumption of an orange juice
with a high content of flavanones improves oxidative stress and inflammatory
biomarkers by decreasing the serum levels of hydroxyoctadecadienoic acid
(9-HODE+13-HODE) and dihydroxyoctadecanoic acid (12,13-DiHOME and 9,10-
DiHOME), as well as increasing the levels of 12-hydroxyeicosatetraenoic acid
(12-HETE) compared to normal flavanones juice in 30 subjects from the BIONAOS
study (Biomarkers In Overweight And Obese Adults).

Moreover, Citrus flavanones also have anti-inflammatory properties, mainly
hesperetin, naringenin, and their glycosylated derivatives (Barreca et al. 2017).
These molecules are capable of regulating cellular inflammation process, due to
their antioxidant properties, but also by interacting with key enzymes (such as
protein kinase, phosphodiesterase, lipoxygenase, cyclooxygenase, and phospholi-
pase), inhibiting arachidonic synthesis, downregulating of NFkB activation and
consequently of pro-inflammatory cytokines (TNF-a, IL-6, and IL-1), chemokines,
COX-2, and iNOS (Tomás-Navarro et al. 2014; Bodduluru et al. 2016). Results of
in vivo research and clinical trials support their use as compounds readily available
at a low cost without any side effects or intolerance.

8.5.1 Cardiovascular Disease and Citrus Flavanones

Cardiovascular diseases (CVD), including myocardial infarction, coronary heart
disease, strokes, cardiomyopathy, and other heart disease, are one of the leading
causes of morbidity and mortality in worldwide. Epidemiological, clinical, and
preclinical studies have deeply analyzed the relationship between Citrus flavanone
intake and the risk of cardiovascular disease (Hollman et al. 2010; Testai and
Calderone 2017). Their results suggest that Citrus flavanones prevent cardiovascular
disease positively influencing some cardio-metabolic parameters (He et al. 2006; He
et al. 2007; Gan et al. 2015) that are the main risk factors of CVD, such as
hypertension, dyslipidemia, overweight, and hyperglycemia.

A number of sources suggest the cardioprotective activity of hesperidin and its
aglycone form, hesperetin in particular (Barreca et al. 2017). A prospective study
carried out on approximately 10,000 Finnish men and women reveals a 20%
reduction in cerebrovascular diseases in those who consumed the highest levels of
flavanones (4.7–26.8 mg aglycone/day) (Knekt et al. 2002).

A significant inverse correlation between flavanone consumption and cerebral
ischemia has been found in women who consume high levels of flavanones
(>63 mg/day) versus low levels (<13.7 mg/day) (Cassidy et al. 2012). Moreover,
a systematic review and meta-analysis of prospective cohort studies reported that
flavonoids intake, especially of flavanones, was associated with a decreased risk of
cardiovascular disease ( p = 0.002) (Wang et al. 2014).
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Many clinical trials have focused their attention on modulation of CDVs risk
factor by Citrus.

A meta-analysis of three randomized clinical trials, including 233 patients, dem-
onstrated a correlation between grapefruit intake and a reduction in systolic blood
pressure and waist circumference in overweight and obese adults (Onakpoya et al.
2017). In general, these effects of flavanones on hypertension, particularly
naringenin and hesperetin, are due to improvement of vasodilation and endothelial
function (Salehi et al. 2019) through endothelial production of NO and activation of
voltage-operated calcium channels and potassium currents (Liu et al. 2014).

Metabolic syndrome, characterized by altered glucose metabolism, elevated
blood pressure, dyslipidemia, and obesity is one of the main cardiovascular risk
factor. A cohort clinical trial performed on 10,000 Polish subjects reveals that
habitual consumption of flavonoids, among which flavanones, reduces the incidence
of metabolic syndrome (Grosso et al. 2017).

Rizza et al. (2011) carried out a clinical trial of 3 weeks on 28 subjects with
metabolic syndrome demonstrating that hesperidin (500 mg/day) reduces E-selectin
expression, cholesterol, and ApoB level and induces enhancement of NO levels.

Intake of 300 mL of fruit juice (containing 95% of Citrus flavonoids) produces no
variations of glucidic parameters but improvement of lipidic panel, with decrease in
the cholesterol, LDL-C and C-reactive peptide levels, in subjects with metabolic
syndrome (n= 33) compared with healthy subjects (n= 20) in a clinical trial of 4 or
6 months (Mulero et al. 2012).

High level of lipoprotein and cholesterol in plasma as well as hyperinsulinemia
and hyperlipidemia led to development of atherosclerosis with the plaque formation
in arteries, which is a gateway for cardiovascular diseases. Among flavanones,
naringenin is the most effective to decrease triglycerides and LDL-C and inhibit
glucose uptake as well. On the contrary, it promotes the improvement of high-
density lipoprotein (HDL-C) level and antioxidant defenses, decreasing
atherosclerosis-related genes expression (Orhan et al. 2015). These effects can be
due to molecular structures characterized by the presence of a hydroxyl mevalonate
moiety resembling that of statins, a drug able to inhibit cholesterol biosynthesis
(Barreca et al. 2017).

Clinical evidences show that 400 mg/day of naringenin administrated for
2 months causes a reduction of the LDL-C, cholesterol and ApoB levels and an
increase in HDL-C levels and detoxifying enzyme only in hypercholesterolemic
subjects (n = 30) (Jung et al. 2003).

In addition, bergamot fruit shows anti-cholesterolemic properties both in animal
and human studies (Cappello et al. 2016; Constans et al. 2015). A C. bergamia
extract (Bergavit® containing 150 mg of flavonoids with 16% neoeriocitrin, 47%
neohesperidin and 37% naringin) reduced cholesterol levels and improved lipidic
and lipoproteic panel in mild hypercholesterolemic patients (n = 88) (Toth et al.
2016).

The results from clinical trial are controversial. In fact, Morand et al. (2011)
observed no difference in fasting glucose, insulinemia, total cholesterol, LDL
cholesterol, HDL cholesterol, and triglycerides in 24 overweight subjects after
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drinking juice contained 292 mg of hesperidin and 47.5 mg of narirutin for 4 weeks.
This flavanone combination, instead, reduced pressure parameter (4 mmHg), ame-
liorated postprandial microvascular reactivity, and some biomarkers of oxidative
stress. Similar results have been obtained with a combination of naringin and
hesperidin (500 mg plus 800 mg) in a randomized controlled study that saw
4 weeks of treatment involving moderately hypercholesterolemic patients. These
findings, according to some authors, could be related to the difference in individual
pharmacokinetic parameters.

Several clinical trials have demonstrated the positive effect of Citrus flavonoids in
the reduction of cardiovascular risk factors. Although some of the mechanisms
responsible for the beneficial effects of Citrus flavanones on the cardiovascular
system are unclear, the nutraceutical value of these fruits in cardiovascular disease
therapy should be considered as valid approach.

8.5.2 Diabetes and Citrus Flavanones

Type 2 diabetes mellitus (T2DM) represents a worldwide health problem and is a
chronic, progressive disease characterized by elevated blood glucose levels and
insulin resistance.

Chronic hyperglycemia causes complications, such as cardiovascular disease,
diabetic retinopathy, renal dysfunction, and leg ulcers (Marathe et al. 2017).
A healthier diet plays a key role in the T2DM prevention as suggested by various
epidemiological studies (Schwingshackl et al. 2017). Nutraceutical products from
plants have been reported to reduce hyperglycemia and lipid disorders in individuals
with T2DM or with a predisposition to T2DM (Kaleem and Ahmad 2018).

Among Citrus flavanones, naringin and naringenin have been shown to control
diabetes and its related complications in animal and cell studies by improving
glucose tolerance and insulin sensitivity but also reducing plasma and/or hepatic
cholesterol and triglyceride levels (Assini et al. 2013; Sharma et al. 2015).

A nutraceutical product rich in Citrus flavanones, limonoids, and tocotrienols
(Diabetinol®) showed a significantly reduced peak hyperglycemic response, TC, and
LDL-C levels and decreased HbA1c levels after 3 months supplementation in sub-
jects with mild impaired fasting glucose (Judy et al. 2010). Similarly results have
been achieved in subjects with greater severity of impaired fasting glucose
(�15.4 mmol/L) in a 24-week, randomized, double-blind, placebo-controlled, par-
allel study carried out by Evans (Evans et al. 2015).

Ethanol extracts of C. junos (yuja) peel (YE) contain naringin, hesperidin,
rutin, quercetin, and tangeretin, showing antidiabetic properties in animal
models (Kim et al. 2013), and have been assayed by individuals with impaired
fasting glucose (IFG) in an 8-week, randomized, double-blinded, crossover,
placebo-controlled clinical trial. The authors reported that YE significantly reduced
fasting plasma glucose levels, fasting plasma insulin, postprandial glucose, and
c-peptide and homeostatic model assessment-insulin resistance compared to the
placebo group (Hwang et al. 2015).
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A body of evidence suggests that oxidative stress is a main mechanism in
pathogenesis of diabetes. Bonina et al. (2002) evaluated some serum oxidative
stress biomarkers in T2DM patients (n = 33) who took ROC supplement (50 mg/
d, orally) for 2 months. They observed an oxidative stress improvement charac-
terized by high levels of free thiol groups and reduced concentration of serum free
radical. In addition, the glycemic profile remained stable in all subjects for the
whole period, and the total antioxidant status was unmodified by ROC
administration.

Despite the numerous preclinical studies demonstrated the useful of Citrus
flavanones in diabetes, further human studies focused on dosage, bioavailability,
efficacy, and safety are required.

8.5.3 Cancer and Citrus Flavanones

A growing amount of literature data evidences that the risk of cancer can be reduced
with a diet rich in vegetables and fruits (Boffetta et al. 2010). Some epidemiological
studies reported that Citrus fruit consumption is protective against a variety of
human cancers. Citrus fruit exerts this chemopreventive action through the protec-
tion of DNA from injury and the inhibition of the early phase of carcinogenesis by
promotion of xenobiotic detoxification process.

A recent review of Italian and Swiss case-control studies (10,000 cases of
14 different cancers and about 17,000 controls) has shown that the high consump-
tion of Citrus fruit is associated with a reduced risk of cancers of the digestive
tract and larynx (Turati et al. 2015). Previously the analysis data from a series of
case-control studies regarding Citrus fruits intake and risk of several types of
cancer has found that the ORs for the highest versus lowest category of Citrus
fruit consumption varied from 0.42 to 0.82 for esophageal, oral cavity, pharyn-
geal, laryngeal, stomach, and colorectal cancer. Instead, the authors have found no
consistent association with breast, endometrial, ovarian, prostate, and renal cell
cancer. This observed protective effect against cancers of digestive and upper
respiratory tract is linked to the content on flavanones, vitamin C, and other
compounds with antioxidant, antimutagenic, and antiproliferative properties con-
tented in Citrus fruit (Foschi et al. 2010). In addition, the meta-analysis done by
Bae and Kim confirm the association between intake of Citrus fruit and gastric
cancer risk evidencing a 13% reduction of gastric cancer. In particular, the authors
reported that 100 g of Citrus fruit intake per day inhibits cardia gastric cancer by
40% (Bae and Kim 2016). Citrus flavanones such as naringin, hesperidin, and
20-hydroxyflavanone (2HF) also have antitumor activities. They inhibit tumor
growth and promote cancer cell apoptosis through cell cycle arrest and caspase-
activation induced by either death receptors or mitochondrial pathways, as dem-
onstrated by both in vitro and in vivo studies. All these studies show the potential
anticancer activity of Citrus flavanones even if presently no clinical studies
support these findings and the current intake of Citrus fruits is insufficient to
induce apoptosis of cancer cells in humans.
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8.5.4 Neurodegenerative Disease and Citrus Flavanones

Neurodegenerative disorders including Alzheimer’s, Parkinson’s, amyotrophic lat-
eral sclerosis, and Huntington’s disease are debilitating, incurable diseases that are
becoming increasingly prevalent (Wyss-Coray 2016). Much attention is paid to
dietary supplementation for maintaining cognitive function in old age and delaying
the onset of neurodegenerative diseases. Epidemiologic studies reveals that higher
intakes of flavonoids over 10–15 year are associated with a reduced rate of cognitive
decline in old age (Kesse-Guyot et al. 2012; Letenneur et al. 2007).

Most of the human studies focused on flavanols and anthocyanins (Krikorian
et al. 2012), while few researches have been performed with flavanones, even though
they are the main components of the most commonly consumed juices and also are
easily absorbed and cross the blood-brain barrier (Manach et al. 2005). A cross-
sectional epidemiologic survey of 1091 men and women born in 1936 reported
a positive association between flavanone consumption and crystallized intelligence
(Butchart et al. 2011). Kean et al. (2015) carried out a controlled, placebo-matched,
crossover, randomized, double-blind human-intervention trial on healthy older
adults (n = 37) that drunk daily a flavanone-rich orange juice (305 mg) for
8 weeks. They reported an improvement of global cognitive function compared to
low-flavanone control, while no difference in mood and blood pressure was
observed. These findings underlined that constant daily flavonoid intake provides
cognitive benefits not only to adults with mild cognitive impairment or neurodegen-
erative disease but also to healthy older adults. Up to date, no human studies provide
data to support possible mechanisms that underlie positive cognitive effects of
flavanones. Future research should be conducted to clarify the potential role
of flavanone-based dietary supplementation to maintain and increase cognitive
function in healthy young adults and mitigate cognitive impairment in older adults
with neurodegenerative disease.

8.6 Application in Food

Many Citrus fruits, including particularly orange, clementine, tangerine, and grape-
fruit, are eaten fresh, unlike more acidic fruits such as limes and lemons that are
generally not eaten fresh. In fact, generally, lemonade or limeade are beverages that
are prepared by diluting derived juices and by adding sugar. Citrus juices and rinds
are used in different drinks. The colorful peel of some Citrus fruits is used in cooking
as a flavoring.

Although the consumption of Citrus fruits is reported since ancient times, Citrus
processing was not possible until the development of both thermal and concentration
processes. Since then, the Citrus industry has quickly developed, becoming soon
prominent among food industries. Now, the Citrus industry is the second largest
fruits processing industry, after the grape industry that principally produces wine.
Approximately 30% of Citrus fruits is processed to obtain juice.
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The variation of Citrus flavanones content in beverages and foods is dependent
on different factors including Citrus species and cultivar, growth conditions, fruits’
ripeness, postharvest processing, cooking process, and storage conditions.

Cooking processes, including boiling, baking, frying or microwave, are respon-
sible of numerous changes in physical characteristics and chemical composition
of food matrix (Zhang and Hamauzu 2004). Ismail et al. (2004) found that thermal
treatment decreased the total phenolic content in food matrix. Previously,
Gil-Izquierdo et al. (2002) analyzed some processes used for the production of
orange juice at industrial scale, namely, mild and standard pasteurization, concen-
tration, freezing, and squeezing. Moreover, commercial squeezing was compared
with domestic squeezing in order to evaluate the influences of these processes on
orange juice composition. Taking into consideration flavanones, mild and standard
pasteurization processes did not influence the flavanones content. A slight decrease
of flavanones content in the soluble fraction was proved. Only didymin decreased
with a percentage of 52%.

The freezing process produced a considerable decrease of flavanones content in
the soluble fraction. Comparing commercially and domestically squeezed orange
juice, commercial squeezing gives a major content of flavanones than domestic
squeezing. In agreement with this study, Moura and de Sylos (2009) analyzed
samples of tangor murcott and orange juice (a mixture of Valencia and Pera varieties)
and evidenced that pasteurization and concentration processes of juice did not affect
significantly the amount of flavones hesperidin and narirutin.

The flavanone hesperetin is used as food enhancer and sweetener in a wide variety
of dessert and alcoholic beverage (Ley et al. 2005).

Naringin is listed in Commission Decision 1999/217/EC establishing a register of
flavoring substances in application of Regulation EC 2232/96, allowing its use in
food without restriction. It has been subsequently evaluated by EFSA Scientific
Panel on Food Contact Materials, Enzymes, Flavourings and Processing Aids (CEF)
in the Flavouring Group Evaluation 32 (EFSA 2011) with an interim finding that it is
considered safe for use in food but that more data on human intake is desirable.
A further possible application of naringenin in food matrix regards the inhibition
of genotoxic compounds produced at 100–180 �C in particular acrylamide, which is
dangerous for human health (Cheng et al. 2009). More than 30 years ago, Horowitz
and Gentili (1971) reported that the peels of oranges and lemons contained a number
of compounds, which could be converted into sweeteners.

8.7 Safety: Toxicity and Side Effects

Numerous studies demonstrated as Citrus flavanones are safe and well tolerated.
Among these, particularly naringenin and hesperidin are investigated.

EFSA Scientific Panel on Food Contact Materials, Enzymes, Flavourings and
Processing Aids (CEF) has assessed naringin in 2010 as a food flavoring. Data from
chronic oral feeding studies in rats showed that naringenin up to 5 mg/kg complete
feed is safe with an appreciable margin of safety.
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Based on mammalian studies, only transient amounts of naringin and its metab-
olites residues in animal tissues are to be expected. This would represent an
unimportant contribution to human exposure. Therefore, the use of the flavanone
in animal’s nutrition is evaluated safe for the consumer. However, the EFSA’s panel
on additives and products or substances used in animal feed (FEEDAP) could not
conclude on the safety and efficacy of the product when delivered in water for
drinking because related data are not available (EFSA 2011).

Li et al. (2014) investigated the potential chronic toxicity in Sprague-Dawley
(SD) rats of naringin by oral gavage for 6 months followed by a recovery period
of 1 month at doses of 0, 50, 250, and 1250 mg/kg. During both these periods, no
mortality and/or toxicologically substantial variations in hematology, biochemical
analyses, organ weights, ophthalmology, serum sex hormone, and histopathological
and macroscopic examinations were reported. A slight, reversible, and
non-pathological hair loss was observed during the treatment. However, it was not
considered to be of toxicological importance. Overall, the obtained results demon-
strated that the levels with no adverse effects of naringin, when orally administered
in rats for 6 months, are greater than 1250 mg/kg/day.

Several animal and human studies have been reported that hesperidin is safe and
well tolerated (Meyer 1994). The hesperidin safety was demonstrated on patients
with rheumatoid arthritis administered 3 g of glucosyl hesperidin (G-Hsd) every
morning for a 3-month treatment (Kometani et al. 2008). In another work, 94 men-
opausal women had a daily intake of 0.9 g of hesperidin with 0.3 g of hesperidin
methyl chalcone and 1.2 g of vitamin C for 1 month (Smith 1964).

One of the most popular formulation containing hesperidin is Daflon 500 mg.
This formulation has been analyzed in animals and humans trials (Meyer 1994). In
animal studies, the safety of Daflon 500 mg is demonstrated by (i) a LD50 (lethal
dose 50) of 3 g/kg, that is, 180 times the daily therapeutic dose, and (ii) by the
absence of toxic effects after repeated oral dosing for 13 and 26 weeks, using a dose
that represents 35 times the daily dosage in the rat and primate, respectively. The
passage into breast milk and the transplacental passage are negligible. Clinical trials
have collected more than 2850 patients treated with Daflon 500 mg at the dosage of
2 tablets/day for the period 6 weeks–1 year and satisfied the international scientific
requirements. Side effects are essentially of a gastrointestinal or autonomic nature.
Hemodynamic parameters as well as laboratory parameters were uninfluenced even
by prolonged treatment for 1 year. Satisfactory clinical acceptability already con-
firmed in the short term was equally found in long-term treatment.

In animal studies, the concomitant administration of hesperidin with β-adrenergic
blocking agents, calcium channel blockers, or statins significantly changed the
maximal plasma concentration and the absorption of these drugs (Cho et al. 2009;
Piao and Choi 2008; Uesawa and Mohri 2008).

In the study of Cho et al. (2009) the effects of hesperidin on the bioavailability
and pharmacokinetic parameters of diltiazem and its desacetyldiltiazem (its main
active metabolite) in rats, were investigated. Diltiazem (15 mg/kg) was orally
administered in the presence or absence of hesperidin (1, 5 or 15 mg/kg), adminis-
tered 30 min before the calcium channel blocker. Compared with the control group,
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hesperidin (at doses of 5 or 15 mg/kg but not at 1 mg/kg) considerably modified the
pharmacokinetics of diltiazem. Hesperidin (15 mg/kg) significantly increased the C
(max) of desacetyldiltiazem but not significantly modified the desacetyldiltiazem
metabolite-parent ratio. In conclusion, data from this work demonstrated the ability
of hesperidin to enhance in rats the bioavailability of diltiazem probably by increas-
ing its absorption and by reducing its first-pass metabolism in the intestine and in the
liver via inhibition of cytochrome P450 3A or P-glycoprotein.

8.8 Marketed Products

Greater attention to health and social changes has led to the growth of the natural
products market not only in the pharmaceutical and nutraceutical sectors but also in
the food sector in Europe and in United States. This growth trend has been facilitated
by the updated Novel Food legislation that makes easier for exporters to introduce
new products. Sustainability in terms of reutilization of plant and food by-products is
still a strong trend, demanded by companies as well as consumers (https://www.cbi.
eu/market-information/natural-ingredients-health-products/trends/).

Citrus fruits represent a rich source of nutrition and vitamins and are important
additions to any diet lacking in this components. Citrus are one of the key products
in both food and beverage. Due its high nutritional value, Citrus-derived compounds
could be used in innovative health functional food and beverage. Among Citrus
flavanones, hesperetin, naringenin, eriodictyol, isosakuranetin, and their glycoside
are the main abundant compounds. The Citrus flavanones are marketed individually
or in the form of a mix, as nutraceuticals, since they act synergistically with the
vitamin C to neutralize free radicals and counteract oxidative stress. The biological
activities of Citrus flavanones are thought to be particularly beneficial for capillary
strength, probably due an action on collagen (Kawaguchi et al. 2006). For this
reason, these supplements are used in treatment of venous diseases such as chronic
venous insufficiency, varicose veins, spider veins, and hemorrhoids (Mastantuono
et al. 2015).

Moreover, hesperidin and naringenin are natural aromatase inhibitors. This
activity is linked to a reduction in estrogen circulation that inhibited platelet aggre-
gation and positively affect blood-clotting mechanisms which reduces the risk
of cardiovascular disease. Bioflavonoids from Citrus possess also powerful anti-
inflammatory properties (Benavente-García et al. 1997).

Recently, a researcher demonstrated the effect of naringenin on metabolic syn-
drome and obesity (Alam et al. 2014). Consequently, food supplements based on
these bioactive compounds have been developed for this specific indication.
Although the optimum daily doses of Citrus flavanones have not been determined,
the label of nutraceutical products recommend 2000–6000 mg of these compounds
for adults each day. This dose take into account the low toxicity of flavanones and
the rare occurrence of side effects following their intake (Panche et al. 2016).

In food industry, hesperetin was used to fortified foods. A recent study proposed
the nano-incapsulation of this flavanone in nanostructure lipid carriers coated with
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different biopolymers such as alginate, chitosan, and low methoxypectin. Physico-
chemical and sensorial analysis evidenced that developed nanoparticles could be
applied for milk fortification to mask flavanone bitterness, inhibit color change, and
enhance its solubility (Fathi and Varshosaz 2013). Further studies are necessary to
identify other possible applications in food and nutraceutical industries.

8.9 Patents

The available information on patents was collected from some databases such as
Espacenet (European Patent Office), Google Patents, and SciFinder. The research
focuses on Citrus flavanones alone or as active ingredient in formulations used
for the treatment of several pathological conditions. The search was performed
in January 2019. The used keywords were: Citrus flavanones, naringenin,
hesperetin, hesperidin, didymin, eriodictyol, neoeriocitrin, neohesperidin, poncirin,
didymin, eriocitrin, and narirutin. A very high number of patents was found. For this
reason, the research was limited to the last year (2018). After the removal of
duplicated patents, the documents found were processed individually in an attempt
to classify them based on the date and purpose for which they were registered
(Table 2). Most of the patents found for the year 2018 do not concern single
flavanones but are related to extracts or to mixtures of compounds (including
flavanones) or to formulations in which are present flavanones.

Most of the patents have been designed and registered with the purpose
of creating new products and formulations with specific biological activities.
In particular, products with anti-inflammatory, and neuroprotective activity, products
useful for the prevention and/or treatment of dermatitis, and skin damage caused by
radiation and for repelling mosquitoes were prepared. Instead, fewer patents are
present with regard to extraction and identification techniques. Among these, the
patent CN108490094A reported the method for the determination of 22 flavonoids
and phenolic acids in Citrus fruits.

8.10 Future Perspectives

Being Citrus flavanones daily present in the diet, their impact on human health is of
relevance.

Extensive studies were carried out in order to investigate their ability to promote
health and to provide protection against chronic diseases with high social impact
including cardiovascular diseases, diabetes, and obesity. Among these compounds,
particularly hesperetin, hesperidin, naringenin, naringin, and eriodictyol are mainly
investigated.

In this chapter, we summarized and analyzed data related to the bioactivity of
Citrus flavanones, their bioavailability and metabolism, their application in foods,
marketed products, and safety.
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Table 2 Patents overview of Citrus flavanones in 2018

Title Date Patent no.
Application
no. Use

Co-crystal of isoniazid
and naringenin and
preparation method of
co-crystal

2018-
09-28

CN
108586332A

CN
201810359523

Improvement of
naringenin solubility
and isoniazid activity

Application of
naringenin and
derivatives in the
prevention and
treatment of
Alzheimer’s disease

2018-
11-13

CN
108785301A

CN 2018-
11042921

Neuroprotective

Application of
naringenin and
naringin in tumor
radiotherapy

2015-
09-30

CN
104940932A

CN 2015-
10404716

Tumor radiotherapy

Flavonoids
pharmaceutical
compositions and
preparations and
applications

2018-
10-26

CN
108704037A

CN 2018-
10626248

Prevention and
treatment of
dermatitis and skin
damage caused by
radiation

Mosquito repellent
liquid

2018-
04-21

CN108391665A CN
201810363142

Repelling mosquitoes

Antibacterial coating
and preparation
method of green

2018-
09-21

CN108559343A CN
201810445336

Antimicrobial

Method for the
determination of
22 Citrus fruit
flavonoids and
phenolic acids species

2018-
09-04

CN108490094A CN
201810274708

Compounds
determination

Naringin microsphere
silk fibroin/
hydroxyapatite
composite scaffold and
preparation method

2018-
06-15

CN108159502A CN
201810184370

Application to bone
defect areas of
different shapes

Application of
naringin to preparation
of medicine for
treating and delaying
intervertebral disc
degeneration

2018-
07-13

CN108272812A CN
201810122205

Treating and delaying
intervertebral disc
degeneration

Such compositions
and their use in the
preparation of anti-
inflammatory drugs

2018-
09-04

CN108478549A CN
201810497584

Anti-inflammatory

(continued)
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The available data from animal models and clinical trials together with epidemi-
ological studies suggest that this class of phytochemicals may beneficially affect
both aetiology and physiopathology of several diseases. However, despite the ever-
increasing number of studies on this flavonoids class, their health effects are still
unknown or partially known. This is due to various reasons: (a) often interpretation
of results from performed studies is problematic, because several different mecha-
nisms and pathways may be involved; (b) serum biomarkers together with data from
dietary intake could be used when studying the biological properties of Citrus
flavanones; (c) clinical studies that investigate both high and low doses of Citrus
flavanones are warranted; (d) bioavailability of each compound of a mix should be
monitored, because marked interindividual variation could confound results; and
(e) information about daily intake and bioavailability needs to be more fully
developed.
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