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Abstract: The aim of this work is to evaluate the influence of drying methods, extraction solvent,
and extraction methods on the phytochemical profile of Sambucus nigra L. flowers harvested from
the western region of Romania. Two drying methods for plant conditioning (room temperature and
lyophilization), two extraction solvents (70% ethyl alcohol and water), and three extraction methods
(conventional extraction (C), ultrasound-assisted extraction, and microwave extraction) were used.
For the evaluation of the phytochemical profile, the following spectrophotometric methods were
investigated: total polyphenol content, total antioxidant activity using the DPPH and FRAP methods,
and flavonoid content. In addition to the spectrophotometric methods, the individual polyphenols
were evaluated using the LC/MS method. Using atomic absorption spectrometry, the macro and
microelement content of Sambucus nigra L. flowers was assessed. The results showed that the drying
method, the solvent used for extraction, and the extraction method influenced the phytocompound
content. The analyses showed that in terms of polyphenols, flavonoid content, and antioxidant
activity, high values were recorded for lyophilization-dried samples compared to samples dried at
room temperature. Also, higher values were recorded for alcoholic extracts compared to aqueous
extracts, but also for extracts obtained by the ultrasound-assisted method, followed by extracts
obtained via microwave compared to extracts obtained by conventional extraction.

Keywords: Sambucus nigra L.; conventional solvent extraction; microwave extraction; ultrasound-
assisted extraction

1. Introduction

Medicinal plants serve as an abundant reservoir of bioactive substances with diverse
functions within the body and find effective application in complementary medicine as a
substitute for conventional medical practices. Medicinal plants encompass cultivated or
naturally grown plant species possessing pharmaceutical attributes due to their chemical
makeup. They are employed in natural remedies and therapies for both human and
animal healthcare.

One plant that has garnered interest is black elder (Sambucus nigra L.), commonly
referred to as elderberry, owing to its simple cultivation and abundant presence of bioactive
components [1].

Sambucus nigra L., commonly known as black elderberry or common elderberry,
belongs to the Adoxaceae family (previously part of the large Caprifoliaceae family) [2].
This medicinal shrub or small tree is indigenous to Western and Southern regions of Europe
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and North Africa, but it has also been introduced to various other parts of the world,
including North America, Southeast Asia, and Australia.

Widely employed in herbal medicine and the food industry, the fruits of Sambucus nigra L.
are shiny and metallic, appearing as purple-black drupes with a diameter ranging from
6 to 8 mm. These drupes grow in corymbs, with each cluster containing several hundred
pieces [3].

Regarding Sambucus nigra L., every component of the plant (including its flowers,
bark, leaves, and fruits) is abundant in phytochemicals, with Sambucus nigra L. being the
most abundant in bioactive compounds among all the plant parts [4].

Sambucus nigra L. has been extensively utilized in traditional medicine for an extended
period, owing to its effectiveness in treating various conditions via its diaphoretic, diuretic,
and antipyretic properties. They seal the capillary walls, enhance their flexibility, and
hinder the leakage of red blood cells and plasma from the vessels due to the presence of
compounds like rutin, which possess vitamin P-like properties. Additionally, Sambucus
nigra L. exhibit anti-inflammatory and antibacterial characteristics, making them a popular
choice for gargling to alleviate sore throats or as compresses to address conjunctivitis.
Typically, Sambucus nigra L. is primarily employed as dried flower infusions for both
internal and external use [5].

The inflorescences of the elder are natural resources abundant in bioactive substances.
Regrettably, they are perishable and only accessible for a brief period due to their seasonal
nature. In order to ensure a year-round supply of these active compounds, it is necessary
to preserve (stabilize) fresh plant materials before initiating the extraction procedures [6].

The obtained results show the practical importance and applicability of Sambucus nigra
L. extract in medicine by emphasizing the extraction method that leads to the maximum
content of active principles and the establishment of effective treatment doses in different
diseases. Elderberry extracts have found applicability in medicine as diuretics and in the
treatment/prevention of metabolic syndrome [7]. The high content of bioactive compounds
with antioxidant potential has a positive role in adjusting the concentration of ROS in
intestinal contents and in the intestinal epithelial cells [8]. Elderberry extract has proven to
have pronounced antimicrobial activity with applicability in medicine. Previous studies
have highlighted the antibacterial potential of the extract against Gram-positive and Gram-
negative bacteria such as Staphylococcus aureus (MRSA), Bacillus cereus, Salmonella poona,
and Pseudomonas aeruginosa [9].

The antiviral potential of elderberry extract has been proven inclusive in the pro-
phylactic treatment of COVID-19 [4]. Last but not least, elderberry extract finds practical
applicability in medicine as an antiproliferative agent proven against some.

Given the effectiveness of Sambucus nigra L. products in the treatment of cold and
influenza symptoms, recent studies have shown that they can be a potential adjunctive
treatment for the COVID-19 virus [10]. The effectiveness of plant compounds’ biological
functions relies on the active principles’ quality and quantity in various plant-based prepa-
rations [11]. Therefore, it holds significant scientific and practical importance to enhance
the preparation and extraction procedure for these active principles from a specific plant,
ensuring the efficient extraction of compounds with functional roles.

Sustainable and eco-friendly technologies encompass procedures for processing plants.
Selecting the appropriate extraction technique and the solvent is a crucial factor in achieving
the best possible concentration of natural compounds in the extract. Choosing an efficient
extraction method and following the correct procedural steps is essential to ensure optimal
performance and enhanced stability of the compounds being extracted.

The extraction step is very important in the recovery of bioactive compounds from
natural sources. The extraction method differs depending on the type of active principles
that are intended to extract as a priority. In the case of extracts rich in polyphenols with
medicinal applications, ethanolic extract led to the highest concentration (>44%) [12]; the
combination of ethanol with water increases the extraction yield [13], while 60% methanol
allowed the extraction of a higher percentage of procyanidins and flavonoids. Microwave-
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assisted extraction (MAE) brings some additional advantages in the extraction of polyphe-
nols, such as low costs, small quantities of solvent, short extraction time, temperature
control, energy saving, and obtaining an extract with higher antioxidant activity compared
to conventional methods [14].

Ultrasound-assisted extraction (UAE), or sonication, improves the extraction yield of
phenolic compounds from various plant sources by up to 35% [15]. A study regarding the
efficiency of UAE extraction on phenolic compounds from functional foods with EDB was
reported by Oniszczuk et al. [16].

In this regard, the objectives of this work were not only to optimize the extraction
process in order to obtain a higher content of total polyphenols (TPC) and total flavonoids
(TFC) but also a higher antioxidant (AA) and antimicrobial activity and individual polyphe-
nols (LC-MS). The influence of (i) the sample drying method: drying at room temperature
(D) and lyophilization (L); (ii) the influence of the extraction method: conventional extrac-
tion (C); ultrasound-assisted extraction (U) and microwave extraction (M), and (iii) the
influence of the solvent used for extraction: 70% ethyl alcohol (A) and water (W) were
studied. In this study, elderberry (Sambucus nigra L.) collected from wild flora in western
Romania was analyzed.

2. Materials and Methods
2.1. Plant Material

The Sambucus nigra L. flowers (S) were collected from the spontaneous flora from
Dudestii Noi 45◦50′51′′ N 21◦06′30′′ E, Timis County, Romania, in May. The freshly gathered
flower clusters were carefully chosen, any plant parts unfit for processing were eliminated,
and subsequently, the superior plant material remained. Following that, the prepped
blossoms were split into two sets to carry out the preservation procedure for the freshly cut
flowers, employing a variety of techniques. The plant vouchers (VSNH.ULST-BD72) were
deposited at the botanical collection of the Herbarium of Botany Department of the Faculty
of Agriculture, University of Life Sciences “King Mihai I” from Timisoara.

2.2. The Preparation of Plant Material and Plant Extracts

Sambucus nigra L. (S) was divided into two batches that were subjected to two drying
modes: room temperature (U) and lyophilization (L).

The initial samples were allowed to air dry under ambient conditions and were
periodically turned until they reached a constant ◦C sample mass. The dried samples were
then packed in paper bags and stored at 18–20 ◦C in the absence of light.

The second sample of plant material was frozen at a temperature of −70 ◦C and
then subjected to the lyophilization process for 24 h using a Unicryo Freeze Drying Duo
Lyophilization System by Uniequip, Germany.

The dried samples were then extracted using two different extraction solvents: 70%
ethyl alcohol (A) and water (W). For alcoholic extraction, 70% ethyl alcohol was used, as
this combination has been shown to increase the extraction yield [13]. The extracts obtained
were subjected to three different extraction methods: conventional extraction (C), ultrasonic
extraction (U), and microwave extraction (M). This resulted in 12 extracts, as shown in
Figure 1.

The extracts thus obtained were stored at 2–4 ◦C until tested for antioxidant, antimi-
crobial, and anti-inflammatory activities.

2.2.1. Conventional Extraction with Solvents (C)

The plant sample (1.0 g) was extracted with 20 mL of 70% ethanol (Sigma-Aldrich,
St. Louis, MO, USA; Merck KGaA, Darmstadt, Germany) using a Holt plate stirrer (IDL,
Freising, Germany) for a duration of 30 min. After this, the samples were subsequently
filtered using Whatman filter paper (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
and stored at a temperature of 4 ◦C until they were ready for chemical and microbiological
analyses. The same method was used for the aqueous extract.
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2.2.2. Ultrasound-Assisted Extraction (U)

A 1.0 g sample was combined with 20 mL of 70% ethanol in an ultrasonic water
bath (FALC Instruments, Treviglio, Italy). The extraction was carried out for 30 min at
room temperature, utilizing an ultrasonic power of 216 watts and a frequency of 40 kHz.
Following extraction, the resulting extracts were filtered using Whatman filter paper (Sigma-
Aldrich; Merck KGaA, Darmstadt, Germany) and then stored at a temperature of 4 ◦C for
subsequent analysis. The same method was used for the aqueous extract.

2.2.3. Microwave Extraction (M)

A combination of a 1.0 g sample and 20 mL of 70% ethanol underwent microwave-
assisted extraction for a duration of 10 min at 600W power. Following this, the resulting
extracts were filtered using Whatman filter paper (from Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) and subsequently preserved at a temperature of 4 ◦C for subsequent
analysis. The same method was used for the aqueous extract.

2.3. Macro and Microelements Determination

Composition of Sambucus nigra L. in macro and microelements was determined after
calcination of the sample at 800C in a kiln (SLN 53 STD, POL-EKO-Aparatura SP, Wodzislaw,
Poland) and extraction in 20% HCl (Sigma-Aldrich Chemie GmbH, Munich, Germany).
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For the quantification of macro and microelements, the atomic absorption spectrometry
(AAS) method was used. The identification and quantification procedure is described by
Horablaga et al. [17].

2.4. Antioxidant Profile
2.4.1. Determination of Total Polyphenols Content (TPC)

The Folin–Ciocalteu method was used to determine the total polyphenol content
(TPC) of the 12 extracts of Sambucus nigra L. An amount of 0.5 mL of each extract prepared
as described above was measured, and 1.25 mL Folin–Ciocalteu reagent (1:10 aqueous
dilution) (Sigma-Aldrich Chemie GmbH, Munich, Germany) was added to each extract.
The resulting mixture was allowed to stand for 5 min at room temperature, after which
1 mL of 60g/L Na2CO3 (Geyer GmbH, Renningen, Germany) was added to each sample.
The prepared samples were incubated in a thermostat (INB500 from Memmert GmbH,
Schwabach, Germany) at 50 ◦C for 30 min. After incubation, the absorbance was read at
750 nm using a UV-VIS spectrophotometer (Specord 205; Analytik Jena AG, Jena, Germany).
Three determinations were carried out for each sample; the results were expressed in mg
GAE/kg d.w. [18]. The calibration curve was obtained using gallic acid as standard
(0–200 µg/mL), and the calibration equation was y = 0.0174x + 0.1224 (R2 = 0.9986).

2.4.2. Determination of Total Flavonoids Content (TFC)

The determination of total flavonoid content was carried out according to the method
described by Hulea et al. [19] with minor modifications. Thus, 1 mL extract was measured
into a test tube, over which 4 mL distilled water, 0.3 mL NaNO2 solution (5%), and
0.3 mL Al(NO3)3 solution (10%) were added. After a 6 min rest at room temperature,
2 mL 1 M NaOH solution was added to the mixture, and the mixture was made up to
10 mL with 70% ethanol. After a further 15 min rest at room temperature, the absorbance of
the mixture was read at 510 nm using a UV-VIS spectrophotometer (Specord 205; Analytik
Jena AG, Jena, Germany). Ethanol 70% was used as a reference. The sample was analyzed
in triplicate, and the result was expressed as the mean value of mg QUE/100 g ± standard
deviation (SD) in mg QUE/100 g.

The calibration curve was performed using quercitine (Sigma-Aldrich Chemie GmbH,
Munich, Germany) in the concentration range of 5–100 µg/mL, and the calibration equation
was y = 0.0051x + 0.6312 (R2 = 0.9995).

2.4.3. Antioxidant Activity by Ferric Reducing Antioxidant Power (FRAP) Assay

The ferric-reducing ability of both ethanolic and aqueous extracts of Sambucus nigra
L. was investigated via the FRAP assay following the procedure described by Metzner
Ungureanu et al. [20]. Technically, the FRAP assay is based on the ability of antioxidant
compounds in plant extracts to reduce ferric ion (Fe3+) to the ferrous form (Fe2+) in the
presence of tripyridyltriazine (TPTZ) by generating a deep blue Fe2+—TPTZ complex that
exhibits an absorbance maximum at 593 nm [21]. Prior to analysis, the obtained extracts
were diluted with distilled water as follows: 1:50 (v/v) for WEDS, WELS, AEDS, AELS,
WEUDS, and WEULS; and 1:100 (v/v) for AEUDS, AEULS, AEMDS, AEMLS, WEMDS,
and WEMLS. Next, 0.5 mL of diluted extracts were mixed with 2.5 mL of working solution
and incubated at 37 ◦C for 30 min, after which the absorbance was measured at 593 nm
against a blank sample obtained under the same conditions. FRAP values were reported
as µM Fe2+ equivalent/g DW of plant material and computed from a calibration curve
drawn using FeSO4·7H2O solutions with concentrations in the range 0.05–0.5 µM Fe2+

equivalent/mL. All determinations were performed in triplicate, and the results were given
as mean value ± SD. FRAP values were reported as µM Fe2+ equivalent/g DW of plant
material and computed from a calibration equation (y = 2.3559x − 0.0189, R2 = 0.9986)
drown using FeSO4·7H2O solutions with concentrations in the range 0.05–0.5 µM Fe2+

equivalent/mL.
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2.4.4. Antioxidant Capacity by 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Assay

For the evaluation of antioxidant activity (AA), 0.03 mM 1,1-diphenyl-2-picrylhydryl
ethanolic solution (DPPH, Sigma-Aldrich, Taufkirchen, Germany) was used. One mL of
extract was taken, and 2.5 mL of DPPH solution was added. The resulting mixture was
shaken vigorously and incubated for 30 min in the dark at room temperature. After this
rest, the absorbance was read at 518 nm using a UV-VIS spectrophotometer (Specord 205;
Analytik Jena AG, Jena, Germany). Ethyl alcohol 70% was used as a reference. The sample
was analyzed in triplicate, and the mean value was reported. AA of the examined goji
sample was calculated using Equation (1):

RSA (%) =
Acontrol − Asample

Acontrol
× 100 (1)

where Acontrol—the absorbance value of the control sample and Asample—the absorbance
values of the extract sample.

The antioxidant capacity of the extracts was expressed as IC50 value and compared
with that of ascorbic acid [17].

2.4.5. Influence of Drying Methods on Extraction Method and Extraction Solvent

After evaluating the TPC, TFC, and FRAP content in the 12 extracts, the increases
between drying methods (D and L), extraction methods (C, U, and M), and extraction
solvent (AE and WE) were calculated according to Table 1.

Table 1. Equations used to calculate increments influenced by drying methods, extraction methods,
and extraction solvent.

The Samples between the
Increases Were Calculated Equation

Increases influenced by drying methods

AECDS/AECLS

Increasing TPC D
L
(%)=

[
TPCL−TPCD

TPCD

]
×100 (1.1.)

Increasing TFC D
L
(%)=

[
TFCL−TFCD

TFCD

]
×100 (1.2.)

Increasing FRAP D
L
(%)=

[
FRAPL−FRAPD

FRAPD

]
×100 (1.3.)

AEUDS/AEULS

AEMDS/AEMLS

WECDS/WECLS

WEUDS/WEULS

WEMDS/WEMLS

Increases influenced by
extraction method

AECDS/AEUDS
Increasing TPC C

U
(%)=

[
TPCU−TPCC

TPCC

]
×100 (2.1.)

Increasing TFC C
U
(%)=

[
TFCU−TFCC

TFCC

]
×100 (2.2.)

Increasing FRAP C
U
(%)=

[
FRAPU−FRAPC

FRAPC

]
×100 (2.3.)

AECLS/AEULS

WECDS/WEUDS

WECLS/WEULS

AECDS/AEMDS

Increasing TPC C
M
(%)=

[
TPCM−TPCC

TPCC

]
×100 (3.1.)

Increasing TFC C
M
(%)=

[
TFCM−TFCC

TFCC

]
×100 (3.2.)

Increasing FRAP C
M
(%)=

[
FRAPM−FRAPC

FRAPC

]
×100 (3.3.)

AECLS/AEMLS

WECDS/WEMDS

WECLS/WEMLS

AEUDS/AEMDS
Increasing TPC U

M
(%)=

[
TPCM−TPCU

TPCU

]
×100 (4.1.)

Increasing TFC U
M
(%)=

[
TFCM−TFCU

TFCU

]
×100 (4.2.)

Increasing FRAP U
M
(%)=

[
FRAPM−FRAPU

FRAPU

]
×100 (4.3.)

AEULS/AEMLS

WEUDS/WEMDS

WEULS/WEMLS
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Table 1. Cont.

The Samples between the
Increases Were Calculated Equation

Increases influenced by solvent used
in extraction

WECDS/AECDS

Increasing TPC WE
AE
(%)=

[
TPCAE−TPCWE

TPCWE

]
×100 (5.1.)

Increasing TFC WE
AE
(%)=

[
TFCAE−TFCWE

TFCWE

]
×100 (5.2.)

Increasing FRAP WE
AE
(%)=

[
FRAPAE−FRAPWE

FRAPWE

]
×100 (5.3)

WECLS/AECLS

WEUDS/AEUDS

WEULS/AEULS

WEMDS/AEMDS

WEMLS/AEMLS

where:

TPCD,TFCD, FRAPD—TPC (mg GAE/g d.w.), TFC (mg QUE/g d.w.), FRAP (µM Fe2+

equivalent/mL) of dried samples at room temperature;
TPCL,TFCL, FRAPL—TPC (mg GAE/g d.w.), TFC (mg QUE/g d.w.), FRAP (µM Fe2+

equivalent/mL) of lyophilized sample;
TPCC (mg GAE/g d.w.), TFCC (mg QUE/g d.w.), FRAPC (µM Fe2+ equivalent/mL) −

TPC (mg GAE/g d.w.), TFC (mg QUE/g d.w.), FRAP (µM Fe2+ equivalent/mL) of samples
obtained by conventional extraction;

TPCU (mg GAE/g d.w.), TFCU (mg QUE/g d.w.), FRAPU (µM Fe2+ equivalent/mL) −
TPC (mg GAE/g d.w.), TFC (mg QUE/g d.w.), FRAP (µM Fe2+ equivalent/mL) of samples
obtained by ultrasonic extraction;

TPCM (mg GAE/g d.w.), TFCM (mg QUE/g d.w.), FRAPM (µM Fe2+ equivalent/mL)
− TPC (mg GAE/g d.w.), TFC (mg QUE/g d.w.), FRAP (µM Fe2+ equivalent/mL) of
samples obtained by microwave extraction;

TPCWE (mg GAE/g d.w.), TFCWE (mg QUE/g d.w.), FRAPWE (µM Fe2+ equiva-
lent/mL) − TPC (mg GAE/g d.w.), TFC (mg QUE/g d.w.), FRAP (µM Fe2+ equivalent/mL)
of samples obtained by extraction with water;

TPCAE (mg GAE/g d.w.), TFCAE (mg QUE/g d.w.), FRAPAE (µM Fe2+ equivalent/mL)
− TPC (mg GAE/g d.w.), TFC (mg QUE/g d.w.), FRAP (µM Fe2+ equivalent/mL) of
samples obtained by extraction with ethyl alcohol.

2.4.6. Individual Polyphenols Content Detected by LC-MS

The LC-MS method was used to determine the individual polyphenol content accord-
ing to the procedure described by Cadariu et al. [22]. The equipment used was LC-MS
(Shimadzu 2010 EV, Kyoto, Japan) equipped with electrospray ionization and SPD-10A
UV and LC-MS 2010 detectors. The chromatographic conditions for the determination of
polyphenolic compounds were Nucleodur CE 150/2 C18 Gravity SB 150 mm × 2.0 mm
column (Macherey-Nagel GmbH & Co., KG, Germany) and a flow rate of 0.2 mL/min.
The compounds were separated with gradient elution: 5% B (0.01–20 min), 5–40% B
(20.01–50 min 10 min), 40–95% B (50–55 min), and 95% B (55–60 min), where A was the
aqueous formic acid solution, pH = 3, and B acetonitrile and formic acid solution, pH = 3.
The calibration curves used were in the range of 20–50 µg/mL, and the calibration equation
used and R2 for the 12 samples are shown in Table 2. The individual polyphenolic com-
pounds detected in the 12 samples were expressed as mg/g dry weight (d.w.). All samples
were analyzed in triplicate, and results were presented as mean ± standard deviation (SD).
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Table 2. Calibration curves and R2 for the 12 samples.

Compounds Calibration Curves R2

Gallic acid y = 17.973x − 29.654 0.993
Epicatechin y = 19.631x − 144.666 0.996
Caffeic acid y = 22.018x − 38.222 0.997
β-rezolcilic y = 29.581x − 39.494 0.999

Cumaric acid y = 9.235x + 38.196 0.998
Rutin y = 43.551x − 34.511 0.997

Ferulic acid y = 2.087x − 25.906 0.996
Rosmarinic acid y = 15.671x − 106.309 0.997

Resveratrol y = 181.457x − 1.668 0.989
Quercitine y = 41.846x − 65.050 0.999

2.5. Statistical Analysis

All measurements were taken in triplicate, and the findings are given as mean values
with standard deviation (SD). Statistical processing of data was performed using Microsoft
Excel 365. Data were analyzed via one-way analysis of variance (t-test).

3. Results and Discussion
3.1. Macro and Microelements

The experimental results on the composition of Sambucus nigra L. flowers in macro and
microelements (Table 3) show that Mg was the macroelement with the highest concentration
(2979.75 ppm) present in the sample analyzed, followed by Ca (3296.52 ppm) and K
(2018.81 ppm). Significant amounts of Cu (11.28 ppm), Zn (39.48 ppm), Fe (56.78 ppm), and
Mn (66.11 ppm) were also found.

Table 3. Macro and microelement content of Sambucus nigra L. (S).

Sample Cu (ppm) Zn (ppm) Fe (ppm) Mn (ppm) Ca (ppm) Mg (ppm) K (ppm)

Sambucus nigra L. 11.28 ± 0.39 39.48 ± 1.34 56.78 ± 2.12 66.11 ± 2.24 3296.52 ± 98.89 3979.75 ± 107.45 2018.81± 60.55

The results obtained for macro and microelement content are in agreement with
results reported by other researchers in the scientific literature. Thus, Szymański and
Szymański [23] reported a content of 25,167 ppm K, 4995 ppm Ca, 4291 ppm Mg, 10.45 ppm
Cu, 64.36 ppm Fe, 52.4 ppm Mn, and 33.2 ppm Zn. Młynarczyk et al. [4] reported close
mineral contents in Sambucus nigra L. flower, i.e., between 2673.90 and 3333.60 µg/g d.w.
Ca; 493.70–1555.60 µg/g d.w. Mg; 52.2–103.0 µg/g d.w. Fe; 6.5–13.8 µg/g d.w. Cu;
31.8–41.1 µg/g d.w. Zn; and 19.7–60.0 µg/g d.m. Mn. Diviš et al. [24] reported 24.4 mg/kg
Zn, 174 mg/kg Mn, 866 mg/kg Fe, 4294 mg/kg Mg, 8.33 mg/kg Cu, and 22,472 mg/kg K.

3.2. Antioxidant Profile
Determination of Total Polyphenols Content

The total content of polyphenols (TPC) of the alcoholic and aqueous extracts of Sam-
bucus nigra L. studied is presented in Figure 1 and is expressed in mg GAE/kg dry mat-
ter (d.w.).

From the results obtained for the 12 extracts (Figure 2), it can be seen that the
highest TPC content was recorded for AEMLS (44,270.97 mg GAE/kg d.w.) and the
lowest for WECDS (16,495.34 mg GAE/kg d.w.). Analyzing the influence of the ex-
traction solvent, it can be seen that the highest values were recorded for the alcoholic
extracts (26,527.983–44,270.97 mg GAE/kg d.w.) compared to aqueous extracts (16,495.34–
38,285.10 mg GAE/kg d.w.). Regarding the drying method, significantly higher TPC values
were recorded for lyophilization samples (21,067.06–44,270.97 mg GAE/kg d.w.) compared
to samples dried at room temperature (16,495.34–43,619.50 mg GAE/kg d.w.). The extrac-
tion method also influenced the TPC content, with higher values being obtained for samples
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extracted by microwave (35,265.35–44,270.97 mg GAE/kg d.w.), followed by samples ex-
tracted by ultrasound (15,908.18–35,958.97 mg GAE/kg d.w.), and finally, samples extracted
by conventional method (16,495.34–28,992.07 mg GAE/kg d.w.) recorded the lowest values.
With the exception of the AEULS and WEMDS samples, there were statistically significant
differences (p < 0.05) between all other samples according to the t-test lyophilization.
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Analyzing the influence of the drying method on the TPC content of the alcoholic ex-
tracts (Figure 3a), an almost insignificant increase can be observed between AEMDS/AEMLS
(1.49%) and a significantly higher increase between AECDS/AEMDS (64.43%). In the case
of aqueous extracts (Figure 3a), a small increase was recorded between WECDS/WEUDS
(3.71%) compared to WEUDS/WEMDS (121.72%). The influence of extraction solvent
(Figure 3b) is minimal between WEMLS/AEMLS (15.63%) and maximal between WEUDS/
AEUDS (83.56%).

The values recorded in the present study are consistent with those reported in other
studies published in the scientific literature, namely Tabaszzewska and Sikora [25] reported
in their study on composition and antioxidant properties of Sambucus nigra L. extracts, a
polyphenol content of 2072.50 mg for the extract obtained from the fresh plant, 619.04 mg
for the extract obtained from the frozen plant, 2813.32 mg for the extract obtained from
the air-dried plant, and 4070.35 mg for the extract obtained from the lyophilization plant.
Mikulic-Petkovsek et al. [26] reported for flowers of different elderberry species or inter-
specific hybrids a total polyphenol content between 7410 and 40,137 mg GAE/kg d.w. and
Gentsgevva et al. [27] reported a polyphenol content between 299.3 and 49.2 mg GAE/g
d.w. Regarding the influence of the extraction method, Horablaga et al. [17], who analyzed
the influence of the sample preparation/extraction method on the phytochemical profile
and antimicrobial activities of 12 commonly consumed medicinal plants, recorded results
similar to those reported in the present study, i.e., the highest values being recorded for
extracts obtained by microwave, followed by extracts obtained by ultrasound and finally
extracts obtained by the conventional method.
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3.3. Antioxidant Activity

Since the antioxidant potential is a key parameter for establishing the therapeutic
benefits of plant extracts, in this study, two antioxidant assays were used, radical scavenging
(DPPH•) and reducing power (FRAP), since the antioxidant properties of plant material
extracts can be manifested by different mechanisms of action. Both assays are recommended
as simple, fast, reproducible and cost-effective tools for evaluating the antioxidant activity
of plant extracts [28].

3.3.1. Antioxidant Activity by Ferric Reducing Antioxidant Power (FRAP) Assay

Figure 4 illustrates the antioxidant activity expressed as ferric reducing antioxidant
power for Sambucus nigra L. extracts (dried at ambient temperature and by lyophilization,
respectively), obtained using different extraction solvents (water, respectively, 70% v/v ethyl
alcohol) and different extraction techniques (conventional extraction and contemporary
techniques such as microwave-assisted extraction and ultrasound-assisted extraction).

Particular attention was paid to assessing the impact of the extraction solvent, the
drying conditions of the plant material, and the extraction technique used.

It can be seen (Figure 4) that for both room temperature dried and lyophilization Sam-
bucus nigra L. samples, higher FRAP values were recorded for ethanolic extracts compared
to those obtained for Sambucus nigra L. aqueous extracts.
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Thus, the FRAP values were obtained for AEDS, EFTA, and AEUDS. AEULS, AEMDS,
and AEMLS were higher than those recorded for the corresponding samples WEDS, WELS,
WEUDS, WEULS, WEMDS, and WEMLS. These results are in agreement with those re-
ported by Milena et al. [29], who found higher FRAP values in Sambucus nigra L. ethanolic
extracts compared with aqueous extracts. Alcohols or mixtures of alcohol and water have
been widely used to obtain plant extracts rich in bioactive compounds, such as polyphenols,
with a demonstrated antioxidant effect since these compounds are more soluble in less
polar solvents than water [30].

In the study conducted by Has, et al. [31], FRAP values of 185 µmol Fe2+/g DW were
reported for alcoholic extracts of Sambucus nigra L. obtained via conventional extraction.

For both alcoholic and aqueous extracts, it was found that the initial processing of
Sambucus nigra L. samples via lyophilization resulted in a higher degree of preservation
of bioactive compounds with antioxidant action so that the FRAP values of extracts from
lyophilization plant material were higher than those of extracts from samples dried at
room temperature.

Thus, based on our results it was noted that FRAP (AECLS) > FRAP (AECDS), FRAP
(AEULS) > FRAP (AEUDS), FRAP (AEMLS) > FRAP (AEMDS), respectively, FRAP (WE-
CLS) > FRAP (WECDS), FRAP (WEULS) > FRAP (WEUDS); FRAP (WEMLS) > FRAP
(WEMDS). The same finding was reported in the study carried out by Tabaszewska and
Sikora [25] on the effect of stabilization of plant material by freezing, drying and freeze-
drying on the composition and antioxidant properties of Sambucus nigra L. with the highest
FRAP values reported for extracts prepared by maceration of lyophilization Sambucus nigra
L. in hydroalcoholic solutions of ethanol or methanol.

Another aspect well highlighted in Figure 5 is that the extraction technique significantly
influences the FRAP values of ethanolic and aqueous Sambucus nigra L. extracts. Thus,
microwave-assisted extraction led to the highest FRAP values, followed by ultrasound-
assisted extraction, with the lowest FRAP values being obtained for extracts obtained by
the conventional extraction technique.



Agronomy 2023, 13, 3061 12 of 21

Agronomy 2023, 13, x FOR PEER REVIEW 12 of 20 
 

 

ultrasound-assisted extraction, with the lowest FRAP values being obtained for extracts 
obtained by the conventional extraction technique. 

It is well documented that these modern techniques boost extraction efficiency via 
phenomena that occur along the processes, such as the interaction between the microwave 
and polar molecules in the medium during microwave-assisted extraction, whereas in ul-
trasound-assisted extraction, the phenomenon responsible is cavitation [32]. 

Both ultrasound-assisted and microwave-assisted extraction provide plant extracts 
with a higher concentration of active species and enhanced biological activity, and the 
advantages of these techniques over conventional ones have already been proven [32,33]. 

On the basis of the obtained ferric-reducing potential, it can be noted that the best 
extraction technique was the microwave-assisted extraction using 70% (v/v) ethyl alcohol 
as a solvent, followed by ultrasound-assisted extraction in 70% (v/v) ethyl alcohol since 
the extracts obtained by these techniques showed stronger antioxidant activity compared 
with the conventional extraction. 

Figure 5 depicts the changes in the FRAP value of the extracts in response to Sambucus 
nigra L. drying conditions and extraction solvent (a) and extraction method (b). 

 
(a) 

 
(b) 

Figure 5. Changes in FRAP values of Sambucus nigra L. extracts in response to drying conditions and 
extraction solvent (a) and extraction method (b). 

From Figure 5a, it can be noted that lyophilization, applied as a method of stabiliza-
tion of plant material, led to increases in FRAP value in the range of 14.87–30.53%, com-
pared to Sambucus nigra L. samples conditioned by drying at ambient temperature. In ad-
dition, extraction in an alcoholic medium favoured the extraction of bioactive compounds 

Figure 5. Changes in FRAP values of Sambucus nigra L. extracts in response to drying conditions and
extraction solvent (a) and extraction method (b).

It is well documented that these modern techniques boost extraction efficiency via
phenomena that occur along the processes, such as the interaction between the microwave
and polar molecules in the medium during microwave-assisted extraction, whereas in
ultrasound-assisted extraction, the phenomenon responsible is cavitation [32].

Both ultrasound-assisted and microwave-assisted extraction provide plant extracts
with a higher concentration of active species and enhanced biological activity, and the
advantages of these techniques over conventional ones have already been proven [32,33].

On the basis of the obtained ferric-reducing potential, it can be noted that the best
extraction technique was the microwave-assisted extraction using 70% (v/v) ethyl alcohol
as a solvent, followed by ultrasound-assisted extraction in 70% (v/v) ethyl alcohol since the
extracts obtained by these techniques showed stronger antioxidant activity compared with
the conventional extraction.

Figure 5 depicts the changes in the FRAP value of the extracts in response to Sambucus
nigra L. drying conditions and extraction solvent (a) and extraction method (b).

From Figure 5a, it can be noted that lyophilization, applied as a method of stabilization
of plant material, led to increases in FRAP value in the range of 14.87–30.53%, compared
to Sambucus nigra L. samples conditioned by drying at ambient temperature. In addition,
extraction in an alcoholic medium favoured the extraction of bioactive compounds with
antioxidant action, recording increases in the FRAP value in the range of 27.68–116.15%,
compared to the values of samples processed by extraction in an aqueous medium.
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Regarding the impact of the extraction technique applied to the preparation of extracts,
Figure 5 shows that ultrasound-assisted and microwave-assisted extraction resulted in
increases in FRAP values in the range of 17.05–218.70%, respectively, compared to the
values recorded by applying the conventional extraction technique. Microwave-assisted
extraction also led to increases in FRAP values in the range of 17.05–155.88% compared to
the values recorded by applying the ultrasound-assisted extraction technique.

These results may be the starting point for further research to create products with
superior bioactivity and may open up new opportunities for exploiting the bioactive
potential of this medicinal plant.

3.3.2. Determination of Total Flavonoids Content (TFC)

Figure 6 shows the flavonoid content of the Sambucus nigra L. extracts analyzed
expressed as mg QUE/g dry weight (d.w.) using different drying methods, different
solvents and different extraction methods.
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Flavonoids include flavones, flavanols, and condensed tannins, compounds found in
plants as secondary metabolites with antioxidant activity dependent on the presence of free
OH groups, particularly 3-OH, and have antioxidant activity both in vitro and in vivo [17].

TFC levels ranged from 7,921.07 to 26,273.58 mg QUE/g d.w. for samples extracted from
Sambucus nigra L., with maximum flavonoid content being recorded for the AEMLS sam-
ple (26,273.58 mg QUE/g d.w.) and the minimum for WEUDS (7,921.07 mg QUE/kg d.w.).
By analyzing the drying method used, it can be seen that higher values were recorded
for the lyophilization samples (10,296.72–26,273.58 mg QUE/kg) compared to the samples
dried at room temperature (7921.07–2437.32 mg QUE/kg) (Figure 6). Regarding the sol-
vent used for extraction, significantly higher values were recorded for alcoholic extracts
(17,240.91–26,273.58 mg QUE/kg) than for aqueous extracts (7921.07–18,324.31 mg QUE/kg).
The method of extraction also had a significant influence, with the highest values obtained
for extracts prepared by microwave (18,024.09–26,273.58 mg QUE/g d.w.) followed by
extracts obtained by ultrasound (10,375.04–21,182.92 mg QUE/kg) and the lowest values
obtained by classical extraction (8756.46–18,794.22 mg QUE/kg). Significant differences
(p < 0.05) were also found for TFC, except for AECDS/AEUDS, WECLS/WEUDS and
WEMDS/WEMLS.

Analyzing the influence of the drying method on the TFC content of the alcoholic
extracts (Figure 7), an almost insignificant increase can be observed between AECDS/AEUDS
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(0.76%) and a significantly higher increase between AECDS/AEMDS (40.58%). In the case of
aqueous extracts (Figure 7), a small increase was recorded between WEMDS/WEMLS (1.69%)
compared to WEUDS/WEMDS, between which the largest increase was recorded (127.55%).
The influence of extraction solvent (Figure 7) is minimal between WEMDS/AEMDS (34.47%)
and maximal between WECLS/AECLS (167.44%).
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Similar TFC values have been reported by other researchers in the scientific literature.
Gentscheva et al. [27] reported a total flavonoid content between 6.4 and 18.6 mg QE/g d.w.
In another study, Tabaszewska et al. [25] also reported values similar to those recorded in
our study, as follows: for the fresh plant, a content of 511.58 mg Catechin was recorded;
for the frozen plant, 81.40 mg catechin; for the air-dried plant, 767.56 mg catechin; and
for the lyophilization plant, a content of 575.16 mg catechin/g dry extract was reported.
In another study, Dawidowicz et al. [34] reported for Sambucus nigra L. flowers a total
flavonoid content of 139.342 g/100 g for an extract obtained at 20 ◦C and 214.250 g/100 g
for an extract obtained at 100 ◦C.
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3.3.3. Antioxidant Capacity by 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Assay

The DPPH radical scavenging activity of the 12 Sambucus nigra L. extracts was deter-
mined using five different concentrations for each extract (Table 3). In parallel, the antioxi-
dant activity of five ascorbic acid solutions in different concentrations (0.06–0.16 µg/mL)
was evaluated as a positive control, resulting in 94.54% inhibition for the highest concen-
tration tested (0.16 mg/mL). Subsequently, the concentration of each extract causing 50%
DPPH inhibition (IC50) was calculated and expressed in µg/mL (Table 4).

As can be seen from the values presented in Table 4, the maximum radical scavenging
activity was recorded at the highest concentration (1.67 µg/mL) for all samples. It can
also be seen that the trend recorded for TPC, FRAP, and TFC is also maintained for the
antioxidant capacity by DPPH evaluation. Thus, regarding the solvent used for extraction,
a higher percentage of inhibition was recorded for alcoholic extracts (29.40–74.79%) com-
pared to aqueous extracts (12.56–68.61%). The drying method used also had a significant
influence, with lyophilization samples showing higher values (13.47–74.79%) compared to
samples dried at room temperature (12.56–69.23%). Regarding the extraction method, the
highest values were recorded for samples obtained by microwave extraction (34.79–74.79%),
followed by samples obtained by ultrasonic extraction (15.02–67.49%) and the lowest values
for samples obtained by conventional extraction (12.56–66.29%). Statistically significant
differences (p < 0.05) were found between the majority of room temperature dried (D)
and lyophilization (L) samples and between the majority of samples obtained by different
extraction methods (C, L, and M) for all concentrations analyzed. The solvent used for
extraction significantly (p < 0.05) influenced the results obtained between samples at all con-
centrations analyzed lyophilization. Table 4 shows the values obtained for IC50 compared
to the value obtained for the control sample, ascorbic acid.

IC50 values (Table 5) ranged from 2.12 µg/mL for the AEMLS sample (highest antioxi-
dant capacity) to 10.57 µg/mL (lowest antioxidant capacity) for the WECDS sample. It can
be seen that a lower IC50 value was obtained for the AEMLS sample than for the ascorbic
acid control sample, which means that it may provide greater protection against oxidation.

From the statistical analysis, it can be seen that between ascorbic acid and AEULS,
AEMDS, and AEMDS, there were no statistically significant differences (p < 0.05), which
means that these samples may have a similar antioxidant effect as ascorbic acid. Among
the other samples, statistically significant differences (p < 0.05) were observed for most
of them.

Similar values were reported by other authors for Sambucus nigra L. extracts. Dawid-
owicz et al. [34] reported an inhibition of 91.95% for extracts obtained with a 1:20 dilution
at 20 ◦C and 94.15% for the extract obtained at 100 ◦C. Socaci et al. [35], in their study on the
antioxidant activity of fresh and dried inflorescence samples, obtained an inhibition percent-
age of 28.4% for dried inflorescences and 52.54% for fresh inflorescences. Zawiślak et al. [36]
reported inhibition percentages between 35 and 85% for elderberry flowers. Regarding
IC50 values, Loizzo et al. [37], in their study on antioxidant and hypoglycemic properties
of Sambucus nigra L. flowers, reported an IC50 value of 1.4 µg/mL. And Szymanski and
Szymanski [23], obtained IC50 values for an aqueous (1:20) extract of Sambucus nigra L.
flowers: a value of 0.69.

3.3.4. Individual Polyphenols Content Detected by LC-MS

Table 6 shows the chromatographic profile of individual polyphenols separated by
LC-MS from the 12 extracts of Sambucus nigra L. In all 12 extracts, the major compound
identified was rutin (5.12–9.15 mg/g d.w.), followed by quercitin (2.24–5.46 mg/g d.w.),
resveratrol (0.25–0.87 mg/g d.w.), rosmarinic acid (0.37–1.38 mg/g d.w.), gallic acid
(0.17–0.62 mg/g d.w.), epicatechin (0.14–0.42 mg/g d.w.), ferulic acid (0.10–0.47 mg/g d.w,),
and coumaric acid (0.08–0.51 mg/g d.w.).
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Table 4. The DPPH radical scavenging activity (% inhibition) of ethanolic extracts vs. ascorbic acid.

Concentration
(µg/mL)

Ascorbic
Acid Concentration

(µg/mL)

AECDS AECLS AEUDS AEULS AEMDS AEMLS
Concentration

(µg/mL)

WECDS WECLS WEUDS WEULS WEMDS WEMLS

Inhibition
(%) Inhibition (%) Inhibition (%)

0.06 25.22 ±
0.75 f 0.71 29.40 ±

0.81 g
29.69 ±
0.82 g

31.79 ±
0.86 h

37.20 ±
0.83 e

39.85 ±
0.93 i

41.99 ±
0.97 j 1.00 12.56 ±

0.36 a
13.47 ±
0.38 a

15.02 ±
0.49 b

17.28 ±
0.52 c

34.79 ±
0.68 d

37.11 ±
0.83 e

0.08 45.58 ±
1.28 g,h 0.83 29.70 ±

0.83 d
37.11 ±
0.81 e

45.86 ±
1.29 g,h

45.84 ±
1.29 g,h

45.10 ±
1.1 g

46.49 ±
1.19 h 1.25 14.89 ±

0.44 a
15.38 ±
0.51 a

16.65 ±
0.55 b

21.14 ±
0.62 c

36.48
±0.79 e

39.87 ±
0.87 f

0.10 65.24 ±
1.89 j 1.00 38.12 ±

0.85 d
44.07 ±
1.16 e

50.87 ±
1.39 g

53.55 ±
1.46 h

53.82 ±
1.48 h

60.52 ±
1.70 i 1.67 18.64 ±

0.54 a
19.50 ±
0.58 a

21.57 ±
0.61 b

25.66 ±
0.74 c

43.40 ±
1.07 e

46.27 ±
1.27 f

0.14 82.32 ±
2.42 k 1.25 46.25 ±

1.29 e
53.53 ±
1.44 f

58.63 ±
1.61 h

66.92 ±
1.79 j

58.92 ±
1.65 h

61.84 ±
1.76 i 2.50 23.68 ±

0.67 a
25.86 ±
0.72 b

27.24 ±
0.74 c

38.98 ±
0.89 d

55.12 ±
1.46 g

58.14 ±
1.57 h

0.16 94.54 ±
2.78 j 1.67 60.53 ±

1.72 d
66.29 ±
1.77 f,g

67.35 ±
1.79 f,g

67.49 ±
1.82 f,g

69.23 ±
1.88 h

74.79 ±
1.94 i 5.00 28.23 ±

0.83 a
37.64 ±
0.85 b

38.86 ±
0.87 c

55.95 ±
1.54 c

64.91 ±
1.58 e

68.61 ±
1.85 g,h

Results are expressed as the mean of three determinations ± standard deviation (SD). Different lowercase letters (a–k) indicate statistically significant differences between samples in a
row (p < 0.05) according to the t-test.
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Table 5. The IC50 value of sample extracts vs. ascorbic acid.

Samples IC50 (µg/mL)

Ascorbic acid 2.28 ± 0.06 a

AECDS 4.16 ± 0.12 e

AECLS 3.43 ± 0.10 d

AEUDS 2.89 ± 0.07 b,c

AEULS 2.48 ± 0.06 a,b

AEMDS 2.53 ± 0.07 a,b

AEMLS 2.12 ± 0.05 a

WECDS 10.57 ± 0.29 h

WECLS 7.69 ± 0.23 g

WEUDS 7.48 ± 0.21 g

WEULS 4.91 ± 0.14 f

WEMDS 3.38 ± 0.09 d

WEMLS 3.00 ± 0.08 c,d

Results are expressed as the mean of three determinations ± standard deviation (SD). Different lowercase letters
(a–h) indicate statistically significant differences between samples on the column (p < 0.05) according to the t-test.

Table 6. Individual polyphenols (mg/g) detected using LC/MS from Sambucus nigra L. extracts.

Gallic
Acid

(mg/gd.w.)

Epicatechin
(mg/g d.w.)

Caffeic
Acid
(mg/g
d.w.)

β-
Rezolcilic
(mg/g d.w.)

Cumaric
Acid

(mg/gd.w.)

Rutin
(mg/gd.w.)

Ferulic
Acid
(mg/g
d.w.)

Rosmarinic
Acid

(mg/g d.w.)

Resveratrol
(mg/g d.w.)

Quercitine
(mg/g d.w.)

AECDS 0.30 ±
0.01 c

0.27 ±
0.01 c

0.15 ±
0.01 b nd * 0.13 ±

0.01 b
6.57 ±
0.30 b

0.28 ±
0.01 c,d

0.41 ± 0.02
a

0.49 ±
0.02 c

2.24 ±
0.09 a

AECLS 0.33 ±
0.01 c,d

0.29 ±
0.01 c

0.26 ±
0.01 c nd 0.15 ±

0.01 b
7.19 ±
0.35 c

0.25 ±
0.01 c

0.54 ± 0.02
b

0.51 ±
0.02 c,d

2.61 ±
0.10 b

AEUDS 0.35 ±
0.01 c,d

0.31 ±
0.01 c,d

0.32 ±
0.01 d nd 0.17 ±

0.01 b
7.22 ±
0.35 c

0.26 ±
0.01 c

0.58 ± 0.02
b

0.56 ±
0.02 d,e

2.65 ±
0.11 c

AEULS 0.37 ±
0.01 d

0.32 ±
0.01 c,d

0.35 ±
0.01 d

0.02 ±
0.00 a

0.41 ±
0.02 c

7.96 ±
0.37 d

0.13 ±
0.01 a,b

0.68 ± 0.03
c

0.61 ±
0.03 e

2.57 ±
0.10 b,c

AEMDS 0.58 ±
0.02 e,f

0.39 ±
0.01 e,f

1.37 ±
0.05 f

0.03 ±
0.00 a

0.45 ±
0.02 c

7.96 ±
0.41 d

0.32 ±
0.01 d

1.24 ± 0.04
d

0.87 ±
0.03 f

4.57 ±
0.21 e

AEMLS 0.62 ±
0.02 f

0.42 ±
0.02 f

1.42 ±
0.06 f

0.05 ±
0.00 a

0.51 ±
0.02 d

9.15 ±
0.45 e

0.47 ±
0.02 e

1.38 ± 0.05
d

0.89 ±
0.03 f

5.46 ±
0.25 f

WECDS 0.18 ±
0.01 a

0.15 ±
0.01 a,b

0.07 ±
0.01 a

0.01 ±
0.00 a

0.41 ±
0.02 c

7.93 ±
0.36 d

0.12 ±
0.01 a

0.38 ± 0.01
a

0.28 ±
0.01 a

2.57 ±
0.11 b

WECLS 0.20 ±
0.01 a,b

0.18 ±
0.01 a,b

0.10 ±
0.01 a,b

0.02 ±
0.00 a

0.41 ±
0.02 c

7.95 ±
0.36 d

0.13 ±
0.01 a,b

0.42 ± 0.02
a

0.27 ±
0.01 a

2.56 ±
0.10 b,c

WEUDS 0.17 ±
0.01 a

0.14 ±
0.01 a

0.06 ±
0.01 a nd 0.08 ±

0.01 a
5.12 ±
0.25 a

0.10 ±
0.01 a

0.40 ± 0.02
a

0.25 ±
0.01 a

2.52 ±
0.09 b

WEULS 0.24 ±
0.01 b

0.20 ±
0.01 b

0.28 ±
0.01 c

0.02 ±
0.00 a

0.42 ±
0.05 c

7.91 ±
0.34 d

0.13 ±
0.01 a,b

0.37 ± 0.01
a

0.35 ±
0.01 b

3.56 ±
0.18 d

WEMDS 0.38 ±
0.01 d

0.33 ±
0.01 c,d

0.35 ±
0.01 d nd 0.41 ±

0.02 c
7.93 ±
0.35 d

0.16 ±
0.01 b

0.71 ± 0.03
c

0.69 ±
0.02 e

4.59 ±
0.22 e

WEMLS 0.55 ±
0.02 e

0.35 ±
0.01 d,e

1.18 ±
0.04 e

0.03 ±
0.00 a

0.40 ±
0.02 c

7.95 ±
0.36 d

0.25 ±
0.01 c

0.68 ± 0.03
c

0.71 ±
0.02 e

4.56 ±
0.20 e

Results are expressed as the three-determination mean ± standard deviation (SD). Different lowercase letters
(a–f) indicate statistically significant differences between samples (p < 0.05) according to the t-test. * nd—not
detectable.

Statistically significant differences (p < 0.05) were recorded between samples obtained
by different extraction methods (C, U, and M) but also between samples for which different
extraction solvents were used (AE and WE). In the case of individual polyphenols, the
drying method influenced the recorded values to a lesser extent.
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From the analysis of the obtained results, it can be observed that, in this case also, the
content of polyphenolic compounds was influenced by the drying method, the solvent
used for extraction, and the extraction method used.

In terms of individual polyphenol content, the values recorded for the 12 extracts were
in agreement with the values reported in the literature. Thus, Ferreira-Santos et al. [38]
reported a quercitin content in Sambucus nigra L. flowers ranging from 181.2 to 577.1 µg/g.
Other authors reported similar rutin contents, i.e., between 2.51– and 3.7 g/kg, ferulic acid
of 2.51 g/kg, and quercitin of 0.79 g/kg [39]. Rojas-Ocampo et al. [40] reported for Sambucus
nigra L. flowers a content of 0.98414 mg/g f.w. epicatechin, 0.04450 mg/g f.w. caffeic acid,
and 0.05813 µg/g f.w. coumaric acid. Ferreira-Santos et al. [41] reported in their study a
rosmarinic acid content ranging between 411 and 1563.5 mg/L, and Kucekova et al. [42]
reported a caffeic acid content of 0.91319 mg/g d.w. In another study, Ferreira et al. [43]
reported for gallic acid, values ranging between 0.53– and 2.00 mg/g d.w.; for caffeic acid,
between 0.21 and 1.5 mg/g d.w.; for coumaric acid, between 0.17 and 0.45 mg/g d.w.;
for ferulic acid, between 0.22 and 0.49 mg/g dw; and for quercitin, between 0.027 and
9.48 mg/g d.w. Viapiana and Wesolowski [28] reported a quercitin content in Sambucus
nigra L. flowers between 2.07 and 9.48 mg/g d.w. and Demasi et al. [44] reported epicatechin
contents between 0.018 and 0.118 mg/g d.w. and for quercetin 23.4 mg/100 g.

3.4. Cluster Analysis of Variables

Figure 8 shows Multivariate Cluster Variables for the TPC (a) and FRAP (b) values of
the analyzed samples.
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4. Conclusions

The experimental results obtained in this work revealed that the type and level of active
principles in the 12 extracts analyzed differed depending on the drying method, the solvent
used for extraction, and the extraction method used. Between the two drying methods used,
freeze-drying resulted in the preservation of a higher number of bioactive compounds.
Also, between the two solvents (70% ethyl alcohol and water) used to obtain the extracts, the
alcohol resulted in the extraction of a higher number of bioactive compounds. Comparative
analysis of the three extraction methods, conventional extraction, ultrasound-assisted
extraction, and microwave extraction, led to the conclusion that the optimal extraction
method for extracting active principles from Sambucus nigra L. flowers is the microwave
method, followed by ultrasound extraction and conventional extraction. This paper had
an innovative and applied character, which aimed to establish the optimal conditions for
the extraction of bioactive compounds in order to ensure that the maximum content of
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compounds with strain-specific antioxidant or antimicrobial activity is obtained, depending
on the intended use.
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