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Abstract

Obesity is a chronic life-threatening disease throughout the world. Available anti-obesity drugs may have hazard-
ous side effects and no long-term safety assurance is in place for patients. In recent decades, alternative natural
therapeutics have been intensively investigated. Among them, phytochemicals from citrus fruits have shown tre-
mendous potential to combat obesity through different mechanisms. To date, the most active biological consti-
tutes identified in citrus fruits are flavonoids and p-synephrine. These exert anti-obesity effects through multiple
mechanisms, including regulating energy intake and expenditure, regulating lipid metabolism and regulating adi-
pogenesis. In this mini review, a survey focusing on citrus phytochemicals and their anti-obesity activities is pre-
sented, together with an update of findings over the last 10 years, including active components and mechanisms

of anti-obesity activities.
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1. Introduction

Citrus plants are a rich source of phytochemicals. The major phy-
tochemicals in citrus include polyphenols and alkaloids. Limo-
noids have also been reported to benefit human health. To date,
several excellent reviews regarding the anti-obesity effects and
mechanisms of natural products have been published. In 2010,
Yun (2010) reviewed potential anti-obesity of natural therapeutics.
Five years later, Lai et al. (2015) reviewed molecular mechanism
of functional food bioactives for anti-obesity ). More recently, phy-
tochemicals that prophylactically influence gut microbiota for the
treatment of obesity have been reviewed by Carrera-Quintanar et
al. (2018). However, no recent reviews have focused specifically
on citrus phytochemicals and their anti-obesity effects. Therefore,
this mini-review aims to update the literature covering citrus phy-
tochemicals with anti-obesity activity over the past 10 years, in-
cluding active components and their mechanisms of action (Figure

1.

2. Obesity and anti-obesity drugs

Obesity is a chronic condition that results from an energy imbalance
between calories consumed versus those expended. It can develop
from a genetic predisposition, a highly caloric diet, a lack of physi-
cal activity and/or an individual’s unhealthy lifestyle (Bouchard,
2009). Typically considered as a problem in high-income countries
in the past, the occurrence of obesity is now increasing in under-
developed and developing countries. Globally, the current trend
for increased energy-dense food ingestion coupled with decreased
physical activity has resulted in over 650 million adults diagnosed
as obese and over 380 million children reported overweight or
obese in 2016 alone (World Health Organization, WHO). Body
mass index (BMI) is a parameter that represents an individual’s
weight in relationship to height. According to WHO, obesity is
defined as a BMI >30 (adult), indicating excessive fat accumula-
tion at levels that could harm health. Increased BMI is generally
coupled with an increased risk of weight-related illnesses such as
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Figure 1. Citrus phytochemicals and their anti-obesity activities.

cardiovascular diseases, diabetes, and some cancers (Heber, 2009).
Therefore, obese individuals are more inclined to experience an
earlier death.

Early anti-obesity pharmacotherapies included dinitrophenol
(Cutting et al., 1933), amphetamines (Heal et al., 2013) and am-
phetamine derivatives (Araujo and Martel, 2012). Unfortunately,
many of these were discontinued or restricted to short-term use due
to efficacy and safety concerns such as toxic hyperthermic effects
(Colman, 2005; Tainter et al., 1934), addictive properties (Colman,
2005), and potential causes of neuropsychiatric disorders (An et
al., 2013). Phentermine, an amphetamine derivative, is still used
today, but under strict control, and only as a long-term treatment
if combined with other weight-loss therapies (Haslam, 2016). Or-
listat was the first non-amphetamine-based anti-obesity drug to be
approved in the United States, and is still available today (Rucker
et al., 2007). However, resulting gastrointestinal side effects, such
as abdominal pain and discomfort, limit its long-term tolerability.
Over the past few decades, investigations into the clinical mani-
festations of obesity have been conducted to improve the under-
standing behind the pathophysiology of obesity. New information
regarding anti-obesity mechanism pathways has revealed new po-
tential targets for drug development in the treatment of obesity.
In the past several years, several efficient and safe medications
with potential as long-term weight-loss pharmacotherapies have
been developed. Current Food and Drug Administration (FDA) ap-
proved long-term anti-obesity drugs include Orlistat, Lorcaserin,
Phentermine/extended-release topiramate, Naltrexone/bupropion
and liraglutide (National Institute of Diabetes and Digestive and
Kidney Disease). These medications aim to reduce intestinal fat
absorption from food by inhibiting pancreatic lipase, regulating
serotonin receptors in the brain to decrease appetite and curb the
desire to eat. Although approved for long-term use, current anti-
obesity therapies result in non-negligible and hazardous side ef-
fects including increased blood pressure, rapid pulse, dry mouth,
constipation, diarrhea, headache and insomnia, with many still
undergoing post-marketing surveillance studies to evaluate long-
term safety.

3. Natural materials for obesity treatment

Due to the limitation and dissatisfaction with current anti-obesity
therapies, alternative therapies such as dietary modifications and

acupuncture (Shiraishi et al., 2003) are favored for losing weight
in a healthy way. Dietary supplementation available in the market,
such as conjugated linoleic acid (CLA) (Gaullier et al., 2004), chi-
tosan (Gades and Stern, 2002) and Garcinia Cambogia (Heyms-
field et al., 1998) are also used for weight management. However,
information on their efficacy or safety is limited. Meanwhile, ex-
ploration into potential anti-obesity effects of natural products has
been broadly conducted in recent years. A wide variety of bioac-
tive components from nature (phytochemicals) have demonstrated
a reduction in body weight and diet-induced obesity prevention.
Phytochemicals are bioactive non-nutrient plant compounds
known to reduce the risk of major chronic diseases after ingestion
(Liu, 2004). It is recognized that numerous natural materials have
different chemical and pharmacological features.

Naturally occurring phytochemicals expressing anti-obesity
effects do so by these general mechanisms: 1) decreasing lipid
absorption by inhibiting pancreatic lipase activity, 2) suppressing
energy intake by controlling appetite, 3) stimulating energy ex-
penditure, 4) inhibiting adipogenesis and 5) regulating lipid me-
tabolism. Many of these display anti-obesity activity based on one
or more of the above mechanisms (Yun, 2010). Lipid absorption
is decreased by pancreatic lipase, one of the most broadly studied
targets based on its ability to facilitate dietary fat absorption in the
intestine. Therefore, the efficacy of natural products to inhibit pan-
creatic lipase has been widely studied. Various types of tea have
been thoroughly investigated for pancreatic lipase inhibiting at-
tributes against functional components and different polyphenol
types (Lin et al., 2006; Thielecke and Boschmann, 2009). Other
natural products, such as Satsuma mandarin (Citrus unshiu) hes-
peridin, have been illustrated as a porcine pancreas lipase inhibitor
(Kawaguchi et al., 1997). In summary, major phytochemicals that
possess pancreatic lipase inhibitory effects include saponins, poly-
phenols, and caffeine (Yun, 2010). Suppressing energy intake is to
control appetite and regulate satiety. Natural appetite suppressants,
such as tea (Camellia sinensis) (Moon et al., 2007), Caralluma
fimbriata (Kuriyan et al., 2007), sour orange (Citrus aurantium)
(Klontz et al., 2006), and pomegranate leaf extract (Lei et al.,
2007), have been reported. Important active components in these
natural products are identified as saponins and flavonoids. Energy
is expended in several manners categorized as: (1) physical activ-
ity, (2) obligatory energy expenditure, and (3) adaptive thermo-
genesis. Green tea and its extract have been largely investigated
as energy expenditure promoting due to catechins (Wolfram et al.,
2006). Additionally, sour orange compounds are considered ther-
mogenic, weight-reducing agents (Preuss et al., 2002). Other natu-
ral products, such as extracts of Pinellia ternate (Kim et al., 2006)
and Panax ginseng (berry) (Attele et al., 2002), are also known
for enhancing energy expenditure. Adipocytes are responsible for
the maintenance of lipid homeostasis and energy balance. Accord-
ing to changes in energy demand, adipocytes store triacylglycer-
ols and release free fatty acids. Adipocyte tissue grows through
hyperplasia and hypertrophy, making the processes of adipocyte
proliferation and differentiation two major targets in anti-obesity
studies. Phytochemicals, such as resveratrol, capsaicin , quercetin,
genistein, have been found to inhibit adipocyte differentiation and
induce apoptosis (Attele et al., 2002; Hsu and Yen, 2007; Hwang
etal., 2005). Extensively researched, tea has also shown regulatory
effects on lipid metabolism. Oolong and other tea varieties contain
caffeine as one major bioactive component and has demonstrated
lipolytic activity (Han et al., 1999). Similarly, consumption of
green tea extract has shown an increase in fat oxidation (Wester-
terp-Plantenga et al., 2006). In addition, lipolytic effects of poly-
phenolic citrus extract has also been observed (Dallas et al., 2008).
In addition to the five basic anti-obesity mechanisms, phytochemi-
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Figure 2. Chemical structures of p-synephrine, m-synephrine and ephed-
rine.

cal influence on gut microbiota for the treatment of obesity has
attracted much attention in recent years. The influence of the gut
microbiota on human health and disease has become increasingly
clearer. It is now known that an imbalance of gut microbiota may
be the cause, or at least may lead to obesity progression. Therefore,
gut microbiota is a potential target for nutritional interventions
designed to combat obesity. For this reason, phytochemicals that
influence gut microbiota have been studied as adjuvants for the
treatment of obesity. For instance, a variety of polyphenols were
investigated in several experimental nutritional interventions, and
their modification of gut microbiota exerting effects on obesity has
been exhaustively reviewed (Carrera-Quintanar et al., 2018). As
discussed above, many bioactive plant components demonstrate
anti-obesity activities regarding multiple mechanisms. Therefore,
anti-obesity treatments using numerous functional components
each with multiple activities might be the most efficient approach
in the future. Notably, despite establishing the short-term therapeu-
tic efficacy of many natural products, the long-term safety profile
of these natural occurring materials is unclear and requires further
investigation.

4. Citrus phytochemicals and their anti-obesity effects
4.1. Citrus aurantium and its effects on anti-obesity

Citrus aurantium, usually known as sour orange or bitter orange,
has been considered to possess the most potential as a natural
obesity treatment from the citrus family for (Haaz et al., 2000).
Its extract, which is usually derived from the unripe fruit, has al-
ready been widely used as a dietary supplement for weight loss.
The most abundant active phytochemical of sour orange extract
is protoalkaloid p-synephrine (Nelson et al., 2007; Roman et al.,
2007), a phenylethanolamine derivative with the hydroxyl group in

the para-position on the benzene ring of the molecule (Pellati et al.,
2005) (Figure 2). p-Synephrine is a sympathomimetic drug (adr-
energic amine) that imitates the effects of endogenous agonists of
the sympathetic nervous system (Bent et al., 2004), and is involved
in the regulation of energy. It works primarily as a -3 adrenergic
agonist (Stohs et al., 2011). The activation of -3 adrenoreceptors
appear to be responsible for reducing food intake and weight gain
in rats, enhancing lipolysis in adipose tissue, and improving in-
sulin resistance, glycemic control, and lipid profiles (Arch, 2002;
Hamilton and Doods, 2008; Oana et al., 2005). Therefore, when
p-synephrine activates -3 adrenoreceptors, an increase in thermo-
genesis and lipolysis is expected. Indeed, several animal studies
have shown the intake of p-synephrine or sour orange extract leads
to weight loss or decreased weight gain (Arbo et al., 2009; Titta et
al., 2010). Some limited human studies have implied that consump-
tion of sour orange extract reduced body weight, which is likely to
be associated with enhanced metabolism, suppressed appetite via
reducing gut motility, and promoted lipolysis in adipocytes (Haaz
etal., 2006; Hess and Sullivan, 2005). Other citrus species, such as
sweet orange, mandarin and grapeftuits also contain p-synephrine
(Dragull et al., 2008; Sander et al., 2008; Uckoo et al., 2011). It has
been documented that a Satsuma mandarin segment wall extract
rich in p-synephrine induced lipolysis in rat adipose cells (Tsujita
and Takaku, 2007).

Sour orange extract has been popular and marketed as a safe
weight-loss product since beginning of the 21st century. The big-
gest dispute regarding the wide use of sour orange extract/p-syn-
ephrine is that research indicates an association of consumption
with various cardiovascular hazards. From 2004 to 2009, the FDA
received multiple reports of adverse effects regarding products
containing sour orange extract, which were supported by several
clinical studies. However, these conclusions indicating sour or-
ange extract and p-synephrine are responsible for adverse effects
was later shown to be unjustified in an review article (Stohs, 2010).
The concern regarding sour orange extract/p-synephrine is mainly
due to p-synephrine’s structural similarities with ephedrine, as well
as the misconception between p-synephrine and its isomer, m-syn-
ephrine. Ephedrine was commonly used as a dietary supplement
for weight loss and weight management, before being banned by
the FDA due to health concerns in 2004. It is structurally related
to p-synephrine (Figure 2). m-Synephrine (Figure 2), also known
as phenylephrine, has a hydroxyl group in the meta-position on
the benzene ring. Both ephedrine and m-synephrine have been
associated with cardiovascular risks in various studies. In fact,
ephedrine and m-synephrine are not detected in sour orange (Pel-
lati and Benvenuti, 2007), and the structural differences between
p-synephrine with ephedrine and m-synephrine lead to different
receptor binding characteristics and pharmacokinetic properties.
The binding of ephedrine and m-synephrine to a-adrenoreceptors
as well as B-land B-2 adrenoreceptors produce vasoconstriction,
cardiovascular contractility, increased heart rate and bronchodila-
tion (Inchiosa, 2010), whereas p-synephrine shows little binding
affinity for a- as well as -1 and B-2 adrenoreceptors, even though
they possess similar chemical structures (Bent et al., 2004; Coates
et al., 2004; Fugh-Berman and Meyers, 2004; Penzak et al., 2001).
Therefore, compared to ephedrine and m-synephrine, p-synephrine
shows little, if any, CNS and cardiovascular stimulation. Despite
being considered safe thus far, there are very limited studies in-
volving the administration of p-synephrine alone regarding weight
loss. Consequently, in the last 10 years, investigations on the anti-
obesity effects of sour orange have been continually conducted.
In 2008, the concentration of p-synephrine in unripe fruits and
leaves from sour orange was determined and the acute toxicity of
sour orange extract and p-synephrine was also evaluated (Arbo et
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al., 2008). These results indicated that sour orange fruit contained
about 0.04 to 0.05% of p-synephrine, whereas the leaves contained
around 0.006% of p-synephrine. Acute oral administration of sour
orange extracts (2.5% p-synephrine, 300-5,000 mg/kg) in mice re-
sulted in a reduction of locomotor activity, whereas p-synephrine
(150-2,000 mg/kg) caused piloerection, gasping, salivation, ex-
ophtalmia and reduction in locomotor activity. One year later, sour
orange extract and p-synephrine’s subchronic toxicity in mice and
its actions in oxidative stress biomarkers was studied. A commer-
cial sour orange dried extract (containing 7.5% p-synephrine) 400,
2,000 or 4,000 mg/kg and p-synephrine 30 or 300 mg/kg was given
to mice for 28 consecutive days using oral gavage. An increase
in reduced glutathione concentration in mice treated with sour or-
ange extract 4,000 mg/kg and p-synephrine 30 and 300 mg/kg was
observed. For glutathione peroxidase, sour orange 400 and 2,000
mg/kg and p-synephrine 30 and 300 mg/kg treated mice showed
inhibition of the activity. Therefore, a low subchronic toxicity of
the tested sour orange extract and p-synephrine in mice resulted in
a possible alteration of oxidative metabolism. Interestingly, effects
of sour orange extracts and p-synephrine on metabolic fluxes in
the rat liver were also evaluated (Peixoto et al., 2012). Increased
glycogenolysis, glycolysis, oxygen uptake and perfusion pressure
were observed with sour orange extracts and p-synephrine treat-
ments. Since many increased actions are generally catabolic in
nature, the author concluded that those actions were compatible
with the weight-loss effects due to sour orange ingestion. In ad-
dition to the animal study, sour orange extract/p-synephrine was
also investigated as a single ingredient product in human studies.
In a study regarding effects of p-synephrine on resting metabolism,
blood pressure, heart rate and self-reported mood changes, the sub-
ject group treated with p-synephrine (50 mg) exhibited no changes
in heart rate or blood pressure compared with the control group,
and there was no change in self-reported ratings of 10 symptoms
between the p-synephrine group and the control group (Stohs et
al., 2011). A double-blind, placebo-controlled safety study involv-
ing sour orange extract indicated that sour orange extract and p-
synephrine appeared to be without adverse effects at a dose of up
to 98 mg per day for 60 days (Kaats et al., 2013). In a most recent
investigation, cardiovascular effects of bitter orange extract (49
mg p-synephrine) on healthy subjects in a double blind, placebo-
controlled, crossover study was assessed. No significant changes
were observed in electrocardiograms, heart rates, systolic blood
pressure, blood chemistries, or blood cell counts in p-synephrine
treated group (Shara et al., 2016).

Based on the discussion above, there is not enough evidence
connecting sour orange extract/p-synephrine with significant ad-
verse events. Nevertheless, further longer-term human studies are
necessary to better elucidate the effects of p-synephrine on weight
management and verify the safety data. Moreover, additional stud-
ies regarding p-synephrine adrenoreceptor binding are necessary
to better understand how to achieve safety and efficacy of sour
orange extract/p-synephrine.

4.2. Other citrus fruits and their effects on anti-obesity

As reviewed in section 3, polyphenols, the secondary metabolites
of plants, represent the largest category of phytochemicals to com-
bat obesity. They include a large group of compounds with com-
plex chemical structures, that are divided into four main groups,
i.e. flavonoids, phenolic acids, stilbenoids and lignans. In the plant
kingdom, more than 8,000 polyphenols have been identified (Pan-
dey and Rizvi, 2009). Among all the naturally occurring products,
citrus fruit is one of the most abundant source of flavonoids, es-

pecially in the citrus peel. This explains the intensity of investi-
gations into citrus peel extract and its anti-obesity effects (Ezek-
wesili-Ofili and Gwacham, 2015; Huang et al., 2009). Flavonoids
are further classified into seven subgroups, including flavones,
flavonols, flavanones, flavanonols, flavanols, anthocyanins and
isoflavones. Among them, flavanones, flavones and flavanonols
are mainly found in citrus fruits. According to numerous epidemic
studies over recent decades, possible mechanisms of anti-obesity
activity attributed to citrus flavonoids can be summarized by the
following regulations: regulation of energy intake and expendi-
ture, regulation of lipid metabolism and regulation of adipogenesis
(Feng et al., 2017). In addition to polyphenols, oxygenated triter-
penoids called limonoids also possess strong potential as a class of
compounds with pharmacological activities. Two major limonoids,
limonin and nomilin are also abundant in citrus fruits. In this sec-
tion, citrus research focuses on anti-obesity effects attributed to
flavonoids and limonoinds over the past 10 years are reviewed and
discussed according to their possible mechanisms (Table 1).

4.2.1. Regulation of lipid metabolism

Obesity is characterized by lipid metabolism disorder. In general,
reducing lipogenesis and promoting lipolysis are two key approach-
es to treat or reverse obesity, making them two selective targets of
citrus phytochemicals. Lipogenesis is the process where free fatty
acids are stored within lipid droplets as triglycerides. In an ani-
mal study, Citrus depressa Hayata (shitkuwasa) peel extract was
shown to significantly decrease body weight gain, as well as white
adipose tissue weight in obese mice (Lee et al., 2011). Meanwhile,
decreased plasma triglyceride and leptin levels and smaller sized
adipocytes were also reported for the peel extract treated group.
Significantly lower mRNA levels of lipogenesis-related genes,
such as activating protein 2, stearoyl-CoA desaturase 1 (SCD1),
acetyl-CoA-carboxylase 1 (ACC1), fatty acid transport protein and
diacylglycerol acyltransferase 1 in the peel extract treated group
indicated the activities of citrus peel extract on the regulation of
lipogenesis. Lipolysis is the process where triacylglycerols stored
in adipocytes are metabolized to free fatty acids and glycerol. In
the adipocytes, the initiation of lipolysis is regulated by a variety
of hormones including epinephrine and adrenocorticotropic hor-
mone, which are regulated by cAMP cascade. Lipolytic hormones
enhance the synthesis of cAMP, resulting in activation of cAMP-
dependant protein kinase and activation of hormone-sensitive li-
pase (HSL). Activation of HSL leads to the hydrolysis of stored
triglycerides into free fatty acids and glycerol. The inhibition of c-
AMP-dependent phosphodiesterase (PDE) increases cyclic cAMP
and consequently activates HSL. In a human clinical study, SINE-
TROL, a citrus-based polyphenolic dietary supplement, decreased
the body fat of overweight volunteers, which was attributed to its
inhibitory effect on cAMP-phosphodiesterase (PDE). Similarly,
immature Citrus sunki peel extract (CSE) reportedly enhanced
lipolysis through phosphorylation of cAMP-dependent protein ki-
nase and HSL in mature 3T3-L1 adipocytes (Kang et al., 2012).
In the same paper, CSE also demonstrated the ability to increase
phosphorylation levels of AMP-activated protein kinase (AMPK)
and acetyl-CoA carboxylase (ACC) in epididymal adipose tis-
sue, as well as mature 3T3-L1 adipocytes that eventually led to
increased B-oxidation. Moreover, extract of Chenpi (the dry peel
of the plant Citrus reticulata after an aging process), rich in 5-de-
methylated polymethoxyflavones has been reported to activate the
AMPK signaling pathway (Guo et al., 2016).

Peroxisome proliferator-activated receptor (PPAR)-a is a li-
gand-activated transcription factor that plays a crucial role in lipid
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Table 1. Citrus phytochemical studies on anti-obesity effects

Source Mechanism

Experimental model Reference

SINETROL (citrus-based
polyphenolic dietary supplement)

Inhibition of cAMP-phosphodiesterase (PDE)

Cell model and
human clinical study

Dallas et al. (2008)

Blood orange juice
Orange peel extract

Citrus (orange, lemon,
lime, tangerine and
grapefruit) peels extract

Citrus depressa hayata
(shiikuwasa) peel extract

Immature Citrus sunki peel extract

Aged citrus (Chenpi) peel extract

Grapefruit naringenin

Pomelo peel extracts

Yuzu (Citrus juno) peel

Not clear
Suppressing adipose tissue formation

Not clear

Regulating the expressions of lipogenesis-
related genes in white adipose tissue

Promoting B-oxidation and
lipolysis in adipose tissue

Improvement in lipid metabolism associated
with activation of the AMPK pathway

Regulating the activity of nuclear
receptors PPAR a, PPARy, and LXR as

Activate PPAR a and GLUT4 pathway
Activate hepatic PPAR a and adipocyte PPAR y

Mouse model
Mouse model

Rat model

Mouse model

Mouse model and

3T3-L1 cell model

Mouse model

Cell model

Mouse model
Zebrafish model

Titta et al. (2010)
Huang et al. (2009)
Ezekwesili-Ofili and

Gwacham (2015)
Lee et al. (2011)
Kang et al. (2012)
Guo et al. (2016)
Goldwasser et
al. (2010)

Ding et al. (2013)
Zang et al. (2014)

and pomace extracts

Lemon peel polyphenols

Increasing peroxisomal B-oxidation

Mouse model Fukuchi et al. (2008)

through Up-regulation of mRNA levels of
PPAR a and acyl-CoA oxidase (ACO)

Citrus peel extract

Regulating the LD perilipin 1 protein and
transcriptional factor SREBP-1 protein

Mouse model and
3T3-L1 cell model

Tung et al. (2018)

expression and altering gut microbiota

Inhibit adipogenesis through
the Akt signaling pathway

Sour orange (Citrus
aurantium) flavonoids

Citrus ichangensis
peel extract

Dried Satsuma mandarin
(C. unshiu) peel extract

Inhibition of PPAR y and LXR signaling

Indirectly stimulate lipolysis by inhibiting
protection of physical barrier on lipid droplet to

3T3-L1 cell model Kim et al. (2012)

Mouse model Ding et al. (2012)

3T3-L1 cell model Jung et al. (2011)

hinder lipid accumulation in 3T3-L1 adipocytes

Morosil (Blood orange Not clear

juice extract)

Citrus aurantifolia (key
lime) essential oil

Suppressing appetite

Nomilin standard Activation of TGR5 receptor

Human clinical study Cardile et al. (2015)

Asnaashari et
al. (2010)

Ono et al. (2011)

Mouse model

Mouse model

metabolism. Goldwasser et al. reported that the grapefruit flavo-
noid naringenin is capable of inducing PPAR-regulated fatty acid
oxidation genes such as CYP4A11, UCP1 and ApoAl, and inhib-
iting LXRo-regulated lipogenesis genes, such as FAS, ABCGI,
and HMGR in hepatocytes (Goldwasser et al., 2010). Similarly,
Ding et al. reported pomelo peel extract increased the mRNA ex-
pression of PPARa and its target genes, such as FAS, PGC-1a and
PGC-1 in the liver and white adipocyte tissue (WAT), which con-
sequently elevated B-oxidation (Ding et al., 2013). Interestingly,
Zang et al. evaluated the effects of yuzu peel and yuzu pomace ex-
tracts on metabolic disorders in zebrafish (Zang et al., 2014). Both
yuzu peel and pomace exhibited anti-obesity effects, specifically,
yuzu peel significantly up-regulated the hepatic mRNA expres-
sion of PPARa and its target genes, implying enhanced fatty acid
B-oxidation in the liver. Finally, lemon polyphenols administration

was demonstrated with increased peroxisomal B-oxidation through
up-regulation of the mRNA level of acyl-CoA oxidase (ACO) and
PPARGa, which suppressed body weight gain and body fat accumu-
lation in mice (Fukuchi et al., 2008).

In addition, Tung et al. (2018) reported that citrus peel extracts
reduced adipocyte size in the perigonadal fat by decreasing levels
of perilipin 1 protein, as well as sterol regulatory element bind-
ing protein 1 (SREBP-1) expression..Perilipin 1 is involved in the
formation of lipid droplets in WAT, whereas SREBP-1 is a lipo-
genesis-related gene. More interestingly, in the same study, altered
gut microbiota composition attributed to peel extract was observed
by increasing Prevotella and decreasing rc4-4 bacteria. Since the
change in the composition of gut microbiota may determine meta-
bolic health, the result proposed modification of gut microbiota as
a potential mechanism for fighting obesity.
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4.2.2. Regulation of adipogenesis

Adipose tissue plays a crucial role in lipid homeostasis in the hu-
man body. As caloric intake increases, adipose tissue grows via ad-
ipogenesis. Adipogenesis is a process during which preadipocytes
and fibroblast-like preadipocytes develop into mature adipocytes
(Ali et al., 2013). This generation of new adipocytes is controlled
by several transcription factors regulating preadipocyte prolifera-
tion and adipogenesis, such as the CCAAT-enhancer-binding pro-
teins (C/EBPs) family, peroxisome proliferator-activator receptor
vy (PPARY) and cyclic AMP responsive element binding protein
(CREB). All of these are responsible for the transactivation of
adipocyte genes involved in morphological changes of the cell, li-
pid metabolism, and synthesis of adipocyte-specific peptides and
cytokines during terminal differentiation ( Kim and Park, 2011).
Although well known for containing anti-obesity phytochemical
p-synephrine, sour orange is also a good resource of flavonoids. In
a cell study, sour orange flavonoids (CAF) were shown to suppress
adipogenesis in 3T3-L1 adipocytes (Kim et al., 2012). Their re-
sults indicated that CAF down-regulates the expression of C/EBPf
and subsequently inhibits the activation of PPARy and C/EBPa.
Similarly, inhibition of PPARy was also demonstrated in the inves-
tigation of Citrus ichangensis peel extract using high-fat (HF) diet-
induced obesity mice (Ding et al., 2012). In another study, citrus
peel extract slightly inhibited the expression of adipogenesis-relat-
ed transcription factors such as C/EBPa, PPARY, and sterolregula-
tory element binding protein 1 (SREBP1) in 3T3-L1 adipocytes
(Jung et al., 2011). Meanwhile, in the same study, peel extract was
found to indirectly promote lipolysis by down-regulating gene ex-
pression of perilipin, which binds and stabilizes lipid droplets and
controls fatty acid release. The decrease of perilipin production
weakened the physical barrier impeding the action of lipase on li-
pid droplets, and consequently facilitated lipolysis.

4.2.3. Other mechanisms

In the last decade, several studies have assessed the anti-obesity
beneficial effects of blood orange juice. Moro orange, a cultivar
of blood orange, is particularly rich in active components such
as anthocyanins, hydroxycinnamic acids, flavone glycosides and
ascorbic acid. The anti-obesity effects of Moro juice have been
reported by both Cardile et al. (2015) and Titta et al. (2010). In
addition to blood orange, Asnaashari et al. reported that lime (Cit-
rus aurantifolia) essential oils could reduce body weight and food
consumption in mice, possibly through promoting anorexia (As-
naashari et al., 2010). Ono et al. observed citrus nomilin attenuated
diet-induced obesity in mice by acting as an activator of TGR5
(Ono et al., 2011), a member of the G protein-coupled receptor
family that has recently become a popular therapeutic target for the
treatment of obesity (Zhong, 2010).

5. Conclusions

Obesity is a chronic inflammatory disease that has spread globally.
The use of current anti-obesity drugs is related to multiple, adverse
side effects and uncertain long-term risks. Therefore, natural al-
ternatives with active phytochemicals, such as citrus fruits, are a
popular target in the search for safe anti-obesity therapies. Current
knowledge indicates major phytochemicals from citrus fruits that
exert anti-obesity effects are flavonoids and p-synephrine. Mean-
while, an increasing understanding of the possible anti-obesity

mechanisms, including regulation of lipid metabolism, regulation
of energy intake and expenditure and regulation of adipogenesis,
have been facilitated with intense investigations into different cit-
rus fruits and different segments of the fruits. Numerous in vitro
and in vivo studies have shown that citrus fruits are considered a
strong potential source for developing novel anti-obesity therapies.
Nevertheless, it is necessary to further assess the pharmacological
effects and safety of citrus phytochemicals through sufficient ap-
propriately designed and conducted trials, and eventually, clinical
human studies. In addition, since many citrus studies have looked
at crude extracts of citrus fruit (e.g. citrus peel extract), more ef-
forts should focus on exploring and clarifying the specific func-
tional components in citrus fruit. Finally, the investigation of un-
known mechanism-related issues within the reported studies and
beyond should be continued. Currently, citrus crops are mainly
consumed as fresh fruit or juice beverages, and analysis results ap-
plied to the flavor, nutraceutical and perfumery industries. There-
fore, utilization of citrus fruits for developing dietary supplements
and functional foods may help to provide safer options for obese or
pre-obese individuals to prevent and fight this disease.
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