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Abstract

The separation of the major flavanoné&7glycoside constituents dfitrus was carried out by isocratic reversed phase capillary elec-
trochromatography using a P8n i.d. silica fused column packed withuBn ODS silica gel. In comparison to HPLC mode, capillary
electrochromatography resolution of flavanone glycosides was obtained with a high selectivity factor. Optimum separation conditions were
found using a mixture of ammonium formate (pH 2.5)—acetonitrile (8:2, v/v) as the mobile phase by the short-end injection mode. Under these
conditions all the investigated flavanones were baseline-resolved within short analysis time (i.e. between 5 and 10 min). A study, evaluating the
intra- and inter-day repeatability as well as limit of detection and method linearity, was developed in accordance with the analytical procedures
for method validation. The developed method was applied for the quantitative analysis of flavanone glycosides in commercial fruit juices
(sweet orange, lemon and grapefruit).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction darin, sweet orange) and a bitter taste (grapefruit, sour or-
ange), respectivelf6]. As reported in literature, naringin is
Flavanone-7-glycosides (FGs) are an important class the most representative FG in grapeffuil, hesperidin and
of naturally occurring compounds specifically distributed narirutin have been determined in common sweet orgige
in Citrus [1]. Due to their polyphenolic structuréig. 1), whereas eriocitrin and neoeriocitrin are typical in sour or-
these compounds possess health-related properties, whiclange[8] and lemon juicegl]. Owing to this biodiversity, fla-
are based on their antioxidant activity, including anticancer, vanone glycosides have been used as chemotaxonomic mark-
antiviral and antiinflammatory activities, effects on capil- ers in quality control to identify adulterated processed foods
lary fragility and inhibition of human platelet aggregation [9-10].
[2-4]. Liquid chromatography (HPLC) using;g or Cg silica
Eriocitrin, hesperidin, neohesperidin, naringin and gel as the stationary phases and UV, coulometric and elec-
narirutin are the most abundant flavonoids in the edible part trospray ionization (ESI) mass spectrometer detectors, is still
of many species of citrus frui{§] and are known to greatly  the preferred method for the analysis and characterization of
influence the quality of both fresh fruit and processed prod- FGs in citrug11-15] even though this technique requires a
ucts, thus playing an important role in nutritional and phar- time consuming gradient elution.
macological fields. The predominance of the nearly taste- It was recently demonstrated that FG standards can be
less hesperidin or the bitter naringin, divides the citrus cul- fully separated by micellar electrokinetic capillary chro-
tivars in two main groups characterized by a sweeter (man- matography (MECC) and capillary zone electrophoresis
(CZE) [16,17], but only in two cases the determination of
* Corresponding author. Tel.: +39 0690 672683; fax: +39 0690 672269, IS IN Cilrus juices has been described, and such analy-
E-mail addressclaudia.desiderio@imc.cnr.it (C. Desiderio). ses concerned the resolution of some constituents as the
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Fig. 1. Structures of the studied flavanone glycosides. (1) Naringin (naringe@inethesperidoside); (2) neohesperidin (hesperit®HTeohesperidoside);
(3) narirutin (naringenin-0-rutinoside); (4) eriocitrin (eriodictyol-B-rutinoside); (5) hesperidin (hesperetir?rutinoside); (6) (naringenin-B-glucoside).

corresponding diastereomdis,19] To our knowledge, no 2. Experimental

separation of flavanone glycosides by capillary electrochro-

matography (CEC) has been so far reported and further-2.1. Chemicals

more only few papers deal with CEC flavonoids analysis

[20,21] Ammonia solution (30%), formic acid (99%), acetonitrile
CEC is an hybrid analytical technique combining the sep- and methanol were purchased from Carlo Erba (Milan, Italy).

aration principles and the best features of CE and HPLC Double distilled water (Milli-Q, Millipore, Waters Milford,

because it is performed in capillaries packed with a sta- MA, USA) was used for preparation of solutions and for

tionary phase, and using the electroosmotic flow generatedCEC experiments. Hesperidin (hespereti®-Tutinoside)

under an electric field as the mobile phase deliver. Ow- and naringin (naringenin-0-neohesperidoside) were pur-

ing to the high selectivity and efficiency in general exhib- chased from Aldrich (Steinheim, Germany). Neohesperidin

ited, CEC has proved to be a very effective technique for (hesperitin-7©-neohesperidoside) was from Sigma (St.

the analysis of complex matrices allowing also to shorten Louis, MO, USA). Eriocitrin (eriodictyol-7®-rutinoside)

and simplify the sample pretreatment procedures. Reversedand narirutin (naringenin-O-rutinoside) were from Ex-

phase CEC was initially developed and then extensively trasynthese (Lyon, France). Naringenir®7glucoside (Ex-

applied to the separation of non-polar neutral compoundstrasynthese) was used as the internal standard (I.S.). Con-

[22-24] At present, this technique is in rapid develop- centrated analytes solutions (1 mg/mL) were prepared in

ment especially for improving column fabrication technol- methanol and stored at18°C. Hesperedin and neohes-

ogy and increasing its applicability in different fields of peridin were dissolved in warm methanol. Further dilutions

analysis. were daily made with water in order to obtain a final methanol
Aim of the present paper was to investigate the applicabil- concentration in the solution of 20%. According to the citrus

ity of reversed phase CEC technique to the analysis of FGsjuice extraction procedure, the FGs diluted standard solutions

compounds particularly interesting either for their biologi- were always containing the 20% of methanol in water.

cal functions either for their chemical properties, namely the

absence of charge at neutral and acidic pHs and the low dif-2.2. Apparatus

ferences in their strong polarity. The method was developed

with the purpose of optimizing a rapid and high efficiency Experiments were performed on an Agilent Technolo-

CEC method for the determination of FGs in different citrus gies Capillary Electrophoresis automated apparatus (Wald-

juices (sweet orange, lemon and grapefruit) demonstratingbronn, Germany) equipped with diode array UV detector

the applicability of this powerful technique in the fields of and external nitrogen pressure (up to 12 bar). The separa-

food analysis and quality assessment. tions were performed on silica fused capillariesurdi.d.,
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375pm o.d. (Composite Metal Services, Hallow, Worcs, UK) as effective column length) advantageously shorten the anal-
packed with Lichrospher 100 RB(5 wm particles) (Merck, ysis time, especially when mobile phases with low organic
Darmstadt, Germany), following the procedure previously solvent content were used, and provided quantitative repro-
described25]. The capillary was packed for the full total ducible results.
length (32 cm), that allowed the use of 24.0 or 8.0 cm length
segments of the capillary as the effective column, depend-3.1. Optimization of flavanone-7-O-glycosides
ing whether the long or the short-end injection method was separation
used. During the run the capillary was pressurised at both
ends by applying 10 bar from the external pressure and air  |n order to optimize the CEC separation of FGs, prelim-
termostated at 25C. The separation was performed in long- inary experiments were performed using a mixture consist-
end injection mode in positive polarity mode at 30kV of ing of 2.5 mM ammonium acetate (pH 6.0)—acetonitrile (1:1,
applied voltage by injecting the sample at the anode andyy) as the mobile phase. Under these conditions all the ex-
using 195nm as the output UV wavelength. In short-end amined FGs eluted with similar retention times indicating a
injection mode both the electric polarity and the capillary very weak affinity of the analytes to the stationary phase. By
sample injection end were simply reversed taking constant |owering the acetonitrile content to 30%, a partial separa-
other experimental conditions. Samples were injected usingtion was observed, but problems concerning column stability
the high pressure at 12 bar3 min followed by mobile phase  and injection repeatability impaired the use of this mobile
injection at 12 bax 0.2 min. Between runs the capillary was phase.
rinsed with a mixture consisting of buffer-acetonitrile (3:7, Better results were obtained with an eluent containing
viv) at 12 barx 1 min followed by filling with the running  an acidic buffer, namely ammonium formate at pH 2.5 and
mobile phase at 12 bar2 min. The mobile phase was daily  studying the effect of the organic solvent concentration in
prepared by adjusting the pH value of a 50mM formic acid the range 50-20% (v/v). As it can be observedrig. 2,
aqueous solution at 2.5 with aqueous diluted ammonia, andto the decrease of the amount of acetonitrile in the mobile
diluting the resulted solution with water and acetonitrile up phase corresponded an increase of the analyte retention times
to the final buffer concentration and organic solvent content. gn(d selectivity. In fact, whether at 50% acetonitrile all FGs
coeluted, full separation of the five examined compounds was
2.3. Sample extraction procedure obtained at 20%.
It was also observed that the logarithmic functions of the
Citrus juices (40@Q.L) from the market were vortex mixed  retention factorK) for the analytes were not linearly depen-
for 5min and extracted with 4Q0L of methanol for 15min  dent on the acetonitrile content (data not reported), and this
in ultrasonic bath at 60C. The warm extract was then vor-  means that, in addition to hydrophobic partition, other types
tex mixed and centrifuged (2000g) and the clear solution  of interactions between the analytes and the stationary phase
diluted with water (1:2.5) before analysis. concur to the separation process. Nevertheless, with decreas-
ing acetonitrile concentration the retention order of the an-
alytes remained the same, i.d. eriocitrin was more retained
3. Results and discussion than narirutin > naringin > hesperidin > neohesperidin.

The analysis of highly polar compounds on sorbents for
reversed phase liquid chromatography requires the use of elu-
ents with a low amount of the organic modifier in order to

nechesperidin

maximize the affinity of the analytes towards the stationary = hesperidin
phase. Such eluent conditions can generate in CEC someg ,, naringin
troublesomeness as for instance noisy baseline due to thee narirutin

current increase and bubbles formation, low peak efficiency =
due to the long analysis time as well as low analyte detection. -2
Current increase and bubbles formation can be prevented by% 10 ariociin
lowering the buffer concentration in the mobile phase, how- *
ever, the use of a proper buffering system is highly requested
for ensuring column stability and injection repeatability.

The use of capillaries fully packed with the stationary 0 ‘ ‘ , 1 ‘ , ‘ ‘ .
phase offers some important advantages as high column sta 0 18 20 25 30 38 40 45 50 55
bility and robustness, and fast method optimization due to the acetonitrile concentration (%, v/v)

possibility to perform separations on a long or a short path _ o o _
inside the same capillary. by simplv reversing the electric Fig. 2. Dependence of the retention tintg)(on the acetonitrile content in
Insi p Y, Dy ply g the mobile phasex100, v/v). Mobile phase: 2.5mM ammonium formate

polarity and the sample injection end. As previously demon- (pH 2.5_acetonitrile (20-50%, v/v). Long-end injection mode (for other CEC
strated[25,26], the short-end injection mode in CEC (8cm  conditions, see Sectid).
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mAU achieved, with an improvement also of the detection (LOD,
signal/noise = 3) and quantification (LOQ, signal/noise =5)
100 limits of the method, corresponding to 2.5 and pgimL
80 for each compound, respectively. The optimized method was
60 tested for quantitative estimation of repeatability and linearity
40 tests using the internal standard methodidble 1 the intra-
20 1 2 ¥ g 5 and inter-day injection repeatability data (RSD), the regres-
0 i NN A A sion equation as well as the relative squared correlation coef-
ficients for each flavanone glycoside are reported. Intra-day
ER RN NUE RS TL LR I I R repeatability was determined for each FGs by assaying the

@) g 2 10 13 =0 A8 min same standard mixture at concentration ofsdmL (each
compound) for ten consecutively runs. Inter-day repeatabil-
AL ity was determined by assaying three times the same standard
(50g/mL concentration, each compound) mixture consec-
100 utively for 3 days and measuring the main values per each
80 1 2 day. Considering the wide range of concentrations of FGs
& ; 5 in citrus, the method linearity was estimated in the range of
4 concentration between 5 and 200/mL on 10 calibration
0 points and by measuring the average values of two consecu-
20 tively runs per point. The final concentration of the internal
0 standard in the FGs standard mixture and fruit juice extracts
A T T I I was 10Qug/mL.
0 5 10 15 20 25 min

(b)

3.3. Analysis of fruit juices
Fig. 3. Comparison of the reversed phase CEC separations of flavanone gly-
cosides obtained under the same experimental conditions in (a) long-end and The method above described was applied to the analysis
(b) short-end injection modes. Compounds: (1) eriocitrin; (2) narirutin; (3) ¢ £ 5 i different commercial fruit juices (lemon, orange
naringin; (4) hesperidin; (5) neohesperdin. Mobile phase: 2.5 mM ammo- . : .
nium formate (pH 2.5)—acetonitrile (80:20, v/v) (for other CEC conditions, and grapefruit). Before CEC analysis, the fruit juices were
see Section). processed following the extraction method reported in Sec-

tion 2. The extraction procedure was developed with the aim
of minimizing the involved amounts of both sample and sol-
However, with this eluent composition, too long retention vents in each step of sample preparation, thus reducing the
times and low analytes signal were obtained. analysis time as well as the cost and environmental impact
In order to improve peak efficiency and to speed the effects. In fact, a volume as low quantity as 4d00f fruit
analysis, similar operating conditions were employed, but juice was submitted to the pretreatment procedure consisting
the separation was carried out by the short-end injection of extraction with methanol at 6@ in ultrasonic bath, cen-
mode, using as effective length a segment of 8cm of the trifugation and dilution of the corresponding solution before
column, by simply reversing the electric polarity and the injection. The procedure was tested for the recovery value by
sample injection endFig. 3 shows the separation of the spiking in duplicate the commercially available lemon juice
FG standard mixture by long-end (panel a) and short-endwith all the studied FGs at a final concentration ofi2BmL
(panel b) injection modes, respectively, using 2.5 ammo- and measuring the average value of three repeated runs. The
nium formate (pH 2.5) containing 20% acetonitrile as the same recovery method used for orange juice was also ex-
mobile phase. It is interesting to note that in the latter op- tended to the other fruits, namely orange and the grapefruit
erating mode all the analytes were still well separated evenjuices, by calculating the average values for triplicate runs. In
if in a shorter analysis time, showing a peak efficiency al- all the experiments, the recoveries data of the methods were
most twice as higher (within the range between 38,541 andin the range 71-112%.
56,817, and 63,637 and 103,800 N/m, in long- and short-end,  Furthermore, to evaluate the recovery from small juice

respectively). volume (40QuL), it was compared with that obtained using
higher volume (10 mL). Only negligible differences between
3.2. Method validation the two measurements were observed (data not shown).

When analysing the extracted citrus juice samples an ad-

A small variation of the acetonitrile mobile phase con- justment of the CEC pre-run conditioning procedure was hec-
tent (23%, v/v) was further necessary to allow the sep- essary in order to provide reproducible results. In fact, the
aration of naringenin-D-glucoside, the internal standard pre-run washing of the column with the mobile phase con-
(1.S.), from the other examined FGs. With this mobile taining 23% of acetonitrile was not sufficient to replace the
phase higher peak efficiencies (87,875-126,975 N/m) wereinitial capillary conditions, probably due to the adsorption of
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Table 1
RSD% data of intra- and inter-day injection repetability and method linearity data

103

Analyte Intra-day repeatabilitynE 10 runs)

Inter-day repeatability € 3 days)

Linearity data (concentration
range 5—-20Q.g/mL)

R Peak area Peak Analyte/ISpeak R Peak area Peak Analyte/IS peak Regression equation r2
areaR;  arearatio areaR;  arearatio

Eriocitrin 090 197 190 211 520 448 298 168 y=6.0645x— 0.0103  0.9982
Narirutin 122 085 153 182 507 273 398 061 y=6.8752x—0.0086 0.9986
Naringin 125 183 170 179 496 524 387 228 y=5.7319x— 0.0067 0.9991
IS 104 147 080 - 464 327 397 - - -
Hesperidin 141 118 173 167 515 485 234 279 y=5.7982x— 0.0067 0.9989
Neohesperidin 50 234 155 155 514 154 567 241 y=6.6363x—0.0212 0.9971

interfering material deriving from the sample matrix on the acommercial orange juice, and (c) the extract from an orange
stationary phase. Between runs an additional preconditioningjuice spiked with the standard compounds (before extraction).
step with 70% acetonitrile mobile phase for 2 min at 12 bar CEC analyses showed that FGs and the I.S. eluted free from
was successfully used to ensure proper sample analysis reinterfering compounds.

peatability and clean electrochromatograms profiles.
Fig. 4shows the electrochromatograms related to the sep- ™AY
aration of FGs in (a) a standard mixture, (b) the extract from 4

mAU 30
- 1S.
60 4
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0 (a) 2 4 6 8 10 min
—— T T
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Fig. 4. Short-end CEC analysis of the extracts from orange juices under 0
the optimum experimental conditions and sample pretreatment procedure; T T T T T
(a) flavanones glycosides standard mixture containing the internal standard (c) 2 4 5 8 10 min

(1.S.), (b) extracted orange juice; (c) extracted spiked orange juice (spiked

concentration 5Q.g/mL, each compound, before extraction). Mobile phase: Fig.5. Comparison of the electrochromatograms of fruit juice extracts from
2.5mM ammonium formate pH 2.5 containing 23% of acetonitrile. Other different citrus species: (a) orange, (b) lemon, (c) grapefruit (for other ex-

experimental conditions as Fig. 3.

perimental conditions, sd€gs. 3 and %
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Table 2
Quantitative analysis of flavanone&-glycosides in citrus juices

C. Desiderio et al. / J. Chromatogr. A 1081 (2005) 99-104

Fruit juice Eriocitrin Narirutin Naringin Hesperidin Neohesperidin
Lemorf 16.02+ 0.58 23.08+ 0.08

Orangé& 3.40+ 0.17 29.55+ 0.78

Grapefruif’ 18.82+ 0.27 62.62+ 0.91

a mgx 100 mL~1, mean value of duplicate analysis of two determinations,

not corrected for the recovery value.

b mgx 100 mL1, mean value of duplicate analysis, not corrected for the recovery value.

Fig. 5a—c compared the analysis of extracts from commer-
cial orange, lemon and grapefruit juices, respectively, show-
ing the typically different FG composition in the diverse citrus
species. In particular, lemon juice is characterized by the pres-
ence of eriocitrin and hesperidin, orange juice by narirutin
and hesperidin, and grapefruit juice by narirutin and naringin.
Table 2summarizes the quantitative data (sg00 mL1)
obtained by analyzing commercially available fruit juice ex-
tracts from different citrus species.

The presence or absence of single FGs can be used as
sort of fingerprint for taxonomic purposes and identification
of adulteration in citrus processed juices. Authentic orange
juice should not contain naringin and the narirutin/hesperidin

ratio can be used against the adulteration of processed food

(6].

4. Conclusions

The present paper showed the first application of reversed
phase CEC for the analysis of flavanon®-lycosides us-
ing short-end injection mode for obtaining high efficiency
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