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Abstract
ABSTRACT
This study aims to introduce a novel method that included zwitterion
chromatography-hydrophilic interaction chromatography with a UV detection
system for analysis and identification of the fisetin in black and green teas.
Flavonoids like fisetin have been shown to have multiple beneficial effects on
human health that are available in many fruits, beverages, herbs, vegetables, and
nutritional supplements herbs are the main source of flavonoids. Hydrophobic
and hydrophilic interactions forming a fisetin mechanism to distinguish mixed
mode. The validated process has been successfully used for the extraction test in
herbs. Fisetin has been separated in the ZIC-HILIC column using acetonitrile and
sodium acetate buffer as the mobile phase. The results showed that the HILIC
mode was simple and effective, and could be used to identify the fisetin content
in samples of black tea leaves and green tea leaves. The calibration curve was
produced in commercial ZIC-HILIC column and linear range (0.01-7 μgmL-1), RSD%
(1.32), LOD (0.008 μgmL-1), LOQ (0.024 μgmL-1).
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INTRODUCTION
During these decades researchers have focused on the
identification of biologically active compounds in herbal
preparations, their mechanisms of action, and their
effectiveness [1]. As many biologically active chemical
components of these herbal extracts exist, Flavonoids are
the most important of them. Flavonoids play an
important role in protecting against chronic disease cases
including diabetes, cardiac disease, blood vessels, asthma,
nervous system disorders, prostate, and cancer [2].
Numerous studies have already shown that diets high in
these flavonoids are a close association with a lower
prevalence of chronic diseases, such as cardiovascular
diseases, type two diabetes, neurodegenerative diseases,
and even cancers [3-5]. This is due to their antioxidant,
anti-inflammatory, anti-tumor activities and antiviral
activities [6]. The classification of flavonoids is based on
their chemical structures, which vary in the number of
double bonds, the number of oxygen-containing
alternatives, and their relative location. There are six
known flavonoid varieties: flavanones, flavonoids,
flavones, isoflavones, 3-uls flavans, and anthocyanidins.
Flavonoids are present in many foods consumption by a
human, including onions, broccoli, various fruits, and
vegetables such as parsley and celery [7]. Flavonoids are
also present in tea, coffee, bananas, grapes, red wine,
berries, and soybeans. Fisetin (Figure 1) is considered to
be one of the most important flavonoids found in many
fruits, teas, cucumbers, and onions. Because fisetin has
anti-oxidant and anti-inflammatory effects, its anti-cancer
potential has been explored, and this has made it a
powerful factor in the prevention and treatment of
various types of cancer, in particular prostate, colon, and
breast cancer [8]. There are a lot of studies dealing with
the study of separating and estimating many flavonoids,
the most important of which are chromatographic
analytical methods in which columns of C18 are used.

Here, researchers face many problems when using these
columns, including the retention time for separating polar
compounds is very little, or that these columns do not
separate such materials. On this basis, the problems of
the C18 columns have now been resolved using the HILIC
columns. Consequently, the HILIC is suggested as another
new solution for highly polar and hydrophilic compounds
[9]. In HILIC mode, in most cases, a mixture of water or
buffer and organic acetonitrile is used in the stationary
polar phase. The structural differences in the HILIC type
stationary phases are larger than those observed in the
reverse phase and this has given the HILIC columns an
important benefit in dealing with problems in the
classical columns and making the HILIC columns the
favorite of many researchers in this field [10]. Currently,
there are studies in which HILIC columns have been used
for various applications e.g. nucleosides, carboxylic acids,
amino acids, and pharmaceutical [11-23]. For flavonoids,
few studies have been used to separate and estimate
flavonoids and to use HILIC columns with MS detector
[24-27]. However, there is a recent single analysis to
separation and estimate using HILIC columns with UV
detection carried out by Rasheed and Co-worker [28]. It
gave us the motivation to investigate in separation and
estimation Fisetin using HILIC columns with UV
detection. As a result, a new method has been introduced
to estimate Fisetin in some important herbs. Since
decades many people around the world have used herbs
to treat human diseases [29, 30]. These herbs are of great
interest, because they have natural benefits and high
efficiency. Black tea leaf and green tea leaf as both contain
many flavonoids, These plant leaves have become
increasingly common because of their active function in
promoting health activities such as antioxidants, anti-
cancer, anti-inflammatory, immune, and hypoglycemic
[31]. On this basis in this paper, the components of these
leaves have been studied.
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Figure 1: Chemical structure Fisetin.

MATERIALS AND TECHNIQUES
Chemical reagents andmaterials
As for chemicals, acetic acid, sodium acetate, acetonitrile,
fisetin were purchased from Sigma-Aldrich. 0.1 μs / cm of
conductivity from Millipore Water System (USA).
Millipore filters (0.45 μm) filtered the solution. Black and
green tea leaves have been brought from the local market
in Iraq.

Instrumentation and chromatographic requirements
Merck Hitachi HPLC system equipped with L-6200 Pump
and UV detector Visible type L-4200. The mobile phase
used composed of acetonitrile and acetate buffer at a flow
rate of 0.5 mL/min. Quantitative measurement of fisetin
was performed with a 350 nm. The volume of injection
was 10 μL. The column used in the separation process
was kept at a temperature of 35 0C. The data was
analyzed using the N2000 workstation software. All
separations were performed on the ZIC-HILIC
commercial column from Merck SeQuant (100 mm x 4.6
mm ID).

Preparation of the stock solution of Fisetin

A stock solution of fisetin was prepared by dissolving 10
mg of fisetin in 100 ml of acetonitrile in a volumetric
flask. The result was then dissolved and filtered through a
0.45 μm filter.

Samples preparation
Black and green tea leaves were brought from the local
market in Iraq and the herbs were of Chinese origin as
they were imported from China in 2019. The leaves of
these plants were taken and well cleaned, then dried,
crushed, and turned into fine flour in preparation for the
extraction procedure. Two grams were taken for each
type of herb as 20 ml of 80 % ethanol was added to the
herb and given over a period of time. After stirring, the
product was placed in the ultrasound machine bath at 60
° C for 30 minutes and then filtered with a 0.45 μm filter
and then placed in the refrigerator for a period of time.
The extraction procedure for these herbs has been
repeated three times.

THE RESULTS AND DISCUSSIONS
Study separationmechanism
For the evaluation of the HILIC retention mechanism in
the commercial column (ZIC-HILIC) with acetonitrile and
acetate buffers. Fisetin was selected as a flavonoid model.
It is important to investigate the effect of changing the
ingredient of the mobile phase, pH buffer, and the buffer
concentration.

The effect of changing acetonitrile content on fisetin
retention
The effect of changing acetonitrile content on the fisetin
retention interaction at constant pH 5 and 30 mM acetate
buffer was observed. Fisetin behavior is in reversed-
phase (RP), with the level of ACN eluent continuing to
increase from 60% to 95%. This behavior is caused by
fisetin hydrophobicity; in this column, the reverse phase
(RP) fisetin interaction was seen (Figure 2), which was
attributed to fisetin log Pow (1.81).
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Figure 2: Effect of changing acetonitrile content on fisetin interaction.
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The effect of changing of acetate buffer concentration
on the retention of fisetin
Solute behavior has increased in hydrophilic mode with
an increased buffer concentration, leading to
intramolecular ion pairs deactivation. In this way, the
linearization of the functional column groups is improved,
even though acetonitrile exists [19]. Remarkably, fisetin
shows increased retention factors when the holding
acetonitrile at 85% and pH at 5 whilst acetate buffer from
20 to 80 mM has been increased (Figure 3). However, it

can at least be shown that the hydrophilicity of the
analytes and electrostatic influences known from the ZIC
play a role. Besides, the quality of the phase separation
between the mobile and pseudo-stationary phase also
seems to have an impact on the chromatographic
separations. The separation of fisetin is considered to be
mainly based on the formation of a pseudo-stationary
water layer on the column stationary phase between
which fast partitioning occurs with the rich organic
solvent mobile phase [32, 33].
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Figure 3: Effect of changing acetate buffer concentration on retention fisetin interaction

The effect of changing of acetate buffer pH on the
retention of fisetin
This significant effect was studied to remove or reduce
the strong electrostatic attraction of charged between
analyses and stationery HILIC materials. The eluent pH
must be changed to complete the fisetin separation in
HILIC mode. At steady buffer concentrations of 30 mM
and 85% of acetonitrile, the pH improved from 3 to 5.5.

As in Figure 4, fisetin raises the retention factor this is
because the group of hydroxyls is separated in fisetin.
This depends on the physical and chemical data of the
fisetin predicted. pKa value range from just under 6.32
and the analyzes are certainly detonated if the pH in the
mobile phase rises to 5.5.
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Figure 4: Effect of changing acetate buffer pH on retention fisetin interaction
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Optimizing the separation of fisetin
Once the separation mechanism of fisetin has been
examined, the effect on the contents of acetonitrile, the
concentration of the acetate buffer, and the eluent buffer

pH has been calculated. The best condition was 85%
acetonitrile and acetate buffer 30 mM-pH 5 for separation
of fisetin. The separation fisetin chromatogram as shown
in Figure 5.
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Figure 5: Chromatogram for the separations Fisetin in ZIC-HILIC column

Linearity and range
In this study, the method suggested was linearity checked
by plotting peak area against fisetin concentration. In a
concentration range of 0.01 to 7 μg mL-1, the plot of the
peak area against respective fisetin concentrations was

found to be linear (Figure 6). Table 1, which displayed the
findings of linearity, regression equation, and fisetin
calibration statistics. The findings indicate a strong
association of the peak area with the concentration of
fisetin.
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Figure 6: Linearity curve of fisetin.

Table 1: The results obtained from this study.
Parameter Proposed method
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Linearity (μg.ml-1) 0.01-7
Regression equation y = 3470.53 + 14002.21*x

R2 0.9998
LOD (μg.ml-1) 0.008
LOQ (μg.ml-1) 0.024

Statistical analysis
On the same day and on different days, where accuracy
and accuracy were measured, as well as RSD% and Rec.
Calculated percentage. This relatively small assumptions

and high recovery values explain the proposed method
that works in (Table 2).

Table 2: Statistical reliability and accuracy of fisetin on the same day and various days.

Same-Day Analysis
n=5

Day-to-Day Analysis
n=5

Taken
(µg.mL-1)

Found
(µg.mL-1)

% Rec. % Erel. %RSD Found
(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

Fisetin determination in some tea samples
The proposed method by using the ZIC-HILIC column was
utilized for the determinations of fisetin in black and

green tea leave samples have been successfully and that
is through the results of the study are listed in Table 3.

Table 3: The fisetin content in tea samples

flavonoid Black tea leaves
mg/g*

Green tea leaves
mg/g

Fisetin 0.0750 ± 0.004 0.2695 ± 0.066
* Contents (mg/g) as mean + SD, are expresses (n = 5).

CONCLUSIONS
This newly developed method was successfully applied to
determine the amount of fisetin in these plant's leaves.
The study also discussed the technique of extracting and
analyzing the ingredients in these herbs. The analytical
procedure demonstrated the effectiveness, practicability,
and viability of this new methodology with high
precision, sensitivity, and repeatability. This is the result
of the use of such columns, which are the ZIC-HILIC
columns, which dealt with problems that obstruct the
separation process when using the C18 columns. This
analysis showed that fisetin was used in black tea leaves
and green tea leaves. The newly established approach
used samples are left according to the effects of this. The
evolution of the fisetin content in these leaves samples
has been first studied, based on the method developed.

REFERENCES
1. M. Ekor, "The growing use of herbal medicines:

issues relating to adverse reactions and challenges in
monitoring safety," Frontiers in pharmacology, vol. 4,
p. 177, 2014.

2. C. Y. Ng, H. Yen, H.-Y. Hsiao, and S.-C. Su,
"Phytochemicals in skin cancer prevention and
treatment: an updated review," International journal
of molecular sciences, vol. 19, p. 941, 2018.

3. C. Franceschi, P. Garagnani, P. Parini, C. Giuliani, and
A. Santoro, "Inflammaging: a new immune–metabolic
viewpoint for age-related diseases," Nature Reviews
Endocrinology, vol. 14, pp. 576-590, 2018.

4. S. Chatterjee, K. Khunti, and M. J. Davies, "Type 2
diabetes," The Lancet, vol. 389, pp. 2239-2251, 2017.

5. N. P. Hays, P. R. Galassetti, and R. H. Coker,
"Prevention and treatment of type 2 diabetes:
current role of lifestyle, natural product, and

pharmacological interventions," Pharmacology &
therapeutics, vol. 118, pp. 181-191, 2008.

6. F. J. Barba, N. S. Terefe, R. Buckow, D. Knorr, and V.
Orlien, "New opportunities and perspectives of high
pressure treatment to improve health and safety
attributes of foods. A review," Food Research
International, vol. 77, pp. 725-742, 2015.

7. C. P. Bondonno, K. D. Croft, N. Ward, M. J. Considine,
and J. M. Hodgson, "Dietary flavonoids and nitrate:
effects on nitric oxide and vascular function,"
Nutrition reviews, vol. 73, pp. 216-235, 2015.

8. P.-M. Yang, H.-H. Tseng, C.-W. Peng, W.-S. Chen, and
S.-J. Chiu, "Dietary flavonoid fisetin targets caspase-
3-deficient human breast cancer MCF-7 cells by
induction of caspase-7-associated apoptosis and
inhibition of autophagy," International journal of
oncology, vol. 40, pp. 469-478, 2012.

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

10. G. H. Goetz and M. Shalaeva, "Leveraging
chromatography based physicochemical properties
for efficient drug design," ADMET and DMPK, vol. 6,
pp. 85-104, 2018.

11. Yaqout Abd Al-Hakeem Hamed and A. S. Rasheed,
"Zwitterionic Ion Chromatography Coupled with
Ultraviolet Detection for the Quantification of 2-
Deoxyguanosine in Human Serum," Systematic
Reviews in Pharmacy, vol. 11, pp. 240-246, 2020.

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



Identification And Determination Of Fisetin In Black And Green Teas By ZIC-HILIC
Column Coupled With UV Detection

294 Systematic Reviews in Pharmacy Vol 12, Issue 2, Feb-Mar 2021

13. A. S. Ali and A. S. Rasheed, "SEPARATION AND
QUANTITATIVE ANALYSIS OF CHLORPHENIRAMINE
MALEATE BY THE APPLICATION OF THE ZIC-HILIC
TECHNIQUE IN BULK AND MEDICINE
FORMULATIONS," Plant Archives, vol. 20, pp. 2865-
2870, 2020.

14. A. S. Ali and A. S. Rasheed, "APPLICATION OF
HYDROPHILIC INTERACTION CHROMATOGRAPHY
METHODS FOR PREDNISOLONE ACETATE
DETERMINATION IN THEIR PURE AND TABLET,
SYRUP DOSAGE FORMS," Plant Archives, vol. 20, pp.
2807-2812, 2020.

15. F. H. Abdulla and A. S. Rasheed, "Hydrophilic
Interaction Chromatography Analysis of Esculin in
Oint-ments with UV Detection," Current
Pharmaceutical Analysis, vol. 16, pp. 935-941, 2020.

16. Ashraf Saad Rasheed , A.-p. B. and, and H. Ahmed,
"Determination of epinephrine in pharmaceutical
dosage using hydrophilic interaction
chromatography with ICP-AES detection," Research
Journal of Biotechnology, vol. 14, pp. 329-333, 2019.

17. M. A. Abbas and A. S. Rasheed, "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,
vol. 40, pp. 89-94, 2018.

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

19. A. S. Rasheed, B. A. Al-phalahy, and A. Seubert,
"Studies on Behaviors of Interactions Between New
Polymer-based ZIC-HILIC Stationary Phases and
Carboxylic Acids," Journal of Chromatographic
Science, vol. 55, pp. 52-59, 2017.

20. M. A. Abbas and A. S. Rasheed, "Famotidine
determination in pure and pharmaceutical formu-
lations by zwitterionic chromatography-hydrophilic
interac-tion liquid chromatography," International
Journal of ChemTech Research, vol. 10, pp. 785-791,
2017.

21. M. A. Abbas and A. S. Rasheed, "Study on the
retention behavior of famotidine in hydrophilic
interaction liquid chromatography," International
Journal of ChemTech Research, vol. 10, pp. 674-680,
2017.

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

23. B. A. Al-Phalahy, Y. H. Muhamad, and A. S. Rasheed,
"Zwitterionic Ion Chromatography of Dansyl Amino
Acids with 4-Vinylbenzyl Dimethyl Ammonio
Pentanesulfonate as Stationary Phase," Asian J. Chem,
vol. 28, pp. 2411-2414, 2016.

24. A. Sentkowska, M. Biesaga, and K. Pyrzynska, "Effects
of the operation parameters on HILIC separation of
flavonoids on zwitterionic column," Talanta, vol. 115,
pp. 284-290, 2013.

25. A. Sentkowska, M. Biesaga, and K. Pyrzynska,
"Hydrophilic Interaction Chromatographic Analysis
of Quercetin and its Glycosides," Current Analytical
Chemistry, vol. 12, pp. 60-64, 2016.

26. A. Sentkowska, M. Biesaga, and K. Pyrzynska,
"Retention study of flavonoids under different
chromatographic modes," Journal of
chromatographic science, vol. 54, pp. 516-522, 2016.

27. A. Sentkowska, M. Biesaga, and K. Pyrzynska,
"Application of hydrophilic interaction liquid
chromatography for the quantification of flavonoids
in Genista tinctoria extract," Journal of analytical
methods in chemistry, vol. 2016, 2016.

28. R. R. Karabat, A. S. Rasheed, and M. J. M. Hassan, "A
NEW METHOD IN SOME GERMAN GRAPE WINES
USING ZIC-HILIC TECHNOLOGY WITH UV
DETECTION TO SEPARATE AND IDENTIFY
QUERCETIN," Plant Archives, vol. 20, pp. 2692-2696,
2020.

29. P. Cheng, C. Gui, J. Huang, Y. Xia, Y. Fang, G. Da, and X.
Zhang, "Molecular mechanisms of ampelopsin from
Ampelopsis megalophylla induces apoptosis in HeLa
cells," Oncology Letters, vol. 14, pp. 2691-2698, 2017.

30. A. S. AL-Ayash, Z. A. Khammas, and F. Jasim,
"Determination of Desferrioxamine in the Drug
Desferal™ as DFOM-Au (III) Complex by Using
Indirect Electrothermal Atomic Absorption
Spectrometry and Other Techniques," Baghdad
Science Journal, vol. 5, pp. 409-415, 2008.

31. S. A. Villarreal-Soto, S. Beaufort, J. Bouajila, J. P.
Souchard, and P. Taillandier, "Understanding
kombucha tea fermentation: a review," Journal of
food science, vol. 83, pp. 580-588, 2018.

32. S. M. Melnikov, A. Ho�ltzel, A. Seidel-Morgenstern, and
U. Tallarek, "Adsorption of water–acetonitrile
mixtures to model silica surfaces," The Journal of
Physical Chemistry C, vol. 117, pp. 6620-6631, 2013.

33. S. M. Melnikov, A. Ho�ltzel, A. Seidel-Morgenstern, and
U. Tallarek, "How ternary mobile phases allow
tuning of analyte retention in hydrophilic interaction
liquid chromatography," Analytical chemistry, vol. 85,
pp. 8850-8856, 2013.


	Ashraf Saad Rasheed 

