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A simple and achievable UV-Vis spectrophotometric method for the micro-quantitative determina-
tion of quercetin has been developed and validated. This method relies on the formation of supramolecu-
lar assemblies of quercetin (QR) and the cationic surfactant cetyltrimethylammonium bromide (CTAB) in
a 5 % methanolic aqueous solution. In this solvent medium, CTAB in the presence of QR has a critical
micelle concentration of 1.2-1072 mol I* at 24 °C, determined through conductometry. Important analyti-
cal parameters such as wavelength, composition of methanol-water mixture, CTAB concentration (Ccras),
and pH were optimized. Under the optimum experimental conditions (A = 397 nm, 5 % methanol as sol-
vent, ccrag = 2.0-1073 mol I%, and pH = 6.0), Beer's law was valid for QR concentrations up to 16.9 pg
ml~L. The Ringbom optimum QR concentration range was 1.0 — 16.9 png ml~. The method sensitivity was
2.03-10* | mol~* cm™ (the molar absorptivity) and 0.13 pg ml=* (limit of detection). The applicability of
the proposed method for quantifying QR in pharmaceutical formulations was demonstrated. Furthermore,
the proposed UV-Vis spectrophotometric method was successfully applied to the reliably assay of QR,
even in the presence of vitamin C.

Keywords: spectrophotometry; quercetin; cetyltrimethylammonium bromide micelles;
dietary supplements

CIIEKTPO®OTOMETPUCKO OIIPEJAEJIYBAIBE HA KBEPHETHUH CO KOPUCTEILE MUIIEJIN
OJ UETUJITPUMETUNJIAMOHUNYM BPOMU/JI BO CMECA CO MAJI OJHOC HA METAHOJI-BOJA

PasBuen e m BamuampaH enHocTaBeH W ocTBapiauB UV-Vis cnexkTpodoTOMETpPUCKH METOi 3a
MHUKpPOKBAaHTHTaTHBHO OIpeJiellyBatbe Ha KBepleTHH. OBOj MeTox ce MOoTHHpa Ha (QopMHUpame
cymnpaMoIIeKyJIapHH 37pyXKyBamba Ha kBepueTnH (QR) 1 kaTjoHCKH cypdaKkTaHT HEeTHITPUMETHIAMOHUYM
o6pomun (CTAB) Bo 5 % meraHoieH BoJieH pactBop. Bo oBoj pactBopysau, CTAB Bo npucyctso Ha QR
UMa KPUTUYHA MHIIEIHA KoHIeHTpanuja ox 1,2-107° mol ! ma 24 °C, onpenena npexy crpoBOIIMBOCT.
W3Bpuiena e onTuMmu3anyja Ha BaKHUTE aHAIMTHYKHM NAapaMeTpH Kako IITO ce OpaHoBara JOJDKHHA,
COCTaBOT Ha cMecaTa MeTaHoi-Bona, KoHneHntpamujata Ha CTAB (Cctas) u pH. Ilox onrtumanam
ekcriepumenTannu yciosu (4 = 397 nm, 5 % mertanon kako pacteopysad, Ccrag = 2,0-10° mol It u pH =
6,0) Baxu BepoBuoT 3akoH 3a koHueHtpamuu Ha QR mo 16,9 pg ml?. Onrumansuor omcer Ha
KOHIeHTpaluja cropesi Ringbom na QR 6eme 1.0 — 16.9 ug ml~. YyscTButenHocra Ha MeTOAOT Gelie
2.03-10* | mol? cm™ (monapua ancoprmuja) u 0.13 pg ml™ (rpanuna nma merexnwmja). JlokaxaHa e
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NPUMEHJINBOCTa Ha TPEUIOKEHUOT MeTolx 3a KBaHTuuuupame Ha QR Bo dapmanesrckure
¢dopmymnanuu. Ilokpaj Toa, mpemiokeHHOT UV-Vis CHeKTpopOTOMETPUCKH METOA OeCIie YCIEIIHO
MIPUMEHET 3a BEpOJOCTOjHa aHamu3a Ha QR, mypu u Bo mpucycTBo Ha BuTaMuH C.

Knyunu 360poBu: crnexktpodoToMeTpHja; KBEPLETHH; MHLEIN Ha HETHITPUMETHIAMOHHYM OpOMUZ;

A04aTOIX BO UCXpaHaTa

1. INTRODUCTION

Among all flavonoids, a large group of bioac-
tive polyphenolic compounds widely present in
plants, quercetin (3,3',4',5,7-pentahydroxyflavanone,
Fig. 1) stands out as a unique flavonoid that has
attracted considerable interest in the scientific
community over the past decade.! Since flavo-
noids, including quercetin, exhibit diverse biologi-
cal activities such as antioxidative, anti-
inflammatory, antidiabetic, anticancer, and antivi-
ral properties,? current research trends focus on
their health benefits for humans. Particularly note-
worthy are the potential therapeutic applications of
some flavonoids and their metal complexes against
infectious diseases.® This is especially relevant in
the light of the ongoing COVID-19 infections
caused by the novel SARS-CoV-2 virus.*®

Fig. 1. Chemical structure of quercetin
(C15H1007, 3,3,4’,5,7-pentahydroxyflavanone)

Quercetin (hereinafter referred to as QR) is the
aglycone form of flavonoid derived from plants.” It is
abundantly found in fruits, vegetables, and plant-
based beverages such as apples, cherries, citrus fruits,
onions, broccoli, tea, and red wine. Quercetin is pre-
sent not only in its free form but also as glycosides,
with  rutin  (quercetin-3-O-rutinoside,  3',4',5,7-
tetrahydroxy-3-[a-L-rhamnopyranosyl-(1—6)-p-D-
glucopyranosyloxy]flavone) being the dominant
compound among them.

Quercetin, like other flavonoids found in
fruits and leafy vegetables, exhibits a significant
array of biological/pharmacological activities,8
most notably its chelating activity with metal
ions.!! Due to the presence of several adjacent hy-
droxyl groups in its benzene rings (Fig. 1), QR eas-
ily chelates metal ions, primarily iron or copper

ions, thereby preventing them from participating in
oxidative processes. In addition to metal-binding
capabilities, the high in vitro antioxidant activity of
QR results from its ease of oxidation and the abil-
ity of its phenolic residue to delocalize generated
radicals. As a result, QR stabilizes the cell mem-
brane, inhibits the aging processes in tissues such
as skin, cornea, and myocardium, and offers vari-
ous health benefits, including protection against
various diseases such as osteoporosis, lung cancer,
and cardiovascular disease.”*? Apart from its anti-
oxidative properties, QR also exhibits antiviral ac-
tivity, #1314 inhibiting the replication and infectivity
of certain RNA and DNA viruses, such as several
members of the Coronaviridae family. QR also
influences various host cell signaling processes,
inducing of gene transcription factors and cyto-
kines secretion.'®

Given QR’s significant properties, many
dietary supplements and pharmaceutical prepara-
tions contain QR either individually or in combina-
tion with other flavonoids (mostly rutin) or with
ascorbic acid (AA). There is also evidences that
QR in combination with vitamin D, estradiol, anti-
virals, or other drugs may synergistically provide
additional therapeutic options for preventing and
treating various phases of complex diseases.®

Therefore, a simplified analytical technique
for the QR determination is required. Moreover,
the ongoing development of new methods for fla-
vonoid determination has made steady progress
due to increased interest in assessing the antioxi-
dant activity of numerous substances and antioxi-
dant status in humans. QR frequently serves as a
reference substance in these assays for determining
the antioxidant activity of various samples.

In recent years, high performance liquid
chromatography (HPLC) and capillary electropho-
resis (CE) have emerged as leading instrumental
methods for separating, identifying and quantifying
QR in extracts from plants, foods, and beverages.
For determining this compound in pharmaceuticals
and dietary supplements with relatively simple
composition, spectroscopic and electrochemical
methods are suitable.’?° However, despite their
sensitivity and efficiency, some of the methods
involve time-consuming extraction procedures or
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expensive instrumentation and sensing materials.
Additionally, some of them generate excessive
waste and fail to meet green chemistry criteria.
Therefore, there is a need for a simple and rapid
method suitable for routine use, such as the direct
spectrophotometric method, for determining QR in
pharmaceutical dosage forms and food.?22

On the other hand, an important issue is the
mode of flavonoid interaction with appropriate target
proteins at the molecular level, which is still un-
known. Related to those investigations, self-
assembled cationic surfactants like cetyltrime-
thylammonium bromide have been used to simulate
cells and proteins in living systems.24 In such a sys-
tem, QR properties such as hydrophaobicity and pla-
narity with other flavonoids, and consequently, its
stability, can be moderate due to the sensitivity of
quercetin’s polyphenolic structure to environmental
changes. Recently, a spectrofluorimetric method
based on the formation of stable supramolecular
complexes between QR and micelles of some surfac-
tants (such as cetyltrimethylammonium bromide,
sodium dodecyl sulphate, and triton X-100) in aque-
ous media was proposed.?

In this paper, we utilized surfactant micelles
(cetyltrimethylammonium  bromide, hereinafter
referred to as CTAB) to enhance the spectropho-
tometric quantification of quercetin. Therefore, this
study aimed to develop and validate a straightfor-
ward spectrophotometric method for QR determi-
nation based on its interaction with CTAB by
simply selecting optimum parameters such as
wavelength, solvent type, and pH. Additionally, to
assess the usefulness of the method for QR deter-
mination in pharmaceutical formulations, we also
investigated the effects of possible interfering sub-
stances, particularly ascorbic acid.

Furthermore, while other methods used for QR
determination may offer greater sensitivity and effi-
ciency than the spectrophotometric method,?® they
are often costly and require complex sample pre-
treatment not necessary for routine analysis of the
QR content in pharmaceuticals. Therefore, the proce-
dure proposed in this work eliminates an extraction
step using organic solvents. It also reduces the time
required for full analysis, making it a suitable alterna-
tive to the existing analytical tools for quantifying
QR in bulk and pharmaceutical formulations.

2. EXPERIMENTAL
2.1. Chemicals and solutions

All the chemicals used were of analytical re-
agent grade. Cetyltrimethylammonium bromide,
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naringin, and naringenin were obtained from Sig-
ma-Aldrich (St. Louis, United States). Quercetin
dihydrate, morin dihydrate, methanol, HCI, and
NaOH were purchased from Merck (Darmstadt,
Germany). Rutin was purchased from Fluka
(Buchs, Switzerland), while ascorbic acid and
magnesium ascorbate came from Sigma-Aldrich
(St. Louis, United States). Quercetin Nettle Com-
plex capsules were obtained from Magnifood, Ter-
ranova, Greece. Deionized water with a specific
resistance of 18 MQ cm™ (Milli-Q, Millipore,
Bedford, MA, USA) was used as the solvent
throughout.

The standard stock solutions of QR and
CTAB were prepared at least one day before start-
ing the experiments to minimize possible time-
dependent effects. A CTAB stock solution (Ccrag =
5-1072 mol I"*) was prepared in both deionized wa-
ter and 5 % methanol at room temperature by weigh-
ing an appropriate mass of CTAB (0.9111 g), quanti-
tatively transferring into a 50 ml volumetric beak-
er, and dissolving in 40 ml of either water or 5 %
methanol. The mixture was gently stirred with a
glass rod to avoid foam formation. Subsequently,
the solution was transferred into a 50 ml volumet-
ric flask and diluted to volume with water or 5 %
methanol.

The standard stock solution of QR (cor =
6-10 mol IY) was prepared by dissolving 0.0507 g
of QR in 250 ml of 50 % methanol. The stock solu-
tions of both QR and CTAB standards were pre-
pared in volumetric glass flasks wrapped with
aluminum foil to protect them from daylight and
stored in a refrigerator until needed. These stand-
ards were further diluted to produce the standard
working solutions of the QR-CTAB system for
spectrophotometric measurement.

The pH of the solutions was adjusted using
HCI/NaOH according to the procedure previously
described in detail.?” For the interference study,
appropriate amounts of possible interfering sub-
stances, such as ascorbic acid and some flavonoids,
were dissolved in 5 % methanol. After further dilu-
tion with the same solvent, the final concentrations
for the interference study were obtained.

2.2. Apparatus

Spectrophotometric measurements were per-
formed using a UV-Vis Spectrophotometer Beck-
man DU-650 (Fullerton, Ca, USA) with a 1 cm
quartz cuvette. A methanolic aqueous solution (5 %,
10 %, 15 %, or 20 % v/v) at the same pH as the
QR-CTAB system (solution) was used as a blank.
For pH measurements, a pH-meter (pHM-82 Radi-
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ometer, Copenhagen), with an accuracy of + 0.001
pH, equipped with the combined electrode (No.
CW. 733 Series No. 35162, Russel) was used. To
determine the critical micellar concentration
(CMC) of 5 % methanolic aqueous solution of
CTAB in the presence of QR (pH =6, t = 25 °C),
conductivity measurements were performed using
a digital conductivity meter HI8820N (Hanna in-
struments, Portugal) with the matching HI7684W
probe that uses the 4-ring method. The CMC value
was determined using the conventional method
(Williams® method).?® The temperature was con-
trolled within + 0.2 °C by circulating a water ther-
mostat (Series U, MLW Freital, Germany). An
ultrasonic bath (L.U.5.7 Fungilab, S.A, Spain) was
used to dissolve the samples.

2.3. Conductometric measurement

The conductivity-CTAB concentration data
were obtained for the series of CTAB solution sys-
tems in 5 % v/v methanol by increasing the CTAB
concentration from 0.5 mM to 2.0 mM, while
keeping the QR concentration constant (Cor =
5.0-10-° mol I%) at constant temperature (25.0 °C).
Fresh stock solutions of CTAB in water (Ccrag =
2.0-10°2 mol 1Y) and QR in 50 % v/v methanol
(Cor = 4.0-10* mol I"Y) were used for preparing
standard solutions for measuring specific conduc-
tivity. These solutions were prepared one day be-
fore conductivity measurements to minimize pos-
sible time-dependent effects. The preparation was
as follows: 10 ml of 4.0-10~* mol I"* QR solution,
prepared in 50 % v/v methanol, was transferred to
a 100 ml volumetric flask. Then, a certain volume
of the CTAB stock solution was added to achieve
previously defined concentrations, and filled up to
the mark with deionized water. These measure-
ments were carried out in an 80 ml glass vessel
with a tightly closed cover that had openings for
the thermometer, the combined electrode, and the
conductometric cell.

2.4. Spectrophotometric measurement
2.4.1. Determination of QR in pure form

To obtain the calibration curve for QR de-
termination, a series of standard stock solutions of
the QR-CTAB system was used, in which QR con-
centration was varied from 1.0-10° mol I to
6.0-10"° mol I, while the CTAB concentration
was kept constant (Cctas = 2.0-1072 mol I1).
Standard solutions were prepared in 25-ml volu-
metric flasks by mixing appropriate volumes of the

QR standard stock solution (V1), 50 % methanol
(V2), and aqueous stock solution of the CTAB (V3),
following this order. To obtain the final solutions
of the required molar concentrations in 5 % metha-
nol, it was necessary that V1 + V; =2.5ml and V; =
22.5 ml before being filled up to the mark with 5 %
methanol. These buffered standard solutions (pH =
6) were allowed to stabilize for at least 15 min, and
then the absorbance was measured in duplicate at
397 nm against a 5 % methanol solution at pH = 6
as a blank.

2.4.2. Determination of QR in pharmaceutical
formulation

To determine the amount of QR in the
pharmaceutical dosage form, the contents of ten
capsules were mixed and weighed accurately, and
the average mass of one capsule (0.5618 g) was
transferred to a 1000-ml volumetric flask. This
capsule content was dissolved in about 500 ml of
50 % methanol and left for 20 min for complete
dispersion. After sonication and shaking the mix-
ture for 40 min, the dispersion was filtered through
Whatman No. 1 filter paper. The residue was
washed well with 50 % methanol for complete
drug recovery, and the volume was completed with
the same solvent. Then, a 1.4 ml aliguot was trans-
ferred to a 25-ml volumetric flask and mixed with
1.1 ml of 50 % methanol as well as 25 ml of aque-
ous CTAB solution. The whole procedure of sam-
ple preparation was repeated three times, and the
amount of QR in the sample was determined as the
average of three measurements. The recovery of
the drug was computed from the corresponding
regression equation. According to the declaration,
two capsules contain 400 mg of QR and 150 mg of
vitamin C (as magnesium ascorbate).

3. RESULTS AND DISCUSSION

3.1. Optimization of spectrophotometric
experimental conditions

Once it was shown that the interaction be-
tween flavonoids and surfactants promotes absorb-
ance and confers enough stability to the flavonoids
during their spectrometric quantification time due
to the supramolecular interaction with surfactant
micelles,?22%32 the spectrophotometric determi-
nation of QR under particular experimental condi-
tions was carried out. Preliminary experiments
were performed to find out the optimized operative
conditions and several analytical performance
characteristics were evaluated for the quantifica-
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tion of QR in both pure form and pharmaceutical
preparation. The optimized experimental parame-
ters included wavelength, CTAB concentration,
solvent composition, and pH.

In the UV-Vis spectrum of QR (curve 1, Fig.
2), two major absorption maxima are observed:
one at about 250 nm and the other at about 365 nm,
commonly referred to as band Il and band I, re-
spectively, which are in excellent agreement with
the literature.?* Absorption band Il may be consid-
ered to have originated from n—n* electron transi-
tions in the A + C ring benzoyl system of QR,
while band I is associated with the absorption of
the cinnamoyl system (B + C ring) (Fig. 2).18:33:3
With the addition of CTAB in different concentra-
tions (below, around, as well as the above CMC) to
the 5% methanolic aqueous solution of QR (Cor =
5-10~° mol I%), an enhancement in the intensity of
absorption bands was observed (Fig. 2). Namely,
the peak intensity of the bands increased with
gradual increasing of CTAB concentration. Addi-
tionally, the absorption peaks of band Il and band |
both show distinct changes. As seen from Figure 2,
there is a red shift of bands; the presence of CTAB
causes a bathochromic shift of about 6 — 35 nm
from the original band I and about 7 — 25 nm from
the original band Il in the absence of CTAB

A1

(%]

(curves 2—7, Fig. 2). Specifically, the CTAB pre-
micelles make the QR absorption peak at about
365 nm shift to a longer wavelength with de-
creased intensity (curves 2—-4, Fig. 2), and CTAB
spherical micelles cause the absorption peak inten-
sity to increase (curves 5-7, Fig. 2) in comparison
to the CTAB pre-micelles, while both CTAB
premicelles and micelles (curves 2-5) decrease the
peak intensity of the QR original band Il, with the
absorption maximum shifted to the longer wave-
length. It is obvious that the best conditions for QR
quantification relate to the A = 397 nm and ccras =
2-107% mol IL. This optimal CTAB concentration is
about 1.7 times higher than the respective CMC
(1.2-10°% mol I%), obtained by plotting the graph
between specific conductance and CTAB concen-
tration in 5 % v/v methanol solution containing
fixed QR concentration (cor = 5-:10° mol I*) and
ensures the presence of micelles as well as the pre-
dominance of the QR-CTAB complex in the sys-
tem. Additionally, in the presence of CTAB mi-
celles, the observed peak at A = 397 nm does not
change in intensity over time. Thus, the use of
CTAB surfactant provides sufficient stability to
QR during its spectrophotometric quantification
time.

]

— (R BN B ]

T
250 300 3540

T
4040 450 500 550
A nm

Fig. 2. UV-Vis absorption spectra of 5 % methanol solutions of QR (5-10~° mol I%) in the absence
(1) and presence of different CTAB concentrations (in mmol 17): 0.5 (2), 0.9 (3), 1.0 (4), 1.5 (5), 2.0 (6),
and 6.0 (7) against a 5 % methanol solution at pH = 6 as a blank

The influence of the medium composition on
the absorption spectra of QR (cor = 5:10° mol %) in
the presence of CTAB (Cctas = 2-1072 mol I71) was
investigated (Fig. 3). It was observed that the ex-
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istence of the CTAB micelles in different solvent
compositions (methanol-water mixtures containing
a volume fraction of methanol in the range of 5 —
20 % volume fraction) exerted nearly no influence
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on band Il of quercetin. In contrast, the increase in
methanol percentage caused a small hypochromic
shift of band | with a decrease in the band peak

intensity. Therefore, the best conditions (the higher
absorption peak intensity) relate to the 5 % metha-
nol.

250 300 350

T T T 1
400 450 c00 550
x/nm

Fig. 3. UV-Vis absorption spectra of QR (cqr = 5-107° mol I?) in the presence of CTAB in different methanol-water mixtures (v/v):
5% (1), 10 % (2), 15 % (3), and 20 % (4); pH = 6.0; cctag = 2:10° mol I

In the end, keeping all conditions un-
changed, the influence of pH within the pH range
of 3.0 — 8.0 on the absorbance of 5 % methanolic
aqueous solutions of QR (cor = 4-10° mol IY) in
the presence of CTAB (Cctas = 2-1072 mol 1) was
studied. The change in acidity induced a batho-
chromic shift of about 7 — 40 nm from the original
band I in the absence of CTAB with a change of
the pH.

1.0 -
A
0.8 - ®
[ ]
°
06
° o @
° n )
0.4 4 . - -
| ]
0.2
0.0 T T T T T T
3 4 5 6 7 8

pH

Fig. 4. The absorbance of 5 % methanolic solutions
of QR (cor = 4-1075 mol I) in the absence (1)
and the presence (2) of CTAB micelles at various pH values;
X =397 nm and ccras = 2:10- mol I

As is well known, the degree of dissociation
of the functional groups in the QR, i.e., dynamic
equilibria of ion-molecular forms of QR changes,
and consequently, the interaction between the QR
and CTAB micelles, is also modified. However,
the best conditions (the higher absorbance) relate
to pH 6.0 (Fig. 4). In addition, it was found that the
absorption peak intensity of QR in the presence of
CTAB is higher than the absorbance of QR without
CTAB for each pH in the examined pH interval.
Nevertheless, CTAB micelles promote both QR
absorbance and time stability, and pH 6.0 was cho-
sen as the optimal pH for QR quantification using
absorption spectrophotometry.

3.2. Analytical features

Under the optimal experimental conditions for
QR determination, which were 5 % methanol as sol-
vent, ccras = 2:107 mol I, and pH = 6.0, the ab-
sorbances of working solutions prepared by addition
of the constant CTAB concentration (Ccras = 2:10°3
mol %) to the a series of diluted standard stock solu-
tions of QR (1-107° < cor < 6-10° mol I) were
measured at 397 nm against the blank solution (5 %
methanol at pH = 6.0). Absorbance peak intensities
were recorded at a fixed time point (after 20 min of
QR and CTAB mixing and buffering). A plot of
absorbance (A) against the QR concentrations

Maced. J. Chem. Chem. Eng. 43 (2), xx—xx (2024)
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(cor) provided a calibration graph that was fitted
by the least-squares method.

To ensure that the proposed method pro-
vides reliable analytical data, it is necessary to
evaluate the optimized procedure and check it
against important factors such as linearity, limit of
detection (LOD), limit of quantification (LOQ),
accuracy, and precision.

The calibration curve exhibited excellent lin-
ear behavior over the concentration range from 0.68
ug mltto 16.90 pg mit (about 1.5 orders of mag-
nitude) with a correlation coefficient of 0.9997. An-
alytical features of the calibration curve and analyti-
cal figures of merit for the QR determination, which
included the Beer-Lambert’s law limit, Ringbom
optimum concentration range, molar absorptivity,
Sandell's sensitivity, parameters of the regression
equation (intercept, slope, standard deviation of the
intercept and slope as well as the correlation coeffi-
cient), limit of detection (LOD), and limit of quanti-
fication (LOQ) are summarized in Table 1.

The optimum concentration range for accu-
rate QR determination, as established from Ring-
bom plot, i.e., a plot of (1-T) versus log Cor
(where T and cor is the transmittance and the QR
concentration that obeys Beer's law, respectively),
is 1.00 — 16.90 pug ml~*. The relative analysis error,
as calculated from the slope of the linear segment
of the obtained curve, is 0.035 (the slope of the
Ringbom plot is 0.658; the ratio between the rela-
tive error in QR concentration and photometric
error is 3.50 for Ap = 0.01).

To prove the precision of the proposed
method, three different concentrations of QR in
bulk drug (1, 5, and 10.0 pg ml™) within Beer’s
law limits were tested by replicate analysis (four
independent measurements).

Table 2

Table 1

Performance data and analytical parameters
for quercetin determination by proposed
spectrophotometric method

Parameter Analytical
features

Analytical wavelength /nm 397

Beer’s law limits /ug ml~ 0.68 — 16.90

Ringbom optimum range /ug ml— 1.00 - 16.90

Molar absorptivity /10* I mol-tcm™ 2.03

Sandell’s sensitivity /ug cm 0.017
LOD? /ug ml-t 0.14
LOQ® /ug mi-? 0.42
Regression equation (A =a + b cqr)®

Intercept (a) 0.009
Slope (b) /ug™ ml cm™ 0.060
Standard deviation of intercept (Sa) 0.0025
Standard deviation of slope (Sb) 0.0003
Coefficient of regression (R?) 0.9997
Standard deviation (n = 9) 0.0051

2 Limit of detection®>% calculated from 3.3 x Sa/b
(Sa is the standard deviation of intercept).

b imit of quantification3536 expressed as 10 x Sa/b.

¢ cqr is the QR concentration in ug mi~!.

The obtained results, summarized in Table
2, confirmed the precision of the proposed method.
The RSD values, which are less than 3 % for the
three different concentration levels studied, indi-
cate the high repeatability of the method. The low-
est RSD value (1.1 %) was obtained for cor = 10.0
ug ml, so the sample solution containing this QR
concentration was used for further quantitative
sample analysis, which was performed by four rep-
licate absorbance measurements of a sample solu-
tion under optimal experimental conditions.

Precision of proposed spectrophotometric method and recovery of quercetin in bulk drug and capsules

samol Taken / Found +SD / RSD*2 RCV
ample pg mi-t % %

QR in bulk 1.0 1.03+0.03 3.8 102.7

5.0 5.17 +0.05 2.5 103.3

10.0 9.91 +0.07 11 99.1

QR in capsules 10.0 9.92 £0.08 2.0 99.1

tRSD

aRSD = 7 where t-value is the critical value at 95 % confidence limit for three degrees of freedom

To provide additional support for the accu-
racy of the proposed method, a standard addition
method was used. Accuracy was assessed as re-
covery value (RCV) calculated as: [total QR con-

Maced. J. Chem. Chem. Eng. 43 (2), xx—xx (2024)

centration measured after standard addition — QR
concentration in the formulation sample/ QR con-
centration added] x 100. The mean recovery of QR
from pharmaceutical formulation after spiking with
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sumed that there was no potential interference
from ascorbic acid and additives/excipients in the
capsule formulation.

1.4, 4.7, and 9.5 pg ml™ of additional QR standard
was 99.2 % with mean RSD of 2.6 % (Table 3).
Because the recoveries of QR added to the cap-

sules were close to 100 % (Table 3), it may be as-

Table3

Recovery data for quercetin spiked to pharmaceutical formulation (capsules)

Pharmaceutical Added / Found / Recovery” Average recovery RSD
formulation pg mi— pg ml-t % % %
Capsules 0.0 4.0 -
1.4 5.4 98.6
47 8.6 97.9 99.2 26
9.5 13.6 101.1

*Average of three determinations

3.3. Method selectivity

The selectivity of the proposed method was
demonstrated by similar absorption profiles of the
working standard and pharmaceutical formulation
(Fig. 5) under optimal experimental conditions,
suggesting the same identity of the samples. Both

the standard and the sample exhibited absorption at
397 nm under selected assay conditions. The pres-
ence of the antioxidant agent, vitamin C in the
form of L-ascorbate (magnesium ascorbate), which
coexists with QR in capsules, did not affect the
spectrophotometric analysis of the QR in the UV-
Vis spectral region (Fig. 5).

—— Capsule/CTAB
--—- QR/CTAB/a=zcorbate
- - - QRICTAB

500  esg
i inm

Fig. 5. Overlap of UV-Vis absorption spectra of solutions of a standard mixture of QR and CTAB (QR/CTAB), pharmaceutical
formulation and CTAB (capsules/CTAB), as well as QR, CTAB, and magnesium-ascorbate (QR/CTAB/ascorbate); all were in 5 %
methanolic aqueous solution at pH = 6; cor = 5-107° mol 1%, ccras = 2:10-3 mol I-* and Cascorbate = 1.5-10~° mol -2

To broaden the applicability of the proposed
spectrophotometric method for QR quantification,
the effects of some possible compounds that can
provoke interference, such as molecules that could
compete with quercetin in the CTAB micelles, in-
cluding morin, rutin, naringin, and naringenin,
were studied. The extent of interference from these

structurally related compounds, as well as vitamin
C (either ascorbic acid or L-ascorbate) as a rele-
vant concomitant substance, were determined by
measuring the absorbance of mixtures containing
fixed concentrations of both QR (1.0-10°° mol I
or 5.0-10° mol I"t) and CTAB (2.0-10°2 mol 1)
with various concentrations of possible interferents
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Spectrophotometric determination of quercetin using micelles of cetyltrimethylammonium bromide... 9

under optimum experimental conditions. An error
of £ 3 % in the absorbance readings was treated as
tolerable. The compounds examined should not
interfere below tolerable ratios (taken as the con-
centration of interferent and concentration of QR
ratio). For QR determination, the following com-
pounds, when present in mole concentration for
which a tolerable ratio is shown in brackets, do not
affect absorbance measured: naringenin [6], nar-
ingin [0.7], morin [0.5], and rutin [0.01]. It is evi-
dent that the addition of all examined structurally
related compounds strongly affects the absorbance
measured. Among them, rutin is a major interferent
and produces more than 5 % error in absorbance
reading, even if it is present in a very low concen-
tration (> 0.06 ug ml™?) in a mixture with QR.
Therefore, the essential constraint of the proposed
method is a strong interference with other bioflavo-
noids (regardless of the presence of an O-glucosyl
group in their molecular structure) when they pre-
sent in concentrations greater than 16.3 ug ml?
(naringenin), 4.1 pg ml? (naringin), 1.5 ug ml?
(morin), and 0.06 pg ml= (rutin). Consequently,
the proposed spectrophotometric method may be
suitable for QR quantification in samples such as
pharmaceutical formulations that either contain
low concentrations of other bioflavonoids as in our
case, or do not contain them at all.

On the other hand, an error of not more
than 3 % was observed by up to a 5-fold molar ex-
cess of vitamin C. Therefore, it was determined
that L-ascorbate does not significantly interfere
with absorbance readings, even when present at
concentrations up to 0.3 times that of QR in the
sample formulation. Additionally, as vitamin C
concentration in typical dietary supplements or
nutraceuticals is generally not more than about two
times higher than QR,3’ the proposed spectropho-

Table 4

tometric method has the potential to be useful for
determining the QR assay in the presence of vita-
min C.

3.4. Analysis of capsules formulation

The validity of the proposed spectrophoto-
metric method for the sample assay was tested on
the marketed formulation, Quercetin + Vitamin C.
It was determined that each capsule contained
193.6 £ 2.2 mg of QR (RSD = 1.2 %), whereas the
QR content, according to the producer’s declara-
tion, was 400 mg per two capsules. The recovered
drug content was 96.0 %, which suggests satisfac-
tory agreement between the results obtained by the
proposed methods and the label claim. Further-
more, analytical recovery studies (standard addi-
tion method) carried out to check the method valid-
ity (Table 2) showed good QR recovery, suggest-
ing no interference from formulation addi-
tives/excipients. Additionally, the overlap of the
absorption spectra of the QR standard solution and
sample solution (capsules) indicated that the addi-
tives/excipients do not interfere with the sample
absorbance reading in the proposed spectrophoto-
metric analysis (Fig. 5).

In comparison to the analytical performanc-
es of some previously reported spectrophotometric
methods (Table 4), the proposed method for the
QR determination has a lower limit of detection
and comparable or higher sensitivity than some of
them. Nevertheless, the results of the developed
method disclose that the present approach is a sen-
sitive and accurate technique that requires neither
sophisticated instruments nor sample pretreatment
and may be considered as a suitable alternative to
the existing methods.

Comparison of the analytical performance of previously reported spectrophotometric methods
with the proposed method in this work for QR quantification

Reagent (};] ";X) Be;;’;ll'ﬂy/ Molla ;%?f?g%:',\f“y/ uLgon?I*/l Reference
N-bromosuccinimide 510 2.5-30 8.14-108 _ (38)
- 370 1.0-12.0 / 0.76 1)
Potassium titanyloxalate 430 0.85-16.9 2.50-10* 0.67 (39)
cu(ll) 4585 0.2-1 2.1.10* 0.067 (40)
Al(l1) 425 / 2.52-104 0.2 (41)
Zn(ll) 363 0.1-6.0 / 0.03 (42)
- 256 10-50 / 0.145 (43)
CTAB 397 0.68-13.53 2.03-10* 0.14 This work
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4. CONCLUSION

In this study, a simple, inexpensive and sen-
sitive spectrophotometric method based on QR
interaction with CTAB micelles in a nearly aque-
ous medium has been developed for determining
QR in bulk drug and pharmaceutical preparations
(capsules). This method does not require any so-
phisticated apparatus or pretreatment of the sam-
ples. Additionally, there was no interference from
vitamin C in the examined product. Thus, the lack
of additional extraction or separation procedures is
a further advantage. The proposed spectrophoto-
metric method’s broad applicability is slightly lim-
ited by interference with structurally related com-
pounds such as rutin, morin, naringin, and
naringenin in concentrations higher than 0.06, 1.5,
4.1, and 6.3 ug ml™, respectively. Hence, the pro-
posed method is suitable for determining QR in
pharmaceuticals containing sufficiently low con-
centrations of these compounds. Given the differ-
ent requirements for analyzing samples with wide-
ly varying QR concentrations (pharmaceutical ver-
sus natural samples), the proposed spectrophoto-
metric method can be easily used for the routine
analysis of samples in which quercetin is a major
flavonoid, and it can meet the needs of conven-
tional analytical laboratories that do not possess
highly sophisticated equipment.

Acknowledgments. This study was financially sup-
ported by the Ministry of Science, Technological Develop-
ment and Innovation of the Republic of Serbia, Contract num-
ber 451-03-65/2024-03/ 200161.

REFERENCES

(1) Panche, A. N.; Diwan, A. D.; Chandra, S. R., Flavo-
noids: an overview. J. Nutr. Sci. 2016, 5, e47, 1-15.
https://doi.org/10.1017/jns.2016.41

(2) Sharma, A.; Kashyap, D.; Sak, K.; Tuli, H. S.; Sharma,
A. K., Therapeutic charm of quercetin and its deriva-
tives: a review of research and patents. Pharm. Pat.
Anal. 2018, 7 (1), 15-32.
https://doi.org/10.4155/ppa-2017-0030

(3) Pavun, L., JanoSevi¢ Lezaié, A., Tanaskovi¢, S., Usjak,
D., Milenkovi¢, M., Uskokovi¢-Markovié, S., Antioxi-
dant capacity and antimicrobial effects of zinc com-
plexes of flavonoids — Does synergism exist? Maced. J.
Chem. Chem. Eng. 2021, 40 (2), 231-239.
https://doi.org/10.20450/mjcce.2021.2401

(4) Wang, L.; Song, J; Liu, A.; Xiao; B.; Li, S.; Wen, Z,;
Lu, Y.; Du, G., Research progress of the antiviral bio-
activities of natural flavonoids. Nat. Prod. Bioprospect.
2020, 10, 271-283.
https://doi.org/10.1007%2Fs13659-020-00257-x

(5) Glinsky, G. V., Mitigation agents: vitamin D, querce-
tin, and estradiol manifest properties of medicinal

agents for targeted mitigation of the COVID-19 pan-
demic defined by genomics-guided tracing of SARS-
CoV-2 targets in human cells. Biomedicines 2020, 8
(5), 129-155.
https://doi.org/10.3390%2Fbiomedicines8050129

(6) Gu, Y.-Y; Zhang, M.; Cen, H.; Wu, Y.-F; Lu, Z.; Lu,
F.; Liu, X.-S.; Lan, H.-Y., Quercetin as a potential
treatment for COVID-19-induced acute kidney injury:
Based on network pharmacology and molecular dock-
ing study. PLOS ONE, 2021, 16 (1), 1-17.
https://doi.org/10.1371%2Fjournal.pone.0245209

(7) Flavonoids: Chemistry, Biochemistry and Applications,
1st ed.; Andersen, O. M., Markham, K. R. (Eds.). Tay-
lor Francis, Boca Raton, Florida, 2005.
https://doi.org/10.1201/9781420039443

(8) Middleton, E. Jr.; Kandaswami, C., The impact of plant
flavonoids on mammalian biology: implications for im-
munity, inflammation, and cancer, In: The Flavonoids.
Advances in Research Since 1986, Harborne, J. B. (Ed.).
Chapman & Hall, London, 1994, pp. 619-652.

(9) Lakhanpal, P.; Kumar Rai, D., Quercetin: a versatile
flavonoid. Internet Journal of Medical Update 2007, 2
(2), 22-37. https://doi.org/10.4314/ijmu.v2i2.39851

(10) Bischoff, S. C., Quercetin: potentials in the prevention
and therapy of disease. Curr. Op. Clin. Nutr. Metab.
Care 2008, 11, 733-740.
http://dx.doi.org/10.1097/MCO0.0b013e32831394b8

(11) Hajji, H. E.; Nkhili, E.; Tomao, V.; Danglas, O., Inter-
actions of quercetin with iron and copper ions: com-
plexation and autoxidation. Free. Rad. Res. 2006, 40
(3), 303 - 320.
https://doi.org/10.1080/10715760500484351

(12) Chen, C.; Zhou, J.; Ji, C., Quercetin: a potential drug to
reverse multidrug resistance. Life Sci. 2010, 87 (11 —
12), 333 - 338.
https://doi.org/10.1016/j.1fs.2010.07.004

(13) Kaul, T.; Middleton, E.; Ogra, P., Antiviral effect of
flavonoids on human viruses. J. Med. Virol. 1985, 15
(1), 71-79. https://doi.org/10.1002/jmv.1890150110

(14) Ozgelik, B.; Kartal, M.; Orhan, I., Cytotoxicity, antivi-
ral and antimicrobial activities of alkaloids, flavonoids,
and phenolic acids. Pharm. Biol. 2011, 49 (4), 396-
402. https://doi.org/10.3109/13880209.2010.519390

(15) Nair, M. P. N.; Kandaswami, C.; Mahajan, S.; Chadha,
K. C.; Chawda, R.; Nair, H.; Kumar, N.; Nair, R. E.;
Schwartz, S. A., The flavonoid, quercetin, differentially
regulates Th-1 (IFNy) and Th-2 (IL4) cytokine gene
expression by normal peripheral blood mononuclear
cells. Biochem. Biophys. Acta. 2002, 1593 (1), 29-36.
https://doi.org/10.1016/s0167-4889(02)00328-2

(16) Agrawal, P. K.; Agrawal, C.; Blunden, G., Quercetin:
antiviral significance and possible COVID-19 integra-
tive considerations, Nat. Prod. Commun. 2020, 15 (12),
1-10. https://doi.org/10.1177/1934578X20976293

(17) Dmitrienko, S. G.; Kudrinskaya, V. A.; and Apyari, V.
V., Methods of extraction, preconcentration, and de-
termination of quercetin, J. Analyt. Chem. 2012, 67 (4),
299-311.
http://dx.doi.org/10.1134/S106193481204003X

Maced. J. Chem. Chem. Eng. 43 (2), xx—xx (2024)


http://dx.doi.org/10.1017/jns.2016.41
https://doi.org/10.4155/ppa-2017-0030
https://doi.org/10.1007%2Fs13659-020-00257-x
https://doi.org/10.3390%2Fbiomedicines8050129
https://doi.org/10.1371%2Fjournal.pone.0245209
https://doi.org/10.1201/9781420039443
https://doi.org/10.4314/ijmu.v2i2.39851
http://dx.doi.org/10.1097/MCO.0b013e32831394b8
https://doi.org/10.1080/10715760500484351
https://doi.org/10.1016/j.lfs.2010.07.004
https://doi.org/10.1002/jmv.1890150110
https://doi.org/10.3109/13880209.2010.519390
https://doi.org/10.1016/s0167-4889(02)00328-2
https://doi.org/10.1177/1934578X20976293
http://dx.doi.org/10.1134/S106193481204003X

Spectrophotometric determination of quercetin using micelles of cetyltrimethylammonium bromide... 11

(18) Malesev, D.; Kunti¢, V., Investigation of metal—
flavonoid chelates and the determination of flavonoids
via metal-flavonoid complexing reactions. J. Serb.
Chem. Soc. 2007, 72 (10), 921-939.
http://dx.doi.org/10.2298/JSC0710921M

(19) Pavun, L.; Purdevié, P.; Jeliki¢-Stankov, M.; Dikano-
vi¢, D.; Ciri¢, A.; Uskokovié-Markovié, S., Spectroflu-
orimetric determination of quercetin in pharmaceutical
dosage forms. Maced. J. Chem. Chem. Eng. 2014, 33
(2), 209-215.
https://doi.org/10.20450/mjcce.2014.496

(20) Emilia, S.; Yetti, R. D.; Asra, R., Development and
analysis of analytical methods for determination of cat-
echins and quercetin in natural products: a review. Gal
Int J Health Sci Res. 2020, 5 (3): 38-46.

(21) Pejic, N.; Kunti¢, V.; Vuji¢, Z.; Mici¢, S., Direct spec-
trophotometric determination of quercetin in the pres-
ence of ascorbic acid. Il Pharmaco. 2004, 59, 21-24.
https://doi.org/10.1016/j.farmac.2003.07.013

(22) Lombard, K. A.; Geoffriau, E.; Peffley, E., Flavonoid
quantification in onion by spectrophotometric and high
performance  liquid  chromatography  analysis,
hortscience 2002, 37 (4), 682-685.
http://dx.doi.org/10.21273/HORTSCI.37.4.682

(23) Liu, W.; Guo, R., The interaction between morin and
CTAB aggregates. J. Colloid Interface Sci. 2005, 290
(2), 564-573.
https://doi.org/10.1016/j.jcis.2005.04.061

(24) Liu, W.; Guo, R., Interaction between flavonoid, quer-
cetin and surfactant aggregates with different charges.
J. Colloid Interface Sci. 2006, 302 (2), 625-632.
http://dx.doi.org/10.1016/j.jcis.2006.06.045

(25) Alva-Ensastegui, J. C.; Palomar-Pardavé, M.; Romero-
Romo, M.; Ramirez-Siolva, M.T., Quercetin spectro-
fluorometric quantification in aqueous media using dif-
ferent surfactants as fluorescence promoters, RCS Adv.
2018, 8, 10980-10986.
http://xlink.rsc.org/?DOI1=c8ra01213j

(26) Mansour, F. R.; Abdallah, I. A.; Bedair, A.; Hamed,
M., Analytical methods for the determination of quer-
cetin and quercetin glycosides in pharmaceuticals and
biological samples. Crit. Rev. Anal. Chem. 2023, 1-26.
http://dx.doi.org/10.1080/10408347.2023.2269421

(27) Kunti¢, V.; MaleSev, D.; Radovié, Z.; Vukojevi¢, V.,
Spectrophotometric investigation of the complexing re-
action between rutin and titanyloxalate anion in 50 %
Ethanol. Monatsh. Chem. 2000, 131, 769-777.

(28) Goronja, J.; JanoSevi¢ Lezai¢, A.; Dimitrijevi¢, B.;
Malenovi¢, A.; Stanisavljev, D.; Peji¢, N., Determina-
tion of critical micelle concentration of cetyltrimethyl-
ammonium bromide: Different procedures for analysis
of experimental data. Hem. Ind. 2016, 70 (4), 485-492.
https://doi.org/10.2298/HEMIND150622055G

(29) Jabeen, S.; Chat, O. A.; Rather, G. M.; Dash, A. A., In-
vestigation of antioxidant activity of Quercetin (2-(3, 4-
dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one)
in aqueous micellar media. Food Research Internation-
al. 2013, 51 (1), 294-302.
https://doi.org/10.1016/j.foodres.2012.12.022

Maced. J. Chem. Chem. Eng. 43 (2), xx—xx (2024)

(30) Abbot, V.; Sharma, P., Investigation of interactions be-
tween quercetin and Tween 80 through electrolyte in-
duced thermodynamic approach. In: Materials Today:
Proceedings 2020, 28, 61-64.

(31) Taraba, A.; Szymczyk, K., Spectroscopic studies of the
quercetin/rutin-nonionic surfactant interactions, Jour-
nal of Molecular Liquids 2022, 360, 119483.
https://doi.org/10.1016/j.molliq.2022.119483

(32) Vigneshwari, R.; Dash S., Comparative Interaction of
flavonoid quercetin with different tween surfactants.
ACS Food Sci. Technol. 2023, 3 (5), 969-980.
http://dx.doi.org/10.1021/acsfoodscitech.3c00105

(33) Zsila, F.; Bikadi, Z.; Simonyi, M., Probing the binding
of the flavonoid, quercetin to human serum albumin by
circular dichroism, electronic absorption spectroscopy
and molecular modelling methods. Biochemical Phar-
macology 2003, 65 (3), 447-456.
http://dx.doi.org/10.1016/S0006-2952(02)01521-6

(34) Singh, O.; Kaur, R.; Mahajan, R. K., Flavonoid-
surfactant interactions: A detailed physicochemical
study. Spectrochimica Acta, Part A: Molecular and Bi-
omolecular Spectroscopy, 2017, 170, 77-88.
http://dx.doi.org/10.1016/j.saa.2016.07.007

(35) International Conference on Harmonization (ICH) of
Technical Requirements for the Registration of Phar-
maceuticals for Human Use, Validation of analytical
procedures: Text and Methodology. ICH-Q2B,1996.

(36) Miller, J. N.; Miller, J. C., Statistics and Chemometrics
for Analytical Chemistry, 5th ed. Pearson Education,
London, 2005, p. 121.

(37) Boots, A. W.; Kubben, N.; Haenen, G. R. M. M.; Bast,
A., Oxidized quercetin reacts with thiols rather than
with ascorbate: implication for quercetin supplementa-
tion. Biochem. Biophys. Res. Commun. 2003, 308 (3)
560-565.
https://doi.org/10.1016/s0006-291x(03)01438-4

(38) Askal, H. F.; Saleh, G. A.; Backeet, E. Y., A selective
spectrophotometric method for determination of quer-
cetin in the presence of other flavonoids. Talanta.
1992, 39 (3), 259-263.
https://doi.org/10.1016/0039-9140(92)80030-h

(39) Kunti¢, V.; Peji¢, N.; Mici¢, S.; Vukojevi¢, V.; Vujic,
Z., Determination of quercetin in pharmaceutical for-
mations via its reaction with potassium titanyloxalate.
Determination of the stability constants of the quercetin
titanyloxalato complex. J. Serb. Chem. Soc. 2005,
70(5) 753-763.
http://dx.doi.org/10.2298/JSC0505753K

(40) Kosti¢, D. A,; Mileti¢, G. Z.; Miti¢; S. S.; Rasi¢ I. D.,
and Zivanovi¢, V. V., Spectrophotometric determina-
tion of microamounts of quercetin based on its com-
plexation with copper(Il). Chem. Pap. 2007, 61(2), 73—
76. http://dx.doi.org/10.2478/s11696-007-0001-z

(41) Kurzawa, M., Determination of quercetin and rutin in
selected herbs and pharmaceutical preparations. Analyt.
Lett. 2010, 43 (6), 993-1002.
http://dx.doi.org/10.1080/00032710903491070

(42) Uskokovi¢-Markovié¢, S.; Milenkovi¢, M.; Pavun, L.,
Zinc-quercetin complex — from determination to bioac-


http://dx.doi.org/10.2298/JSC0710921M
https://doi.org/10.20450/mjcce.2014.496
https://doi.org/10.1016/j.farmac.2003.07.013
http://dx.doi.org/10.21273/HORTSCI.37.4.682
https://doi.org/10.1016/j.jcis.2005.04.061
http://dx.doi.org/10.1016/j.jcis.2006.06.045
http://xlink.rsc.org/?DOI=c8ra01213
http://dx.doi.org/10.1080/10408347.2023.2269421
https://doi.org/10.2298/HEMIND150622055G
https://doi.org/10.1016/j.foodres.2012.12.022
https://doi.org/10.1016/j.molliq.2022.119483
http://dx.doi.org/10.1021/acsfoodscitech.3c00105
http://dx.doi.org/10.1016/S0006-2952(02)01521-6
https://doi.org/10.1016/s0006-291x(03)01438-4
https://doi.org/10.1016/0039-9140(92)80030-h
http://dx.doi.org/10.2298/JSC0505753K
http://dx.doi.org/10.2478/s11696-007-0001-z
http://dx.doi.org/10.1080/00032710903491070

12 L. Pavunet al.

tivity. Acta Agricult. Serb. 2020, 25 (50), 113-120.
http://dx.doi.org/10.5937/AASer2050113U

(43) Patel, M. K.; Shah, S. K,; Tyagi, C. K.; Md. Rageeb
Md. Usman, Method development and validation for

estimation of quercetin using UV and RP-HPLC in
bulk and formulation. Plant Archives 2020, 20, Suppl.

2,4343-4347.

Maced. J. Chem. Chem. Eng. 43 (2), xx—xx (2024)



