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ABSTRACT: Black elder (Sambucus nigra L.), rich in phenolics, is used as antiviral, especially to treat common cold and
flu. The flower of black elder has been approved by German Commission E and ESCOP for its mentioned usage, and in
several pharmacopoeias, its qualification parameters were described. However, its fruits with a similar use as the
flowers have not been considered by the pharmacopoeias. Even so, the number of black elder fruit supplements
marketing with different brands is increasing steadily. This study aimed to evaluate the availability and concentrations
of marker components (chlorogenic acid, rutin, and isoquercitrin) in herbal supplements containing black elder fruits
comparatively with the reference plant material by high-performance thin-layer chromatography (HPTLC) and a
validated high-performance liquid chromatography (HPLC) techniques. Additionally, the total anthocyanin amount
was calculated by spectrophotometry in these samples, and the results were expressed as equivalents of cyanidin-3-O-
glucoside (C3G). HPTLC fingerprints showed that most of the marketed products did not contain rutin, chlorogenic
acid and isoquercitrin. Moreover, their fingerprint comparison with the reference was found to be different. The highest
chlorogenic acid, rutin and isoquercitrin amounts were found as 0.742 mg/ effervescent tablet (E3), 1.445 mg/capsule
(C1), and 0.082 mg/ capsule (C1), respectively by HPLC. According to the total anthocyanin content, C1 was determined
to have the highest anthocyanin content as 8.705 mg C3G/capsule, whereas E6 was found to have the lowest
anthocyanin content as 0.024 mg C3G/effervescent tablet. Consequently, there is an urgent need to establish
standardization parameters for black elder fruits.

KEYWORDS: Sambucus nigra L.; black elder; high-performance thin-layer chromatography (HPTLC); high-
performance liquid chromatography (HPLC); spectrophotometry; quality control.

1. INTRODUCTION

Common cold and flu are the most common diseases in human beings caused by viral infection of the
upper respiratory tract. The ‘Flu epidemic’, which is widespread due to the weather conditions that frequently
change during seasonal transitions, is a routine that is repeated every year. It is reported that approximately
9% of the world’s population is infected every year, resulting in up to 5 million severe cases and nearly 500.000
deaths [1]. Although the number of flu-caused deaths is frightening, the main reason for this panic is the lack
of effective options either for prophylaxis or treatment against viral infections. Current available applications
are vaccination and neuraminidase inhibitors (i.e. oseltamivir). However, their effectiveness remains limited
as the viruses may undergo rapid structural transitions or increased drug-resistance cases [2]. Therefore,
scientists have been looking for alternative solutions in fighting against viral infections.

Sambucus nigra L. belongs to the genus Sambucus (Adoxaceae) is commonly known as elder, black elder,
European elder etc. Its flowers, leaves and fruits contain mainly phenolic compounds as phenolic acids (caffeic
acid, ferulic acid, p-coumaric acid) and flavonoids (rutin, isoquercitrin, kaempferol). In the European
Pharmacopoeia, flavonoid content of black elder flowers expressed as isoquercitrin should be minimum 0.8%.
Besides, rutin, chlorogenic acid, hyperoside and caffeic acid were also assigned as identification markers [3].
On the other hand, anthocyanins (cyanidin-3-sambubioside, cyanidin-3-glucoside, pelargonidin-3-
sambubioside, peonidin-3-glucoside), contributing the blue, purple, and red colours, are markedly present in
the fruits [4]. A wide range of pharmacological effects, i.e., antiviral, antimicrobial, anti-inflammatory,
antioxidant, and cytotoxic activities, have been reported for the fruits [5]. Recently, due to the increased
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interest in antiviral drugs, scientists have particularly focused on elucidating its mechanism of action
underlying antiviral activity among the various health benefits of black elder fruits. An in-vitro trial
demonstrated that flavonoids in black elder fruits might bind to HIN1 virions and prevent the ability to infect
host cells [6]. According to the results of a meta-analysis of four clinical studies, extracts from the black elder
fruits may significantly reduce the upper respiratory symptoms induced by viral infections [7].

Although there is a lack of clinical evidence on the efficacy of flowers of black elder against cold and
influenza, such utilisation has been approved by the authorised institutions such as World Health
Organization (WHO), German Commission E and European Scientific Cooperative on Phytotherapy (ESCOP)
[8-10]. Moreover, its standardisation parameters were described in the monographs in several
pharmacopoeias, including European Pharmacopoeia [3]. Although black elder fruits were clinically
evidencing the same utilisation as the flowers, it has not been included in any pharmacopoeias. On the other
hand, an increasing number of herbal supplements containing black elder fruits from different commercially
available brands are recently marketed worldwide. However, there is no officially defined quality parameters
for its fruits.

This study aimed to qualitatively and quantitatively investigate the marker components (chlorogenic
acid, rutin and isoquercitrin) in marketed supplements containing black elder fruits comparatively with the
reference plant material (black elder fruits collected from nature) by using high-performance thin-layer
chromatography (HPTLC) and high-performance liquid chromatography (HPLC). Moreover, total
anthocyanin content (expressed as cyanidin 3-O-glucoside (C3G)) was calculated by a pH differential
spectroscopic method.

2. RESULTS
2.1. HPTLC analysis

In this study, the reference plant extract (black elder fruits) and the marketed herbal supplements
containing black elder fruits were comparatively evaluated with the standard mixture (STD MIX: rutin,
chlorogenic acid and isoquercitrin) and C3G.

To evaluate the rutin, chlorogenic acid and isoquercitrin contents in the marketted capsule or
effervescent tablet formulations, the silica gel coated HPTLC plates were developed with ethyl acetate-acetic
acid-formic acid-water (100:11:11:26, v/v/v/v) and derivatised with NP and PEG 400 [11]. Then, the plates were
captured at 366 nm (Figure 1 and 2). HPTLC fingerprints of the reference plant material and the formulations
(capsules) were shown in Figure 1. Figure 1A shows equal applications (5 pL) of each sample test solutions on
the HPTLC plate with the same concentrations (50 mg/mL). While, in Figure 1B, the sample test solutions
were applied in different concentrations on HPTLC plate, which were proportional to the extract amount in
each capsule (~100 pg/per band). Consequently, HPTLC fingerprints of the reference fruit material and C1
were found to be similar in terms of investigated compounds (rutin, chlorogenic acid and isoquercitrin).
Besides C1, rutin was also found in C3 as a fading zone. Chlorogenic acid was markedly detected in C1, C3
and C4. On the other hand, isoquercitrin was only found in C1.

In Figure 2, HPTLC fingerprints of the reference plant material and effervescent tablets were illustrated.
Figure 2A shows the HPTLC chromatogram of sample test solutions (200 mg/mL) were applied in equal
volumes (5 pL). Figure 2B shows the sample test solutions were applied in different concentrations on HPTLC
plate, which were proportional to the extract amount in each effervescent formulation (~100 pg/per band).
However, when the sample test solutions were applied in different concentrations to obtain an average 100
pg/band, the other ingredients in the formulations produced a migration problem. The marker components
were not detected on the chromatogram for E6 and E7; they were not further evaluated for the qualification
tests. Rutin and isoquercitrin were only found in E5. Chlorogenic acid was notably observed in most
effervescent formulations (E1, E3, E4, and E5).

n-Butanol-water-formic acid (65:19:16, v/v/v) was used as a developing solvent system to evaluate the
anthocyanin contents in samples together with C3G [12]. After development, HPTLC plates were assessed
under white light (Figure 3 and 4). In Figure 3, HPTLC fingerprints of the reference fruit material and capsule
formulations were shown. The same methodology, as clearly described above, was applied, and Figure 3A
presents the results of the sample test solutions with the same concentrations and application amounts. On
the other hand, Figure 3B shows sample test solutions in ~100 nug/per band. Bands with reddish colour
indicated anthocyanins in the sample test solutions. As a result, main anthocyanin components were detected
in the reference fruit material at Rr ~ 0.3, Rr ~ 0.4, R~ 0.55 and Rr ~ 0.7 (C3G).
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STD MIX c3G

Figure 1. HPTLC chromatogram of hydroalcoholic extract of black elder fruits (reference, encoded as S) and
its capsule formulations captured at 366 nm after derivatisation with NP and PEG reagents, sequentially. A:
Sample test solutions were applied as 5 uL, B: Sample test solutions were applied in different volumes to
provide 100 pg black elder fruit extract per band. STD MIX: a: isoquercitrin, b: chlorogenic acid, c: rutin.

STD MIX C3G

Figure 2. HPTLC chromatogram of hydroalcoholic extract of black elder fruits (reference, encoded as S) and
its effervescent formulations captured at 366 nm after derivatisation with NP and PEG reagents,
sequentially. A: Sample test solutions were applied as 5 uL, B: Sample test solutions were applied in different
volumes to obtain 100 pg black elder fruit extract per band. STD MIX: a: isoquercitrin, b: chlorogenic acid,
c: rutin.

Figure 3. HPTLC chromatogram of hydroalcoholic extract of black elder fruits (reference, encoded as S) and
its capsule formulations captured under white light. A: Sample test solutions were applied as 5 uL, B: Sample
test solutions were applied in different volumes to obtain 100 pg black elder fruit extract per band.

A B

Figure 4. HPTLC chromatogram of hydroalcoholic extract of black elder fruits (reference, encoded as S) and
its effervescent formulations captured under white light. A: Sample test solutions were applied as 5 pL, B:
Sample test solutions were applied in different volumes to obtain 100 pg black elder fruit extract per band.
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Similarly, these main components were also observed in C1. HPTLC fingerprint of C1 has clearly shown
that it contains various anthocyanin-type constituents. On the other hand, C2 was found to have the least
anthocyanin content. In a perspective of C3G content, it was detected in all samples in varying amounts except
C4.

HPTLC fingerprints of the reference fruit material and the effervescent formulations were presented in
Figure 4. Figure 4A illustrates the sample test solutions were applied in the same concentration and the same
application amounts as described above. On the other hand, Figure 4B shows the sample test solutions were
applied in ~100 pg/per band concentration. Consequently, C3G was only detected in E1 as a faded zone.
Anthocyanins were observed in all samples except E6 and E7, possibly due to the lower extract amount in
these effervescent formulations than the others.

2.2, HPLC analysis
2.2.1. HPLC method validation

For quantification of chlorogenic acid, rutin and isoquercitrin, an HPLC method was newly developed
and validated according with International Conference on Harmonisation (ICH) guidelines for specificity,
linearity (7?), detection and determination limits (LOD and LOQ, respectively), precision (intra/interdays) and
accuracy [13].

To evaluate the specificity of the method, the chromatograms of the least concentration of the working
standard solutions were comparatively analysed with the blank chromatogram. Consequently, investigated
compounds chlorogenic acid (retention time (tr) = 4.543 + 0.004) , rutin (tr = 8.496 + 0.007) and isoquercitrin
(tr = 9.530 = 0.004) were not monitored on the blank chromatogram indicating the specificity of the developed
method. Additionally, to detect the investigated compounds in the samples, UV spectrums of chlorogenic
acid, rutin and isoquercitrin were compared with the compounds found in the sample test solution.

To determine the linearity, seven different concentration levels of each standard compound were
analysed thrice. The calibration curve for chlorogenic acid, rutin and isoquercitrin were within the ranges of
0.25-20 pg/mL, 1.25-100 pg/mL and 0.25-20 pg/mL, respectively, and were found to be linear with 2 = 0.9994
to 0.9999 (Table 1).

LOD and LOQ values which were calculated by using the following equation as 3.3 x (SD/S) and 10 x
(SD/S) for chlorogenic acid, rutin and isoquercitrin were found as 0.10 pg/mL and 0.34 pg/mL, 0.49 pg/mL
and 1.62 pg/mL, 0.12 pg/mL and 0.39 pg/mL, respectively.

Table 1. Linearity data for chlorogenic acid, rutin and isoquercitrin calibration curves.

Parameters
Standards Linearity LOD LOQ
range r2 S Intercept SD
ug/mL pg/mL  pg/mL
Chlorogenic acid 0.25-20 0.9998 23.93 0.1102 0.81 0.10 0.34
Rutin 1.25-100 0.9999 17.097 3.3712 2.77 0.49 1.62
Isoquercitrin 0.25-20 0.9994 28.367 3.4667 1.10 0.12 0.39

The intraday precision was evaluated by repeating the analysis thrice during the day, whereas interday
precision was assessed by repeating the analysis thrice on consecutive days. The results found were shown in
Table 2. To evaluate accuracy of the developed method, three different concentrations of the investigated
standards were analysed thrice, and the obtained results were compared with the theoretical values, shown
in Table 3.

2.2.2. Chlorogenic acid, rutin and isoquercitrin contents in black elder fruits and marketed supplements

Using a validated HPLC method, chlorogenic acid, rutin and isoquercitrin contents were quantified in
black elder fruit material which was used as reference and its marketed food supplements (Figure 5).
Accordingly, the contents of chlorogenic acid, rutin and isoquercitrin were calculated as 0.726 + 0.002 mg/g,
10.178 £ 0.017 mg/g and 1.165 + 0.002 mg/ g, respectively, in the reference fruit extract.
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Figure 5. HPLC chromatograms of the standard mixture solution at 330 nm (A), the solutions of reference plant

material at 330 nm (B), E2 at 260 nm (C) and C1 at 330 nm (D).

Table 2. Repeatability and interprecision data for chlorogenic acid, rutin and isoquercitrin.

Intraday precision

Interday precision

Interday precision

. Average Average Average
Standards  Concentration | +sp)  RSD  (ug/mL#SD) RSD  (ug/mL#SD) RSD
n=3 n=3 n=3
2562+0.008 0326
i +
Ch":coige”'c 25pg/mL  2577£0009 0338  2563+0.011 0410 265(?(())2_ 0.094
25730002  0.094 '
12893 £0.020  0.157
+ +
Rutin 125pg/mL 1293640021  0.159 1%‘%31‘2‘ 0.094 1%‘%6190‘ 0.078
129300015  0.114 : '
26540077  0.077 o661
lsoquercitrin 2.5 pg/mL 26640009 0333  2.666+0.006 0.229 e 0229
266940006  0.230 '
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Table 3. Recovery study results for chlorogenic acid, rutin and isoquercitrin.

Theoretical value Amount found Recovery
Standards (ng/mL)n= 3  (ug/mL+SD)n= 3 (%) RSD
. 3.75 3.744 £ 0.000 100.638 0.000
Ch";gge”'c 75 7.386 +0.017 98478 0.236
15 14.743 £ 0.036 98.290 0.242
20 20.988 £0.025 104.939 0.121
Rutin 40 40.184 £ 0.108 100.460 0.270
80 80.197 £ 0.027 100.246 0.033
3.75 3.844 £ 0.080 102.498 2.073
Isoquercitrin 7.5 7.610 £0.025 101.464 0.329
15 14.941 + 0.004 99.607 0.024

E3 was found to have the highest chlorogenic acid content as 0.742 mg/ effervescent tablet. Additionally,
the highest rutin and isoquercitrin contents were calculated in C1 as 1.445 mg/capsule and 0.082 mg/capsule,
respectively. The obtained results were shown in Table 4.

Table 4. Quantitative results of chlorogenic acid, rutin and isoquercitrin in the marketed samples by HPLC.

Chlorogenic acid

Samples (mg * SD) Rutin (mg £ SD)  Isoquercitrin (mg + SD)
c1 o 0.271 % 0.000 1.445 +0.002 0.082 +0.001
C2 T% n.d. n.d. n.d.
c3 5 0.497 +0.001 0.086 + 0.001 nd.

C4 — 0.681 + 0.002 nd. n.d.
E1 = 0.117 £ 0.000 nd. 0.004 + 0.000
E2 5 n.d. 0.275 +0.002 0.019 + 0.002
E3 - 0.742 £ 0.003 n.d. n.d.
E4 2 0.539 + 0.006 n.d. n.d.
E5 S 0.055 + 0.000 0.216 +0.000 0.013 +0.000
E6 £ n.d. n.d. n.d.
E7 — n.d. n.d. n.d.

2.3. Total anthocyanin content

A spectroscopic method was used to determine the total anthocyanin content. In the reference fruit
material, total anthocyanin content was 7.5 mg/g C3G equivalent. The results of the marketed samples were
shown in Table 5. Among the capsule formulations, C1 was determined to possess the highest anthocyanin
content as 8.705 mg C3G/capsule, while C2 was found to have the least anthocyanin content as 0.259 mg
C3G/ capsule. Unexpectedly, according to the labelled information, C2 was claimed to have the highest black
elder fruit extract content, as 270 mg per capsule (Table 5).

The content of black elder fruit extract was within the ranges of 5-200 mg in the effervescent
formulations according to the given information on the package. However, the highest anthocyanin content
was determined in E1 formulation, and it was only 0.366 mg C3G/ effervescent tablet. Besides, E7 contained
the lowest extract content (5 mg), and only 0.027 mg the anthocyanin content per effervescent tablet was
determined. On the other hand, E6 labeled to contain 160 mg extract, the anthocyanin content was found lower
than E7 (Table 5).

3. DISCUSSION

In this study, commercially available herbal supplements containing black elder fruits were
qualitatively and quantitatively evaluated to obtain an insight into their product quality. Since not any
standard procedure was described for the quality assessment of fruits, the comparison was directly made by
the fruit extract obtained from the plant (reference).
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Table 5. Total anthocyanin content in the marketed samples.

w;l;o;atlo ¢ Extract of black Percentage of black Total anthocyanin

Samples san% les elder fruits weight elder fruit extract in content in samples
(mpg) in samples (mg) samples (%) (mg)

C1 @ 495 127 25.657 8.705+£0.122
2 é 567 270 47.619 0.259 £ 0.004 fs
C3 5] 815 120 14.724 1127 £0.095 b
C4 — 446 150 33.632 0.856 £0.099 ¢
El 3 3500 200 5.714 0.366 £ 0.036 ef
E2 :@ 3500 150 4.286 0.538 £ 0.024 de
E3 ‘é 4000 150 3.750 1.1 +£0.065°
E4 2 3500 160 4.571 0.682 £ 0.057 «d
E5 & 4100 1517 3.700 0.155 £ 0.03 sh
E6 & 3500 160 4.571 0.024 £0.012 h
E7 = 4500 5 0.111 0.027 £0.002 h

According to the European Pharmacopoeia, black elder flowers are standardized by their isoquercitrin
contents. Besides, rutin, chlorogenic acid, hyperoside and caffeic acid are also determined as marker
components for identification [3]. Therefore, in this study, one of the marker components was assigned as
isoquercitrin. Other marker components such as rutin and chlorogenic acid were selected according to the
HPTLC profile since these components were identified as the main compounds on the HPTLC chromatogram,
whereas hyperoside and caffeic acid were not detected in the reference fruit extract. Consequently, qualitative
and quantitative analysis of rutin, chlorogenic acid and isoquercitrin were evaluated comparatively in the test
samples by HPTLC and HPLC techniques. These compounds were also reported as the main active ingredients
of the plant responsible for the pharmacologic effects such as antioxidant, antitumor, immunostimulating
activities [14]. All the investigated compounds (rutin, chlorogenic acid and isoquercitrin) were monitored in
the reference fruit extract by HPTLC. Among the marketed 11 different herbal supplements (4 capsule
formulations and 7 effervescent formulations), marker components were detected in C1 and E5 samples by
HPTLC fingerprinting. Surprisingly, most of the products analysed did not contain any rutin and
isoquercitrin. The amounts of chlorogenic acid, rutin and isoquercitrin were assessed as 0.726 + 0.002 mg/g,
10.178 £ 0.017 mg/g and 1.165 + 0.002 mg/g in the reference fruit extract by HPLC, respectively. In the
previous reports on black elder fruits, the concentrations of these components were found within the ranges
for chlorogenic acid 0.1-46 mg/ g, for rutin 0.5-54 mg/ g and for isoquercitrin 0.06-18 mg/ g [15-18]. In another
study, unprocessed black elder fruits obtained from different herbal manufacturers in Poland were analysed
by HPLC. Accordingly, rutin content was found in the ranges of 18.9-335.8 pg/g and chlorogenic acid content
was found in between 6.8-43.7 ng/g [19]. Taken together, found results for the reference fruit material were
found to be consistent with these previously reported data. According to the results obtained in this study, the
highest chlorogenic acid, rutin and isoquercitrin amounts were determined as 0.742 mg/ effervescent tablet
(E3), 1.445 mg/capsule (C1) and 0.082 mg/capsule (Cl) in the commercial formulations, respectively.
However, these marker components were not detected in C2, E6 and E7.

Black elder fruit comparing to other fruits, has been reported to contain higher rates of anthocyanins
[20]. The total anthocyanin content in black elder fruit may vary between 2.42-18.16 mg/ g in fresh weight and
4.08-101.4 mg/g in dry weight according to the climate and collection cite [21-29]. In this study, total
anthocyanin content was found as 7.5 mg/ g in the reference fruit material.

In clinical studies, the daily suggested doses of anthocyanins were described as approximately 100 mg
for the treatment of metabolic syndrome disorders and 3.5 g for influenza [30]. In a previous study,
standardised liquid black elder fruit extract (containing %3.2 anthocyanin) was reported to possess
antimicrobial activity against human respiratory bacterial pathogens and influenza A and B viruses [31]. A
randomised clinical investigation reported that consumption of 600-900 mg per day (containing 90-135 mg
anthocyanin) black elder fruit extract may significantly reduce the severity and duration of cold-related
respiratory symptoms [32]. Despite these previous studies, total anthocyanin contents in the commercial
herbal supplements investigated in the present study has remained far below these ranges, i.e. 0.024-8.705 mg
C3G/per sample.
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4. CONCLUSION

The application of quality control parameters to the raw herbal materials and the finished products
before marketing is a supreme parameter for reproducible pharmacological activity. Due to a wide range of
health benefits proven scientifically, an increasing demand for herbal supplements containing black elder
fruits are observed on the market. However, no official procedure has been described for its qualification. For
this reason, a monograph that determines its chemical content and quality criteria is needed.

5. MATERIALS AND METHODS
5.1. Chemicals and solvents

HPLC grade acetonitrile and the other solvents were analytical grade and purchased from Sigma-
Aldrich (Steinheim, Germany). Standard compounds of chlorogenic acid, rutin, isoquercitrin were acquired
from Sigma-Aldrich (Steinheim, Germany), and cyanin-3-O-glucoside was from Phyproof
(Vestenbergsgreuth, Germany).

5.2. Black elder fruits material and its marketed herbal supplements

Black elder fruits were collected in Bayramic (Canakkale, Turkey) and used as reference fruit material
(a voucher specimen (YEF 20007) has been kept at the Herbarium of the Department of Pharmacognosy,
Faculty of Pharmacy, Yeditepe University, Istanbul, Turkey) during the study. The capsule (C1-4) and
effervescent (E1-7) formulations were supplied from the pharmacies. The amount of extract of black elder
fruits declared on the packages of these commercial formulations ranged from 5 mg to 270 mg.

5.3. Preparation of standard solutions
5.3.1. Standard solutions for HPTLC analysis

Standard solutions of rutin, chlorogenic acid, isoquercitrin and cyanidin-3-O-glucoside were prepared
in methanol at 0.2 mg/mL concentration. To prepare STD MIX, equal volumes of rutin, chlorogenic acid and
isoquercitrin standard solutions were mixed.

5.3.2. Standard solutions for HPLC analysis

Stock solutions of rutin (300 pg/mL), chlorogenic acid (300 pg/mL) and isoquercitrin (60 pg/mL) were
prepared in methanol and also diluted for calibration curve and recovery studies.

5.3.3. Standard solutions for spectrophotometry

A stock solution of cyanidin-3-O-glucoside was prepared in methanol at 0.2 mg/mL concentration and
diluted to obtain a calibration curve.

5.4. Preparation of sample test solutions
5.4.1. Extraction of black elder fruits as a reference material

Weighed 1 g of powdered black elder fruits collected from Bayrami¢ (Canakkale) in Turkey, was
extracted with 20 mL methanol-water (7:3, v/v). The hydroalcoholic extract was sonicated for 30 minutes.
After filtration, the liquid part was evaporated under vacuum to obtain the extract. The extract was diluted
with methanol and filtered by a 0.45 pm syringe filter for further analysis.

5.4.2. Extraction of marketed black elder fruits supplements

For each effervescent formulation, 1 effervescent tablet was dissolved with 100 mL of distilled water
and lyophilised. Then, 5 mL of methanol was added to 1 g of lyophilised sample. After sonication, the solution
was filtered by a 0.45 pm syringe filter. For each capsule formulation, 10 mL of methanol was added to 0.5
mg of sample, which was weighed from a homogeneous mixture of 3 capsules. After sonication, the solution
was filtered by a 0.45 pm syringe filter.

5.5. HPTLC method

Sample test solutions of marketed supplements (capsules and effervescent tablets), reference plant
material, mixture of standard solutions (STD MIX (5 pL) and C3G (2 pL)) were applied as bands using a
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Linomat V semi-automatic sample applicator (Camag, Muttenz, Switzerland) coupled with 100 pL Hamilton
syringe on HPTLC plate (silica gel 60 F254 glass plate, 20 x 10 cm). Two different solvents were used as mobile
phase: for phenolic acids and flavonoids; ethyl acetate-acetic acid-formic acid-water (100:11:11:26, v/v/v/v)
[11] and for anthocyanins; n-butanol-water-formic acid (16:19:65, v/v/v) [12]. The plates were then developed
up to 7 cm in a 20 minutes saturated twin-trough chamber (Camag). After development, the plates were heated
at 100°C on the Camag TLC plate heater for 3 minutes and derivatised with Natural Product reagent (NP
reagent) and PEG 400 solutions, respectively. Finally, the plates were documented at 366 nm and white light
by Camag TLC visualiser.

5.6. HPLC method

HPLC analysis was performed by using Agilent 1260 Infinity HPLC system (Darmstadt, Germany)
consisting of an Agilent ChemStation software, quaternary pump (G1311B), auto-sampler (G1329B),
thermostatted column compartment (G1316A), and diode array detector (G4212B).

The Agilent Zorbax Extend RP18 Column (4.6 mm x 250 mm, 5-pm particle size) was used at 25 °C for
the separation of the investigated compounds. The gradient elution was used by using mobile phases A (o-
phosphoric acid-water (0.1:99.9, v/v) and B (acetonitrile). The following gradient system was applied: 15-20%
B (0-5 min.), 20-34% B (5-12 min.), 34-50% B (12-15 min.), 50-100% B (15-18 min.), 100% B (18-20 min.) and 100-
15% (20-23 min.). 10 pL of the standard and test solutions were injected into the system. The flow rate was 1
mL/min. Chlorogenic acid was monitored at 330 nm, whereas rutin and isoquercitrin were detected at 260
nm. This newly developed method was validated according to the International Conference on Harmonisation
(ICH) 1995 guidelines [13].

5.7. Total anthocyanin content

Initially, buffer solutions at pH 1 containing 0.025 M potassium chloride and pH 4.5 containing 0.4 M
sodium acetate were prepared. The experiment was performed directly in a 96-well microplate by adding 40
uL test solutions and 160 uL of buffer solutions at pH 1 and pH 4.5, respectively. The absorbance was measured
at two different wavelengths, 520 nm and 700 nm [33]. The following equation 1 (Eq. 1) was performed to
calculate total anthocyanin content in the sample:

A= (ASZOnm - A700nm)pH 1.0 — (ASZOnm - A700nm)pH4.5 Eq 1

The result of reference plant material was expressed in a ratio mg C3G equivalents per weight of sample
extract (mg C3G/ g extract). For marketed samples, results were given for each capsule (mg C3G/capsule) or
effervescent tablet (mg C3G/ effervescent tablet).
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