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Solid  phase  extraction  (SPE)  and HPLC  were  used  for  simultaneous  determination  of  hesperidin,  dios-
min  and  eriocitrin  in  Iranian  lime juice  samples.  The  method  involved  very  simple  efficient  SPE  with
polyamide  cartridge,  the use  of mixture  of  water/acetonitrile/acetic  acid  (78:19:3,  v/v)  as  a  mobile  phase
at a flow  rate of  0.8  mL/min  and  UV detection  at 280  nm.  Optimum  conditions  for  SPE were  achieved
using  8 mL  water/methanol  (85:15,  v/v,  pH  =  3) as the  washing  solution  and  4  mL  methanol  for  elution.
SPE  parameters,  such  as maximum  loading  capacity  and  breakthrough  volume,  were  also  determined
olid phase extraction
PE
PLC
ime juice
esperidin

for  each  analyte.  Good  clean-up  and  high  >  90%  were  observed  for all  analytes.  Limits  of  detection,  limits
of  quantification,  linear  range,  recovery,  repeatability  of retention  times,  and  peak  areas  for  hesperidin,
diosmin  and  eriocitrin  were  0.0283–0.0512  �g/mL,  0.0857–0.155  �g/mL,  0.0283–105.0  �g/mL  (R2 > 0.99),
93.3–98.1%,  3.2–4.7%  and  2.8–3.6%,  respectively.  The  method  was  applied  to  analysis  of  lime  juice samples
obtained  from  different  locations  of  Iran.
iosmin
riocitrin

. Introduction

Flavonoids are a group of polyphenolic compounds with health-
elated properties. They are potent antioxidants, free radical
cavengers [1] and metal chelators; they inhibit lipid peroxida-
ion [2] and exhibit various physiological activities [3,4], including
nti-inflammatory, anti-allergic, anti-carcinogenic, antihyperten-
ive and anti-arthritic activities [5].  Due to the importance of
avonoids as contributors of beneficial health effects of citrus fruit,
etermination of such compounds occurring in citrus fruits play an

mportant role in many areas of science. Lime juice is characterized
y the presence of significant amounts of the flavanones, hesperidin
nd eriocitrin. Lime juice is also quite rich in flavones: diosmin has
een recognized as one of the main flavonoid components of this

uice [6].
Several sample preparation techniques such as hydrolysis [7],
ltration/dilution [8],  liquid extraction [9],  ultrasound-assisted
xtraction [10] and solid phase extraction using molecularly
mprinted polymers [11] were developed to allow HPLC-based
etermination. Reverse-phase high-performance liquid chro-
atography combined with different detectors is the commonly
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used analytical method for separation and identification of
flavonoids [12–18].

Although SPE is not a new technique, it has only recently been
applied in flavonoid analysis. The SPE strategy comprises the iso-
lation and preconcentration of the analyte from a complex matrix
by adsorption onto an appropriate sorbent, removal of interfering
impurities by washing with a suitable solvent system, and selective
recovery of the retained analyte with a suitable solvent. Polyamide
(PA) can be a good general-purpose phase suited to separation of
flavonoids of varying polarity [19].

The objective of present study was  to develop a SPE-HPLC
method for the simultaneous determination of hesperidin, dios-
min  and eriocitrin in lime juice samples. This method was  applied
to determine of mentioned flavonoids in lime juice samples from
different locations of Iran.

2. Experimental

2.1. Chemicals and stock solutions

Standards of hesperidin, diosmin and eriocitrin were purchased

from Sigma (Steinheim, Germany). HPLC grade methanol and ace-
tonitrile were from Fluka (Buches, Switzerland). Glacial acetic acid
and HCl were from Merck (Darmstadt, Germany). Water used was
double distilled deionized.

dx.doi.org/10.1016/j.jpba.2011.05.015
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:iman.analyst@gmail.com
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Fig. 1. Breakthrough volume of analytes using PA-cartridge (A) and maximum
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oading of PA-cartridge for adsorption of analytes (B). Conditions: sample loaded
0–3000 mL  of standard solutions containing 5 �g of analytes (A) and loaded
0–100 mL of 10 ppm standards (B).

Stock solutions of hesperidin, diosmin and eriocitrin were
repared separately by dissolving appropriate amounts of the
ompounds in methanol/dimethyl sulfoxide (1:1) to achieve con-
entrations of 400 �g/mL for each compound. These solutions
tored in the dark at 4 ◦C and were observed to be stable at least for

 months. All solutions were filtered through 0.45 �m membrane
lters (Millipore, Bedford, MA  USA) prior to use. Lime juice sam-
les were provided from different cities of Iran (Jahrom, Minab and
udan).

.2. Instrumentation

Chromatographic measurements were carried out using a
nauer HPLC system (Berlin, Germany) equipped with a K-1001
PLC pump and a UV detector K-2800 was set at 280 nm.  The
ther HPLC equipment included a Knauer K-1500 solvent organizer,
nauer K-500 degasser. Adjustments of pH of solutions were deter-
ined by a 3030 Jenway pH meter (Leeds, UK). Column used was C8
25 × 4.6, 5 �m)  from Capital (Broxburn, UK). The polyamide solid-
hase extraction (SPE) cartridge (Chromabond PA, 3 mL/500 mg)
as obtained from Macherey-Nagel (Düren, Germany). The system
as equipped with Chromgate HPLC software, version 3.3.
Fig. 2. Typical chromatograms of standards (5 �g/mL) (A), lime juice sample (B),
spiked lime juice sample with 5 �g/mL (C), at optimum. 1: Eriocitrin, 2: Diosmin,
3:Hesperidin.

2.3. Sample preparation and solid phase extraction

Lime juice samples were directly collected from different areas
of Iran without any commercial manipulation in order to avoid
potential changes to occur during handling, storage and processing.

Samples were stored at 4 ◦C in the dark prior to analysis.

Lime juice samples (5 mL)  were centrifuged (4000 rpm for
10 min) and mixed with 25 mL of double distilled deionized water,
adjusted at pH = 3 with concentrated HCl. The solution was  filtered
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Table 1
LOD, LOQ, linear range, squared correlation coefficient, repeatability of peak area and retention time and recovery of the method for the determination of hesperidin, diosmin
and  eriocitrin in lime juice.

Analyte LOD (�g/mL) LOQ (�g/mL) Linear range
(�g/mL)

Squared Coefficient
of determination
(R2)

Repeatability of
peak area (RSD%)
(n = 8)

Repeatability of
retention time
(RSD%) (n = 8)

% Recovery ± S.D.
(n = 3)

Hesperidin 0.0512 0.155 0.0283–105.0 0.9928 2.8 3.2 94.2 ± 3.5–98.1 ± 4.2
Diosmin 0.0283 0.0857 0.0283–105.0 0.9987 3.6 4.7 93.3 ± 4.1–95.4 ± 3.9
Eriocitrin 0.0326 0.0987 0.0283–105.0 0.9935 3.3 3.9 94.8 ± 2.6–96.9 ± 5.1

Conditions: mobile phase water/acetonitrile/acetic acid (78:19:3, v/v); flow rate 0.8 mL/min; column C8 (25 × 4.6, 5 �m);  � 280 nm;  room temperature.

Table 2
Content of analytes in lime juice samples under optimum condition.

Lime juice sample Concentration of flavonoid markers (�g/mL) ± S.D.

Instrumental Hand-squeezed

Hesperidin Diosmin Eriocitrin Hesperidin Diosmin Eriocitrin Phosalone C
Chlorpyrifos

Jahrom 13.2 ± 1.6 96.5 ± 3.1 27.1 ± 2.7 10.4 ± 2.3 91.2 ± 4.6 22.4 ± 1.2
Minab  15.1 ± 2.4 87.2 ± 2.7 23.4 ± 2.5 11.8 ± 2.8 81.6 ± 6.1 18.7 ± 2.9
Rudan  19.8 ± 0.9 83.4 ± 4.2 21.6 ± 1.1 15.1 ± 1.5 77.7 ± 3.3 17.1 ± 2.1

Conditions: see Table 1.

Table 3
Comparison of the presented method with other methods which were used for determination of interested flavonoids.

Method Matrix Analyte LOD LOQ DLR r2 Recovery RSD% Reference

Centrifugation/
Dilution/HPLC-
UV

Lemon Hesperidin – 0.1 �g/mL 0.25–20 �g/mL 0.999 (r) – – [12]

Diosmin – 0.1 �g/mL 0.25–20 �g/mL 0.999 (r) – –
LLE/HPLC-DAD Citrus

bergamia
juice

Hesperidin 0.010 mg/mL  0.016 mg/mL  0.02–0.8 0.9999 93.4–98.97% 3.13 [16]

Eriocitrin 0.014 mg/mL  0.021 mg/mL  0.02–0.8 0.9996 95.53–102.47% 3.55
Centrifugation/
Dilution/RP-CEC

Lemon Hesperidin 2.5 �g/mL 5 �g/mL 5–200 �g/mL 0.9989 71–112% – [17]

Eriocitrin 2.5 �g/mL 5 �g/mL 5–200 �g/mL 0.9982 71–112% –
/mL 
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hrough cotton to remove solid particles and then, filtered through
.45 �m membranes. The SPE polyamide cartridge was sequen-
ially conditioned with 5 mL  of n-hexane, 5 mL  of methanol and
0 mL  of double distilled deionized water without allowing the car-
ridge to dry. The filtrate was passed through the cartridge, washed
y 8 mL  water/methanol (90:10 v/v, adjusted at pH = 3 with con-
entrated HCl) to remove interferences and eluted with 4 mL  HPLC
rade methanol. The eluate was dried by blowing N2 stream and
issolved in 1 mL  of acetonitrile, filtered through a 0.45 syringe
lter and injected into the HPLC system.

.4. Chromatographic conditions

HPLC separation of hesperidin, diosmin and eriocitrin was per-
ormed using a mobile phase consisting of water/acetonitrile/acetic
cid (78:19:3, v/v) with a flow rate of 0.8 mL/min at room tempera-
ure. Prior to use, all mobile phases were passed through a 0.45 �m

embrane filter and degassed under vacuum. The sample injection
olume was 50 �L and analytes were monitored at 280 nm.

. Results and discussion

.1. Determination of breakthrough volume and maximum
oading capacity of solid phase cartridge
Determination of breakthrough volume was performed accord-
ng to the procedure presented by Hennion [20]. Standards
f hesperidin, diosmin and eriocitrin (5 �g) were dissolved in
0.0283–105.0 �g/mL 0.9928 94.2–98.1% 2.8 this research
0.0283–105.0 �g/mL 0.9987 93.3–95.4% 3.6
0.0283–105.0 �g/mL 0.9935 94.8–96.9% 3.3

50–3000 mL  of water (adjusted at pH = 3 with concentrated HCl)
and passed through the cartridge.

Maximum loading capacity of analytes was  determined by pass-
ing different volumes (10–100 mL)  of 10 �g/mL standard (pH = 3
adjusted with concentrated HCl) through the cartridge. In both
cases, the retained analytes were eluted with 4 mL  methanol and
dried by blowing N2 stream.

Residue was dissolved in 1 mL  of acetonitrile and injected into
the HPLC system. Fig. 1A shows that the breakthrough volumes for
hesperidin, diosmin and eriocitrin were 1850, 2250 and 2500 mL,
respectively.

As illustrated in Fig. 1B, maximum loading capacities for
hesperidin, diosmin and eriocitrin were 850, 950 and 700 �g,
respectively.

3.2. Optimization of solid phase extraction

Effect of some parameters including percentage of methanol in
washing solution, pH of washing solution, type and volume of elu-
tion solvent and flow rate of sample solution through the cartridge
on extraction efficiency was investigated using PA-cartridge as the
sorbent.
3.2.1. Optimization of washing solution
For optimizing the washing solution, different percentages of

methanol in water at different pH ranging from 2.5 to 7.5 were
examined. According to the best recovery of analytes, the optimum
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onditions for washing solution were: water/methanol (90:10 v/v),
H = 3 and 8 mL  of washing solution.

.2.2. Selection of type and volume of elution solvent
To obtain a suitable solvent for elution of analytes from the

artridge, different solvents such as methanol, acetonitrile, ethy-
acetate, diethylether, n-hexane and acetone were examined. The
est elution solvent for the compounds was examined by using

 mL  of each solvent.
The best recovery of analytes was achieved by methanol. For

etermination of a suitable volume of the elution solvent, different
olumes (2, 4, 6, 8 and 10 mL)  of methanol were used for elution of
etained analytes from the cartridge. The most suitable volume of
lution, according to the best recovery for each analyte was 4 mL.

.2.3. Flow rate of sample solution through the cartridge
Flow rate of aqueous sample solution always has a significant

mpact in the SPE procedure, because the sample flow rate affects
oth the recoveries of analytes and loading time in a SPE system.
esults indicated that the best recovery of analytes in PA-cartridge
as achieved at a flow rate of 1 mL/min.

.3. Method Validation

Limit of detection (LOD), limit of quantification (LOQ), linear
ange, recovery, repeatability of retention times and peak areas for
esperidin, diosmin and eriocitrin were determined after 8 injec-
ions and are shown in Table 1. Results showed that the proposed

ethod had good repeatability for determination of analytes in
ime juice samples.

The optimum SPE conditions were evaluated in the analysis of
eal samples. The recovery percentages of the analytes in lime juice
amples were measured by means of spiking at the same condition
f extraction. The lime juice sample was spiked with 3 fortifica-
ion levels of hesperidin, diosmin and eriocitrin, 0.0500, 5.00 and
0.0 �g/mL.

Method precision was determined by 5 replicate measurements
or hesperidin, diosmin and eriocitrin in lime juice using a stan-
ard addition method (n = 5). Flavonoids were identified by spiking
he sample with standards and by comparison with their retention
imes.

.4. Determination of hesperidin, diosmin and eriocitrin in lime
uice

Three different lime juice samples from different cities of Iran
Jahrom, Minab and Rudan) were prepared in October and Novem-
er 2010. The concentration of hesperidin, diosmin and eriocitrin in

ime juice samples were determined by 5 replicate measurements
sing standard addition method (n = 5). Table 2 presents the con-
entration of these compounds found in instrumental and hand-
queezed lime juice samples. Representative chromatograms after
njection of standards, lime juice and spiked lime juice acquired at
ptimum mobile phase conditions are presented in Fig. 2.

. Conclusion

In this work, determination of three flavonoids in lime juice was
erformed using SPE with a PA-cartridge and HPLC. SPE parameters
selection of a suitable solvent and its volume for elution of ana-
ytes, maximum loading capacity of PA-cartridge and breakthrough
olume) and HPLC conditions (percentage of organic modifier, pH

f mobile phase and temperature) were optimized. The use of PA-
artridge allowed for a fast sample treatment with low solvent
onsumption, good clean up and high recovery above 90% in lime
uice samples. The method showed good sensitivity, linearity and

[

[
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repeatability. This method was found to be suitable for quality con-
trol and routine analysis of adulterated lime juice samples.

The method was compared with many techniques used for
determination of interest analytes in different samples, and the
results were shown in Table 3. One can see that comparable results
were achieved for this method versus other conventional meth-
ods and without the use of advanced instruments such as LC–MS,
LC–MS–MS or GC–MS.
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