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Abstract
Quercetin has a variety of positive pharmacological effects and potential future treatment. Cancer cell growth has been
reported in vitro and cancer growth in laboratory animals has been reduced. Besides induction and progression prevention
of human cancer. Quercetin has anti-tumor, antioxidant, antibacterial, anti-inflammatory and analgesic therapeutic roles. The
goal is to describe the chromatographic properties of the ZIC-HILIC column for the study of the quercetin retention and
quantitative in wine samples. Hydrophobic and hydrophilic interactions that establish a quercetin mechanism for mixed-
mode separation. The validated method for the extraction test in wine was successfully used. The results indicated that the
HILIC mode was clear and efficient and could be used for the identification of the quercetin content in wine samples. The
calibration curve was produced for one exchanger and linear range (0.01-3 µgmL-1), RSD% (1.26 ± 0.06), LOD (0.012 µgmL-1),
LOQ (0.042 µg mL-1).
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Introduction
Wine is one of the most consumed drinks in the world.

Consumption has increased significantly as a result of
knowledge of the health-promoting characteristics of
wines that are conveyed by various polyphenolic
compounds such as flavonoids, anthocyanins, tannins
(Moreno-Arribas and Suáldea, 2016). It’s one of the
earliest, if not the oldest, alcoholic beverages known to
man, that’s been around since the dawn of civilization
some 8,000 years ago. Polyphenolic compounds have
been very important in the last decade because their role
in evaluating the quality of the wine (color and taste) and
the importance of these compounds in the medical field
(antioxidant, antitubicide and coronary heart disease
(CHD) was determined. Flavonoids are commonly the
most abundant phenolic compounds (Panche et al., 2016;
Fernandes et al., 2017; Palma-Duran et al., 2017). The
different types of flavonoids vary in the oxidation and
substitution pattern of the C ring, which results in six
groups of flavonoids Flavones, flavonols, flavanones,

isoflavonoids, flavanols and anthocyanidins (Rauter et al.,
2018). Previous studies have shown that flavonoids, like
quercetin, have an impact on many illnesses, such as
cardiovascular disease, obesity and other chronic diseases.
Quercetin is one of the ubiquitous flavonols found in
vegetables, fruit, wine and tea, as well as nutritional
supplements such as glycosides (Lesjak et al., 2018).
Quercetin has the advantage of antioxidant, anti-
inflammatory, anti-viral, anti-allergic and enzymatic
inhibitory activity. Quercetin has an anticancer function,
like breast, leukemia and colon and ovarian cancer. And
its role in the reduction of cardiovascular disease (David
et al., 2016). Studies show that quercetin has been
analyzed using HPLC technology and that the columns
used are RPLC. However, few studies have been done
to separate quercetin (Fig. 1) using a technique
Hydrophilic interaction liquid chromatography (HILIC).
Newly, research and studies on Hydrophilic interaction
liquid chromatography (HILIC), along with several
stationary phases produced for HILIC, have increased
significantly. HILIC is a type of normal-phase liquid
chromatography and has enticed the attention of*Author for correspondence : E-mail: Ashraf_analytical@yahoo.com



researchers in various fields of science who are
investigating the separation of polar compounds. In HILIC
mode, a mixture of water and an organic solvent that is
often acetonitrile (ACN) is most commonly used With
Polar Stationary Phase. HILIC is a good alternative to
the reverse phase (RPLC) in chromatographic separation
(Buszewski and Noga, 2012). Many HILIC applications
have been observed in previous periods to separate and
analyze several compounds, such as nucleotides,
nucleosides, carbohydrates, amino acids, proteins and
peptides (Urban and Jandera, 2013; Van Nuijs et al., 2011;
Wuhrer et al., 2009; Ashraf Saad Rasheed and Rashid,
2020; Periat et al., 2015; Boersema et al., 2008; Spagou
et al., 2010; Yaqout Abd Al-Hakeem Hamed and
Rasheed, 2020). Typically, the HILIC separation silica
gel is used as stationary phases with chemically bonded
amino, amido, cyano, diol, carbamate or polymer matrices
(Ciminiello et al., 2005). The retention mechanism is a
mixed-mode, which may be divided into adsorption, ion
exchange, hydrogen bond formation, dipole-dipole and
other interactions, depending on the conditions in which
they occur (Euerby et al., 2015). Depending on the
column sort, the polarity and ionization of the sample as
well as of the mobile phase content, various interactions
are involved in the total HILIC retention. Hydrophilic
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Liquid Chromatography-HILIC using the Zwitterionic Ion
Column is the next separation technique with its
importance accelerating very quickly because it is suitable
for separating water-loving and ionic compounds. It should
be noted that the aqueous phase is used as a mobile phase
in ZIC and aqueous-organic as a mobile phase in ZIC-
HILIC. ZIC-HILIC technology has become the first
preferred technique for field researchers. Chromatography,
because it combines reversible and normal phase
chromatography with ion exchange. Zwitterionic
stationary phases, mostly sulfobetaine varieties have been
found to be adequate retention in comparison with diolicine
and bare silica columns for a wide range of application to
check polyphenols (Ashraf Saad Rasheed et al., 2019;
Abbas and Rasheed, 2018; Seubert and Saad Rasheed,
2017; Rasheed et al., 2017; S. Rasheed and Seubert,
2016; Al-Phalahy and Rasheed, 2016; Al-Phalahy et al.,
2016a; Abbas and Rasheed, 2017a; Abbas and Rasheed,
2017b). It is worth mentioning that reference is made to
the convergence of this study from an important study
carried out by Rasheed and Co-worker, which studied
the separation and analysis of amino acid and carboxylic
acid by using ZIC HILIC column. So the quercetin will
be analyzed using a column (ZIC–HILIC) with UV
detection (Al-Phalahy et al., 2016b; Rasheed et al.,
2017). Here, a new method was introduced for the
analysis and extraction of quercetin in wines.

Materials and Methods
Chemical reagents and materials

The solution was purified by Millipore filters (0.45
m). As for chemicals, for example, acetic acid (HAc),
Sodium Acetate (NaOAc), Acetonitrile (ACN), Quercetin,
were purchased from Sigma-Aldrich and 0.1 s / cm
conductivity from Millipore Water (System-US

Fig. 1: Chemical structure of Quercetin.

Fig. 2: A typical chromatogram of quercetin.
Fig. 3: Retention behavior of quercetin as a function of ACN

content.
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Millipores). Two examples of wine will be taken the first
type is (Anselmann pinot noir) as for the second type is
(Hensel Und Gretel), both of which are German-produced
and have also been brought from Germany.
Instrumentation

A 20 L injection loop is used for the Merck Hitachi
HPLC system, including the L-6200 gradient pump and
the UV-visible L-4200. On the pH 740 (WTW), pH
analysis was conducted. The N2000 workstation
photographic software is used to track and analyze my
chromatography.
Chromatographic conditions

The eluent formed a buffer of acetonitrile and acetate
by using a 45 m membrane filter, the eluent has been
filtered and degassed. The flow rate was used at 0.5
mL/min. Flavonoid analysis was carried out using the
Wavelength 330 nm ultraviolet area. The chromatographic
condition is 330 nm detection, injection volume of 10 L,

the flow rate of 0.5 mL/min, Temperature is 35oC. The
commercial column ZIC-HILIC has been collected
respectively from Merck SeQuant and Advanced
Materials Technology (100 mm × 4.6 mm I.D.). 
Preparation of the quercetin stock solution

A quercetin solution was prepared to provide stock
quercetin solutions for stock (100 g mL-1), dissolving
accurately a quercetin amount (10 mg) in 100 ml of an
eluent. In the mobile phase, the result was dissolved and
filtered even more by a through 0.45 m.
Samples preparation

Commercially available grape wine samples
(Anselmann pinot noir) and (Hensel Und Gretel) were
purchased and analyzed directly, both of which are
German-based and were also brought from Germany.
Both samples have been filtered by 0.45 m filter before
injection. The samples have been diluted ten times with
the respective mobile phases mentioned above for
chromatographic analyzes.

Results and Discussion
Separation and identification of quercetin

Quercetin was selected as a Flavonoid model for
assessing the HILIC retention mechanism with ACN
acetate buffers in the commercial column (ZIC-HILIC).
The quercetin chromatogram shows in (Fig. 2). Under

Fig. 4: Retention behavior of quercetin as a function of buffer
concentration.

Fig. 5: Retention behavior of quercetin as a function of eluent
pH.

Fig. 6: Linearity graph for quercetin using the ZIC-HILIC
column.
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Table 1: The evidence of the study of results.

Parameter ZIC-HILIC method
Linearity (µg.ml-1) 0.01-3

Regression equation y= 17583.24+11021.99*x
R2 0.9998

LOD (µg.mL-1) 0.012
LOQ  (µg.mL-1) 0.042



condition 90% ACN and 30 mM acetate buffers (pH
5.5). To find out about quercetin behavior in this column
ZIC- HILIC, it is important to study the effect of changing
the mobile phase’s components, the effect of pH and the
effect of eluent concentration as discussed below.
ACN impacts quercetin retention

The impact of the eluent ACN content on the retention
behavior of the quercetin was studied at 5.5 pH 35 mM
NaOAc / HAc. Quercetin has reversed-phase (RP)
behavior, with the percentage of ACN eluent continuing
to rise from 60% to 95%. Quercetin hydrophobicity is
the reason for this behavior; in this column, the reversed-
phase (RP) activity of quercetin is shown (Fig. 3), which
was due to the log POW of quercetin (2.16) [27].
Eluent concentration impacts in quercetin retention

Salt is usually added to the eluent to monitor solute/
exchanger electrostatic interactions. The effect of the
NaOAc / Hac buffer on the eluent retention behavior of
quercetin has been reported in the 10-80 mM (pH 5.5) at
90% ACN in the eluent. The results are shown in (Fig.
3). Increasing buffer concentrations in the eluent of
NaOAc / HAc increase the quercetin retention factor in
the column. This demeanor is closely related to that of
the HILIC content stationary phase. To increase eluent
concentrations, the retention of analytes in HILIC is
increased because the intramolecular ion pairs are
fracture.
Eluent pH impacts in quercetin retention

The next improved composition of the eluent can be
applied with a change in eluent pH. To complete quercetin
separation in HILIC mode, the eluent pH must be
changed. The pH improved from 3 to 5.5 at a steady
buffer concentration of 35 mM and 90% ACN. As shown
in fig. 5 quercetin retention factor increases. This is
because the hydroxyl group is deprotonated in quercetin.
This represents the physicochemical data of quercetin
that are predicted. The pKa values range from just fewer

than 6.38. When pH in the mobile
process is increased to 5.5, the analytes
are certainly detonated.
Calibration graph

The graph quercetin is generated
by plotting the quercetin concentration
against the peak area and showing

Table 2: Quercetin methodological exactness and precision both on the same day
and on different days.

Same-Day Analysis n = 5 Day-to-Day Analysis n = 5Taken
Found % % % Found % % %(µg.mL-1)

(µg.mL-1) Rec. Erel. RSD (µg.mL-1) Rec.  Erel. RSD
1 0.98 98.00 - 2.00 1.32 0.985 98.50 - 1.50 1.45
3 2.96 98.66 -1.34 1.20 2.98 99.33 - 0.67 1.34

Table 3: The quality of quercetin examined two wine samples.

Name of wine
Year of Quercetin
vintage µg/mL (n=3)

Anselmann pinot noir-Germany 2012 1.65 ± 0.47
Hensel Und Gretel-Germany 2015 0.55 ± 0.12

concentration (0.01-3 gmL-1) of the ZIC-HILIC column
(Fig. 6).
Statistical data information

The corresponding calibration curve used a thorough
assessment of quercetin under HILIC circumstances and
record statistics in table 1. Accuracy and precision were
measured on the same day and different days and RSD
percent and Rec. percent were determined. The relatively
small defaults and high recuperation values indicate that
the proposed method is successful (Table 2).
Quercetin determination in wine samples

In the evaluation of quercetin in two wine samples,
the ZIC-HILIC proposed method was successfully used;
the results are described in table 3.

Conclusions
In this study, a new method of evaluating quercetin

without sample pretreatment was developed using the
ZIC-HILIC method. The findings demonstrated the
usability, practicability and feasibility of this new method
with high precision, sensitivity and repeatability and also
a strong resolution of the quercetin in wine samples.
Quercetin was the dominant flavonol in wine samples,
according to the findings of the wine samples. Based on
the method developed, the evolution of quercetin content
in wine samples was studied for the first time, to our
knowledge.

References
Abbas, M.A. and A.S. Rasheed (2017a). Famotidine

determination in pure and pharmaceutical formu-lations
by zwitterionic chromatography-hydrophilic interac-tion
liquid chromatography. International Journal of Chem.
Tech. Research., 10: 785-791.

Abbas, M.A. and A.S. Rasheed (2017b). Study on the retention
behavior of famotidine in hydrophilic interaction liquid
chromatography. International Journal of Chem. Tech.
Research., 10: 674-680.

Abbas, M.A. and A.S. Rasheed (2018). Retention characteristic
of ranitidine hydrochloride on new polymer-based in zwitter
ion chromatography-hydrophilic interaction
chromatography stationary phases. Journal of the
Chemical Society of Pakistan., 40: 89-94.

Al-Phalahy, B.A., Y.H. Muhamad and A.S. Rasheed (2016a).

A New Method in Some German Grape Wines Using ZIC-HILIC Technology with UV Detection 2695



Zwitterionic Ion Chromatography of Dansyl Amino Acids
with 4-Vinylbenzyl Dimethyl Ammonio Pentanesulfonate
as Stationary Phase. Asian J. Chem., 28: 2411-2414.

Al-Phalahy, B.A., Y.H. Muhamad and A.S. Rasheed (2016b).
Zwitterionic Ion Chromatography of Dansyl Amino Acids
with 4-Vinylbenzyl Dimethyl Ammonio Pentanesulfonate
as Stationary Phase. Asian J. Chem., 28: 2411.

Al-Phalahy, B.A. and A.S. Rasheed (2016). ICP Spectrometric–
Vis Separation of Cerium (IV)–Desferal Complex Using 4-
Vinylbenzyl-Dimethylammonio Pentanesulfonate
Zwitterionic Stationary Phase. Al-Nahrain Journal of
Science., 19: 25-32.

Ashraf Saad Rasheed, A.P.B. and H. Ahmed (2019).
Determination of epinephrine in pharmaceutical dosage
using hydrophilic interaction chromatography with ICP-
AES detection. Research Journal of Biotechnology., 14:
329-333.

Ashraf Saad Rasheed and F.A. Rashid (2020). Development of
ZIC-HILIC Methods Using Ultraviolet Detection for
determining 2-deoxyuridine in Human Serum. Systematic
Reviews in Pharmacy., 11: 388-394.

Boersema, P.J., S. Mohammed and A.J. Heck (2008). Hydrophilic
interaction liquid chromatography (HILIC) in proteomics.
Analytical and bioanalytical chemistry., 391: 151-159.

Buszewski, B. and S. Noga (2012). Hydrophilic interaction liquid
chromatography (HILIC)-a powerful separation technique.
Analytical and bioanalytical chemistry., 402: 231-247.

Ciminiello, P., C. Dell’Aversano, E. Fattorusso, M. Forino, G.S.
Magno, L. Tartaglione, M.A. Quilliam, A. Tubaro and R.
Poletti (2005). Hydrophilic interaction liquid
chromatography/mass spectrometry for determination of
domoic acid in Adriatic shellfish. Rapid Communications
in Mass Spectrometry: An International Journal Devoted
to the Rapid Dissemination of Up to the Minute Research
in Mass Spectrometry., 19: 2030-2038.

David, A.V.A., R. Arulmoli and S. Parasuraman (2016). Overviews
of biological importance of quercetin: A bioactive flavonoid.
Pharmacognosy reviews., 10: 84.

Euerby, M.R., J. Hulse, P. Petersson, A. Vazhentsev and K.
Kassam (2015). Retention modelling in hydrophilic
interaction chromatography. Analytical and bioanalytical
chemistry., 407: 9135-9152.

Fernandes, I., R. Perez-Gregorio, S. Soares, N. Mateus and V.
De Freitas (2017). Wine flavonoids in health and disease
prevention. Molecules., 22: 292.

Lesjak, M., I. Beara, N. Simin, D. Pintac, T. Majkic, K. Bekvalac,
D. Orcic and N. Mimica-dukic (2018). Antioxidant and anti-
inflammatory activities of quercetin and its derivatives.
Journal of Functional Foods., 40: 68-75.

Moreno-Arribas, M.V. and B.B. Suáldea (2016). Wine safety,
consumer preference and human health, Springer.

Palma-duran, S.A., A. Vlassopoulos, M. Lean, L. Govan and E.

Combet (2017). Nutritional intervention and impact of
polyphenol on glycohemoglobin (HbA1c) in non-diabetic
and type 2 diabetic subjects: Systematic review and meta-
analysis. Critical reviews in food science and nutrition.,
57: 975-986.

Panche, A., A. Diwan and S. Chandra (2016). Flavonoids: an
overview. Journal of nutritional science., 5.

Periat, A., I.S. Krull and D. Guillarme (2015). Applications of
hydrophilic interaction chromatography to amino acids,
peptides and proteins. Journal of separation science.,
38: 357-367.

Rasheed, A.S., B.A. Al-Phalahy and A. Seubert (2017). Studies
on Behaviors of Interactions Between New Polymer-based
ZIC-HILIC Stationary Phases and Carboxylic Acids.
Journal of chromatographic science., 55: 52-59.

Rauter, A.P., M. Ennis, K.H. Hellwich, B.J. Herold, D. Horton,
G.P. Moss and I. Schomburg (2018). Nomenclature of
flavonoids (IUPAC recommendations 2017). Pure and
Applied Chemistry., 90: 1429-1486.

Rasheed, A.S. and A. Seubert (2016). Influence of capacity on
the retention and selectivity of inorganic ions separation
over a homologous series of sulfobetaine based stationary
phases in zwitterionic ion chromatography. Current
Chromatography., 3: 4-11.

Seubert, A. and A. Saad Rasheed (2017). Separation of Metal-
Trifluoperazine Hydrochloride Complexes Using
Zwitterionic Ion Chromatography (ZIC) Coupled Online
with ICP-AES. Current Pharmaceutical Analysis., 13: 328-
333.

Spagou, K., H. Tsoukali, N. Raikos, H. Gika, I.D. Wilson and G.
Theodoridis (2010). Hydrophilic interaction
chromatography coupled to MS for metabonomic/
metabolomic studies. Journal of separation science., 33:
716-727.

Urban, J. and P. Jandera (2013). Recent advances in the design
of organic polymer monoliths for reversed-phase and
hydrophilic interaction chromatography separations of
small molecules. Analytical and bioanalytical chemistry.,
405: 2123-2131.

Van Nuijs, A.L., I. Tarcomnicu and A. Covaci (2011). Application
of hydrophilic interaction chromatography for the analysis
of polar contaminants in food and environmental samples.
Journal of Chromatography A., 1218: 5964-5974.

Wuhrer, M., A.R. De Boer and A.M. Deelder (2009). Structural
glycomics using hydrophilic interaction chromatography
(HILIC) with mass spectrometry. Mass spectrometry
reviews., 28: 192-206.

Yaqout Abd Al-hakeem Hamed and A.S. Rasheed (2020).
Zwitterionic Ion Chromatography Coupled with Ultraviolet
Detection for the Quantification of 2-Deoxyguanosine in
Human Serum. Systematic reviews in pharmacy., 11: 240-
246.

2696 Raad Radi Karabat et al.


