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  Abstract 

 Natural products as disease remedies have a history of near 5,000 years (India, China and 
Greece), and even today, in this advanced technological age, a revival of interest is being 
witnessed in the use of natural or plant-based therapeutic agents for the treatment of several 
pathological conditions. Citrus fruits have been utilised as a traditional medicine in India, 
China, Korea and Japan, and many studies have highlighted the various biological properties 
of their phytophenolics which are suggested to be responsible for the prevention of degene-
rative diseases such as diabetes and cancer. With the background of comprehensive studies 
conducted on Mauritian citrus fruits, this chapter reviews some of the literature data on the 
phytophenolic contents, vitamin C composition and antioxidant functions of citrus extracts 
and emphasises on their potential applications in nutrition management programmes for 
diabetes and cancer chemoprevention.  
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    3.1   Introduction 

 The role played by dietary factors on health status has long 
been recognised, but it has been only recently that epidemio-
logical and clinical data have provided a deeper insight on 
some of the intricate mechanisms of the effect of bioactive 
foods on human health. Citrus genus is one of the most impor-
tant fruit tree crop in the world with an annual fruit produc-
tion of approximately 102 million tons. Tropical countries like 
Mauritius enjoy the right balance of sunshine and rainfall for 
the growth of a wide range of exotic fruits including citrus 
which is the second most consumed fruit after bananas 
(Central Statistics Of fi ce  2008  ) . More than 30 different vari-
eties of citrus fruits are grown in Mauritius, either in back-
yard orchards or on a commercial basis, and consumed as 
fresh fruits or are processed into a variety of products such 
as juices, jams, marmalades and fruit pastes. Citrus fruits, in 
addition to providing an ample supply of vitamins, minerals, 
dietary  fi bres and pectins, contain a host of active phytochem-
icals including phytophenolics (e.g.  fl avanones,  fl avones, 
 fl avonols, phenolic acids) that can protect health. In fact, 
literature abounds of examples of citrus fruits, citrus fruit 
extracts and citrus  fl avonoids, exhibiting a wide range of 
promising biological properties including anti-atherogenic, 
anti-in fl ammatory and antitumor activity, inhibition of 
blood clots and strong antioxidant activity (Middleton and 
Kandaswami  1994 ; Montanari et al.  1998 ; Samman et al. 
 1998  ) . Citrus is consumed mostly as fresh produce and juice, 
and most often, the peel is discarded. This represents a huge 
waste as citrus peels are reported to possess highest amounts 
of  fl avonoids compared to other parts of the fruit (Manthey 
and Grohman  2001  ) . Citrus peels are subdivided into the 
epicarp or  fl avedo and mesocarp or albedo. The  fl avedo is 
the coloured peripheral surface of the peel, whilst the albedo 
is the white soft middle layer of the peel (Fig.  3.1 ). The 
bene fi cial health effects of citrus  fl avonoids would be par-
ticularly relevant in the Mauritian context considering the 

high incidence of cardiovascular diseases, diabetes and can-
cer on the island. This chapter emphasises on the phytophe-
nolic, vitamin C and antioxidant screening of  fl avedo, albedo 
and pulp extracts of citrus fruits commonly consumed in 
Mauritius (Table  3.1 ). With this background, the antidiabetic 
and cancer chemopreventive potential of these extracts are 
discussed.   

    3.1.1   Phytophenolics and Vitamin C 
in Citrus Extracts 

 Most citrus species accumulate substantial quantities of 
 fl avonoids during the development of their different organs 
(Castillo et al.  1992  ) . Four types of  fl avonoids occur in citrus 
species, namely the  fl avanones,  fl avones,  fl avonols and 
anthocyanins with the latter group occurring only in blood 
oranges. More than 60 individual  fl avonoids have been 
identi fi ed (Horowitz and Gentili  1977  ) . Studies on the quan-
titative distribution of these  fl avonoids have shown that the 
 fl avanones predominate in all species of the genus, and they 
occur as glycosides, in which the aglycones are linked to a 
sugar moiety (Fig.  3.2 ) (Lewinsohn et al.  1989  ) . Although 
 fl avones and  fl avonols have been found in low concentra-
tions in citrus fruit tissues, they have been shown to be pow-
erful antioxidants and free-radical scavengers with the highly 
methoxylated  fl avones exhibiting the highest biological 
activity (Benavente-Garcia et al.  1997  ) .  

 Comprehensive studies conducted on 21 Mauritian citrus 
species demonstrated, with established correlations, that 
polyphenolic-rich extracts exhibited important antioxidant 
propensities in various test systems (Ramful et al.  2010a,   b   , 
  2011  ) . Table  3.2  lists the citrus varieties having highest 
amounts of total phenolic,  fl avonoid and vitamin C in their 
 fl avedo, albedo and pulp extracts, respectively. The total phe-
nolic content decreased in the following order:  fl avedo 
extracts > albedo extracts > pulp extracts. Gorinstein et al. 

  Fig. 3.1    Equatorial cross section 
through a citrus fruit       
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   Table 3.1    Scienti fi c and common names, variety and harvest dates of citrus fruits analysed   

 Scienti fi c name  Common name  Variety  Harvest month  Variety and harvest code 

  Citrus sinensis   Orange  Valencia late  Aug  1 
 Washington Navel  Mar  2A 

 May  2B 
  Citrus unshiu   Satsumah  Owari  Mar  A 

 May  B 
  Citrus clementina   Clementine  Commune  Mar  A 

 May  B 
  Citrus reticulata   Mandarin  Fairchild  Apr  1A 

 May  1B 
 Dancy  May  2A 

 Jun  2B 
 Beauty  Jun  3A 

 Aug  3B 
 Suhugan  Aug  4 
 Fizu  Aug  5 

  C. reticulata  ×  C. Sinensis   Tangor  Elendale  Jun  A 
 Aug  B 

  Citrus aurantium  ssp.  bergamia   Bergamot  –  Apr  – 
  Citrus meyeri   Lemon  Meyer  Apr  A 

 May  B 
  C. reticulata  ×  C. paradisis   Tangelo  Mineola  Jun  1A 

 Aug  1B 
 Orlando  Aug  2 
 Ugli  Jun  3A 

 Aug  3B 
  Fortunella margarita   Kumquat  Nagami  Apr  A 

 Jun  B 
  Citrus mitis   Calamondin  –  Jun  A 

 Aug  B 
  Citrus maxima   Pamplemousses 

(Pummelo) 
 Rainking  May  1A 

 Aug  1B 
 Kaopan  May  2A 

 Aug  2B 
 Pink  May  3A 

 Aug  3B 
 Chandler  Aug  4 

 (  2001  )  also reported total polyphenols in the peels of lemons, 
oranges and grapefruits to be signi fi cantly higher than in the 
peeled fruits whilst quince peel extracts had threefold higher 
amounts than that of the pulp (Fattouch et al.  2007  ) .  

 The levels of total phenolics in the Mauritian study are 
much higher than those measured in peels of similar varieties 
from Israel and New Zealand using the same methodology, 
indicating that the contents can be in fl uenced by various fac-
tors such as genotypic differences, geographical and climatic 
conditions, cultural practices, harvest time, fruit maturity, 
environmental and growing conditions and extraction 
methods amongst others (Van der Sluis et al.  2001  ) . Literature 
data on total phenolics of pulp extracts of citrus fruits are, 
however, comparable to the investigation on Mauritian citrus. 
Thus, Gorinstein et al.  (  2001  )  reported values for three 

varieties of citrus pulps in the range 1,350–1,640  m g/g FW, 
whilst the total phenolics content of pulp extracts in our study 
was between 406 and 1,694  m g/g FW. 

 The total  fl avonoid content of the extracts followed the 
same order as the total phenolics with highest levels in the 
 fl avedo extracts and lowest in the pulp extracts. Flavonoid 
derivatives, expressed in quercetin equivalents, in Mauritian 
citrus  fl avedos were generally high (>2,000  m g/g FW for the 
majority of samples analysed). Again, factors, including dif-
ferences in variety and high sunlight conditions (a charac-
teristic feature of tropical Mauritius), which can induce the 
accumulation of  fl avonoids (Li et al.  1993  ) , are probably 
responsible for the relatively high yield. Using the same 
assay system but with catechin as standard, Gorinstein et al. 
 (  2004  )  reported that peeled Jaffa sweeties (a grapefruit 
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hybrid) and white grapefruits contained 471 and 377  m g/g 
FW, whilst 925 and 744  m g/g FW were measured in their 
respective peels. 

 Vitamin C content was higher in the peel extracts than in 
the pulp juice. Gorinstein et al.  (  2001  )  also reported the 
ascorbic acid content of three varieties of citrus peels to be 
signi fi cantly higher than that of peeled fruits. In our study, 
pamplemousses varieties showed relatively high vitamin C 
content in peel and pulp extracts. Cano et al.  (  2008  ) , on the 
other hand, reported that orange varieties had higher vitamin 

C concentrations than mandarin, clementine, satsume and 
hybrid varieties, supporting the argument of a wide variation 
of vitamin C content in literature. Vitamin C levels in fruits 
and vegetables, in fact, can also be in fl uenced by various fac-
tors such as genotypic differences, climatic conditions and 
cultural practices (Lee and Kader  2000  ) . 

 Citrus fruits contain a wide range of  fl avonoid constituents 
which are encompassed in the  fl avanones,  fl avones and 
 fl avonols subclasses (Nogata et al.  2006 ; Mata Bilbao et al. 
 2007  ) . HPLC analyses of nine  fl avedo extracts showed that, 

   Table 3.2    Mauritian citrus fruits with highest amounts of total phenolic,  fl avonoid and vitamin C in their  fl avedo, albedo and pulp extracts   

 Flavedo  Albedo  Pulp 

 Total phenolic  >5,500  m g/g FW  >5,500  m g/g FW  > 950  m g/g FW 

 ~Clementine A  ~Mandarin 2A and 2B  ~Orange 1 
 ~Orange 2A and 2B  ~Tangelo 1A  ~Tangelo 1A, 3A and 3B 
 ~Mandarin 1A, 1B, 2A, 2B and 5  ~Pamplemousses 2A, 3A and 3B  ~Kumquat A and B 
 ~Tangelo 1A and 2  ~Tangor A  ~Calamondin A and B 
 ~Pamplemousses 2B  ~Pamplemousse 2A 
 ~Tangor A and B  ~Tangor A and B 

 Total  fl avonoids  >3,600  m g/g FW  >3,600  m g/g FW  > 600  m g/g FW 

 ~Clementine A  ~Mandarin 2A  ~Mandarin 1B 
 ~Mandarin 1A, 1B, 2A and 2B  ~Tangelo 1A  ~Tangelo 1A and 3A 
 ~Tangelo 2  ~Pamplemousses 2A, 3A and 3B  ~Pamplemousses 1A, 2A, 2B, 3A and 4 
 ~Pamplemousses 2B, 3A,and 4 

 Total vitamin C  >1,000  m g/g FW  –  >500  m g/ml 

 ~Tangelo 3B  ~Kumquat A 
 ~Pamplemousses 1A, 1B, 2B, 3A, 3B and 4  ~Tangelo 3A 

 ~Pamplemousses 1B, 2A and 4 

  Fig. 3.2    Flavanone skeleton 
with substitution pattern 
( a ) Flavanone aglycone 
( b ) Rutinoside (Diglycoside) 
( c ) Neohesperidoside 
(Diglycoside) (Adapted from 
Merken and Beecher  2000  )        

 



293 Phytophenolic Nutrients in Citrus: Biochemical and Molecular Evidence

consistent with literature data (Londoño-Londoño et al. 
 2010  ) , the  fl avanone glycoside, hesperidin, was present at 
highest concentrations (83–234 mg/g FW) in all the extracts 
except for a variety of pamplemousse. The  fl avanone glyco-
sides poncirin, didymin, narirutin and  fl avone glycosides 
diosmin and isorhoifolin were present in all  fl avedo extracts, 
whereas the  fl avanone glycoside naringin was present only in 
one variety of Mandarin (1A). The presence of naringin was 
observed in Mandarin 1A despite its reported absence from 
mandarin varieties (Tomás-Barberán and Clifford  2000  ) . 
Similar to  fl avedo extracts, hesperidin was the most abun-
dant  fl avonoid glycoside in the albedo extracts where it was 
detected at concentrations ranging from 132 to 540 mg/g 
FW. Didymin, hesperidin and narirutin were ubiquitously 
present in all the nine albedo extracts analysed, whereas nar-
ingin and diosmin were not present in any of them. Rhoifolin 
was measured only in Mandarin 2B and Mandarin 5. Rutin 
was detected in albedo extracts of Clementine A, Mandarin 1A 
and Tangor A only. In line with literature data (Cano et al. 
 2008  ) , hesperidin was the most abundant  fl avanone glyco-
side in the citrus pulp extracts. The latter was found at con-
centrations ranging from 7 to 27 mg/g FW, followed by 
narirutin (0.3–21 mg/g FW). Hesperidin was present in all 
the varieties except for Pamplemousse 2A, whilst narirutin 
was absent only in Tangor A. 

 The amount of  fl avonoid glycosides in the pulp extracts 
was much lower than in the  fl avedo and albedo extracts of 
Mauritian citrus fruits; a trend that was consistent with the 
phenolic and vitamin C contents, as well as the antioxidant 
activities (Ramful et al.  2011  ) . Berhow et al.  (  1998  )  reported 
that the concentration of  fl avanones was greater in the citrus 
albedo, whilst the levels of  fl avones and  fl avonols decreased 
in the following order:  fl avedo > albedo > juice sacs. The data 
reported for  fl avonoid composition of citrus pulp juices are 
fairly heterogeneous as a result of the different techniques 
employed and the different units of measurement used by the 
various authors (mg 100/mg juice, mg 100/mg lyophilised 
juice, mg 100/mL juice, mg 100/mg fresh product) (Peterson 
et al.  2006a,   b  ) . In a survey of phenolic compounds in 35 
citrus species, the same authors reported that the dominant 
neohesperidosyl  fl avanones were naringin (found at high 
concentrations in grapefruit, kumquat and pummelo), neoe-
riocitrin (found in bergamot and sour orange tissues) and 
neohesperidin (in tangelo). The dominant rutinosyl  fl avanones 
were hesperidin (in lemon, lime, mandarin and sweet orange), 
eriocitrin and narirutin. The  fl avanone pro fi le of sweet orange 
is relatively simple and varies little among cultivars. It is gen-
erally agreed that orange fruit and juice contain hesperidin 
(Anis and Aminuddin  1981  ) , narirutin (Rousseff et al.  1987 ), 
and didymin (Matsubara et al.  1985  ) . Berhow et al .   (  1998  )  also 
found some orange cultivars to contain eriocitrin. Mandarin 
contains predominantly hesperidin, occasionally narirutin, and 
trace levels of didymin (Horowitz and Gentili  1977  ) . Pummelo 

(pamplemousses) is reportedly one of the three species 
(in addition to sour orange and  Poncirus trifoliata ) that accu-
mulate neohesperidosyl glycosides (Albach and Redman 
 1969  )  with naringin being the major  fl avanone in most pum-
melo cultivars (Park et al.  1983 ; Berhow et al.  1998  ) .  

    3.1.2   Antioxidant Propensity of Citrus Organs 

 Given that the mechanisms of action of naturally occurring 
antioxidants can be diverse in vivo, a comprehensive predic-
tion of the antioxidant ef fi cacy initially in vitro requires a 
multiplicity of assessing methods with various implications 
for molecular targets (Aruoma  1994,   2003 ; Pérez-Jiménez 
et al.  2008  ) . It is noteworthy that synergism and concentra-
tion may also bring effects that are not observed when indi-
vidual constituents are tested (Kaur and Kapoor  2001  ) . There 
is therefore no universal method that can measure the anti-
oxidant capacity of all samples accurately and consistently. 
Clearly, matching radical source and system characteristics 
to antioxidant reaction mechanisms is critical in the selection 
of appropriate antioxidant capacity assay assessing methods 
(Prior et al.  2005  ) .The antioxidant characterisation of the 
 fl avedo, albedo and pulp extracts of 21 varieties of Mauritian 
citrus fruits was evaluated using independent methods: the 
TEAC, FRAP and HOCl assays. From the initial results, nine 
different  fl avedo, albedo and pulp extracts, which showed 
highest antioxidant activities in these three assays, were 
further assessed for their ability to protect DNA from damage 
and their iron-chelating activity (Ramful et al.  2010a,   b  ) . 

 Citrus  fl avedo extracts had wide antioxidant potential 
ranges, thereby supporting their classi fi cation as low, moder-
ate and high. Table  3.3  classi fi es the citrus fruits according to 
the antioxidant activities of their  fl avedo and pulp extracts, as 
measured by the TEAC, FRAP and HOCl scavenging assays .  
Some clementine, mandarin, tangor, tangelo and pamplem-
ousse varieties were all classi fi ed in the high-level range with 
TEAC values greater than 40  m mol/g FW. The free-radical 
scavenging activities of the pulp extracts were much lower 
compared to the  fl avedo and albedo extracts with values in 
the range 2.6–9.9  m mol/g FW. These data are consistent with 
those of Wang et al.  (  2011  )  who reported the antioxidant 
activity of peel extracts of  Citrus sulcata  to be twice that of 
the pulp extracts using the TEAC assay. Flavedo extracts of 
Orange 2B, Clementine A, Mandarin 1, 2 and 5, Tangor and 
Tangelo 1A and 2 had FRAP values greater than 50  m mol/g 
FW. FRAP values for albedo extracts ranged from 5.8 to 
55  m mol/g FW, whilst values for pulp extracts ranged from 
3.3 to 10.4  m mol/g FW, clearly depicting that the ferric 
reducing ef fi cacy of the extracts decreased in the order 
 fl avedo extracts > albedo extracts > pulp extracts. Flavedo 
extracts of Orange 2, Clementine A, Mandarin 1, 2A and 5, 
Tangor A and Pamplemousse 2B were characterised by low 
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IC 
50

  values (3.70–4.41 mg FW/mL), indicating the high 
effectiveness of the extracts to scavenge hypochlorite. Pulp 
extracts were relatively poor scavengers of hypochlorite with 
IC 

50
  values in the range 52.5–175 mg FW/mL. No literature 

data is available on the assessment of the HOCl scavenging 
activity of citrus fruits. However, the anti-in fl ammatory 
effects of  Mangifera indica  L. (Martynez et al.  2000  ) , the 
brown algae  Laminaria japonica  (Zhao et al.  2004 ) and the 
medicinal plant  Hypercum androsaerum  (Valentão et al. 
 2002  )  have also been assessed using the HOCl assay. Among 
these, interesting radical scavenging capacities were observed 
in  Mangifera indica  L. (Vimang) with an IC 

50
  value of 

0.04%, thereby supporting its use in traditional medicine as 
an anti-in fl ammatory and cancer preventive agent (Martynez 
et al.  2000  ) .  

 The metal complex copper 1,10-phenanthroline is known 
to promote hydroxyl radical formation from molecular 
oxygen by redox cycling and is therefore a suitable agent for 
the stimulation of oxidative DNA damage (Aruoma  1993 , 
Halliwell  1997  ) . Indeed DNA fragmentation detected in dif-
ferent cells treated with copper phenanthroline is considered 
to result from direct attack upon DNA by the hydroxyl radical 
(Tsang et al.  1996  ) . DNA damage, such as single- and double-
strand breakage, base modi fi cation, cross-linking of DNA 
with other biomolecules particularly proteins, is reported to 
be early events of cancer, cardiovascular diseases, diabetes, 
cataract and neurological disorders (Cadet et al.  1997  ) , 
and phytochemicals have profound chemopreventive effects 
through modulation of molecular events that damage DNA 
(Bisht et al.  2008  ) . The level of protection against copper-
phenanthroline-mediated oxidative DNA damage was in 
the following order for the  fl avedo extracts: Tangelo 
1A > Clementine A > Tangor A > Pamplemousse 2B > Mandarin 
5 > Mandarin 1A  »  Orange 2B > Mandarin 2A > Tangelo 2. 

 Among the transition metals, iron is known as the most 
important lipid pro-oxidant due to its high reactivity. Benherlal 
and Arumughan  (  2008  )  reported that phytochemicals/extracts 
with high antioxidant activity but without iron chelation capac-
ity failed to protect DNA in Fenton’s system, suggesting that 
iron chelation was an essential requirement for extracts stud-
ied here to retard HO• generation by Fenton’s reaction. In the 
study conducted on Mauritian citrus, Clementine A, Tangor 
A and Mandarin 1A and 5 were the most potent Fe2 +  ion 
chelator.  

    3.1.3   Antidiabetic Potential 

 Oxidative stress and alterations in glucose metabolism are 
important risk factors for diabetes and its related complica-
tions. Advanced glycated end products and their carbonyl 
derivatives are believed to contribute signi fi cantly to the 
pathogenesis of type 2 diabetes by their interaction with 

speci fi c cell membrane receptors triggering, for instance, 
the nuclear factor- Kappa  B (NF- k  B) signalling pathway to 
induce the expression of pro-in fl ammatory mediators and 
elicit oxidative stress which exacerbate diabetic complica-
tions (Stern et al.  2002  ) . A great deal of effort has been 
focused on the identi fi cation of useful inhibitors of protein 
AGEs to delay or prevent glycation so as to alleviate the phe-
notype of these diseases (Pashikanti et al.  2010  ) . Numerous 
AGEs inhibitors, including aminoguanidine, improved dia-
betic complications in animal models and clinical trials with, 
however, a number of adverse effects (Ho et al.  2010  ) . It is 
suggested that AGEs inhibitors from natural foods/dietary 
biofactors may reasonably serve as valuable adjuvants. Using 
a diabetes-like oxidative stress model, the potential protec-
tive effect of antioxidant citrus fruit extracts on human adi-
pocytes was evaluated (Ramful et al.  2010a,   b  ) . In spite of 
the determinant role of adipocytes in the aetiology of obesity-
related disorders, there are very few reports on the effect 
of natural antioxidants on adipocyte-response to oxidative 
stress. The extracts were tested on SW872 liposarcoma cells 
subjected or not to H 

2
 O 

2
  or AGEs. Cell viability, carbonyl 

accumulation, free-radical formation, tumour necrosis factor 
 a  (TNF a ) and apolipoprotein E (apoE) secretions were 
assessed in treated cells (Ramful et al.  2010a,   b  ) . Data for 
two citrus species, namely Tangor and Tangelo showed pro-
nounced abilities to delay free-radical-induced hemolysis in 
the red blood cell hemolysis test, thus providing complemen-
tary evidence of their antioxidative potency. This is the  fi rst 
report on the antioxidant propensity of nutritional compounds 
assessed by this red blood cell hemolysis test system pat-
ented in 1992 (Prost  1992  ) . The low dose–response data 
therefore represent favourable applicable conditions to the 
in vivo environment, without affecting cellular viability and 
physiology. 

 Adipocyte cell viability was examined in the presence of 
different concentrations of tangelo and tangor  fl avedo, albedo 
and pulp extracts. Only the  fl avedo extract produced toxic 
effects at high concentrations (>0.75%). The phenolic rich-
ness of the extract could contribute to this observation. 
Analogous reports have previously been made, whereby phe-
nolic-rich plant extracts exerted modulatory effects. These 
results indicated that phenolic constituents of complex plant 
mixtures possess the character of a ‘Janus’ (anti)genotoxi-
cant, a term used to designate compounds behaving as geno-
toxin or antigenotoxin, depending upon the plant extract 
concentrations used (   De Flora and Ramel  1988  ) . The toxic-
ity is suggested to be related to hydrogen peroxide formation 
arising from the auto-oxidation of phenolic molecules. In 
another work, Patil et al.  (  2009  )  showed that compounds 
puri fi ed from Mexican lime juice could induce apoptosis in 
human pancreatic cells (review in Roche et al.  2008  )  with the 
effects being shown to be proportionately linked to the 
 fl avonoid content. Our previous studies have shown that 
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native albumin had strong antioxidant activities (Bourdon 
et al.  1999  ) . Our data show an increase in the half time of 
AAPH-induced hemolysis in the presence of native albumin, 
whilst a signi fi cant reduction is observed with MGO-mediated 
glycation. Similar results were obtained on MGO-modi fi ed 
BSA by Faure et al.  (  2005  ) . In the same vein, another work 
performed by our group showed oxidative damages in adipo-
cytes subjected to oxidative stress induced by glycated albu-
min (Roche et al.  2009  ) . The reduction of carbonyl formation 
at the adipocyte level is clearly re fl ective of the antioxidant 
power of tangor and tangelo  fl avedos (Fig.  3.3 ). This antioxi-
dant propensity is reinforced with co-treatment with native 
albumin, whilst glycated albumin is devoid of antioxidant 
power. Consistently, similar data are observed in adipocytes 
submitted to an oxidative stress generated by H 

2
 O 

2
  (Fig.  3.4 ). 

A signi fi cant decrease in carbonyl formation was observed 
when cells pretreated with tangelo  fl avedo extracts were incu-
bated in the presence of H 

2
 O 

2
 . Along this line, it has been 

reported that polyphenolics, more particularly anthocyanins, 

have the ability to protect 3T3-L1 adipocytes against H 
2
 O 

2
 -

induced insulin resistance (Guo et al.  2008  ) .   
 We further demonstrated that intracellular ROS formation 

is considerably lowered in cells pretreated with citrus  fl avedo 
extracts incubated in the presence or absence of H 

2
 O 

2
  (unpub-

lished data). Modulation of intracellular ROS production 
in the SW872 cells by citrus extracts was shown using the 
dichlorodihydro fl uorescein diacetate (DCFH-DA) assay. This 
is a useful indicator of reactive oxygen species (ROS) and 
oxidative stress. The principle of the assay is summarised in 
Fig.  3.5 . The nonpolar and nonionic DCFH-DA crosses cell 
membranes and is hydrolysed by intracellular esterases to 
non- fl uorescent 2 ¢ ,7 ¢ -dichloro fl uorescin (DCFH). In the 
presence of ROS, such as hydrogen peroxide (H 

2
 O 

2
 ), lipid 

hydroperoxides and peroxinitrite, DCFH is oxidised to 
 fl uorescent 2 ¢ ,7 ¢ -dichloro fl uorescein (DCF). In addition, 
DCFH can be oxidised by intracellular oxidases and oxidants 
formed during the reduction of H 

2
 O 

2
 . Altogether, these 

observations indicate that the oxidation of DCFH may be 
derived from several ROS intermediates (Wang and Joseph 
 1999  ) . Therefore, DCFH is useful to indirectly measure the 
effect of intracellular antioxidant activities in scavenging ROS 
and in protecting DCFH from oxidation. Intracellular ROS 
formation was considerably lowered in cells pretreated with 
citrus  fl avedo extracts incubated in the presence or absence 
of H 

2
 O 

2
  (Fig.  3.6 ). Hwang and Yen  (  2008  )  also reported that 

pretreatment of rat pheochromocytoma PC12 cells with citrus 
 fl avanones signi fi cantly eliminated the accumulation of 
intracellular ROS. Hesperetin and neohesperidin reduced the 
level of ROS by 16–24%, whilst hesperidin reduced the level 
of ROS by 32–48% in H 

2
 O 

2
 -indued PC12 cells (Hwang and 

Yen  2008  ) . Other researchers have reported the use of the 
DCFH-DA assay in biological systems for the evaluation of 
natural antioxidants. Takamatsu et al.  (  2003  )  reported the 
screening of some  fl avonoids for their antioxidant properties 
on HL-60 cells using a DCFH-DA assay. Lu et al.  (  2004  )  

  Fig. 3.3    Effect of citrus  fl avedo 
extracts on carbonyl 
accumulation in AGEs-treated 
adicpocytes. Results expressed 
as % of control cells treated with 
only 1% (v/v) DMSO.  Bars  
represent mean ± SEM of two 
independent experiments 
performed in triplicate. 
Signi fi cance using student’s  t  
test for unpaired samples are: 
§ P  = 0.08, # P  = 0.07 (vs. control); 
** P  < 0.01       

  Fig. 3.4    Effect of citrus  fl avedo extracts on carbonyl accumulation in 
H 

2
 O 

2
 -treated adicpocytes. Results expressed as % of control cells 

treated with only 1% (v/v) DMSO.  Bars  represent mean ± SEM of two 
independent experiments performed in triplicate. Signi fi cance was 
assessed using one-way ANOVA followed by Dunnett’s multiple com-
parison test; * P  < 0.05       
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used a DCFH-DA assay to assess the antioxidant activ-
ities of procyanidins from grape seeds whilst Eberhardt 
et al.  (  2005  )  evaluated the antioxidant activities of broccoli 
extracts. Recently, Girard-Lalancette et al.  (  2009  )  developed 
a sensitive cell-based assay using DCFH oxidation for the 
determination of pro- and antioxidant properties of fruits 
and vegetable juices.   

 ApoE, which is a component of lipoproteins, e.g. chylo-
microns, very low-density lipoprotein (VLDL), intermediate-
density lipoproteins and high-density lipoprotein (HDL), is 
mainly produced and secreted by the liver (Beisiegel et al. 
 1988  ) . ApoE is known to regulate both cellular and systemic 
cholesterol, as well as triglyceride metabolism (Mahley  1988 ; 
Tarnus et al.  2009  ) , and has been extensively studied for its 
potential role in the aetiology of atherosclerosis, diabetes 
and obesity. ApoE, which was shown to exhibit anti-
in fl ammatory, anti-atherogenic and antioxidant properties 
(Miyata and Smith  1996 ; Davignon  2005  ) , has been found to 
be highly expressed by adipose tissue and adipocytes (Wassef 
et al.  2004 ; Zechner et al.  1991  ) . However, if apoE expres-
sion by adipocytes has been known for many years, its 
importance in the adipose response to oxidative stress/anti-

oxidants has never been thoroughly investigated. Signi fi cant 
reductions in apoE secretions were observed in albedo and 
pulp-extract-treated cells (Fig.  3.7 ). Recently, our group 
showed an increase in apoE secretion in SW872 cells sub-
jected to oxidative stress induced by glucose or AAPH, a 
free-radical generator (Tarnus et al.  2009  ) . We hypothesised 
that apoE may exert antioxidant effects at the adipocyte level, 
and its subsequent increase in expression may represent a 
defence response to oxidative stress (Tarnus et al.  2009  ) . The 
decrease in apoE secretion in cells incubated with citrus 
extract seems to be an adaptive response to the presence of 
the exogenous citrus antioxidants.  

 Complementary to our data depicting the antidiabetic 
potential of citrus extracts, literature data on citrus phytophe-
nolics suggest that naringenin is able to reduce glucose uptake 
and inhibit intestinal and renal Na+-glucose co-transporter 
(SGLT1) (Li et al.  2006  )  and that both naringin and hespe-
ridin signi fi cantly increased the glucokinase mRNA level, 
whilst naringin reduced the mRNA expression of phosphoe-
nolpyruvate carboxykinase and glucose-6-phosphatase in the 
liver (Jung et al.  2006  ) . Recently, it was reported that a citrus 
extract of Dangyuja (citrus fruit from Korea), containing high 
levels of  fl avanone glycosides, could be used to control the 
blood glucose level of diabetic patients by inhibiting  a  
amylase and  a  glucosidase in the intestinal tract (Gyo-Nam 
et al.  2009  ) .  

    3.1.4   Cancer Chemoprevention Potential 

 The concept of chemoprevention by dietary means is gaining 
momentum in a number of chronic degenerative diseases 
primarily due to the dramatic rise of cancer and type 2 diabetes 
mellitus and the increasing incidence of cardiovascular dis-
eases as major and interlinked healthcare problems. As it 
stands today, cancer is the second leading death cause in the 
world. In 2005, out of 58 million deaths worldwide, 7.6 million 
people died of cancer. Based on projections, cancer deaths 
will continue to rise with an estimated 9 million people dying 
from cancer in 2015, and 11.4 million dying in 2030. Cancer 
is a multifactorial and multistage process consisting of three 
distinct phases: initiation, promotion and progression phases. 
Whilst current clinical therapies including radiation, chemo-
therapy, immunosuppression and surgery are limited as indicated 
by the high morbidity and mortality rate from cancer, 
there is an imperative need for new treatment modalities. 
Chemoprevention which involves the use of pharmacological, 
dietary biofactors, phytochemicals and even whole plant 
extracts to prevent, arrest or reverse the cellular and molecu-
lar processes of carcinogenesis has been proposed due to its 
multiple intervention strategies. 

 The preventive mechanisms of tumour promotion by nat-
ural phytochemicals range from the inhibition of genotoxic 
effects, increased antioxidant and anti-in fl ammatory activity, 

AOx

DCFH-DA

H2O2

DCFH

DCF

ROS�

ROS�

Cellular
esterases

DA

AOx

AOx

  Fig. 3.5    Principle of the DCFH-DA assay. Cells were pretreated with 
citrus extracts followed by the addition of the DCFH-DA. The antioxi-
dants in the citrus extracts bound to the cell membrane and/or passed 
through the membrane to enter the cell. DCFH-DA diffused into the cell 
where cellular esterases cleaved the diacetate moiety to form the more 
polar DCFH, which was trapped within the cell. Cells were treated with 
H 

2
 O 

2
  which diffused into the cells acting as ROS. These ROS oxidised 

the intracellular DCFH to the  fl uorescent DCF. Antioxidants present in 
the citrus extracts prevented the oxidation of DCFH (Adapted from 
Wolfe and Liu  2007  )        
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inhibition of proteases and cell proliferation, protection of 
intercellular communications to modulation of apoptosis and 
signal transduction pathways (Chen and Kong  2005 ; De 
Flora and Ferguson  2005 ; Holmes-McNary and Baldwin 

 2000 ; Aruoma et al.  2005 ;    Soobrattee et al.  2008  ) . Dietary 
polyphenols can induce the phase I and II detoxifying 
enzymes involved in the biotransformation and elimination 
of potential carcinogens. The natural chemopreventive 
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  Fig. 3.7    Effect of citrus fruit 
extracts on ApoE secretion in 
SW872 cells. Results are 
expressed as percentage of the 
corresponding control cells 
treated with only 1% (v/v) 
DMSO and/or PBS       
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  Fig. 3.6    Comparative 
antioxidant activities of citrus 
extracts in SW872 cells, as 
measured by the DCFH-DA 
assay, ( a ) in the absence of H 
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2
  

and ( b ) in the presence of H 
2
 O 

2
 . 

Results are expressed as 
mean ± SEM of three independent 
 experiments  performed in 
triplicate using one-way ANOVA 
followed by Dunnett’s multiple 
comparison test;  *  P  < 0.05, 
 **  P  <0.01 vs. control       
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compounds serve as transcriptional activators for the 
expression of glutathione S-transferase, NAD(P)H: quinine 
oxidoreductase (NQO), heme oxygenase 1 (HO 1),  g -glutam-
ylcysteine synthetase ( g GCS) and antioxidant enzymes via 
the antioxidant/electrophile response element (ARE/EpRE) 
(Neergheen and Bahorun  2009  ) . The induction effects of 
phase II detoxifying agents by natural phytochemicals is 
mediated in part through the activation of Nrf 2 signalling 
pathways by upstream kinases (Fig.  3.8    ) .   

 Citrus  fl avonoids have been reported to protect DNA by 
their ability to absorb ultraviolet light (Stapleton and Walbot 

 1994  ) . The role of Naringin as an important modulator of 
superoxide dismutase and catalase activities and upregulator 
of gene expressions of superoxide dismutase, catalase and 
glutathione peroxidase in cholesterol-rich diet-fed rabbits 
has been highlighted (Jeon et al.  2001  ) . It has been further 
suggested naringin might affect H 

2
 O 

2
 -induced expression of 

an apoptosis-associated gene or proteins as one of its pharma-
cological actions (Kanno et al.  2003  ) . Orange juice contain-
ing hesperetin and naringenin delayed tumour development, 
suggesting their effectiveness to inhibit human breast cancer 
cell proliferation in vitro (So et al.  1996  ) . 

  Fig. 3.8    Schematic representation of the intracellular signal transduc-
tion cascades activated by reactive oxygen species and converging on 
downstream transcription factors and the site where dietary phenolics 
possibly intervene. Activation of Nrf2 signalling and induction of phase II 

detoxifying and antioxidant genes by chemopreventive polyphenols 
represented by ( ). ( )    indicates the sites where phenolic com-
pounds have been reported to modulate and suppress the cell signal 
transduction cascades (Neergheen and Bahorun  2009  )        
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 Naringenin was also found to inhibit proliferation of 
HT-29 colon cancer cell lines at concentrations of 0.71–
2.85 mmol. These amounts are found to be effective in 
plasma and can be provided by drinking between 2 and 3 l of 
grapefruit juice daily. Taking into account its low bioavail-
ability, higher volumes of grapefruit juice may however be 
required, thereby suggesting that naringenin in capsular form 
may be more practical and ef fi cient. (Tripoli et al.  2007  ) . 
Another study on naringenin showed that its administration 
to gastric carcinoma–induced rats largely up-regulated the 
redox status to decrease the risk of cancer. The authors con-
cluded that up-regulation of antioxidants by naringenin treat-
ment might be responsible for the anticancer effect in gastric 
carcinoma (Ekambaram et al.  2008  )  .  

 Numerous reports indicate that citrus  fl avonoids affect 
cellular metabolism in various ways, thereby in fl uencing can-
cer proliferation, e.g. inhibition of glycolysis (the most active 
metabolic pathway in tumoural cells (Manach et al.  1996  ) ), 
depress production of lactate in leukaemia cell lines or in 
Ehrlich tumour cells (Suolinna et al.  1975  ) , inhibition of the 
Na/K ATPase pump that could negatively in fl uence the energetic 
metabolism, the synthesis of the proteins and DNA replica-
tion, by pH reduction of the cells (Hirano et al.  1989  ) . 
Furthermore citrus  fl avonoids have been shown to potentiate 
the drug therapies effects against cancer. For example, 
quercetin prominently enhances the effect of Adriamycin 
in a multidrug-resistant MCF-7 human breast cancer cell 
line (Scambia et al. 1994) and cells of colon MCT-15 
(Critch fi eld et al.  1994  ) . The anti-metastatic and anti-invasive 
activities of citrus  fl avonoids, based on cell mobility inhibi-
tion (Bracke et al.  1991  ) , have been observed in several 
human neoplastic cellular line proliferations: lymphoid and 
myeloid leukaemias (Larocca et al.  1990  ) , gastric carcinoma 
(Yoshida et al.  1990  ) , ovarian carcinoma (Scambia et al.  1990  ) , 
prostate carcinoma (Peterson and Barnes  1993  )  and squamous 
cellular carcinoma (Kandaswami et al.  1991  ) . 

 Nobiletin, which is a predominant methoxylated  fl avone 
in mandarins, has shown direct cytotoxicity on TMK-1, 
MKN-45, MKN-74 and KATO-III with a dose–response 
relationship. Loss of cell viability at low doses was found 
to be a consequence of apoptosis (Yoshimizu et al.  2004  ) . 
A screening of 78 citrus species showed inhibitory effects of 
the Epstein-Barr virus antigen (EBV-EA) activation, indi-
cating that citrus phytochemicals may inhibit susceptibility 
factors involved in the events leading to the development of 
cancer (Iwase et al.  1999  ) . Hirata and his group, in a study 
conducted on citrus peels, isolated polymethoxy fl avones and 
coumarin derivatives with anti-corpulence activities and the 
ability to inhibit the proliferation of human colon cancer 
HT-29 cells (Hirata et al.  2009  ) . 

 More recently, the modulatory effects of hesperidin on 
attenuating the lipid peroxidation and down-regulation of key 

membrane bound marker enzyme activities and up-regulation 
of protein content affording an assurance for its potential 
use for the treatment of breast cancer have been reported 
(Nandakumar et al.  2011  ) . 

 Extracts from lemon seed were also shown to have potent 
antioxidant activity and to induce apoptosis in MCF-7 cells, 
leading to the inhibition of proliferation, suggesting that 
aglycones and glucosides of the limonoids and  fl avonoid 
present may potentially serve as a chemopreventive agent for 
breast cancer (Kim et al.  2011  ) . Recent advanced molecular 
studies focused to understand the structure-function rela-
tionship of citrus  fl avonoids in terms of their ability to alter 
the gene expression in the colon adenocarcinoma cells. 
Structurally related  fl avonoids (apigenin and quercetagetin) 
found in citrus were shown to have pronounced ability to 
inhibit colon cancer (SW480) cells as well as change the 
expression of apoptosis-related genes/proteins (Chidambara 
Murthy et al.  2011  ) .   

    3.2   Conclusion 

 Never before has the focus on the health bene fi ts of commonly 
available foods been so strong. The philosophy that food can 
be health promoting beyond its nutritional value is gaining 
acceptance within the public arena and among the scienti fi c 
community as mounting research links diet/food components 
to disease prevention and treatment. The ef fi cacy of citrus 
extracts is supported by conclusive evidence from animal 
models which have provided the concepts for underlying 
mechanisms of action (Fig.  3.9 ). However, research must go far 
beyond the simplistic claims of positive properties in vitro. It 
must be heavily supplemented by well-designed observational 
epidemiological studies, bioavailability investigations and inter-
vention trials. The World Health Organisation (WHO) has 
declared that diabetes and cancer epidemics are underway. 
Although there are various antidiabetic and anticancer drug 
therapies available on the market, tolerance and side effects are 
still an issue with many of these. There is thus a clear opportu-
nity to improve on the current standard of care. In that regard, 
citrus fruit extracts represent an excellent candidate to be 
developed into nutraceuticals and functional foods geared 
towards the management of diabetes and cancer.   

    3.3   Future Research 

 Further studies are needed to achieve a better understanding 
of the cellular and molecular mechanisms of nutritional anti-
oxidants as well as their clinical effects. The outcome of the 
various above-mentioned ongoing studies in our group 
under the Centre for Biomedical and Biomaterials Research 
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(CBBR) (an African Network for Diagnostics and Innovation 
(ANDI) centre of excellence) in partnership with established 
collaborations (University of Reunion, American University 
of Health Sciences (USA), Chhatrapati Shahu Ji Maharaj 
University, (Kanpur, India), Seoul National University, etc.) 
would thus constitute the basis for the selection of citrus fruit 
varieties with high polyphenolic content and antioxidant 
activities for the development of functional foods that would 

contain the right mix and amounts of antioxidant prophy-
lactics to be used as supplements in a balanced diet within 
existing nutrition programmes.      

  Acknowledgments   The authors are thankful to the University of 
Mauritius, University of Réunion (France) and Chhatrapati Shahu Ji 
Maharaj University Kanpur (India) for their full support. One of the 
authors (TB) is particularly thankful to Mr Gaurav Gaur, the Federation 
of Indian Chambers of Commerce & Industry (FICCI) and the 

  Fig. 3.9    Mechanisms of action of selected citrus  fl avonoids in animal models of diabetes       
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