Iﬂ,ﬂ separations

Article

Chemometric Approach of Different Extraction Conditions on
Scavenging Activity of Helichrisym italicum (Roth) G.

Don Extracts

Branislava Teofilovi¢ 1-*
Strahinja Kovacevié 3

check for
updates

Citation: Teofilovi¢, B.; Balaz, F.;
KaradZi¢ Banjac, M.; Gruji¢-Leti¢, N.;
Gligori¢, E.; Kovacevi¢, S.;
Podunavac-Kuzmanovig, S.;
Stojanovi¢, S. Chemometric
Approach of Different Extraction
Conditions on Scavenging Activity of
Helichrisym italicum (Roth) G. Don
Extracts. Separations 2023, 10, 436.
https://doi.org/10.3390/
separations10080436

Academic Editor: Paraskevas

D. Tzanavaras

Received: 19 June 2023
Revised: 24 July 2023
Accepted: 27 July 2023
Published: 2 August 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Filip Balaz 2, Milica KaradZi¢ Banjac
, Sanja Podunavac-Kuzmanovié¢ ® and Srdan Stojanovié¢

3 1

, Nevena Grujié-Leti¢ !, Emilia Gligori¢ 10,
4

1 Faculty of Medicine, University of Novi Sad, Hajduk Veljkova 3, 21000 Novi Sad, Serbia;
nevena.grujic-letic@mf.uns.ac.rs (N.G.-L.); emilia.sefer@mf.uns.ac.rs (E.G.)

Krka-Farma d.o.o Beograd, Jurija Gagarina 26/v/II, 11000 Belgrade, Serbia; filip.balaz@gmail.com
Faculty of Technology, University of Novi Sad, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia;
mkaradza@uns.ac.rs (M.K.B.); strahko@uns.ac.rs (S.K.); sanya@uns.ac.rs (S.P.-K.)

International Center of Professional Studies, College of Professional Studies, 11000 Belgrade, Serbia;
srdjan.stojanovic@iceps.edu.rs

*  Correspondence: branislava.teofilovic@mf.uns.ac.rs; Tel.: +381-65-95-97-007

Abstract: Helichrysum italicum (Roth) G. Don is widely used as a liver stimulant and diuretic, as
well as an antioxidant, antiallergenic, antimicrobial, antiviral, choleric, and antihypertensive agent.
Therefore, the purpose of this study was to analyze the different extracts of H. italicum and to
determine the relationship between total phenolic/flavonoid content and antioxidant activity. Plant
material was pulverized to be 0.3 and 2 mm, and the extraction was obtained with 5 mL of different
ethanol concentrations (30, 40, 50, 60, 96%, v/v) and water during different periods (10, 30, 60 min
and 24 h) and with concentrated methanol (95%, v/v), dichloromethane, acetone, chloroform, ethyl
acetate, and hexane during 10 and 30 min due to solvents volatility. Extracts were evaporated on the
rotary evaporator. Total phenolic and flavonoid content were determined via spectrophotometric
measurement, and antioxidant capacity was investigated by the inhibitory activity of DPPH radicals.
The group of 92 extracts described through their TPC, flavonoids, yield, and ICsy values were
subjected to PCA and HCA analysis. PCA and HCA were performed using Statistica v 10.0 software.
The number of phenolic compounds ranged from 2.58 + 0.1 to 43.60 + 0.3 mg GAE/g of dry
extract, and total flavonoids content ranged from 0.25 & 0.01 to 23.96 & 0.19 mg QE/g of dry extract.
All extracts showed good antioxidant activity with an ICsy value in the range from 4.92 + 0.2 to
231.12 £ 1.9 ug/mL. PCA and HCA analysis were performed on the whole data set comprising
92 extracts for both particle sizes (s0.3 and s2) as well as heat map analysis. It was found that the
increased time of extraction, concentration of ethanol, and degree of fragmentation enhances the
quality of the extracts in terms of phenolic component content and antioxidant effects. Applied
chemometric analysis contributed to the extraction conditions grouping, overview, and selection in
order to distinguish the extracts with the promising TPC, flavonoids, yield, and ICs5; values.

Keywords: Helichrysum italicum; scavenging capacity; chemometrics; classification; antioxidants

1. Introduction

Helichrysum italicum (Roth) G. Don fil. (Asteraceae), also known by the name immortelle,
is a plant that holds a significant place in traditional medicine. Due to certain pharmaco-
logical activities, H. italicum has become a subject of substantial contemporary research.
Regardless of all the benefits recognized by the Committee for Herbal Medicinal Products
(HMPC) and the European Medicines Agency (EMA), clinical research on new plant species
is still not highly extensive [1]. H. italicum is used primarily along the Mediterranean region,
in the areas of its natural habitat, in countries such as Bosnia and Herzegovina, Spain, Por-
tugal, and Italy. The flowers and leaves of the plant are traditionally used in the treatment
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of various health problems, including allergies, skin damage, cold, inflammation, cough,
liver and gallbladder disorders, infections, and insomnia. Also, it has been recognized that
H. italicum is used in medicine and pharmaceuticals due to its proven anti-inflammatory,
antioxidant, antimicrobial, antiviral, and anti-HIV properties [2]. Nowadays, essential oils
of H. italicum are widely used in the perfume and cosmetics industry and have an extensive
application for different skin conditions such as allergies, scars, and inflammation [3]. H.
italicum extracts are the essential ingredients of anti-wrinkle creams, especially for the
female population.

The pharmacological activity of H. italicum depends on the bioactive compounds in
plants. Phenolic acids and flavonoids are dominant compounds in H. italicum, which are
responsible for the strong antioxidant activity that can prevent oxidative stress and its
consequences [4,5]. Oxidative stress occurs when there are not enough antioxidants that can
neutralize free radicals. Free radicals are unstable, highly reactive, and independent molecu-
lar classes. They can be generated endogenously (inflammation, exercise, ischemic injuries)
or exogenously (cigarette smoke, air pollutants, radiation, pesticides, industrial agents)
and can lead to homeostatic imbalance and cell damage by attacking vital macromolecules.
Oxidative stress is associated with many disorders and diseases such as atherosclerosis,
certain cancers, inflammatory reactions (arthritis, lupus erythematosus, vasculitis), the
aging process, ischemia (heart disease, stroke), emphysema, gastric ulcer, hypertension,
neurological disorders, and alcoholism [5,6]. Antioxidants are highly stable molecules
that can donate an electron and neutralize free radicals. They neutralize free radicals by
donating a hydrogen atom or by a single electron transfer mechanism and, in that way,
delay or inhibit cellular damage and reduce oxidative stress by interacting with free radicals
and breaking the chain reaction before damaging important molecules [5,7,8]. The activity
of antioxidant defense includes several levels. The first level is suppression of the formation
of free radicals and suppression of the initiation or stopping of the propagation of chain
reactions. The second level is recovery and emergence of “de novo” antioxidants that rec-
ognize, destroy, and remove oxidatively modified proteins and prevent the accumulation
of oxidized proteins. And the final level is adaptation, where the signal for the production
of free radicals induces the formation and transport of antioxidants to the appropriate
place [6].

Extraction methods, conditions, and solvents have a great impact on yield, total
phenolic compounds content, antioxidant capacity, bioavailability, and bioefficacy [9,10].
The influence of extraction conditions on the antioxidant activity of H. italicum has not yet
been sufficiently investigated, although studies on this topic have taken place [11].

Nowadays, to process and present results of previously conducted research, chemo-
metric tools are widely implemented and various regression and classification methods
are applied in the pharmaceutical chemistry domain [12-14]. Classification tools such as
principal component analysis (PCA) and hierarchical cluster analysis (HCA) have been
mentioned in studies concerning different herbs: ashwagandha and rasayana [15], basil [10],
epimedium [16], aromatic herbs [17], etc. Additionally, PCA and HCA, as well as heat
map analysis, were applied to detect similarities and dissimilarities among the 92 observed
extracts in the space of TPC (total phenols content), flavonoids, yield, and ICs.

2. Material and Methods
2.1. Chemicals

Aluminum chloride, gallic acid, dichloromethane, hexane, and chloroform were pur-
chased from Sigma Aldrich (St. Louis, MO, USA); methanol, ethyl acetate, and sodium
carbonate from POCH (Gliwice, Poland); and quercetin from Extrasynthese (Genay Cedex,
France). Ethanol was obtained from J.T. Baker (Deventer, The Netherlands), and 2,2-
diphenyl-1-picrilhydrazil (DPPH) reagent from Alfa Aesar (Karlsruhe, Germany). The
Folin-Ciocalteu’s reagent was obtained from Merck (Darmstadt, Germany). All solutions
were prepared with ultrapure water, and all solvents and reagents were of an analytical
grade unless otherwise indicated.
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2.2. Plant Material and Preparation

Identification of the voucher specimens (Helichrysum italicum (Roth) G. Don; Bosna
and Hercegovina, Trebinje, Leutar; Branislava Teofilovi¢; 2-0699) was confirmed, and the
specimens were deposited at the Herbarium of the Department of Biology and Ecology
(BUNS Herbarium), Faculty of Sciences, University of Novi Sad, Serbia. The plants were
collected in the city of Trebinje (Bosna and Hercegovina). The total phenolic content,
flavonoids, extraction yield, and inhibition of DPPH radicals were determined in 92 (8 water,
48 ethanolic, and 36 organic) obtained extracts. The plant material was air-dried and stored
at room temperature in a dark and dry place until the moment of analysis. One gram of
plant material was pulverized in a blender, and the mean particle size was determined
by a sieve set (CISA Cedaceria Industrial, Barcelona, Spain) to be J 0.3 and & 2 mm (s0.3
and s2). The extraction was obtained with 5 mL of different ethanol concentrations (30, 40,
50, 60, 96%, v/v) and water during different periods (10, 30, 60 min and 24 h) and with
concentrated methanol (95%, v/v), dichloromethane, acetone, chloroform, ethyl acetate,
and hexane during 10 and 30 min due to solvents volatility. Samples were filtered and
rinsed with another 5 mL of specific solvent and evaporated on the rotary evaporator.

2.3. Total Phenolic Content

The amount of total phenolic compounds in the extracts was determined colorimet-
rically with the Folin-Ciocalteu (FC) reagent [9,10]. In total, 0.5 mL of 0.2 M FC reagent
(10 times diluted commercial FC reagent) was added to 0.1 mL of 0.1% methanolic dilution
of a dry extract. After 5 min of shaking in a vortex mixer, 0.4 mL of the prepared sodium
carbonate solution (7%, w/v) was added to the test tubes. The mixtures were incubated in
a dark place at room temperature for 30 min, after which the absorbance was measured
on a UV-Vis spectrophotometer at 760 nm. Distilled water was used as a blank. The
concentration of the total phenolic compounds was expressed as a milligram of gallic acid
equivalents (GAE) per gram of a dried extract (d.e.), using the standard curve of gallic acid
(y = 0.2559x + 0.3345; R? = 0.9963). All analyses were performed in triplicate.

2.4. Flavonoid Content

Flavonoid content in the investigated samples was measured spectrophotometri-
cally, using a method based on the formation of the yellow-colored complex flavonoid-
aluminum [18]. In total, 2 mL of methanolic diluted samples was separately mixed with
1 mL of 2% AICls x 6 HyO. After incubation at room temperature for 15 min, the ab-
sorbance of the mixtures was measured at 430 nm. Distilled water was used as a blank. The
flavonoid content was expressed as a milligram of quercetin equivalents (QE) per gram
of dried extract (d.e.) by using the standard line (y = 0.0039x + 0.012; R? = 0.999). All
measurements were carried out in three repetitions.

2.5. Antioxidant Activity

Antioxidant capacity was determined using the DPPH method [19]. Different volumes
(10-50 pL) of methanolic diluted dry extracts were mixed in the test tubes with 1 mL of
DPPH solution (0.1 mM in methanol) and diluted to a final volume of 4 mL with methanol.
Methanol (95% ©v/v) was used as a blank, and a mixture of 95% methanol (3 mL) and
DPPH reagent (1 mL) was used as a control. After 30 min, the absorbance of the control,
sample, and blank was determined by spectrophotometric measurement at a wavelength of
A =515 nm. Sample and control absorbances were measured in triplicate. Radical scavenger
capacity (%RSC) was calculated using the following equation:

%RSC =100 X (Acontrol — Asample)/ Acontrol @

The ICs) (half maximal inhibitory concentration) value, defined as the concentration
of the test sample leading to 50% reduction in the free radical concentration was calcu-
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lated graphically and expressed in pg of the extract per mL of the final solution in the
measuring cell.

2.6. Chemometric Analysis

The group of 92 extracts described through their TPC, flavonoid, yield, and ICs( values
were subjected to PCA and HCA analysis. PCA and HCA were performed using Statistica
v 10.0 software (StatSoft). If a certain correlation among the data is present, a data reduction
technique named PCA can be applied [20]. PCA is used for the similarity and dissimilarity
detection among the samples, as well as for grouping of the samples. As a result of PCA
analysis scores and loadings plot arise scores as the new coordinates of the projected objects
and loadings that reflect the direction with respect to the original variables. HCA analysis
groups similar objects into the same clusters [21]. A result of HCA analysis is shown as a
dendrogram where the horizontal axis is the distance or dissimilarity between the clusters.
Clustering can be conducted based on Ward's linkage method and Euclidean distance [22].

3. Results and Discussion
3.1. Extraction Yield

Table 1 shows the influence of solvent polarity, extraction time, and fragmentation
level of the plant on the extraction yield of H. ifalicum. It can be seen that higher yields were
obtained with a particle size of 0.3 mm, which is in agreement with a similar study in which
the authors demonstrated that by increasing the fragmentation degree, the surface area of
the plant grains (particles) increases, which enables better contact of the plant material with
the solvent [10]. The impact of solvent polarity on the extraction yield was investigated, and
better results were gained with ethanolic and water solvents in comparison with organic
solvents. Teofilovi¢ et al. also obtained better extraction yield after using polar solvents [9].
This can be explained by the ability of polar solvents to extract polar components, among
which are phenolic acid and flavonoids. Among all samples, the maximum extraction yield
was achieved by using 60% ethanol (220.38 &= 1.4 mg/g of dry extract). In a similar study,
Bojilov et al. also obtained the highest yield by using diluted ethanol (60% EtOH) [4]. The
extraction time also has an influence on total yield. The longer period of extraction gave a
better result due to the extension of the contact between the solvents and the plant material.
Other authors who studied extraction conditions also confirmed this [19,23].

Table 1. Extraction yields of H. italicum with different solvents.

Solvents, s0.3

30% Et 40% Et 50% Et 60% Et 70% Et 96% Et Water Meth Et-ac Chlorof Acet Met-chl Hex
10/ 1712+ 15 180.7 £ 0.6 1873+ 1.2 182.6 = 0.9 163.2 0.8 41.8 +£0.2 1414+ 09 63.5+0.1 16.7 £0.3 246+0.2 242+02 136 £03 95+05
30’ 175.0 £ 1.9 1832+1.1 188.6 = 1.2 1943 £ 0.6 178.5+ 0.9 483+ 0.8 166.1 0.2 733 +0.1 177 £02 28.7+£0.2 255+0.1 173 £0.1 10.6 £0.1
60 185.0 £ 1.2 1920+ 1.6 1944+ 1.1 1951+ 0.9 178.8 £ 0.8 534+ 0.4 167.1 £ 1.0 80.8 0.3 202401 31.1£02 27.8+0.2 252401 126 £0.1
24h 2125+£13 2187+15 2155+ 1.1 2204 £14 2131 +£08 94.5 £ 0.7 1921+14

Solvents, s2

30% Et 40% Et 50% Et 60% Et 70% Et 96% Et Water Meth Et-ac Chlorof Acet Met-chl Hex
10/ 90.83 £ 0.7 109.93 £ 1.0 141.83 £ 1.1 130.18 £ 0.7 11117 £ 07 2698 + 0.4 139.26 £ 1.0 4725 +04 1545+ 0.3 1822 +£0.1 19.70 £ 0.4 12.85+0.3 744 £0.1
30 106.17 £ 0.8 129.56 + 1.1 158.83 £ 0.9 137.50 + 0.8 11910 £ 1.1 3264403 164.04 £0.2 4870 £0.2 16.68 £0,1 20.54 4 0.1 2226 +0.2 16.73 £ 0.2 7.51+0.1

60"
24h

114.06 £ 0.2
139.37 £ 0.7

154.69 £ 1.0
176.10 £ 1.2

162.02 + 1.4
179.06 + 0.7

146,51 +£1.2
153.85 £ 0.7

126.28 £ 0.9
18758 £1.3

35.16 0.2
61.96 £ 0.5

166.85 + 0.9
17249 £ 0.6

58.89 £ 0.6

17.04 £03

2619+ 0.1

2424402

2219 £0.2

9.73+0.3

3.2. Total Phenolic Content

Phenolic compounds are strong antioxidants, and they react with a variation of free
radicals. The mechanism involves transfer of a single electron, hydrogen atom transfer,
chelation of transition metals, and sequential proton loss electron transfer. The phenolic
structure, especially the benzene ring and the number and position of the OH group, is
associated with antiradical function. The benzene ring is responsible for the stabilization of
antioxidant molecules upon reaction with free radicals [8].

In this research, the amount of total phenolic compounds ranged from 2.58 & 0.1
to 43.60 £ 0.3 mg GAE/g of dry extract (Table 2). These results were lower in compar-
ison with the similar study, in which the results obtained ranged from 49.70 £ 0.52 to
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119.77 £ 2.33 [24]. This can be explained by using different types of extraction as well as
the analysis of different parts of the plant. In our research, the total amount of phenols
decreased in order: organic extracts > ethanolic extracts > water extracts. Phytochemicals
are primarily isolated using organic solvent and its aqueous preparation, but there is no
solvent frequently suitable as the best for extraction of polyphenols. Different solvents
have shown different efficacy in isolating active compounds from various plants. Some
studies have demonstrated that aqueous and organic solvents achieve better extraction
efficiency compared to absolute organic solvents [25]. The highest level of total phenolics
was obtained with organic solvents. In the study from Jarzycka et al., organic solvents were
also more effective for TPC isolation [26]. Extracts treated with different concentrations
of ethanol showed higher potential compared to maceration using distilled water, which
is in accordance with previously obtained results [23]. Water, as a very polar solvent, and
ethanol, as a less polar solvent, can be combined in any proportion. It is known that changes
in the polarity of solvents modify their ability to dissolve a certain group of antiradical
compounds. The maximum phenolic content was obtained by using organic solvents,
especially after 60 min, with a fragmentation level of 0.3 mm. Consequently, if the extracted
surface increases, the solvent is in better contact with the plant, which provides a better
possibility of extraction and an increase in the yield of total phenols [27]. The extraction
time also plays a very important role in the process itself, and with an increase in the
extraction time, the transfer of total phenols improves.

Table 2. Values of total phenolic content (mg GAE/g of dry extract) with different solvents.

Solvents, s0.3

30% Et

40% Et

50% Et 60% Et 70% Et 96% Et Water Meth Et-ac Chlorof Acet Met-chl Hex

10’
30"
60"
24h

122401
145+0.1
159402
169 +0.2

121+01
13.7+03
149 +£0.2
155+0.2

91+02
114 +02
14.6 £0.1
154 +£0.1

126 £0.1
139+03
161 +0.1
164 +0.1

154402
157+0.2
163+0.2
17.14£0.2

14.4+02
158 £0.2
16.9 £ 0.1
17.1+02

26+0.1
64+0.1
81+0.1
92+01

248 +£0.1
28.6 +04
30.6 £ 0.3

9.0+0.2
114+03
150+0.1

175+0.2
20.6 +0.3
31.0+0.3

21.3+£02
328 +£04
43.6 £03

126 £0.1
21.7 +£0.3
251+02

133401
23.0 +£0.2
421+02

Solvents, s2

30% Et

40% Et

50% Et

60% Et

70% Et

96% Et

Water

Meth

Et-ac

Chlorof

Acet

Met-chl

Hex

10’
30
60"
24h

148 £0.2
149 £0.2
152 £ 0.6
15.6 0.1

15.6 £ 0.1
16.9 £ 0.1
171+£02
18.1 £0.1

16.8 £ 0.5
172 +0.1
175+0.1
18.7£0.2

17.7 £0.1
18.1+£0.2
18.5+0.2
18.6 0.1

154 £0.1
16.1 £ 0.1
17.7 £0.1
18.3 £0.1

11.34+0.1
16.0 +0.2
173402
183+ 0.1

122401
13.3+0.2
141401
15.8 0.1

16.3 £ 0.1
232402
233+02

32401
58 +0.1
10.6 0.1

123 4+0.1
20.34+0.2
21.84+0.2

13.7£0.1
263+02
30.0+02

32401
6.6 +0.1
13.2+0.1

13.0£0.2
20.04+0.2
222402

3.3. Flavonoid Content

Flavonoids can induce phase II detoxification enzymes, which represent the main
defense against electrophilic toxicants and oxidative stress. They enhanced the activity
and expression of the antioxidant enzymes such as superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPO), and glutathione reductase (GR) [8].

The results presented in Table 3 indicate that extraction conditions have a great influ-
ence on flavonoid content. Solvents have a great impact on flavonoid yield and increase in
order water extracts < organic extracts < ethanolic extracts. The lowest flavonoid content
in aqueous extract was also verified in another study [10], and this phenomenon can be
explained by the inability of water to extract the glycosides and aglycons of flavonoids,
which are less polar compounds. The solubility of flavonoids in various solvents changes,
so the solvents are chosen according to flavonoids’ polarity. For example, aglycones very
alkylated are preferably extracted with ethyl acetate. In contrast, more polar aglycones
such as hydroxylated ones and glycosides are rather extracted with water, alcohol, acetone,
or mixtures of these solvents [28]. The highest values were achieved after maceration with
ethanol. Water and ethanol can be mixed in any proportion. The extraction with different
concentrations of ethanol showed that the flavonoid content increases by increasing the
concentration of ethanol. The highest yield was obtained with the most concentrated
solvent (96% EtOH), which corresponds to the results of similar studies, where the extrac-
tion of flavonoids was the most successful after maceration with absolute ethanol (100%),
which represents a mono-component system [10,29]. In the examined extracts, flavonoid
content ranged from 0.25 £ 0.01 to 23.96 & 0.19 mg QE/g of dry extract (Table 3), which
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is comparable to a similar study, where the content was in a range from 2.92 £+ 0.03 to
21.96 £+ 0.46 mg QE/g of dry extract [11]. Evidently, the best extraction of flavonoids
was achieved after 24 h maceration, which implies that time has a strong influence on the
extraction. Kaurinovic et al. confirmed that the extraction duration plays a significant
role in optimizing the best sample. A longer extraction period leads to the destruction of
cell walls, and plant material was present in small particles [30]. The influence of plant
fragmentation on flavonoid content was observed (s0.3 and s2), and samples with a higher
disintegration level (s0.3) contained more flavonoids. In addition, smaller particles have
better contact with the solvent, and flavonoids are therefore better extracted.

Table 3. Values of total flavonoid content (mg QE/g of dry extract) with different solvents.

Solvents, s0.3

30% Et

40% Et

50% Et

60% Et

70% Et

96% Et

Water

Meth

Et-ac

Chlorof

Acet

Met-chl

10’
30/
60’
24h

13+01
26+00
32+00
35+0.0

21£00
2.7+£0.0
28+0.0
45+00

30+£01
3.0£0.0
3.7£0.0
4500

35+00
35+00
48+00
51+01

45+0.1
48+0.0
51+0.0
73£0.1

6.9 £0.0
8.6 £0.0
202401
240402

0.27 £0.0
0.7 £0.0
0.8 £0.0
0.9 £0.0

0.7 +0.0
1.0 £0.0
08+0.0

0.8 +0.0
0.9 £0.0
15+00

0.2+£0.0
0.2+£0.0
11+00

0.6 £0.0
14+£0.0
20+£00

0.6 0.0
1.0 £0.0
1.6 £0.0

0.3 £0.0
0.8 £0.0
11+00

Solvents, s2

30% Et

40% Et

50% Et

60% Et

70% Et

96% Et

Water

Meth

Et-ac

Chlorof

Acet

Met-chl

10’
30’
60"
24h

13+£00
1.6+00
1.6+00
1.8+00

1.8+£00
24400
24400
2.7+0.0

20+0.0
27+0.0
29+0.0
31+£0.0

2.7+0.0
31400
32400
45+0.0

33400
3.74+0.0
5.0+0.0
52400

47+01
7.6 +0.1
13.0 £ 0.0
18.0 £ 0.1

03+0.0
0.6 0.0
0.6 0.0
0.7 £0.0

0.7 £ 0.0
0.7 +£0.0
0.8 +£0.0

0.8 +0.0
1.0£00
15+00

02+0.0
02+0.0
11£00

0.6 0.0
14+00
20+0.0

0.6 + 0.0
0.7 +£ 0.0
0.7 +£0.0

0.3 +0.0
0.8 +0.0
11£00

3.4. DPPH Test

The phenolic compounds from plants have a strong antioxidant activity, and it can be
measured by the DPPH assay. The DPPH test is based on electron transfer and hydrogen
atom transfer reactions, and it is a commercial, economic, and quick method to estimate
the radical scavenging activity of nonenzymatic antioxidants. The neutralization of DPPH
radicals by phenolic compounds can be explained by two mechanisms: 1. the phenolic
compound donates a hydrogen atom to the DPPH radical, resulting in a reduced, neutral
DPPH-H form and an aryloxy radical that is resonance stabilized; 2. the aryloxy radical can
react with another DPPH radical, whereby they condense and turn into a neutral molecule.
The mechanism of this activity includes the termination of radical chain reactions and
stimulation of the activity of enzymes involved in antioxidant defense [31,32].

Table 4 shows the concentration of the extracts obtained by maceration with ethanolic,
water, and organic solvents, which is required to inhibit 50% of DPPH radicals (ICsp).
Samples with a lower ICsy value have better antioxidant activity. Table 5 shows the
antioxidant property equivalent to gallic acid, which was obtained by dividing ICsq of each
treatment by ICs of gallic acid. The ICs( of gallic acid was 1.52 ug/mL. The antiradical
activity of extracts increased in order: water extracts < ethanolic extracts < organic extracts.
Solvent polarity has a significant effect on antioxidant activity, and while changing the
polarity of a solvent, an antiradical activity may be changed [9]. Maceration with organic,
mono-component solvents gave extracts that are the most effective radical scavengers. The
extract obtained with ethyl acetate for 60 min showed the best antioxidant activity. Tali¢
et al. obtained the antioxidative potential of methanolic extracts from 23-34 ug/mlL, and
Albayrak et al. from 23.03-47.64 ug/mL, and those results are comparable to our values
(12.08 £ 0.1-45.54 £ 0.5) [3,33]. However, Kladar et al. obtained lower antioxidant activity
for methanolic extract (144.36 £ 7.01 ug/mL), but different parts of the plant were used [11].
Dissimilar results obtained with different parameters can be described by the fact that the
antioxidant activity depends on the mutual ratio of phenolic components in the sample.
The extraction time also has a great influence on antioxidant activity, which improves
by increasing the duration of maceration, as in accordance with the available literature
data [29].
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Table 4. Values of activity of DPPH radical (ug/mL) with different solvents (ICs).
Solvents, s0.3
30% Et 40% Et 50% Et 60% Et 70% Et 96% Et Water Meth Et-ac Chlorof Acet Met-chl Hex
10/ 1072+ 09 1029 +0.8 76.4 £+ 0.6 76.5+0.8 923+ 1.1 62.0+ 0.5 231.1+19 455+ 05 56.7 + 0.4 86.2 4+ 0.6 39.8+03 884+ 0.7 263402
30/ 847 £ 0.7 92.7 + 0.8 66.2 + 0.5 748 £0.8 70.7 £ 0.7 56.2 + 0.4 2079 +£1.9 33.1+03 250403 714406 268 +03 414 +05 212402
60 828 +£0.7 79.7 £ 0.8 57.3 £ 0.6 68.1 + 0.7 64.8 + 0.6 521404 178.1 £ 2.1 17.5+£0.2 158 £ 0.1 66.5+ 0.7 18.7£0.2 33.0+03 182+£0.2
24h 74.0 £ 0.6 544405 554 +£0.6 615+ 0.5 59.8 £ 0.6 355403 1417 +£12
Solvents, s2
30% Et 40% Et 50% Et 60% Et 70% Et 96% Et Water Meth Et-ac Chlorof Acet Met-chl Hex
10/ 95.2 £ 0.7 97.4 £ 0.6 742 £ 0.6 59.7 £ 0.6 83.2+0.8 61.8 £0.5 180.8 £ 1.5 31.2+0.2 19.6 £0.3 71.2£08 379+ 04 424+ 05 269403
30 794 +09 77.5+08 619 £0.7 534+ 04 67.5+0.7 55.3 £ 0.6 1284+ 1.1 204+£02 82+06 31.0£02 254+02 409 £03 169 £0.2
60 749 £ 0.8 520+ 05 55.7 £ 0.4 50.1£0.5 62.6 = 0.6 379 £ 0.4 1250+ 1.1 121 £01 49+02 214+02 8.0+ 0.1 38.8 0.2 134+£0.1
24h 635+ 0.5 194+£02 50.1 £ 04 382+03 49.1+04 333403 975+ 0.8
Table 5. Equivalent ICsg of each extract obtained by different solvents compared to ICs of gallic acid.
solvents, s0.3
30% Et 40% Et 50% Et 60% Et 70% Et 96% Et Water Meth Et-ac Chlorof Acet Met-chl Hex
10/ 705+ 1.2 67.7 £ 2.1 503 £ 2.1 503 £ 0.9 60.7 + 0.8 408 £1.9 1521 +£29 300+ 1.1 373409 56.7 + 1.0 262+09 581+ 18 17.3 £0.6
30’ 55.74 £ 1.9 61.0+ 1.8 43.6 £09 492+08 46.5+ 0.9 370+ 1.1 136.8 £ 2.3 218+ 09 16.5+£0.9 47.0+1.1 17.6 £0.7 272413 14+07
60 544 4+20 524+ 1.6 37.7+£1.1 448 £ 1.0 42.6 + 1.0 343412 1172+ 1.8 115 +06 104 +£05 437 +£12 123 +04 217+ 08 124+03
24h 486+ 1.8 358+ 1.9 364 +£2.0 404 +£0.7 39.4 407 234409 93.2 +2.0
Solvents, s2
30% Et 40% Et 50% Et 60% Et 70% Et 96% Et Water Meth Et-ac Chlorof Acet Met-chl Hex
10/ 62.6 =14 64.1+17 48.8 £ 1.2 39.3+0.7 547+ 1.1 40.7 £ 1.6 1189 £ 2.6 205+ 1.1 129 +£03 46.8 = 1.2 249+11 27.9+09 177 £05
30’ 523+ 13 51.0 £ 1.6 40.7 £23 351+£0.6 444410 364412 845+ 1.9 134 £08 54+01 204+13 16.7 £09 269+ 0.6 111+£03
60’ 493+ 09 342409 36.7 £ 1.0 33.0£0.8 412419 249411 82.3 £ 2.0 794+05 32+£01 141 £06 53+£02 255+ 05 88+0.1
24h 41.8+2.1 128 £0.7 33.0 0.9 251+0.6 323+12 219+13 642 +1.7
The effects of the solvent, particle size, and extraction time on the extraction yield, total
phenolic content, total flavonoid content, DPPH, and ICs are presented in Supplementary
Tables S1-S5. Table 6 shows the correlation matrices for the extraction experiments of the
samples with a particle size of 0.3 and 2 mm and the level of significance of each correlation.
The highest correlation coefficient while observing both particle sizes can be found between
IC50 and extraction yield (0.5713 and 0.4625) as well as between TPC and IC50 (—0.4524
and —0.4521).
Table 6. Correlation matrices for the extraction experiments of the samples with particle size 0.3 and
2 mm.
s0.3 s2
TPC Flavonoids ICsp Yield TPC Flavonoids ICsp Yield
TPC 1.0000 —0.1230 * —0.4524 ** —0.3414 * 1.0000 0.1697 * —0.4521 ** —0.1669 *
flavonoids —0.1230 * 1.0000 —0.0825 0.1241 * 0.1697 * 1.0000 —0.1965 * 0.0713
ICsg —0.4524 ** —0.0825 1.0000 0.5713 *** —0.4521 ** —0.1965 * 1.0000 0.4625 **
yield —0.3414 * 0.1241* 0.5713 *** 1.0000 —0.1669 * 0.0713 0.4625 ** 1.0000

s0.3—fragmentation level of the plants 0.3 mm; s2—fragmentation level of the plants 2 mm; * significant at p < 0.5
level; ** significant at p < 0.01 level; *** significant at p < 0.001 level.

3.5. Chemometric Analysis

PCA and HCA analysis were performed on the whole data set comprising 46 extracts
for both particle sizes (0.3 and 2 mm) as well as heat map analysis. The results of PCA
analysis for a particle size of 0.3 mm are presented in Figure 1 through loading (a) and
score (b) plot. PCA resulted in a two-component model that covers 74.16% of total variance
(PC1 contributing with 48.12% and PC2 with 26.04%, both with eigenvalues higher than 1).
It can be concluded from the loading plot (Figure 1a) that on the distribution of examined
extracts along the PC1 axis the most dominant influence is IC5y and yield, which both have
a very similar influence regarding the positioning of these extracts on the score plot. Both
ICs5p and yield have a negative coefficient of latent variables regarding the PC1 axis. The
score plot presented in Figure 1b indicates that extracts with more volatile solvents (marked
blue) are positioned toward the positive end of the PC1 axis and generally have lower
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values of ICsp and yield, while extracts with less volatile solvents (marked red) are placed
toward the negative end of the PC1 axis and generally have higher values of ICs5j and yield.
Along the PC2 axis, from the loading plot (Figure 1a) it is observed that in the distribution
of the extracts the most dominant influence is flavonoid value with a negative coefficient
of latent variables regarding the PC2 axis. That explains why all extracts are placed in the
central plot area on the score plot (Figure 1b) except extracts labeled 96% EtOH 60 min and

96% EtOH 24 h, which have far greater flavonoid values determined (20.20 and 23.96 mg
QE/gd.e.).
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Figure 1. The results of PCA analysis (loading (a) and score (b) plot) of the extraction experiments of
the samples with particle size 0.3 mm.

Referring to the particle size of 2 mm, loading and score plots are presented in Figure 2.
Two principal components with an eigenvalue higher than 1 were PC1 that covers 44.50%
and PC2 that covers 27.06% of total variance (71.56%). According to the loading plot
(Figure 2a), along the PC1 axis the most dominant influence regarding examined extracts
positioning is IC5p with a negative coefficient of latent variables. From the score plot
(Figure 2b), it can be concluded that extracts with more volatile solvents (marked blue)
are placed toward the positive end of the PC1 axis, and they generally have lower values
of ICsp. Extracts with less volatile solvents (marked red) are placed toward the negative
end of the PC1 axis, and they generally have higher values of ICsg. If we focus on the PC2
axis, it shows the same condition as with the result regarding a particle size of 0.3 mm.
In the distribution of the extracts along the PC2 (Figure 2a), the most dominant influence
is flavonoids value with a positive coefficient of latent variables. That explains why all
extracts are placed in the central plot area on the score plot (Figure 2b) except extracts
labeled 96% EtOH 60 min and 96% EtOH 24 h, which have far greater flavonoids values
determined (20.20 and 23.96 mg QE/g d.e.).
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Figure 2. The results of PCA analysis (loading (a) and score (b) plot) of the extraction experiments of
the samples with particle size 2 mm.

HCA analysis results correspond to those obtained through PCA analysis for both
particle sizes. In Figure 3, a particle size of 0.3 mm is presented and a dendrogram shows
two well-separated clusters at the linkage distance between 300 and 600. The two main
clusters are divided into a few sub-clusters at the linkage distance below 200. Extracts with
fewer volatile solvents are placed in the first cluster, while the extracts with more volatile
solvents are in the second cluster. In Figure 4, a clustering heat map is presented, and it
gives more detailed insight into separation. Extracts labeled 96% EtOH 60 min and 96%
EtOH 24 h are distinguished from others, and they are placed in a separated cluster. These
two extracts possess far greater flavonoids values (20.20 and 23.96 mg QE/g d.e.) than
other extracts.
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Figure 3. The dendrogram of extraction experiments of the samples with particle size 0.3 mm.
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Figure 4. The heat map of extraction experiments of the samples with particle size 0.3 mm.

Results obtained applying HCA analysis with a particle size of 2 mm are presented
in Figure 5. This dendrogram also consists of two well-separated clusters at the linkage
distance between 200 and 400. Both main clusters contain a few sub-clusters at the linkage
distance below 300. The extracts with fewer volatile solvents are positioned in the first
cluster, and extracts with more volatile solvents are placed in the second one. Analyzing
the clustering heat map (Figure 6), it can be noticed that the extract labeled “water 10 min”
is an outlier, while other extracts are placed in two clusters. An extract labeled “water
10 min” has the highest IC5y and the lowest TPC values. Again, extracts labeled “96% EtOH
60 min” and “96% EtOH 24 h” are placed together in one cluster because of their higher
flavonoid values (20.20 and 23.96 mg QE/g d.e.).
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Figure 5. The dendrogram of extraction experiments of the samples with particle size 2 mm.
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Figure 6. The heat map of extraction experiments of the samples with particle size 2 mm.

4. Conclusions

The obtained results showed that H. italicum possesses antioxidant activity, which
is associated with significant content of phenolic compounds. Ethanolic extracts (96%)
contained the greatest flavonoid content and have optimal antioxidant activity. Ethyl
acetate extract showed the best scavenging potential after 60 min. All extracts with higher
fragmentation level gave better results in terms of yield and flavonoid content. A longer
time of extraction showed greater results for yield, total phenolic and flavonoid content,
and DPPH test. Applied chemometric analysis contributed to the extraction conditions
grouping, overview, and selection to distinguish the extracts with promising TPC, flavonoid,
yield, and ICs values. It can be concluded that fragmentation of the plant and extraction
time have a significant impact on producing extracts with optimal antioxidant activity.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/separations10080436/s1, Table S1: The effects of the solvent, particle
size and extraction time on the extraction yield; Table S2: The effects of the solvent, particle size and
extraction time on the total phenolic content; Table S3: The effects of the solvent, particle size and
extraction time on the total flavonoid content; Table S4: The effects of the solvent, particle size and
extraction time on the DPPH; Table S5: The effects of the solvent, particle size and extraction time on
the IC50.
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Abbreviations

DPPH  2,2-diphenyl-1-picrylhydrazyl radical

HCA hierarchical cluster analysis
PCA principal component analysis
FC Folin—Ciocalteu

GAE gallic acid equivalents

d.e. dried extract

QE quercetin equivalents

RSC radical scavenger capacity
1Cs inhibitory concentration
TPC total phenolic compound
FLV flavonoid compound

Et ethanol

meth methanol

et-ac ethyl acetate

chlorof  chloroform

acet acetone

met-chl methyl chloride

hex hexane
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