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ABSTRACT: The flavonoid content of several methanolic extract fractions of Navel orange peel (flavedo and albedo of Citrus
sinensis) cultivated in Crete (Greece) was first analysed phytochemically and then assessed for its antioxidant activity in vitro.
The chemical structures of the constituents fractionated were originally determined by comparing their retention times and
the obtained UV spectral data with the available bibliographic data and further verified by detailed LC-DAD-MS (ESI+) analysis.
The main flavonoid groups found within the fractions examined were polymethoxylated flavones, O-glycosylated flavones,
C-glycosylated flavones, O-glycosylated flavonols, O-glycosylated flavanones and phenolic acids along with their ester deriva-
tives. In addition, the quantitative HPLC analysis confirmed that hesperidin is the major flavonoid glycoside found in the
orange peel. Interestingly enough, its quantity at 48 mg/g of dry peel permits the commercial use of orange peel as a source
for the production of hesperidin. The antioxidant activity of the orange peel methanolic extract fractions was evaluated by
applying two complementary methodologies, DPPH• assay and the Co(II)/EDTA-induced luminol chemiluminescence
approach. Overall, the results have shown that orange peel methanolic extracts possess moderate antioxidant activity as
compared with the activity seen in tests where the corresponding aglycones, diosmetin and hesperetin were assessed in
different ratios. Copyright © 2008 John Wiley & Sons, Ltd.
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Introduction

Flavonoids are usually found in the form of glycosides in foods
of plant origin, in particular in vegetables, beverages and citrus
fruits (Justesen et al., 1998; Kawaii et al., 1999; Wiseman et al.,
2001; Kanaze et al., 2003). 

In Greece, many sweets and juices that use the whole orange
fruit are consumed since it is believed that they possess various
benefits for health. On the other hand, specific scientific efforts
have demonstrated that dietary flavonoids possess a variety
of pharmacological effects, including the potential for anti-
inflammatory (Middleton and Kandaswami, 1992; Rotelli et al.,
2003) and anti-ulcer (Izzo et al., 1994) activity. In addition, the
consumption of specific dietary flavonoids has been correlated
with a reduced risk in the onset of some chronic and complex
diseases, such as different types of cancer, asthma and cardio-
vascular disorders (Hertog et al., 1995; Bernatova et al., 2002;
Knekt et al., 2002). One of the most important pharmacological
properties of flavonoids is considered to be the antioxidant and
free radical scavenging activity (Kandaswami and Middleton,
1994; Anila and Vijayalakshmi, 2003).

As far as specific flavonoids are concerned, hesperidin, narin-
gin and diosmin flavonoid glycosides are widely used for their
capability to act as agents with phlebotonic (venous tonic stim-
ulant) and antioxidant as well as vascular dysfunction protector
properties (Smith, 1999; Hitzenberger, 1997; Remacle et al., 1991;
Michiels et al., 1991; Finotti and Di Majo, 2003; Ajay et al., 2003).

In this regard, recent clinical studies have demonstrated the
benefit of the use of diosmin and hesperidin in the treatment of
patients suffering from venous leg ulcer and/or haemorrhoids
(Hitzenberger, 1997). In addition, the use of the same flavonoids
has indicated a chemopreventive effect in mice with urinary-bladder
cancer (Yang et al., 1997). Interestingly, diosmin and hesperidin
have shown a very good tolerability and, thus, are generally con-
sidered as non-toxic and safe drugs (Hitzenberger, 1997).

In particular, orange peel flavedo and albedo are an interest-
ing source of phenolic compounds, and in particular flavonoids
such as hesperidin, naringin, diosmin, neohesperidin and rutin
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along with their aglycones. In the latter case, a number of
physiologically–pharmacologically active components such as
citric acid, ascorbic acid, minerals and coumarins are included
(Kawaii et al., 1999; Kanaze et al., 2003). Orange peel is also the
primary waste fraction in the production of orange juice,
although it has been used as a source of hesperidin because
of its high concentration within this material (Manthey and
Grohmann, 1996).

As it has been reported earlier in comparative studies, dried
orange peel has shown higher antioxidant activity compared
with lemon and grapefruit (Kroyer, 1986). Upon examination of
the antioxidant as well as autoxidation potential of flavanone
glycosides hesperidin and naringin along with their aglycones
hesperetin and naringenin, it has been indicated that the glyco-
side forms are mainly responsible for the antioxidative activity
of the citrus peel extracts (Kroyer, 1986). In this regard, it is note-
worthy that other researchers have focused on the significant
hypolipidaemic effects exhibited by hesperidin, a result that
may be also correlated to its antioxidant capacity, as has been
proposed (Fraga et al., 1987; Lonchampt et al., 1989; Monforte
et al., 1995). Surprisingly, however, other researchers have
reported that neither naringin nor hesperidin has antioxidative
activity (Chen et al., 1990; Wang and Zheng, 1992), while others
have supported the notion that both of these substances are
weak antioxidants (Miyake et al., 2003). This controversy might
be attributed either to the material itself and its purity, since it
has been derived from different parts of the world along
with the subsequent processing used for the extraction, or to
the method applied to assess the antioxidant potential of
these substances.

The flavedo of Navel peel (Citrus sinensis) cultivated in Southern
Greece, and in particular in Pelloponisos–Tripolis, has been recently
studied (Anagnostopoulou et al., 2005). Within the frame of this
work, the antioxidant capacity of the Navel peel flavedo constit-
uents was also assessed in comparison to the activity obtained
with either pure substances or mixtures of flavonoids in different
proportions.

The main objective of this paper was to study phytochemi-
cally the whole phenolic content of the Greek orange Navel peel
(flavedo and albedo) cultivated in the island of Crete and then to
assess the antioxidant capacity of the isolated different fractions
as well as individual constituents identified.

Experimental

Chemicals

EDTA, luminol (3-aminophthalhydrazine), DPPH. (2,2-diphenyl-1-
picrylhydrazyl), hesperetin (3′,5,7-trihydroxy-4′-methoxyflavanone),
naringenin (4′-5,7-trihydroxyflavanone), quercetin (3,3′,4′,5,7-
pentahydroflavone) and boric acid were purchased from Sigma
Chemical Co. (Germany). Diosmetin (3′,5,7-trihydroxy-4′-
methoxyflavone) was purchased from LKT Laboratories (Minne-
sota, USA), whereas all other standard flavonoids substances
were obtained from Fluka and Rothe (Germany). Furthermore,
cobalt (II) chloride hexahydrate, dimethyl sulfoxide (DMSO) and
methanol as well as Perhydrol® 30% H2O2 (GR, catalogue no.
1.07210), stabilized for higher storage temperature, were pur-
chased from E. Merck (Germany). In addition, the ethanolamine
complex of diphenylboric acid and trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxilic acid) were obtained from
Aldrich Chemical Co. (USA).

Plant Source Materials

A 15 kg sample of orange fruits (Citrus sinensis) of Navel variety were
purchased from their producer (Chania-Crete, Greece), in September
2003. They were repeatedly washed and the peel (flavedo and
albedo) was air dried at room temperature for 2 weeks before
the dried material (peels of 3.6 kg weight) were ground to powder.

Extraction and Isolation Methodology

In order to obtain the overall phytochemical profile of the orange
peel constituents, 50 g of dried peel material was extracted with
0.5 L (methanol:H2O, 1/1, v/v) in water bath at 40°C for 48 h (Fig. 1).
The methanolic solution was then filtered and concentrated to
dryness under vacuum to finally give 3.6 g dry extract (E1, 7.2%
of the original dry peel material). The sample was subjected to
LC-DAD-MS analysis.

In addition to the procedure outlined above, another 750 g
of the dried peel source was exhaustively extracted by a Soxhlet
apparatus at first with 1.4 L dichloromethane, in order to defat
the plant material (17.2 g, 2.3% of the original dry peel source),
and secondly with 1.4 L methanol. The dichloromethane extract
was monitored by both cellulose TLC and RP-18 chromatography
analysis to verify the absence of any phenolic compounds (Fig. 1).

The methanol extract was used for further preparative chromato-
graphic separations. The material was left at room temperature in
the darkness for 2 weeks to give finally a yellow precipitate that
was filtered and then allowed to dry (20.9 g, 2.8% of the original
dry peel material). The infiltrate was twice concentrated up to
two-thirds of its volume and the two precipitates were merged
after verifying the presence of the same compounds by cellulose
TLC and RP-18 chromatography analysis (E2; 43.7 g, 5.8% of the
original dry peel material). The last infiltrate was evaporated on
a rotary evaporator under reduced pressure to yield 265.3 g of
viscous product (E3; 35.4% of the original dry peel material)
(Fig. 1).

A 500 mg aliquot of the dried precipitate (E2) was subjected
to chromatographic analysis on a polyamide CC-6 (Macherey
and Nagel, 0.07 mm) column (30 × 5 cm) with a solvent of water–
methanol applied in a gradient elution manner (from 0 to 100%
MeOH). The collected fractions were of 0.5 L each time. The frac-
tion were spectrometrically monitored by a UV lamp at 366 and
254 nm on TLC (cellulose and RP-18), before and after exposing
them to ammonia fumes and Neu-reagent (diphenylboric acid,
ethanolamine complex in methanol, 1% w/v). The following sol-
vents were applied: S1, AcOEt:H2O:AcOH (80:20:40); S2, AcOH:H2O
(15:85); S3, MeOH:H2O:AcOH (50:48:2); S4, BuOH:AcOH:H2O (40:10:50)
(Table 1). The verified identical fractions were merged and the
derived fractions E4, E5 and E6 upon their concentration to 10%
of their initial volume were left at room temperature for crystalli-
zation. The obtained crystals were then filtered, dried and sub-
jected to TLC analysis. After chromatographic tests, the resulting
crystals were merged, since it came up that they were the same
compound (Φ1). The crystals (Φ1) were then subjected to LC-
DAD-MS (ESI+) analysis for structural identification and elucida-
tion of specific substances (Fig. 1).

Sample Preparation for LC-DAD-MS (ESI+) Analysis

The fractions E1–E3 and those obtained after the removal of
crystals produced, as mentioned above, E4–E6, were dissolved
in methanol (5 mg/mL), A 5 μL volume from each fraction was
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subjected to LC-DAD-MS (ESI+) analysis for the structural eluci-
dation of the constituents contained in the samples. The results
obtained are shown in Table 2.

The LC-DAD-MS (ESI+) set up consisted of a Finnigan Mass
Spectra System P4000 pump coupled with a UV 6000 LP diode
array detector and a Finnigan AQA (Thermoquest) spectro-
meter. The separation of the constituents was performed on a
125 × 2 mm Superspher 100-4 RP18 column (Macherey Nagel, 4 μm
particle size), at a flow rate of 0.33 mL/min, whereas their detec-
tion was monitored at 340, 290 and 365 nm. The column was
kept at 40°C and the following gradient solvent profile was applied:

(A) AcOH (2%) and (B) methanol; 90% A at 0 min for 2 min, 0% A
at 37 min, 0% A at 42 min and 90% A at 45 min. The MS spectra
were obtained on the ESI+ mode at capillary voltage 4.90 kV,
source voltage 45 V, probe temperature 450°C, RF lens 0.5 V, ion
energy 1 eV, detector voltage 650 V, scan range from 130 to 646
amu with acquisitions at 1.0 scans/s and AQA max polarities at
20 and 80 eV, simultaneously.

The preparative separations of the extract constituents were
performed on a scientific systems SSI model 222C HPLC pump,
equipped with a UV–vis detector SSI model 500 and a manual
injector (Rheodyne, Cotati, CA, USA) 1 mL loop. The separation

Table 1. TLC of crystals of some merged fractions. The spots were detected under UV light (254 and 366 nm) before and after
exposing them to ammonia fumes and Neu reagent

Fraction range, 
crystals weight 

% Rf (S4) 
% Rf (S2) 
% Rf (S1)  
% Rf (S3

a)

UV spot color 
(254/366 nm)

UV spot color 
(366 nm), with 
ammonia 
fumes 

UV spot color 
(366 nm) after 
spray with Neu 
reagent

E4: (6–17) 
13.1 mg 

Eluted with 
100% H2O

42, 39 
69, 72 
48, 41 
50, 57

Deep 
purple/yellow

Fluorescent 
green-yellow

Green-yellow

E5: (18–27) 
50.0 mg 

Eluted with 
10% MeOH

42 
69 
48 
50

Deep 
purple/yellow

Fluorescent 
green-yellow

Green-yellow

E6: (51–93) 
71.5 mg 

Eluted with 
30–50% MeOH

42 
69 
48 
50

Deep 
purple/yellow

Fluorescent 
green-yellow

Green-yellow

a S3 was TLC on RP18-coated aluminium sheets.

Figure 1. Plant material extraction and isolation.
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Table 2. Rt, pseudomolecular ions, adduct ions with Na+, and UVmax of the compounds

Sample Rt (min) [M + H]+ 

(m/z)
[M + Na]+ 

(m/z)
[A + H]+ 

(m/z)
Other ions 
(m/z)

UVλmax (nm) Identification

E1 and E3 7.75 — — 287 177, 195, 
379, 593

244, 329 4′-[glucosyl − feruloyl − ester] 
luteolin 7-O-rahmno-glucosidea

8.61 — 409 — 207, 225 243, 329 Ester of sinapoyl-glycoside derivativeb

9.78 427 — — 177 242, 272, 320 Ester of ferulic acid with glucose- 
O-substituted with isopentyl 
chain chain (C5H11)a

10.98 595 — 273 — 237, 284, 333 Naringenin-7-O-biglucosideb

11.85 625 — — 325, 355, 409 256, 270, 348 6,8-di-C-Glycosyl diosmetinb

12.10 195 — — 177 242, 319 Ferulic acidb

14.00 533 — 347 565 267, 347 5,4′,5′-Trihydroxy-3,3′-
dimethoxyflavonol 7-O-glucosideb

14.54 581 603 273 — 237, 283, 329 Naringenin-7-O-neohesperidoside 
(naringin)c

15.02 595 — 287 — 253, 268, 346 Luteoline-7-O-rutinosideb

15.82 611 633 303 — 237, 282, 329 Hesperetin-7-O-rutinoside 
(hesperidin)c

25.09 373 395 — 185 240, 262, 332 5,6,7,3′,4′-Pentamethoxyflavone 
(sinensetin)b

25.45 403 425 — 485 250, 337 5,6,7,8,3′,4′-Hexamethoxyflavone 
(nobiletin)b

26.80 403 425 — 215 238, 248, 
269, 337

5,6,7,3′,4′,5′-Hexamethoxyflavone 
(hexamethoxyflavone)b

27.17 433 455 — 215, 515 254, 342 5,6,7,8,3′,4′,5′-Heptamethoxyflavone 
(heptamethoxyflavone)b

E2 10.16 595 — 273 — 237, 284, 332 Naringenin-7-O-biglucosideb

12.25 611 — 303 628 237, 282, 332 Hesperetin-7-O-
neohesperidoside (neohesperidin)b

13.91 581 603 273 598 237, 283, 329 Naringenin-7-O-
neohesperidoside (naringin)c

14.33 595 — 287 — 239, 254, 
262, 347

Luteoline-7-O-rutinosideb

15.20 611 633 303 628 238, 283, 328 Hesperetin-7-O-rutinoside (hesperidin)c

16.44 609 — 301 — 252, 267, 349 Chrysoeriol-7-O-rutinosideb

16.97 609 631 301 — 252, 267, 347 Diosmetin-7-O-rutinoside (diosmin)c

18.76 595 617 287 — 237, 283, 328 Isosakuranetin-7-O-rutinoside (didymin)c

E4 14.18 581 603 273 — 236, 283, 329 Naringenin-7-O-
neohesperidoside (naringin)c

15.51 611 633 303 — 238, 283, 328 Hesperetin-7-O-rutinoside (hesperidin)c

16.31 579 601 271 — 239, 285, 332 5-Methoxy-flavanone-7-
rhamno-glucosideb

19.04 595 617 287 — 238, 283, 331 Isosakuranetin-7-O-rutinoside (didymin)c

20.27 303 — 303 — 239, 287, 329 Hesperetinc

E5 12.72 611 633 303 — 239, 283, 331 Hesperetin-7-O-neohesperidoside 
(neohesperidin)

14.25 581 603 273 — 237, 283, 331 Naringenin-7-O-
neohesperidoside (naringin)c

15.57 611 — 303 — 238, 284, 328 Hesperetin-7-O-rutinoside (hesperidin)c

16.37 579 601 271 — 239, 284, 330 5-Methoxy-flavanone-7-
rhamno-glucosidea

19.04 595 617 287 — 237, 283, 330 Isosakuranetin-7-O-rutinoside (didymin)c

20.25 303 — — — 239, 287 Hesperetinc

E6 12.63 611 633 303 — 234, 283, 331 Hesperetin-7-O-neohesperidoside 
(neohesperidin)b

14.18 581 603 273 — 237, 283, 329 Naringenin-7-O-
neohesperidoside (naringin)c

15.46 611 633 303 — 237, 284, 327 Hesperetin-7-O-rutinoside (hesperidin)c

16.27 579 601 271 — 237, 266, 339 Apigenin-7-O-rutinoside (isorhoifolin)b
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Table 2. (Continued )

16.71 609 631 301 — 252, 266, 351 Chrysoeriol-7-O-rutinosideb

17.23 609 631 301 — 252, 267, 345 Diosmetin-7-O-rutinoside (diosmin)c

18.91 595 617 287 — 237, 283, 328 Isosakuranetin-7-O-rutinoside (didymin)c

20.12 303 — 302 — 239, 287 Hesperetinc

a Tentative elucidation of structures by their fragmentation pattern and UV spectral data from LC-DAD-MS (ESI+) analysis. 
b Proposed structures cited according to the literature.
c Compounds were compared with authentic samples.

Sample Rt (min) [M + H]+ 

(m/z)
[M + Na]+ 

(m/z)
[A + H]+ 

(m/z)
Other ions 
(m/z)

UVλmax (nm) Identification

was carried out on a preparative a Macherey Nagel Nucleosil C18

analytical column (250 × 10 mm i.d., 10 μm particle size) column
at a flow rate of 2.8 mL/min, whereas the detection of the eluted
components was monitored at 283 nm. The following solvent
elution gradient program was applied: (A) AcOH (2%) and (B)
methanol; 85% A at 0 min for 10 min, 60% A at 35 min, 60% A at
40 min, 40% A at 50 min, 0% A at 60 min, 0% A at 65 min, 85% A
at 75 min, 85% A at 85 min.

Quantitative Analysis

The quantitative analysis was performed by using an HPLC analy-
tical system (Varian, Palo Alto, CA, USA) consisting of a pump
(model 2510), equipped with UV–vis detector (model 2550) and
manual injector with a 20 μL loop (Rheodyne, Cotati, CA, USA).
The separation was achieved by using a Macherey Nagel Nucleosil
C8 analytical column (250 × 4.6 mm i.d., 5 μm particle size), pre-
ceded by a guard column (20 × 4.6 mm i.d.) dry packed with pel-
licular ODS material (37–53 μm; Whatman, Kent, UK). The mobile
phase was tetrahydrofuran–water–acetic acid (21:77:2, v/v/v).
The HPLC system was operated isocratically at a flow rate of
0.85 mL/min at 34°C and monitored at 280 nm.

The standards used for the quantitative analysis were hesperidin,
naringin and diosmin in different concentrations, as described
before (Kanaze et al., 2003). Hesperidin, naringin and diosmin
were all extracted from well-dried, powdered orange peel as
previously described by Nogata et al. (1994) and Manthey and
Grohmann (1996), but with some modifications. In particular,
the contamination of the orange peel material upon its prepara-
tion with juice or even fruit segment membranes was specifi-
cally taken care to be avoided. In brief, 300 g of fresh peel was
first dried at 70°C for 3 h, and then ground to a fine powder. The
latter source product was subsequently used for experimenta-
tion. Five portions of 100 mg each (total weight 500 mg) were
sonicated three times (3 × 15 mL) with methanol–DMSO (1:1).
Subsequently, the combined extracts were filtered and their
volume was adjusted to 50 mL with pure methanol. Lastly, to
50 μL of the citrus peel extract 50 μL from the internal standard
solution containing 400 μg/mL 7-methoxycoumarin and 900 μL
of methanol was added. The contents were vortex-mixed for 30 s,
centrifuged at 2000g for 10 min and a 20 μL aliquot was injected
into the HPLC system for quantification as previously shown
(Kanaze et al., 2003).

Assessment of Antioxidant Activity

The antioxidant activity of various methanolic extracts as well as
individual constituents isolated from orange peel was evaluated

by using two complementary methodologies, the Co(II)/EDTA-
induced luminol chemiluminescence approach and the 2,2-
diphenyl-1-picrylhydrazyl (DPPH.) free radical assay, as previ-
ously described (Termentzi et al., 2006; Termentzi and Kokkalou,
2008). In particular, the DPPH• radical scavenging methodand
the Co (II)/EDTA-induced luminol chemiluminescence (CL) method.

The DPPH• Radical Scavenging Method. An aliquot of metha-
nol (50 μL) solution containing different dilutions of the extract
was added to 1.95 mL of DPPH• solution (6 × 10−5 M in methanol),
mixed well and then its absorbance was measured at 515 nm
after the rate of reaction reached the steady-state level in the
dark by using an HP 8452A diode-array spectrophotometer. The
percentage of DPPH• remaining was plotted against mg sample/
mg DPPH•. A solution of DPPH• in methanol was used as blank.
The remaining DPPH• concentration in the reaction medium
was calculated from the calibration curve. The percentage of
remaining DPPH• was calculated as follows:

% DPPH• remaining = [DPPH•]T/[DPPH•]T = 0

where [DPPH•]T was the concentration of DPPH• at the time when
the reaction rate reached its steady-state level and [DPPH•]T = 0

was the concentration of DPPH• at zero time.
These values were plotted against mg of extract/mg DPPH. to

show the amount of antioxidant necessary to decrease the initial
DPPH• concentration by 50% (EC50) using the typical exponential
curve. The results obtained were expressed as standard equivalents
by using quercetin and trolox (standards) on the basis of the EC50

value (EC50 of the standard/EC50 of the sample). The antiradical
efficiency (AE) = 1/EC50 of the extracts examined was also estimated.

The Co (II)/EDTA-induced luminol CL method. Chemilumines-
cence measurements were carried out on a fluorometer model
6200 Jenway (Jenway Gransmore Green Felsted, Dunmow, UK),
by keeping the lamp off and using only the photomultiplier of
the apparatus, as previously published (Termentzi et al., 2006).

In this assay, 1 mL of buffer solution (boric acid 0.05 M, pH 9)
containing cobalt (II) [CoCl2•6H2O] (2 mg/mL) and EDTA (10 mg/mL)
was mixed well with 100 μL of the luminol (100 μg/mL, 5.6 × 10−4 M)
buffer solution (boric acid 0.05 M, pH 9) in a test tube. Then, 25 μL
of H2O2 aqueous solution (5 × 10−5 M) was deposited on the bottom
of another test tube and mixed well with 25 μL of the sample.
The luminol buffer mixture was added rapidly into the cuvette
of fluorometer with a Pasteur pipette and thoroughly mixed for
15 s in order to initiate the CL reaction in situ. The CL intensity
(I) was measured when the reaction reached its plateau phase
and then the Io/I ratio was calculated. Io/I vs mg extract/mL were
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plotted for the prepared dilutions of each extract. In order to esti-
mate the amount of each sample needed to decrease the CL
intensity by 50% IC50, this was done using the equation deter-
mined by linear regression elaborated by the Excel program.

The data obtained were then expressed as standard equiv-
alents by comparing the IC50 of the extract with the IC50 of the
standards (IC50 of the standard/IC50 of the sample), which was
calculated by applying the same protocol as for the extract sam-
ple, mentioned above. In this study two standards were used:
quercetin and trolox. The antiradical efficiency (AE) = 1/IC50 was
also determined.

Results

Structure elucidation of the constituents isolated from the 
orange peel extracts

The TLC spot colours shown in Table 1 indicate the presence of
flavones with 5-OH and 4′-OH, or even 3-OH substituted fla-
vonols with 5-OH and 4′-OH, or alternatively 5-OH flavanones
according to experimental data published earlier (Mabry et al.,
1970). On the other hand, the crystals of sample Φ1 correspond
to the compound hesperidin, as confirmed by the melting point
measurement (261–262°C), the 1H-NMR data obtained and the
LC-DAD-MS (ESI+) analysis performed.

The gradient profile of the solvent mixtures used in this study
has allowed the separation of the compounds with a retention
time that, in general, coincides with the expected decreasing
reverse-phase pattern of flavonoids, i.e. aglycones > flavonoid-
O-glycosides > flanonoid-C-glycosides > ferulic and sinapic acid
derivatives (Table 2). Furthermore, flavanone glycosides exhib-
ited an intense peak for the pseudomolecular ion [M + H]+ and a
less intense one for the aglycone ion [A + H]+ at 20 eV. On the
contrary, at 80 eV flavanone glycosides formed intense peaks for
aglycone ions [A + H]+ and possibly for adduct ions with Na+.
Similarly, flavone glycosides exhibited an intense peak for the
pseudomolecular ion [M + H]+ at 20 eV and less intense peak for
aglycone [A + H]+, while at 80 eV they exhibited an intense peak
for the aglycone [A + H]+.

The profiles of flavonoids in methanolic extracts of orange peel
(Navel variety) shown in Table 1 were obtained by LC-DAD-MS
(ESI+) by their detection at 340, 290 and 365 nm, respectively. Two
flavonoid groups, flavanones and flavones (Fig. 2), were verified
in the methanolic extract fractions (E2, E4, E5 and E6) after the
application of a preliminary polyamide column chromatography.
In particular, within these flavonoid groups, the following con-
stituents was found to be included: six flavanone-7-O-glycosides
(naringenin-7-O-biglucoside, hesperetin-7-O-neohesperidoside,
naringenin-7-O-neohesperidoside, hesperetin-7-O-rutinoside,
Isosakuranetin-7-O-rutinoside and 5-methoxyflavanone-7-O-
rhamno-glucoside) and three flavone-7-O-glycosides (leuteolin-
7-O-rutinoside, chrysoeriol-7-O-rutinoside and diosmetin-7-O-
rutinoside). Interestingly enough, these experimental data are in
agreement with those previously published (Nogota et al., 1994;
Manthey and Grohmann, 1996, 2001; Anagnostopoulou et al.,
2005). All of the above identified flavonoid compounds exhib-
ited intense peaks for the pseudomolecular ion [M + H]+ and
less intense peaks for their aglycone ion [A + H]+ at 20 eV,
while at 80 eV they formed intense peaks for aglycone ion
[A + H]+, after the cleavage of the sugar moiety. Furthermore,
some of the flavanone glycosides formed adducts ions with
Na+ [M + Na]+.

It has been observed, upon the comparison of LC-DAD-MS (ESI+)
chromatograms data of methanolic extract fractions E1 and E3,

that the same compounds were present in both these fractions.
However, besides this similarity in their content, several different
compounds were also seen in the extract fractions E1 and E3.
The analysis of MS data at both energies (20 and 80 eV) has
indicated that in the peak with Rt= 7.75 min, the fragmentation
pattern corresponds to the compound 4′-[glucosyl − feruloyl −
ester] luteolin 7-O-rhamno-glucoside. In particular, it is verified
the presence of fragments that corresponds to the glucosyl-
feruloyl-ester with Na+ [glucosyl − feruloyl − ester +Na]+ at m/z 379,
[luteolin + glucose + rhamnose]+ at m/z 593 and [luteolin + H]+ at
m/z 287. Similarly, for the chromatographic separation peak with
Rt= 8.61 min, the fragmentation pattern corresponded to dihy-
droxycoumarin-O-sinapoyl-glucose ester [M + H]+ at m/z 545
[Fig. 3(A)], [sinapoyl glucose ester +Na]+ at m/z 409, [M − glucose −
COOH]+ at m/z 337, sinapic acid [sinapic acid + H]+ at m/z 225
and [dihydroxycoumarin]+ at m/z 175. Also, at Rt= 9.78 min, a
fragmentation pattern was observed that corresponds to the
ester of ferulic acid with glucose-O-substituted and isopentyl
chain (C5H11) [M + H]+ (m/z 427; Fig. 3(B)]. Ferulic and sinapic
acids formed fragments at m/z 177 and 207, respectively, corre-
sponding to [M + H − H2O]+.

The chromatographic separation peak with Rt = 10.98 min has
been identified to correspond to the flavanone-O-biglucoside
naringenin-7-O-biglucose. At 20 eV, the compound exhibited an
intense peak attributed to the pseudomolecular ion [M + H]+

at m/z 595 and a less intense one for the aglycone ion [A + H]+

at m/z 273. Similarly at 80 eV, the same constituent formed an
intense peak for its aglycone ion [A + H]+ at m/z 273, after its
cleavage at the sugar moiety. By analysing the MS data from the
chromatographic separation peak with Rt= 11.85 min at 20 eV,
the presence of pseudomolecular ion [M + H]+ has been indicated
at m/z 625. Furthermore at 80 eV, the presence of fragments that
originated from the pseudomolecular ion, at m/z 325, 355 and at
409 by the loss of fragments of [M + H − 120 − 120 − 30 − 30]+,
[M+H−120−120−30]+ and [M+H−120−30−30− 2H2O]+, respec-
tively, from the glucose units has been verified. This fragmentation
pattern (Fig. 4) has suggested the presence of di-C-glycosyl
moieties (Waridel et al., 2001), and on the light of research stud-
ies reported their presence in Citrus species (Wolfender et al.,
2000; Caristi et al., 2003; Anagnostopoulou et al., 2005). Based
on all the above-mentioned experimental data, the proposed
structure fits 6,8-di-C-glycosyl diosmetin. By following a similar
approach, the peak with Rt= 12.10 min corresponds to the
pseudomolecular ion of ferulic acid at m/z 195 [M + H]+ and the
fragment identified at m/z 177 is attributed to [M + H − H2O]+.

The analysis of MS data at 20 eV regarding the chromato-
graphic separation peak with Rt= 14.0 min has permitted the
identification of the pseudomolecular ion of 5,4′,5′-trihydroxy-
3,3′-dimethoxyflavonol 7-O-glucosyl [M + H + Nα + CH3OH]+2 at
m/z 565. Similarly, the MS data for the same peak at 80 eV has
indicated the presence of an intense peak attributed to the
aglycone ion [A + H]+ at m/z 347. Furthermore, by analysing
the MS data corresponding to the chromatographic separation
peaks with Rt= 14.54 and 15.82 min at 20 eV, it has been possible
the identification of the pseudomolecular ions of naringenin-7-
O-neohesperidoside and hesperetin-7-O-rutinoside [M +H]+ at m/
z 581 and 611, respectively. In accordance to this conclusion, the
MS experimental data at 80 eV of the same compounds con-
firmed the presence of intense peaks for the aglycone ion
[A + H]+ being generated after their cleavage at the sugar moiety
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at m/z 273 and 303, as well as their adduct ions with Na+

[M + Na]+ at m/z 603 and 633, respectively.
By analysing the MS experimental data obtained of the four

chromatographic separation peaks with Rt= 25.09, 25.45, 26.80
and 27.17 min and their comparison with already published
research data, the identification of the following polymethoxy-
lated flavones has been achieved: (1) sinensetin (5,6,7,3′,4′-pen-
tamethoxyflavone); (2) nobiletin (5,6,7,8,3′,4′-hexamethoxyflavone);
(3) hexamethoxyflavone (5,6,7,3′,4′,5′-hexamethoxyflavone); and
(4) heptamethoxyflavone (5,6,7,8,3′,4′,5′-heptamethoxyflavone)
(Manthey and Grohmann, 2001; Cuyckens et al., 2000; Anagnosto-
poulou et al., 2005). In particular, at 20 eV, these polymethoxy-
lated flavones formed intense pseudomolecular ions [M + H]+ at
m/z 373, 403, 403 and 433, while at 80 eV they formed adduct ions
with Na+ [M + Na]+ at m/z 395, 425, 425 and 455, respectively.
Furthermore, at 80 eV, the compounds sinensetin, nobiletin and
heptamethoxyflavone formed intense adduct ion fragments with
Na+ at m/z 185, 215 and 215, respectively. The latter resulted from
a retro Diels–Alder reaction, as previously published (Cuyckens
et al., 2000; Wolfender et al., 2000; Fabre et al., 2001; Sanchez-
Rabaneda et al., 2003; Anagnostopoulou et al., 2005). In addition
to this fragmentation, the compounds nobiletin and heptamethox-
yflavone also formed fragments at m/z 485 and 515 corresponding
to [M + Na + CH3COOH]+, respectively. Further structural verifica-
tion of these polymethoxlated flavones (sinensetin, nobiletin,
hexamethoxyflavone and heptamethoxyflavone) was achieved

by performing additional LC-DAD-MS (ESI−) analysis with the
same chromatographic conditions mentioned above for the LC-
DAD-MS (ESI+) experimentation. The MS fragments obtained upon
this procedure, as well as the recorded UV spectral data were
in accordance with those already published in the literature
(Cuyckens et al., 2000; Wolfender et al., 2000; Fabre et al., 2001;
Sanchez-Rabaneda et al., 2003). A representative chromato-
graphic profile of sample E1 is shown in Fig. 5.

Quantitative Analysis of Hesperidin, Diosmin and Naringin

The absorbance peaks seen in the chromatographic profile of
the three flavonoid glycosides hesperidin, diosmin and naringin
has been clearly resolved, allowing the separation of each one
and its identification from each other. The amount of diosmin,
hesperidin and naringin found in orange peel after five separate
determinations is calculated and it is shown in Table 3. These
data have indicated that hesperidin is the major flavonoid glyco-
side present in the orange peel of Navel citrus. This is in agree-
ment with previous studies (Nogata et al., 1994; Manthey and
Grohmann, 1996; Curto et al., 1992). In this respect, the mean
concentration of hesperidin, diosmin and naringin was found
to be 47.78, 2.16 and <0.05 mg/g dry peel, respectively. These
concentrations of hesperidin, diosmin and naringin in the vari-
ety of citrus peel analysed are similar to those reported previously
by other investigators (Manthey and Grohmann, 1996). The limit
of quantification, which is the lowest quantifiable concentration
on the calibration curve at which both precision and accuracy
exist within the maximum tolerable RSD of 15%, was 0.1 μg/mL
for each of the three flavonoid glycosides, as already has been
mentioned in our previous analysis (Kanaze et al., 2003).

Antioxidant Activity

The free radical scavenging activity of the isolated methanolic
extract fractions (E1–E6), as well as the substances identified along
with their mixtures [S1, naringenin; S2, hesperetin; S3, diosmetin;
S4, hesperetin–naringenin–diosmetin (1:1:1, w/w/w); S5, hesperetin–
naringenin–diosmetin (48:2.16:0.05, w/w/w) and one trade phar-
maceutical formulation, Daflon® (diosmin 450 mg, extract expressed
as hesperidin 50 mg)], was measured by using two complemen-
tary methodologies, the stable radical DPPH• (hydrogen donating)
test and the CL (hydroxyl radical scavenging) assay according to
Brand-Williams et al. (1995), respectively, as previously described
(Termentzi et al., 2006; Termentzi and Kokkalou, 2008).

The results obtained upon the application of the DPPH• method
were expressed as the parameter EC50, whereas the data from
the CL assay were expressed as the corresponding parameter

Figure 3. Chemical structures of ferulic, sinapic acids and their ester
derivatives.

Figure 4. The proposed fragmentation pattern of 6, 8-di-C-glycosyl
diosmetin sugar moieties.

Table 3. Concentrations found (mg/g dry peel) of hesperi-
din, diosmin and naringin in orange peel (Navel)

Flavonoid 
glycosidea

Mean found ± SD 
(mg/1 g dry peel)

%RSDb

Naringin <0.05 ± 0.01 9.2
Diosmin 2.16 ± 0.15 7.1
Hesperidin 47.78 ± 0.86 1.8
a Results are the average of five separate determinations.
b RSD, relative standard deviation.
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of IC50, as shown in Table 4. The parameters EC50 and IC50 express
the concentrations of antioxidant that are necessary to decrease
the initial DPPH. concentration or the initial light intensity (chemi-
luminescence) by 50%, respectively. In this regard, the lower the
value of EC50 or IC50 the higher the antioxidant potential.

The methanolic extract fractions (E1–E6) isolated from orange
peel and examined by the DPPH. free radical scavenging meth-
odology have shown low radical scavenging activity, but still
more than that of the flavonoid aglycones (S1–S5). This, however,
could be explained by considering the solubility of the constituents.
Such a possibility has been confirmed by applying the luminol
chemiluminescence assay, where the flavonoid aglycones (S1–S5),
and especially naringenin, have exhibited a significantly higher
hydroxyl scavenging activity that is greater even than that seen
by quercetin and trolox. The latter substances are used in in vitro
studies as standard compounds with well-known antioxidant
capacity. In particular, as shown in Table 4, naringenin was 20 and
156 times more potent as an antioxidant in comparison to quercetin
and trolox, respectively. As far as the commercial pharmaceutical
formulation is concerned, Daflon (diosmin 450 mg, extract expressed
as hesperidin 50 mg) showed a lower antioxidant activity than
its aglycones (diosmetin and hesperetin). In general, the hydroxyl
scavenging activity of flavonoid aglycones was higher than that
possessed by the flavonoid glycosides, a fact that has been con-
firmed in the pharmaceutical formulation of Daflon®. In addition,
the methanolic extract fractions isolated from orange peel that
mainly consisted of flavonoid glycosides indicated an antioxidant
potential profile similar to that previously published (Kroyer, 1986).

It should also be mentioned that in the human body aglycones
and not glycosides exhibit antioxidant activity, as confirmed
by various experimental studies. In particular, such efforts have
clearly indicated that the flavanone glycosides naringin and
hesperidin, or even the flavone glycoside diosmin, are hydroly-
sed in the gastrointestinal tract before their absorption in the
aglycone forms, naringenin, hesperetin and diosmetin, respec-
tively (Fuhr and Kummert, 1995; Manach et al., 2003; Choudhury
et al., 1999; Cova et al., 1992).

Conclusion
The phytochemical analysis of Navel orange peel (flavedo and
albedo) cultivated in Greece-Crete followed by qualitative LC-
DAD-MS (ESI+) analysis, as presented in this study, has shown
that the main flavonoid groups present are polymethoxylated
flavones, C-glycosylated flavones, O-glycosylated flavones, O-
glycosylated flavonoles, O-glycosylated flavanones and phenolic
acids, along with their esters. Interestingly, upon performing
quantitative HPLC analysis, hesperidin was the major flavonoid
glycoside constituent in the peel. This suggests the potential
use of the peel as a low-cost commercial source for hesperidin
recovery and isolation, since this raw material is a by-product of
the industrial production of orange juice.

As far as the antioxidant potential is concerned, it is well known
that the antioxidant activity of orange peel is related to the pres-
ence of the flavonoids and phenolic acids. The results obtained
thus far upon studying the antioxidant activity of the methanolic

Figure 5. The LC-DAD-MS (ESI+) chromatogram of the first isolated methanol–H2O (1:1, v/v) extraction (E1) sample at 340, 290 and 365 nm, respectively.
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extracts isolated from the Navel orange peel have shown that
these fractions possess moderate antioxidant activity when they
are compared with the O-glycosides diosmin and hesperidin and
their corresponding aglycones, diosmetin and hesperetin, being
present in the commercially available pharmaceutical formula-
tion Daflon. However, in the luminol chemiluminescence assay
used to estimate the antioxidant potential, the flavonoid agly-
cones, and especially naringenin, exhibited a significant higher
hydroxyl scavenging activity that is greater even than that of
quercetin and trolox. Overall, the exprerimental data obtained
in this study tend to suggest that mechanistically the flavonoids
(glycosides or aglycones) in citrus peel possess a more specific
or alternatively more selective antioxidant scavenging potential.
In other words, the antioxidant activity of these substances coin-
cides with a hydroxyl rather than hydrogen-donating radical
scavenging mechanism.
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