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ABSTRACT. Dietary supplements (DS) are products that are recommended for the treatment of various health
issues, especially during the global pandemic, and the accuracy of the labeling information of these supplements
plays a significant role in human health. In this study, a novel high performance liquid chromatography-diode array
detector (HPLC-DAD) method was developed and validated to determine the accuracy of the labeling information
of commercial dietary supplements containing phenolic compounds (rutin, quercetin, and resveratrol). The mobile
phase, flow rate, and column temperature were optimized. Validation studies were carried out to prove the validity
of the developed method. The limit of detection (LOD) and limit of quantification (LOQ) values of rutin, quercetin,
and resveratrol were found in the range of 4.83-6.62 ng/mL and 16.09-22.07 ng/mL, respectively. Recoveries%
were calculated in the range of 99.52-100.19% and 99.78-100.34% in the intra-day and inter-day analysis,
respectively. The ICs, values of the dietary supplement extracts obtained by the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) method ranged from 0.08 to 0.76 mg/mL. Total Antioxidant Capacity (TAC) values of DS;, DS,, DS;3, DS.4,
DSs, measured employing the Cupric Reducing Antioxidant Capacity (CUPRAC) method, were found to be 0.09,
0.03, 0.10, 0.10 and 0.40 mmol trolox per gram of extract, respectively.
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INTRODUCTION

Dietary supplements involve a wide range of products containing vitamins, minerals, amino acids,
essential fatty acids, various herbs, and bioactive compounds, such as phenolic compounds. These
supplements are available in various forms, including capsules, lozenges, tablets, pills, powders,
liquid ampoules, and dropper bottles. Over the years, the number of products available in the
market and the individuals using dietary supplements has been steadily increasing. For the
reliability of products, they need to have accurate and adequate labeling. The information on the
label is necessary to ensure that the consumer who buys the dietary supplement uses it
consciously, correctly, and reliably. This labeling plays a significant role in consumers health [1].

Dietary supplements encompass various ingredients, including phenolic compounds known
for their antioxidant properties. As one of these flavonoids, quercetin is a powerful antioxidant
with a 3-hydroxyflavone backbone. Quercetin prevents oxidative stress and plays an important
role in cholesterol imbalances, kidney diseases, asthma, diabetes, schizophrenia, Alzheimer’s, and
cardiovascular diseases. Moreover, recent and pivotal research has indicated its potential
application in the treatment of severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-
2), underscoring its emerging significance in the field of healthcare [2-5]. Another flavonoid
which is rutin (quercetin-3-O-rutinoside) provides cardioprotective advantages by enhancing
neurodegenerative processes and regulating cardiac remodeling. Furthermore, it effectively
suppresses the production of nitric oxide and reactive oxygen species [6-9]. Resveratrol (trans-
3,5,4'-trihydroxy-stilbene) is a polyphenolic compound abundant in various plant sources. It
exerts preventive effects against oxidant-antioxidant imbalance, thereby retarding the aging
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process and exhibiting efficacy against aging-related diseases. Notably, Resveratrol has
demonstrated a favorable impact on blood pressure during pregnancy and has shown promising
outcomes in patients with Type-1 diabetes. Furthermore, its proven benefits extend to enhancing
immunity and modulating the inflammatory response [10-14].

Various analytical methods have been utilized for the determination and separation of these
phenolic compounds, including gas chromatography—mass spectrometry (GC-MS) [15], capillary
electrophoresis (CE) [16] and high-performance liquid chromatography with different detectors
(ultraviolet (UV), diode array detector (DAD), fluorescence detector (FD)) [17-22].

In previous studies, it has been reported that various methods such as DPPH and CUPRAC
have been used to determine the antioxidant activities of dietary supplements [23-26]. DPPH is a
stable radical owing to its aromatic ring structure, readily capable of capturing other radicals.
Transitioning from a dark purple-violet hue to colourless-light yellow when the radical is reduced.
This reduction is observed at 515-520 nm with UV—Vis spectrometer [27]. Trolox, L-ascorbic
acid, quercetin and catechin, which are standard antioxidants, are commonly used in DPPH assays
[28-32]. The CUPRAC method, developed by Apak et al. [23], allows the determination of
antioxidant capacity for various substances, including flavonoids, by utilizing the Cu(Il)-
neocuproine (Nc) reagent. This method offers advantages such as cost-effectiveness, widespread
availability and responsiveness to both hydrophilic and lipophilic antioxidants. The Cu(II)-Nc
chelate reaches its maximum absorbance at 450 nm and undergoes reduction to form the Cu(I)-
Nc complex. As the reaction progresses, the initially light blue solution turns into a yellow colour.
Trolox is typically employed as the standard antioxidant and its molar absorption coefficient is
used for calibration purposes [23, 33].

The objective of this work was to analyze the phenolic compounds content of commercial
dietary supplements tablets using the HPLC-DAD method and to evaluate the antioxidant
activities using the DPPH and CUPRAC methods. The optimum conditions for chromatographic
separations of the compounds were determined by examining the percentage of phosphoric acid
in the A mobile phase, flow rate, and column temperature. The analytical method was validated
with system suitability, linearity, precision, sensitivity and recovery tests. The new method
developed was used for the dual determination of phenolic compounds (rutin, quercetin, and
resveratrol) in the content of five different commercial dietary supplements.

EXPERIMENTAL
Standards and reagents chemicals

Methanol, ethanol, thiourea (ty), DPPH (1,1-diphenyl-2-picrylhydrazyl), L-ascorbic and trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), copper(Il) chloride, neocuproine,
ammonium acetate, resveratrol and rutin were purchased from Sigma-Aldrich. Quercetin and
orthophosphoric acid were procured from the USP Reference Standard and Merck, respectively.
Milli-Q water purification system was used to purify ultrapure water. (Millipore, Bedford, MA,
USA). Five different commercial dietary supplements (DS), named as DS;, DS,, DS3, DS4 and
DSs, were purchased from local pharmacy.

HPLC instruments and conditions

The liquid chromatographic behavior of phenolic compounds in dietary supplements was
examined using a Shimadzu high-performance liquid chromatography (HPLC) system,
manufactured by Shimadzu Technologies in Kyoto, Japan. In the HPLC system, pump (LC-10AD
VP), autosampler (SIL-20A), column oven (CTO-10AS), degassing unit (DGU-20A) and diode
array detector (SPD-M20A). A SUPELCOSIL LC-18 column (25 cm x 4.6 mm, 5 um) was used
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in the study with a gradient program. Chromatographic separation of phenolic compounds was
made using deionized water with 0.5% (v/v) orthophosphoric acid as mobile phase A and
methanol as mobile phase B. The time-volume change of the gradient program was given as: 0-
2 min, 40% B; 2-4 min, 40-50% B; 4-10 min, 50-56% B; 10-15 min, 56-40% B. The
chromatographic separation was carried out at a flow rate of 1.2 mL/min and a column
temperature of 20 °C. The injection time was adjusted to 15 min. The DAD detector was set at
230 nm and the injection volume was determined to be 20 pL.

Preparation of solutions

For the quantification of the samples, two replicates of each sample were crushed and 0.1 g of
sample powder, equivalent to 1 tablet, were weighed. Subsequently, 10 mL of methanol was
added to the powder and dissolved using an ultrasonic bath. The solution was then filtered through
a 0.45 um filter. The dilutions were prepared using methanol from the stock solution with a
concentration of 10 mg/mL.

For stock solutions, standard compounds (resveratrol, quercetin and rutin) were prepared with
methanol at a concentration of 250 pg/mL. In order to increase the accuracy and precision during
the analysis, the internal standard method was used. A certain amount of internal standard was
added to the sample and calibration standards. The internal standard concentration was always
kept constant. In order for the method to be successful, far (Rs > 1.5) was preferred in the sample
peaks [34]. In the analysis of phenolic compounds, parameters such as separation power, retention
time, peak symmetry were examined and catechin was chosen as the internal standard (IS).
Catechin were dissolved in the methanol to prepare 10 pg/mL solution. Thiourea compound was
chosen as to for determining the capacity factors of phenolic compounds and this compound was
prepared in methanol at a concentration of 20 pg/mL. All prepared solutions were filtered through
a syringe filter (0.45-pum pour) and properly stored at 4 °C.

In vitro antioxidant assay

The DPPH method was used for evaluating the antioxidant activities of dietary supplements. The
DPPH solution with a concentration of 0.2 mM and Trolox and L-ascorbic acid solution (2.5
mg/mL) which were the controls were dissolved methanol, ethanol, and deionized water,
respectively. DPPH solution at +4 °C and the controls at room temperatures were stored in the
dark.

The antioxidant activity was assessed using the method described by Akpinar et al. [35], 40
uL of each dietary supplement solution, prepared at seven different concentrations, was mixed
with 160 pL of 0.2 mM DPPH solution in methanol and the mixture was transferred to a 96-well
microplate. As a blank, methanol, ethanol or deionized water was used instead of the dietary
supplement. To determine the absorbance caused by the colour of the extracts, 160 pL of methanol
was added to 40 uL of the sample. The microplates were incubated on a shaker for 10 min and
the absorbance values were then measured at 520 nm.

In the copper(IT) Ion Reducing Capacity (CUPRAC) method, 1.0 x 102 M CuCl, solution in
deionized water, 7.5 x 10 M neocuproine solution in ethanol, 1 M ammonium acetate solution
in deionized water and 5 mM trolox solution in ethanol were prepared. All except the ammonium
acetate solution were stored in the dark.

The method developed by Apak et al. [23] was modified: 250 uL of 1.0x102 M CuCl,.2H,0
solution, 250 uL of 7.5 x 10~ M neocuproine solution, 250 uL of 1 M ammonium acetate (pH =
7) buffer solution mixed with 25 pL of extract (1 mg/mL) and 250 uL of deionized water were
added. The 24-well microplate was incubated for 1 hour at room temperature. At the end of the
period, absorbances were measured against methanol for dietary supplements and ethanol for
trolox at 450 nm. At least 3 repeated measurements were taken for each concentration.
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RESULTS AND DISCUSSION
Optimization of HPLC-DAD method

An optimum separation, the peaks should have sharp and symmetrical peaks [36]. For the dual
determination of phenolic compounds in dietary supplement tablets and capsules, a new HPLC-
DAD method with high separation efficiency, practical and economical has been developed. In
the method, the percentage of phosphoric acid in mobile phase A, flow rate and column
temperature were optimized.

In the gradient system, methanol was preferred as mobile phase B and deionized water-
phosphoric acid mixture was preferred in mobile phase A. Phosphoric acid in the mobile phase A
mixture was selected in five different ratios (0.0, 0.25, 0.5, 0.75, 1.0%) and compared. In the flow
rate optimization, the standard mixture was injected at four different flow rates (0.8, 1.0, 1.2, 1.5
mL/min). High column temperature leads to degradation of compounds and disruption of peak
symmetry. Therefore, four different column temperatures (20, 25, 30, 35 °C) were studied without
increasing the high column temperature, resolution factor, peak symmetry, selectivity factor,
analysis time, retention time parameters were considered for optimum conditions [37]. As a result,
0.5% phosphoric acid-deionized water mixture in mobile phase A, 1.2 mL/min flow rate and 20
°C column temperature were decided. The chromatographic data of the compounds under
optimum conditions are shown in Table 1.

Table 1. The values of capacity factors, selectivity and resolution factor pertaining to the compounds.

Compounds k2 o (a-1)/o | (k)/(ka+1) | 1/4VN Rs
Rutin 202 | 231 0.57 0.67 3474 | 13.20

Resveratrol 2.02 | 2.36 0.58 0.67 38.92 15.10

Quercetin 3.22 | 1.59 0.37 0.76 36.45 10.37

Validation of HPLC-DAD method

Method validation aims to statistically prove the high sensitivity and precision of the method. For
method validation, system suitability tests, linearity, limit of detection (LOD), limit of
quantification (LOQ), precision, and recovery parameters were studied.

System suitability tests are performed to determine the suitability of the developed method.
Retention time (RT) in the standard mixture of the compounds (min), capacity factor (k),
selectivity (a), tailing factor (Ty), theoretical plate (N), resolution factor (Rs) and the compliance
of the percentage relative standard deviation of the retention time (RSD%) with the recommended
values was determined [38, 39]. In calculating the capacity factors of the compounds, thiourea
was chosen as ty and the to value was 2.56. System suitability test results are shown in Table 2.

Table 2. System suitability test results.

Compounds RT (min) k o N Tt Rs RSD% (min)
Recommended values - 1-10 | >1.15 >2000 <2 >1.5 <1
LS. 4.79 0.87 - 3778 1.17 - 0.38
Rutin 7.72 2.02 2.31 19305 0.83 | 13.20 0.08
Resveratrol 7.74 2.03 221 24476 0.84 | 14.36 0.26
Quercetin 10.78 3.22 1.59 21719 0.90 | 10.40 0.18

The linearity of the method was assessed using the internal standard technique to obtain values
within a certain range corresponding to the substance concentration in the sample solution.
Calibration curves were generated for all compounds in the concentration range of 0.025-25
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pg/mL. The correlation coefficients for rutin, resveratrol and quercetin were determined as
0.9998, 0.9999 and 0.9997, respectively.

The lowest amount that can be detected in a sample but cannot be calculated quantitatively is
called limits of detection (LOD). The lowest amount that can be calculated with accuracy and
precision in the sample is called limits of quantification (LOQ). The LOD and LOQ values for
rutin, resveratrol and quercetin were calculated according to equations below. The symbols SD
and m in these equations represent the standard error of the intercept and slope of the calibration
curve equation for the compound, respectively [40-42]. LOD and LOQ value was calculated

according to the following formula:

3xSD
LOD =

m
10 x SD
LOQ = ———

The LOD values for rutin, resveratrol and quercetin were found to be 6.47, 4.83, 6.62 ng/mL
and the LOQ values were determined as 21.58, 16.09, 22.07 ng/mL, respectively. In a study by
Artem et al. [21] utilizing a wide range of phenolic compounds, the LOD and LOQ values were
found to be 0.09-0.21 and 0.20-0.76 mg/L, respectively. According to the findings of Vinas et al.
[43], the LOD values for rutin, resveratrol, and quercetin were determined as 0.11, 0.06, and 0.16
pg/mL, respectively, while the LOQ values were determined as 0.35, 0.22, and 0.55 pg/mL. The
LOD values for rutin, resveratrol, and quercetin were determined as 0.93, 0.39, and 0.35 mg/L,
respectively, in the study conducted by Anli ef al. [44]. In the analysis undertaken by Sakkiadi et
al. [45], the LOD values for rutin, resveratrol, and quercetin were found to be 0.85, 0.50, and 0.35
mg/L, respectively. Chafer et al. [46] reported the LOD values for rutin, resveratrol, and quercetin
to be 2.6, 2.3, and 2.9, respectively, while the LOQ values were determined to be 8.6, 7.7, and
9.8, in the same order. In their determination with various phenolic compounds, Rodriguez-
Bernaldo de Quirds et al. [47] found the LOD values for rutin, resveratrol, and quercetin to be
0.03, 0.02, and 0.2 pg/mL, respectively. It was determined that the calculated limit of detection
and correlation coefficient values were close to or lower than the literature [21, 43-48].

The fact that the data is similar to each other as a result of many measurements of the same
sample is called precision. The precision parameter is calculated by conducting intra-day and
inter-day studies [25]. For intra-day precision, at least 9 repetitions were used at 3 different times
and two concentrations were taken as reference. Inter-day precision was obtained with three
repetitive injections on three different days with reference to two concentrations under the same
chromatographic conditions [49]. RSD% values of intra-day and inter-day were found between
0.12-0.69% and 0.33-0.72%, respectively, and given in Table 3.

Table 3. Results of intra-day and inter-day values of compounds.

Intra-day Inter-day
1 0, 0,
Compounds CO?:;Z:EBIOH RecovgrDy (%) £ RSD (%) RecovgrDy (%) £ RSD (%)
Rutin 1 99.52 +0.69 0.69 99.78 + 0.49 0.49
10 100.03 £ 0.47 0.47 100.08 + 0.37 0.37
Resveratrol 1 100.07 £0.12 0.12 100.20 £ 0.72 0.72
10 100.20 + 0.25 0.25 100.28 + 0.33 0.33
Quercetin 1 99.81 +0.47 0.47 100.34 + 0.67 0.67
10 100.02 £ 0.52 0.52 100.02 + 0.55 0.55

Quantitative determination of flavonoids in dietary supplements

A novel HPLC-DAD method was developed and validated for the quantitative analysis of
phenolic compounds contained in five different dietary supplement tablets/capsules. The amounts
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of phenolic compounds were calculated for each compound with the help of the regression
equation obtained from the calibration curves and these calculated quantities are given in Table
4. According to Table 4, the amounts of rutin and quercetin in DS4 are in accordance with the
label; however, the amounts of resveratrol and quercetin found in the other samples are not
consistent with the labelled values.

Table 4. The amounts of phenolic compounds in dietary supplement tablets/capsules and their values on the

label (mg).
Rutin Resveratrol Quercetin
Analysis result Label Analysis result Label Analysis result
DS+ SD NP* 158.85+0.07 200 67.50 = 0.08 200
DS+ SD NP* 7.29 +£0.03 100 78.14 £ 0.06 80
DSs+ SD NP* 6.76 £0.11 100 74.37 £0.08 80
DS4+ SD 11.08 +0.04 10 NP* 509.81 + 0.04 500
DSs+ SD NP* 15.46 £ 0.08 100 178.90 +0.13 500

NP*: not present in the content.
Antioxidant activity

DPPH free radical scavenging activity of dietary supplements were determined. The percent
inhibition values of different concentrations were given in Table 5. Linear % inhibition graphs
were drawn at the indicated concentrations for dietary supplements and positive controls (L-
ascorbic acid and trolox). The ICso values, which represent the concentration at which 50% DPPH
radical inhibition occurs, were calculated using the exponential equations of the graphs [50]. The
low ICs¢ value indicates high antioxidant activity [26]. In the study, DPPH free radical scavenging
activity was evaluated according to ICs values against reference to two positive controls. The
ICsp values of DSy, DS,, DS3, DS4, DSs supplements, L-ascorbic acid and trolox were detected as
0.35, 0.76, 0.19, 0.42, 0.08, 0.03, 0.05 mg/mL, respectively. When compared to the trolox, 1Cso
values of DS, DS,, DS; and DSs exhibit significant antioxidant activity (p < 0.0001) whereas DS,
demonstrated a significantly higher antioxidant effect compared to the others (p < 0.05). No
significant difference was observed among the positive control groups (ns) (Figure 1). Graphs
were constructed by Graph Pad Prism® 9 software.

Table 5. Antioxidant activities of dietary supplements determined by DPPH radical scavenging.

. DPPH free radical scavenging activity (%
Concentration (mg/mL) DS DS, DSs DS DS:
2.5 97.63 91.89 94.09 95.82 97.37
1 97.25 69.35 94.35 96.13 95.26
0.5 70.05 28.58 94.33 96.15 59.07
0.25 38.90 11.27 69.45 61.26 32.87
0.1 17.29 2.46 23.50 26.29 11.77
0.05 8.75 0.02 9.18 13.86 5.34
0.025 5.23 -3.70 2.17 5.05 3.10

The copper(1]) ion reducing capacity was determined at 1.0 mg/mL concentration of all dietary
supplements. Trolox was used as the standard antioxidant and concentration-absorbance graph
was drawn at six different concentrations. The molar absorption coefficient (€) of trolox was
calculated as 8.48 x 10° L mol! cm!, based on the slope of the graph. For the dietary supplements
DS,, DS,, DS;, DS4 and DSs the total antioxidant capacity (TAC) values were determined as
follows: 0.09, 0.03, 0.10, 0.10 and 0.40 mmol trolox per gram of dietary supplement, respectively.
When the TAC values were evaluated, it was determined that DS, exhibited higher antioxidant
activity compared to the other dietary supplements.
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Figure 1. Relative content of various major compounds based on ICs values. Values are presented
as mean + SD. Error bars represent the standard deviation of the mean. "p > 0.05; *p <
0.05; ****p< 0.0001 levels of p indicate significant statistical differences of dietary
supplements versus positive controls.

CONCLUSION

In this study, a simple, reliable, sensitive, and rapid HPLC-DAD method was developed and
validated for the determination of phenolic compounds in five different commercial dietary
supplements. Taking into account parameters such as resolution factor, peak symmetry, selectivity
factor, analysis time, and retention time, optimization was performed, demonstrating the
reliability of the developed method in terms of system suitability, linearity, LOD, LOQ, precision,
and recovery parameters. The new method developed was successfully applied for the analysis of
phenolic compounds from commercial dietary supplement tablets. At the conclusion of the
evaluation, it was determined qualitatively that DS4 contained rutin and quercetin as stated on the
labels and DS, DS,, DS;, and DSs contained resveratrol and quercetin, whereas quantitatively, it
was found that DS, dietary supplement showed conformity with the numerical values stated on
the label. Furthermore, the antioxidant activities of all dietary supplements were investigated by
utilizing two different methods that DPPH and CUPRAC and DS4 was exhibited more effective
antioxidant activity than the other samples in both methods. The developed new HPLC-DAD
method can be easily applicable for the analysis of phenolic compounds in various industrial
products as well as in the fields of medicine, pharmacy, chemistry, and food. Moreover, this
method can confidently be recommended for the verification of the accuracy of label contents of
dietary supplements.

ACKNOWLEDGMENTS

This study was funded by TUBITAK (Projects number: 1919B012002792) and Scientific
Research Projects Coordination Unit of Istanbul University (Project number: FLO-2021-38337).

Bull. Chem. Soc. Ethiop. 2024, 38(4)



860

10.

11

12.

13.

14.

15.

16.

17.

Beray Kizilkaya et al.
REFERENCES

Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the
Approximation of the Laws of the Member States Relating to Food Supplements, OJEU.
2022, 183, 51-57.

Zaplatic, E.; Bule, M.; Sha, S.Z.A.; Uddin, M.S.; Niaz, K. Molecular mechanisms underlying
protective role of quercetin in attenuating Alzheimer’s disease. Life. Sci. 2019, 224, 109-119.
Patel, R.V.; Mistry, B.M., Shinde, S.K.; Syed, R.; Singh, V.; Shin, H.S. Therapeutic potential
of quercetin as a cardiovascular agent. Eur. J. Med. Chem. 2018, 155, 889-904.

Shi, G.J.; Li, Y.; Cao, Q.H.; Wu, H.X,; Tang, X.Y.; Gao, X.H.; Yu, J.Q.; Chen, Z; Yang, Y.
In vitro and in vivo evidence that quercetin protects against diabetes and its complications: A
systematic review of the literature. Biomed. Pharmacother. 2019, 109, 1085-1099.

Colunga Biancatelli, R.M.L.; Berrill, M.; Catravas, J.D.; Marik, P.E. Quercetin and vitamin
C: An experimental, synergistic therapy for the prevention and treatment of SARS-CoV-2
related disease (COVID-19). Front. Immunol. 2020, 11, 1-11.

Szymanska, R.; Pospisil, P.; Jerzy Kruk, J. Plant-derived antioxidants in disease prevention.
Oxid. Med. Cell. Longev. 2018, 2018, 2068370.

Siti, H.N.; Jalil, J.; Asmadi, A.Y.; Kamisah, Y. Roles of rutin in cardiac remodeling. J. Funct.
Foods 2020, 64, 103606.

da Silva, A.B.; Cerqueira Coelho, P.L.; das Neves Oliveira, M.; Oliveira, J.L.; Oliveira
Amparo, J.A.; da Silva, K.C.; Soares, J.R.P; Pitanga, B.P.S.; dos Santos Souza, C.; de Faria
Lopes, G.P.; da Silva, V.D.A.; de Fatima Dias Costa, M.; Junier, M.P.; Chneiweiss, H.;
Moura-Neto, V.; Costa, S.L. The flavonoid rutin and its aglycone quercetin modulate the
microglia inflammatory profile improving antiglioma activity. Brain Behav. Immun. 2020, 85,
170-185.

. Paudel, K.R.; Wadhwa, R.; Mehta, M.; Chellappan, D.K.; Hansbro, P.M.; Dua, K. Rutin

loaded liquid crystalline nanoparticles inhibit lipopolysaccharide induced oxidative stress and
apoptosis in bronchial epithelial cells in vitro. Toxicol. In Vitro. 2020, 68, 104961.

He, S.; Yu, Q.; He, Y.; Hu, R.; Xia, S.; He, J. Dietary resveratrol supplementation inhibits
heat stress-induced high-activated innate immunity and inflammatory response in spleen of
yellow-feather broilers. Poult. Sci. 2019, 98, 6378-6387.

. Qin, L.; Lu, T.; Qin, Y.; He, Y.; Cui, N.; Du, A.; Sun, J. In vivo effect of resveratrol- loaded

solid lipid nanoparticles to relieve physical fatigue for sports nutrition supplements. Molecules
2020, 25, 5302.

Biswas, P.; Dellanoce, C.; Vezzoli, A.; Mrakic-Sposta, S.; Malnati, M.; Beretta, A.; Accinni,
R. Antioxidant activity with increased endogenous levels of vitamin C, E and A following
dietary supplementation with a combination of glutathione and resveratrol precursors.
Nutrients 2020, 12, 3224.

Fogacci, S.; Fogacci, F.; Cicero, A.F.G. Nutraceuticals and hypertensive disorders in
pregnancy: the available clinical evidence. Nutrients 2020, 12, 378.

Movahed, A.; Raj, P.; Nabipour, I.; Mahmoodi, M.; Ostovar, A.; Kalantarhormozi, M.;
Netticadan, T. Efficacy and safety of resveratrol in type 1 diabetes patients: A two-month
preliminary exploratory trial. Nutrients 2020, 12, 161.

Goldberg, D.M.; Yan, J.; Ng, E.; Diamandis, E.P.; Karumanchiri, A.; Soleas, G.; Waterhouse,
A.L. Direct injection gas chromatographic mass spectrometric assay for trans-resveratrol.
Anal. Chem. 1994, 66, 3959-3963.

Hurtado-Fernandez, E.; Gomez-Romero, M.; Carrasco-Pancorbo, A.; Fernandez-Gutiérrez,
A. Application and potential of capillary electroseparation methods to determine antioxidant
phenolic compounds from plant food material. J. Pharm. Biomed. Anal. 2010, 53, 1130-1160.
Chen, Y.; Hong, Y.; Yang, D.; He, Z.; Lin, X.; Wang, G.; Yu, W. Simultaneous determination
of phenolic metabolites in Chinese citrus and grape cultivars. Peer J. 2020, 8, ¢9083.

Bull. Chem. Soc. Ethiop. 2024, 38(4)



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Quantification of phenolic compounds in dietary supplements and antioxidant activities 861

Gonzalez de Peredo, A.V.; Vazquez-Espinosa, M.; Pifieiro, Z.; Espada-Bellido, E.; Ferreiro-
Gonzalez, M.; Barbero, G.F.; Palma, M. Development of a rapid and accurate UHPLC-PDA-
FL method for the quantification of phenolic compounds in grapes. Food Chem. 2020, 334,
127569.

Vasilakopoulou, P.B.; Fanarioti, E.; Tsarouchi, M.; Kokotoua, M.G.; Dermon, C.R.;
Karathanos, V.T.; Chioua, A. Polar phenol detection in rat brain: Development and validation
of a versatile UHPLC-MS method and application on the brain tissues of Corinthian currant
(Vitis vinifera L,var Apyrena) fed rats. Food Chem. 2022, 390, 133131.
Tatarczak-Michalewska, M.; Flieger, J. Application of high-performance liquid
chromatography with diode array detection to simultaneous analysis of reference antioxidants
and 1,1-diphenyl-2-picrylhydrazyl (DPPH) in free radical scavenging test. /nt. J. Environ.
Res. Public Health 2022, 19, 8288.

Artem, V.; Antoce, A.O.; Geana, E.L; lonete, R.E. Study of the impact of vine cultivation
technology on the Feteasca Neagra wine phenolic composition and antioxidant properties.
JFST. 2022, 59, 1715-1726.

Al-Askar, A.A.; Bashir, S.; Mohamed, A.E.; Sharaf, O.A.; Nabil, R.; Su, Y.; Abdelkhalek, A.;
Behiry, S.I. Antimicrobial efficacy and HPLC analysis of polyphenolic compounds in a
whole-plant extract of Eryngium campestre. Separations 2023, 10, 362.

Apak, R.; Guclu, K.; Ozyurek, M.; Karademir, S.E. Novel total antioxidant capacity index for
dietary polyphenols and vitamins C and E, using their cupric ion reducing capability in the
presence of neocuproine: CUPRAC method. J. Agric. Food. Chem. 2004, 52, 7970-7981.
Filipiak-Szok, A.; Kurzawa, M.; Szlyk, E. Evaluation of antioxidants in Dong quai (4ngelica
sinensis) and its dietary supplements. Chem. Pap. 2014, 68, 493-503.

Magiera, S.; Baranowska, I.; Lautenszleger, A. UHPLC-UV method for the determination of
flavonoids in dietary supplements and for evaluation of their antioxidant activities. J. Pharm.
Biomed. Anal. 2015, 102, 468-475.

Baranowska, 1.; Bajkacz, S. A new UHPLC-MS/MS method for the determination of
flavonoids in supplements and DPPH radical dot-UHPLC-UV method for the evaluation of
the radical scavenging activity of flavonoids. Food Chem. 2018, 256, 333-341.

Bao, Y.; Ren, X.; Zhu, Y.; Zhang, Y.; Peng, Z.; Zhou, G. Comparison of lipid radical
scavenging capacity of spice extract in situ in roast beef with DPPH and peroxy radical
scavenging capacities in vitro models. LWT 2020, 130, 109626.

Wu, J.H.; Huang, C.Y.; Tung, Y.T.; Chang, S.T. Online RP-HPLC-DPPH Screening Method
for Detection of Radical-Scavenging Phytochemicals from Flowers of Acacia confusa. J.
Agric. Food Chem. 2008, 56, 328-332.

Warsi; Sholichah, A.R. Phytochemical screening and antioxidant activity of ethanolic extract
and ethyl acetate fraction from basil leaf (Ocimum basilicum L.) by DPPH radical scavenging
method. /OP Conf. Ser.: Mater. Sci. Eng. 2017, 259, 012008.

Pillai, M.K.; Santi, L.I.; Magama, S. DPPH radical scavenging activity of extracts from
Rhamnus prinoides. J. Med. Plant Res. 2019, 13, 329-334.

Li, X.; Zeng, J.; Liu, Y.; Liang, M.; Liu, Q.; Li, Z.; Zhao, X.; Chen, D. Inhibitory effect and
mechanism of action of quercetin and quercetin diels-alder anti-dimer on erastin-induced
ferroptosis in bone marrow-derived mesenchymal stem cells. Antioxidants 2020, 9, 205.

Sun, Y.J.; Bai, H.Y.; Han, R.J.; Zhao, Q.L.; Li, M.; Chen, H.; Si, Y.Y.; Xue, G.M.; Zhao,
Z.Z.; Feng, W.S. Dysosma flavonoid A-F new flavonols with potent DPPH radical
scavenging activity from Dysosma versipellis. Fitoterapia 2023, 166, 105440.

Gupta, D. Methods for determination of antioxidant capacity. /nt. J. Pharm. Sci. Res. 2015, 6,
546-566.

Skoog, D.A.; Holler, F.J.; Nieman, T.A. Principles of Instrumental Analysis, Saunders
College Publishing: Philadelphia, USA; 1998.

Bull. Chem. Soc. Ethiop. 2024, 38(4)



862

35.

36.

37.

38.

39.

40.

41.

42.

43

44,

45.

46.

47.

48.

49.

50.

Beray Kizilkaya et al.

Akpinar, R.; Yildinm Bastemur, G.; Bigak, B.; Ozlem Sanli, N.; Mertoglu Kamali, E.;
Pekmez, M.; Kecel Giindiiz, S.; Pergin Ozkorucuklu, S. Phytochemical profiling, in vitro
biological activities, and in silico (molecular docking and absorption, distribution,
metabolism, excretion, toxicity) studies of Polygonum cognatum Meissn. J. Sep. Sci. 2024,
47, 2300750.

Yildirim Bastemur, G.; Akpmar, R.; Pergin Ozkorucuklu, S.; Kir, E. Optimization of a
reverse-phase high performance liquid chromatography (RP-HPLC) method for simultaneous
separation of aloe-emodin, rhein, emodin, chrysophanol and physcion. EJOSAT 2021, 27,
972-984.

Bastemur, G.; Akpmar, R.; Kir, E; Percin Ozkorucuklu, S. Development and validation of the
HPLC-DAD method for the simultaneous determination of anthraquinones in Rumex crispus
L. and Rumex acetosella L. plants and evaluation of their antioxidant capacities. J. Anal.
Chem. 2024, 79, 180-190.

FDA. Guidance for Industry: Bioanalytical method validation, US Dep. Heal. Hum. Serv.
Food and Drug Adm. Cent. Drug Eval. And Research Cent. Vet. Med., 2011.

Armoogum, V.; Boodhoo, K. Full. Optimization and validation of an HPLC method for the
quantitative analysis of total sugars in a soft drink. Bull. Chem. Soc. Ethiop. 2020, 34, 419-
426.

Percin Ozkorucuklu, S.; Yildirim Bastemur, G.; Koseoglu, T.S.; Karipcin, F.; Kir, E.
Voltammetric determination of mercury(Il) using a modified pencil graphite electrode with 4-
(4-methylphenyl aminoisonitrosoacetyl)biphenyl. J. /ran Chem. Soc. 2017, 14, 1651-1657.
Aher, P.; Surana, K.; Ahire, E.; Patil, D.; Sonawane, D.; Mahajan, S. Development and
validation of RP-HPLC method for quantitative determination of 4-amino benzene
sulphonamide in sulphonamide hydrochloride. Trends. Sci. 2023, 20, 5209.

Tegegne, B.; Singh Chandravanshi, B.; Zewge, F.; Pillay, L.; Chimuka, L. Development and
Validation of a Single HPLC Method for the Determination of Thirteen Pharmaceuticals in
Bulk and Tablet Dosage Form. Bull. Chem. Soc. Ethiop. 2021, 35, 17-31.

. Vinas, P.; Lopez-Erroz, C.; Marin-Hernandez, J.J.; Hernandez-Cordoba, M. Determination of

phenols in wines by liquid chromatography with photodiode array and fluorescence detection.
J. Chromatogr. A. 2000, 871, 85-93.

Anli, E.; Vural, N.; Demiray, S.; Ozkan, M. Trans-resveratrol and other phenolic compounds
in Turkish red wines with HPLC. J. Wine. Res. 2006, 17, 117-125.

Sakkiadi, A.V.; Stavrakakis, M.N.; Haroutounian, S.A. Direct HPLC assay of five
biologically interesting phenolic antioxidants in varietal Greek red wines. LWT - Food Sci.
Technol. 2001, 34, 410-413.

Chafer, A.; Pascual-Marti, C.M.; Salvador, A.; Berna, A. Supercritical fluid extraction and
HPLC determination of relevant polyphenolic compounds in grape skin. J. Sep. Sci. 2005,
28, 2050.

Rodriguez-Bernaldo de Quirds, A.; Lage-Yusty, M.A.; Lopez-Hernandez, J. HPLC-analysis
of polyphenolic compounds in Spanish white wines and determination of their antioxidant
activity by radical scavenging assay. Food Res. Int. 2009, 42, 1018-1022.

Alibade, A.; Kaltsa, O.; Bozinou, E.; Athanasiadis, V.; Palaiogiannis, D.; Lalas, S.;
Chatzilazarou, A.; Makris, D.P. Stability of microemulsions containing red grape pomace
extract obtained with a glycerol/sodium benzoate deep eutectic solvent. OCL. 2022, 29, 9.
Tegegne, B.; Chandravanshi, B.S.; Zewge, F.; Chimuka, L. Optimization of modified
QuEChERS method for extraction of selected pharmaceuticals from vegetable samples using
HPLC. Bull. Chem. Soc. Ethiop. 2023, 37, 831-844.

Manye, S.J.; Saleh, J.S.; Ishaya, H.B.; Chrioma, S.M.; Attah, M.O.O.; Dibal, N.L.
Phytochemical screening and in-vitro antioxidant activities of aqueous and methanol extracts
of Aloe vera. Pharmacol. Res. - Mod. Chin. 2003, 8, 100291.

Bull. Chem. Soc. Ethiop. 2024, 38(4)



