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Abstract: This research aimed to reveal the chemical composition of different fractions obtained by
sequential extraction of purple coneflower (Echinacea purpurea) roots and to evaluate the antimicrobial
activity of some of them. Hexane, chloroform, ethyl acetate, and water were used as solvents
to obtain the corresponding extracts. A GC-MS analysis was employed to reveal the chemical
composition of hexane, chloroform, and ethyl acetate fractions. Conventional and ultrasound-assisted
water extraction was performed to isolate inulin-type polysaccharides. Eighteen microorganisms
were used for testing the antimicrobial activity of the obtained organic extracts. From GC-MS
analysis more than forty compounds were detected in the fractions, including fatty acids, organic
acids, fatty alcohols, sterols, and terpenes. Only in ethyl acetate extract were found mannitol
and fructose isomers, while in chloroform extract were detected α- and β-amyrin, and betulin.
Ethyl acetate fraction demonstrated the highest antimicrobial activity against 11 microorganisms
(Bacillus cereus, B. amyloliquefaciens, Staphylococcus aureus, Listeria monocytogenes, Salmonella enteritis,
Escherichia coli, Enterococcus faecalis, Pseudomonas aeruginosa, Candida albicans, Saccharomices cerevisiae,
and Peniclium sp.). The polysaccharide fractions were structurally characterized by FT-IR and
NMR studies as linear inulin having β-(2→1)-linked Fru units and a T-Glc unit linked α-(1→2).
Inulin from coneflower roots showed poor flowability, promising bulk and tapped density, swelling
properties, and better oil-holding than water-holding capacity. This study demonstrated the potential
of coneflower root fractions as a rich source of phytochemicals with antimicrobial activities and
potential prebiotic activity due to inulin content (15% yield) and echinacea root as a useful biobased
industrial crop/material.

Keywords: extract; lipids; fatty acids; polysaccharide; nutritional indexes; GC-MS; HPSEC; NMR;
IR-FT; functional properties

1. Introduction

Purple coneflower (Echinacea purpurea (L.) Moench.), a species of the family Asteraceae,
is an herbaceous perennial plant, which is cultivated mostly due to its well-known health-
promoting properties. Parts of the plant are used in the treatment of infectious diseases
of the respiratory tract [1]. An echinacea-containing pharmaceutical preparation is often
composed of extract prepared by decocting or macerating the dried, whole, or cut parts of
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the plant. To conduct the extraction by these techniques the plant material is soaked/heated
with a solvent (water, alcohol) for some time. Despite their simplicity, traditional tech-
niques have drawbacks, including lower yields, the use of large quantities of solvents, a
negative environmental effect, and the degradation of heat-sensitive compounds during
high-temperature treatment. These problems are largely overcome by developing more
efficient, selective, sustainable, and ‘green’ extraction methods. On the one hand, these
techniques (supercritical fluid, microwave-assisted, and ultrasound-assisted extraction,
etc.) frequently offer high yields, saving time, energy, and solvents, but on the other, they
require specialized equipment, thus increasing the cost of the process [2–5].

Although several modern ‘green’ extraction methods are available, they are not yet
actively used in the preparation of echinacea extracts. This is probably due to the lack of
information about the effect of these approaches on the quantity and quality of echinacea
constituents which necessitates further investigation.

Many research studies provide valuable insight into a low number of important
constituents of the purple coneflower roots. Reports noted that roots and their extracts
are a source of constituents different in nature such as alkamides, caffeic acid derivatives,
essential oils, polysaccharides, and glycoproteins [1,6–8]. In addition, studies on the
evaluation of consecutively obtained extracts from the roots are still scarce or completely
missing in the available literature. The fact remains that scientists examined only a very low
number of phytochemicals (phenolic components, etc.) but more exhaustive phytochemical
composition analyses of different organic extracts have not been carried out. Moreover, the
antimicrobial activity and an evaluation of the potential healthy properties of echinacea
extracts seemed not to be performed.

Another important constituent of echinacea root is polysaccharide inulin. According
to different reports, the juice of the echinacea plant contains heterogeneous polysaccharides
(MW < 10 kDa), inulin-type fructans (MW = 4–6 kDa), and an acidic arabinogalactan
polysaccharide (MW = 70 kDa) [9,10]. It is known that E. purpurea inulin-type fructans
mainly comprise β-(2→1)-linked fructosyl units, terminal glucose, and terminal fructose,
and a minor portion of β-(2→1; 2→6)-linked branch point [11]. Fructans in the plant
showed many biological activities such as immunomodulatory, antioxidant, and antiviral
activity [12]. Therefore, isolation of inulin-type fructans remains a challenge.

The search for appropriate ‘green’ methods for the extraction of inulin included the
application of different approaches such as microwave and ultrasonic irradiation, pressure-
liquid extraction, and others that save time and cost and improve the yield of the obtained
inulin [2–5,13]. Although echinacea is widely exploited as a herbal supplement, there
are insufficient data in the available literature on the application of ‘green’ methods for
the extraction of inulin from echinacea plants. There are no reports in the literature, to
our knowledge, focused on investigating the effectiveness of ultrasound-assisted extrac-
tion. Moreover, until now detailed characteristics about the physicochemical and powder
flowability properties of inulin from echinacea are still absent.

Therefore, the study was concerned essentially with investigating phytochemical con-
stituents of different (n-hexane, chloroform, ethyl acetate, and water) extracts. The selected
extract was subsequently obtained and characterized in a detailed way, including phyto-
chemical composition, using GC-MS, and antimicrobial activity. Additionally, spectroscopic
and chromatographic techniques were employed to characterize inulin polysaccharides
obtained from conventionally and ultrasonic-treated water extract. The result of the study
could be useful in the practical application of E. purpurea-constituents as food supplements
and nutraceuticals.

2. Materials and Methods
2.1. Plant Material

Dry echinacea roots were purchased from an herbal drugstore in Plovdiv, Bulgaria.
The plant material was produced by Bilki Ltd. (Krasno Selo, Sofia, Bulgaria). The roots were
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pulverized with a laboratory grinder and the powder material was then sieved through
0.5 mm.

2.2. Fractional Extraction of Purple Coneflower Roots

Ground echinacea roots (100 g) were successively extracted by maceration for 24 h
with each of the following solvents: hexane, chloroform, and finally with ethyl acetate
(Figure S1 and Scheme S1). The solid-to-solvent ratio was 1:5 (w/v). The solids were
separated through a Buchner funnel filtration. The extracts were evaporated to dryness
using a rotary vacuum evaporator and stored under nitrogen.

2.3. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

The dry echinacea extracts obtained as described above (Section 2.2) were saponified
with an ethanolic solution of 2 M KOH under reflux for 1.5 h. After cooling, the obtained
extracts were separated in triplicate by liquid–liquid extraction with n-hexane. GC-MS
analysis was conducted on gas chromatograph Agilent Technology Hewlett Packard 7890 A,
connected with mass detector Agilent Technology 5975 C inert XL EI/CI MSD at 70 eV,
under conditions as previously described [14]. The obtained mass spectra were examined
using 2.64 AMDIS (Automated Mass Spectral Deconvolution and Identification System),
National Institute of Standardization and Technology, USA.

2.4. Nutritional Indexes Calculation

A polyunsaturated-to-saturated fatty acids (PUFA/SFA) ratio, an index of atherogenic-
ity (IA), an index of thrombogenicity (IT), a hypocholesterolemic/hypercholesterolemic
ratio (HH), a health-promoting index (HPI), and a linoleic acid/linolenic acid (LA/ALA)
ratio were calculated from the GC-MS composition data following the formulas described
in Chen and Liu [15].

2.5. Determination of Antimicrobial Activity of Extracts
2.5.1. Test Microorganisms

Eighteen microorganisms (Gram-positive and -negative bacteria, yeasts, and fungi)
were picked out from the collection of the Department of Microbiology at the University of
Food Technologies, Plovdiv, Bulgaria, for the investigation of antimicrobial activity [16].

2.5.2. Culture Media

For the cultivation of test bacteria, a Luria–Bertani agar medium was used, while for
the cultivation of yeasts and fungi malt extract agar was employed. The culture media
were prepared according to the manufacturer’s instructions (Scharlab SL, Barcelona, Spain)
and autoclaved at 121 ◦C for 20 min before use.

2.5.3. Antimicrobial Activity Assay

The antimicrobial activity of purple coneflower extracts was determined by the con-
ventional agar well diffusion method as described previously by Tumbarski et al. [16].

2.6. Isolation of Polysaccharide from Purple Coneflower Roots

The defatted residue obtained as described above (Section 2.2) was further extracted
using distilled water as a solvent (1:10 w/v). Conventional extraction was conducted
under reflux at 100 ◦C for 60 min under constant stirring. In an additional experiment,
ultrasound-assisted extraction was conducted in the ultrasonic bath IsoLab (Wertheim,
Germany) under constant ultrasonic frequency 40 kHz, 120 W powers at a temperature of
80 ◦C for 20 min. The water extracts were recovered through Buchner funnel filtration. The
extraction was repeated twice. The combined extracts were precipitated with the addition
of four volumes of acetone, then cooled at −18 ◦C for 24 h and filtration was carried out.
The crude polysaccharide was dried and dissolved in hot water, precipitated, and washed
with acetone. The resulting precipitate was vacuum-dried (Scheme S1).
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2.7. High-Performance Liquid Chromatography Analysis of Polysaccharide

The purity of polysaccharide was analyzed by HPLC instrument Elite Chrome Hitachi
with a Shodex® Sugar SP0810 (300 × 8.0 mm i.d.) with Pb2+ and a guard column at
85 ◦C, coupled with a refractive index detector (VWR Hitachi Chromaster, 5450, Tokyo,
Japan) [17].

2.8. Spectroscopic Characterization of Polysaccharide

The IR spectra (2 mg) were collected on a Fourier transform infrared (FT-IR) spec-
trophotometer VER-TEX 70v (Bruker, Bremen, Germany) in KBr pellets. The spectra were
recorded in the 4000–400 cm−1 range at 64 scans with a resolution of 2 cm−1.

1H and 13C NMR spectra of polysaccharide samples (20 mg/0.6 mL 99.95% D2O)
were recorded using a Bruker AVIII 500 MHz spectrometer. The degree of polymerization
(DP) was determined by end-group analysis from the 1H-NMR spectrum, as previously
described [18]. Two-dimensional hetero-nuclear multiple quantum correlation spectroscopy
(HSQC) and heteronuclear multiple bond correlation spectroscopy (HMBC) were used to
assign the signals and showed the inter-residue linkages and sequence, respectively.

2.9. Molecular Weight Distribution Analysis

Polysaccharide samples (3 mg/mL) were solubilized in deionized water and further
run on a Nexera–i LC-2040C Plus UHPLC system (Shimadzu Corporation, Kyoto, Japan)
attached with a 20A refractive index detector employing an Agilent Bio SEC-3 (300 Å,
4.6 × 300 mm, 3 µm) column. A mobile phase composed of 0.15 M NaH2PO4 (pH 7.0) and
a flow rate of 0.5 mL/min was used for the separation of samples and standards. A P-82 kit
of pullulans (Shodex 159, Showa Denko, Kawasaki, Japan) having molecular mass range
(0.59–78.8) × 104 g/mol and Orafti® inulin (DP 25) from chicory were employed for the
building of a calibration curve.

2.10. Melting Point and Functional Characterization of Isolated Polysaccharide

The melting point of polysaccharide was measured on a melting point apparatus
Kofler.

2.10.1. Color

Color measurement of the inulin samples was undertaken with a portable colorimeter
Model WR-10QC D 65 lighting, a 10◦ standard observer angle, and an 8-mm aperture in
the measuring head colorimeter, following the CIELAB (L*, a*, b*) system, where L*, a*,
and b* are lightness (0 = black, 100 = white), coordinate for green, and coordinate for blue
color, respectively. An inulin standard was used for calibration. The following equations
were used to compute the Hue angle and Chroma:

h∗ = tan−1(b∗/a∗), (1)

C∗ab =
√

a∗2 + b∗2 (2)

2.10.2. Swelling Properties, Water- and Oil-Holding Capacity

The capacities of water-holding and oil-holding of echinacea polysaccharides together
with their swelling properties were evaluated according to Robertson et al. [19].

2.10.3. Angle of Repose

Five grams of polysaccharides was used for the procedure for measuring the angle
of repose. All experiments were performed according to the procedure described by
Sharma et al. knowing the height (H) and the radius of the cone (R) [20].
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2.10.4. True, Bulk, Tapped Densities, and Flowability

Polysaccharide sample (10 g) was transferred to a 50 mL measuring cylinder. The
volume of the sample was estimated. The cylinder was then tapped 500 times, and the final
volume of the sample was recorded. The bulk and tapped density were computed as a
weight-to-volume ratio [21]. The values of the calculated parameters were employed for the
determination of the Carr index and Hausner ratio giving the flowability and cohesiveness
of the powdered samples [21].

2.10.5. Wettability

To determine wettability, a method by A-sun et al. was used with modification
consisting in mass and volume change [22]. Wettability represents the time(s) required for
a powdered mass (50 mg) to submerge completely by being introduced on the surface of
distilled water with known volume, and temperature (20 mL and 20 ◦C) without agitation.

2.11. Statistical Analysis

All extractions were carried out in duplicates. All chromatographic analyses were
carried out in duplicates, while the other analyses were performed in triplicates. All results
were presented with the means and standard deviations (if applicable and except for
otherwise stated).

3. Results
3.1. Characterization of Echinacea Root Extracts

Initially, we obtained hexane, chloroform, and ethyl acetate extracts of echinacea roots.
Amongst them, the chloroform extract was obtained with the highest yield (4.6%), while
the hexane (0.3%) and ethyl acetate (0.4%) fractions were obtained with considerably lower
yields. As a next step, we carried out a GC-MS analysis of the obtained three extracts. The re-
sults are summarized in Table 1. It can be seen that forty-nine compounds were detected in
different fractions, as ethyl acetate one contained the most representatives—44 compounds
(including alcohols, organic acids, alkanes, sugars, fatty alcohols, fatty acids, and phy-
tosterols). In this fraction only, five alcohols (propylene glycol, butane-2,3-diol, glycerol,
phenylethyl alcohol, mannitol), six organic acids (β-hydroxybutyric, benzoic, succinic,
fumaric, malic and pyroglutamic acids), n-tetradecane, and fructose isomers were found.
Fatty alcohols, fatty acids, and phytosterols were detected in all fractions, while triterpenes
were found only in the hexane fraction. Thirty-two compounds were detected in the chlo-
roform fraction, while thirty-three compounds comprised the n-hexane fraction. Mainly,
phytosterols, unsaturated fatty acids, and triterpenes dominated in the hexane fraction.
Fatty acids were major constituents of the chloroform fraction—82.46% of total ion current
(TIC), followed by the hexane fraction 76.28% of TIC. However, alcohols, organic acids,
sugars, and triterpenes did not constitute the chloroform fraction. The highest content of
saturated fatty acid (SFA) was detected in the chloroform fraction—46.29% of TIC, as 50%
was due to palmitic acid C16:0. Another interesting finding of the study was that essential
unsaturated linoleic acid C18:2 and α-linolenic acid C18:3 dominated in the n-hexane and
ethyl acetate fractions, as linoleic acid C18:2 represented more than 50%.

Table 1. GC-MS profile of different subsequent extracts from purple coneflower (Echinacea
purpurea) roots.

№ Compound RT RI Hexane Fraction Chloroform Fraction Ethyl Acetate Fraction

Alcohols
1. Propylene Glycol 4.32 1011 ND 1 ND 0.46
2. Butane-2,3-diol 4.84 1044 ND ND 1.00
3. Glycerol 7.22 1267 ND 0.40 6.00
4. Phenylethyl Alcohol 6.85 1185 ND ND 0.17
5. Mannitol 14.88 1904 ND ND 1.80

Organic acids
6. β-Hydroxybutyric acid 6.08 1152 ND ND 0.31
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Table 1. Cont.

№ Compound RT RI Hexane Fraction Chloroform Fraction Ethyl Acetate Fraction

7. Benzoic acid 7.05 1241 ND ND 0.22
8. Succinic acid 7.63 1314 ND ND 1.97
9. Fumaric acid 8.29 1365 ND ND 0.60
10. Malic acid 9.22 1460 ND ND 0.49
11. Pyroglutamic acid 10.72 1588 ND ND 1.89

Alkanes
12. n-Tetradecane 8.51 1400 ND ND 0.64

Sugars
13. Fructose isomer 13.13 1853 ND ND 4.75
14. Fructose isomer 13.24 1859 ND ND 6.66

Fatty alcohols
15. n-Eicosanol 18.95 2175 1.14 0.56 0.41
16. n-Heneicosanol 22.95 2489 1.95 2.67 3.86
17. n-Docosanol 26.00 2595 1.34 1.16 1.27

Fatty acids
18. Caproic acid C6:0 5.16 1060 0.24 0.61 0.38
19. Enanthic acid C7:0 6.31 1163 0.33 0.96 0.50
20. Caprylic acid C8:0 7.18 1260 0.13 0.45 0.30
21. Pelargonic acid C9:0 8.10 1357 2.57 3.17 2.85
22. Capric acid C10:0 9.19 1455 0.74 0.40 0.26
23. n-Undecanoic acid C11:0 10.42 1551 0.46 0.83 0.50
24. Pimelic acid 10.68 1584 ND 0.35 0.23
25. Lauric acid C12:0 11.63 1659 0.12 1.51 0.45
26. Suberic acid 11.70 1730 ND 0.92 1.98
27. Azelaic acid 13.08 1782 0.51 2.70 3.32
28. Myristic acid C14:0 13.89 1871 0.20 0.32 0.45
29. Pentadecylic acid C15:0 15.43 1940 0.80 0.63 0.55
30. Palmitelaidic acid C16:1 16.69 2018 0.32 0.28 0.83
31. Palmitic acid C16:0 17.06 2046 16.01 24.33 12.38
32. Margaric acid C17:0 18.65 2140 0.77 0.50 0.65
33. Ethyl linoleate 18.80 2149 2.21 1.37 0.94
34. Linoleic acid C18:2 19.76 2206 26.11 21.18 18.02
35. α-Linolenic acid C18:3 19.84 2217 12.05 8.52 4.84
36. Elaidic acid C18:1 19.93 2223 1.65 0.85 0.68
37. Stearic acid C18:0 20.26 2239 4.44 6.16 3.66
38. Arachidic acid C20:0 22.47 2438 3.61 0.52 1.52
39. n-Heneicosanoic acid C21:0 23.60 2513 1.29 2.93 0.95
40. Behenic acid C22:0 26.38 2624 0.95 2.10 1.49
41. Lignoceric acid C24:0 28.86 2809 0.78 0.86 1.82

Phytosterols
42. Campesterol 34.43 3266 1.21 0.93 0.54
43. Stigmasterol 34.77 3287 2.02 1.29 0.85
44. β-Sitosterol 35.67 3339 12.13 8.37 5.22

Triterpenes
45. β-Amyrin 35.85 3346 0.67 ND ND
46. Lanosterol 35.91 3351 0.83 0.61 ND
47. α-Amyrin 36.00 3357 0.59 ND ND
48. Cycloartenyl acetate 36.74 3389 0.48 ND ND
49. Betulin 37.63 3420 0.32 ND ND

Total identified 98.95 98.45 98.65
Fatty acid 76.28 82.46 59.55
Saturated fatty acid (SFA) 33.43 46.29 28.71
Unsaturated fatty acid (UFA) 42.34 32.20 25.32
Triterpenes 2.89 0.61 -
Phytosterols 15.36 10.60 6.61

1 % of TIC; ND—not detected; RT—Retention time; RI—Retention index.

3.1.1. Healthy Indices of Extracts

Since fatty acids were the major constituents of examined extracts, we used the
fatty acid composition data to calculate the ΣPUFA/ΣSFA ratio, IA, IT, HH, HPI, and
LA/ALA indexes (Table 2). Thus, the potential health benefits of the different lipid con-
stituents/fractions can be evaluated and compared with those available in the literature.
Due to the high PUFA content, the hexane fraction was characterized by the highest
ΣPUFA/ΣSFA ratio (≈1.3) by comparison with the other two. It seems reasonable to
suggest that a suitable supplementation may lessen the risk of cardiovascular disease.
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Moreover, this fraction was also characterized by lower values of IA (0.44), and IT (0.42),
and a higher HH ratio (2.34) indicating that the atherogenic, thrombogenic, and hyper-
cholesterolemic fatty acids comprised negligible amounts of the hexane extract. This
suggested that the hexane fraction possessed a higher ‘quality’ of the lipid constituents than
chloroform and ethyl acetate fractions which may contribute to the minimization of athero-
genic and thrombogenic factors. The higher HPI value of hexane extract than those of the
chloroform and ethyl acetate extracts appeared to indicate a positive effect of this fraction
on health consisting in reducing the risk of cardiovascular disease and inflammation.

Table 2. Healthy indices of different subsequent extracts from purple coneflower (Echinacea
purpurea) roots.

Nutritional Indices Hexane Fraction Chloroform Fraction Ethyl Acetate Fraction

ΣPUFA/ΣSFA 1.27 0.70 0.88
Index of atherogenicity (IA) 0.44 0.91 0.64
Index of thrombogenicity (IT) 0.42 0.84 0.69
Hypocholesterolemic/hypercholesterolemic
(HH) ratio 2.34 1.14 1.72

Health-promoting index (HPI) 2.50 1.19 1.73
Linoleic acid/α-linolenic acid (LA/ALA) ratio 2.17 2.49 3.72

Concerning the LA/ALA index, the hexane fraction had the lowest ratio, while the
other two extracts were characterized by higher values. Although this ratio has a lower
reference value when concerning the nutritional value of food for adults, it is assumed that
lower values are nutritionally adequate.

3.1.2. Antimicrobial Activity of Extracts

The antimicrobial activity of hexane, chloroform, and ethyl acetate extracts, all in
a concentration of 10 mg/mL, was tested against eighteen microorganisms (Table 3).
All fractions demonstrated antimicrobial activity against 11 microorganisms (B. cereus,
B. amyloliquefaciens, L. monocytogenes, S. aureus, S. enteritis, E. coli, E. faecalis, P. aeruginosa,
C. albicans, S. cerevisiae, and Peniclium sp.), as ethyl acetate fraction demonstrated the high-
est activity, followed by n-hexane fraction. Interestingly, the chloroform fraction showed
the lowest antimicrobial activity most probably because of a lack of alcohols, organic acids,
and triterpenes constituents in the fraction. By contrast, the presence of organic acids, short-
and medium-chain fatty acids could explain the higher activity of ethyl acetate extract. The
activity of the hexane fraction most probably was due to the presence of a higher amount of
triterpenes. In general, all echinacea extracts were inactive against fungi such as Asp. niger
ATCC 1015, Asp. flavus, Rhizopus sp., F. moniliforme ATCC 38932, and Mucor sp.); however,
they showed low activity against Penicillium sp. and yeasts as C. albicans NBIMCC 74 and
S. cerevisiae.

Table 3. Antimicrobial activity of different subsequent extracts from purple coneflower (Echinacea
purpurea) roots.

Test Microorganism Hexane Fraction Chloroform Fraction Ethyl Acetate Fraction

Bacillus subtilis ATCC 6633 12 ** 11 12

Bacillus amyloliquefaciens 4BCL-YT 10 10 10

Staphylococcus aureus ATCC 25923 11 9 16

Listeria monocytogenes ATCC 8632 10 10 10

Enterococcus faecalis ATCC 29212 9 9 10

Salmonella enteritidis 10 9 9

Klebsiella sp. - - -
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Table 3. Cont.

Test Microorganism Hexane Fraction Chloroform Fraction Ethyl Acetate Fraction

Escherichia coli ATCC 25922 11 10 15

Proteus vulgaris ATCC 6380 - - -

Pseudomonas aeruginosa ATCC 9027 12 10 17

Candida albicans NBIMCC 74 8 * 8 8

Saccharomyces cerevisiae 9 9 9

Aspergillus niger ATCC 1015 - - -

Aspergillus flavus - - -

Penicillium sp. 8 8 8

Rhizopus sp. - - -

Fusarium moniliforme ATCC 38932 - - -

Mucor sp. - - -

- no inhibition; * resistant with inhibition zones up to 12 mm or completely missing; ** moderately sensitive with
inhibition zones from 12–18 mm; dwell = 6 mm.

3.2. Physicochemical Characteristics of Polysaccharide

Physicochemical characteristics of isolated inulin from Echinacea purpurea roots were
presented in Table 4. Interestingly, the yield of polysaccharide obtained by classical extrac-
tion was higher than that obtained by the ultrasound-assisted extraction method. However,
classically extracted polysaccharide was characterized by lower purity (58%) by compar-
ison. It appears that the high purity of polysaccharide led to an increase in the melting
point of polysaccharide extracted by ultrasound-assisted water extraction. Both polysac-
charides were characterized by a molecular mass of 4.0–4.5 kDa which was very close
to the molecular mass of the used inulin standard (4.0 kDa). Polydispersity is used to
indicate the broadness of molecular weight distribution. This index was calculated as
Mw/Mn = 1.04, which further confirmed the homogeneity of echinacea polysaccharide.
Additionally, the DP was estimated using the mean ratio between the integrals of proton
signals (H3-Fru and H4-Fru) and the integrals of the anomeric H1-Glc in the 1H-NMR
spectrum. The additional calculation was performed from molecular weight divided by
162 g/mol. By our calculation, it was found that the DP of isolated polysaccharides was
in a range of 13–16 which was slightly lower than the chromatographically determined
(Section 3.3; Figure 1).

Table 4. Physicochemical characteristics of inulin-type fructan from purple coneflower (Echinacea
purpurea) roots.

Characteristics Classical Extraction Ultrasound-Assisted Extraction References

Yield, % 18.7 ± 1.2 15.4 ± 2.1 5.9–12 [10]
8.87 [23]

Purity, % 57.7 ± 1.5 72.4 ± 0.5 82.2 ± 2.5 [10]

Melting point, ◦C 188–190 203–205 186.5 [10]

Molecular weight
Mw, Da
Mn, Da

3890 4050
4500 [24]
4378 [10]
5000 [25]

3740 3895 4226 [10]

Polydispersity index 1.04 1.04 1.04 [10]

Degree of polymerization 24 25
24–25 [23]

25–29 (avg DP 27) [10]
33–55 [11]
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Table 4. Cont.

Characteristics Classical Extraction Ultrasound-Assisted Extraction References

Degree of polymerization (NMR) 13 16 -

L 73.07 ± 1.28 79.80 ± 5.94 -

a 27.31 ± 1.84 29.32 ± 1.70 -

b 7.59 ± 1.54 8.82 ± 0.50 -

C 26.18 ± 2.30 27.95 ± 1.92 -

∆E 34.90 31.49 -

hº 16.17 17.74 -

Angle of repose (◦) 23.22 23.03 -

Wettability, min 2.03 2.46 -

True density (g/mL) 0.63 1.25 -

Bulk density (g/mL) 0.37 0.27 -

Tap density (g/mL) 0.55 0.45 -

Carr’s index 33 41 -

Hausner ratio 1.50 1.68 -

Flowability Fair Bad -

Cohesiveness High High -

- absent data in the literature.

1 

Figure 1. Cont.
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1 

Figure 1. HPSEC of inulin polysaccharide isolated from echinacea root: (a) conventional extraction;
(b) ultrasound-assisted extraction; (c) inulin standard with DP 25.

The results on the color characteristics are indicated in Table 4. The color characteristics
of polysaccharide obtained by classical extraction were very close to that of polysaccharide
extracted by ultrasound. The data showed a decrease in lightness (L*) and an increase in
redness (a*) and yellowness (b*) of the samples. It can be seen that the red component
predominates in the isolated inulin from echinacea by ultrasonic extraction. For compar-
ison, the data for color characteristics of chicory inulin Raftiline HPX were as follows:
L = 99.87 ± 0.23; a = 24.66 ± 6.07; b = −3.87 ± 6.77; C = 28.75 ± 6.36 and h◦ = 26.11, which
showed that isolated echinacea inulin was near to commercial inulin, but was darker
and yellow.

The various physical and functional parameters of inulin isolated by classical and
ultrasonic extraction are also summarized in Table 4. Higher values of the Hausner ratio
(>1.4), Carr’s index (25), and the angle of repose (20◦) pointed out that the polysaccharide
samples had fair to bad flowability and high cohesiveness. Table 4 also shows that a
difference between bulk and tapped densities occurred, which suggested that this powder
sample exhibited very poor flowability. However, inulin from echinacea showed short wet-
ting times and promoted inulin particle solubility. These parameters tend to be influenced
by moisture, particle characteristics, and the adhesiveness of the material.

3.3. Molecular Weight Distribution Analysis of Polysaccharide

The molecular weight distribution pattern of the isolated polysaccharides is repre-
sented in Figure 1 below. It can be seen that the elution profile of conventionally extracted
polysaccharide (Figure 1a) looked remarkably similar to that of the polysaccharide obtained
by ultrasound-assisted water extraction (Figure 1b). The polysaccharides comprised low
molecular weight populations having a molecular weight in the range of the inulin standard
(DP 25) used (Figure 1c). The peaks were eluted (7.5–10 min) without a pronounced tailing
implying that there was no heterogeneity within the samples. Bearing in mind the data for
purity (Table 4) and the retention time, the corresponding peaks can be attributed largely
to inulin fractions that occupied a very high percentage (100%) of the total peak area, and
thus a higher part of the isolated polysaccharides.

3.4. FT-IR and NMR Spectroscopic Analyses of Polysaccharide

To reveal more structural information about isolated polysaccharides, different spectro-
scopic techniques were employed. The obtained FT-IR spectra of isolated polysaccharides
after classical and ultrasonic extraction are shown in Figure 2. It was found that both
spectra contained main bands characteristic of inulin-type fructan. FT-IR spectra clearly
showed a broad band at about 3370 cm−1 typical for stretching vibrations of OH groups,
and molecular hydrogen bonds. Additionally, it was observed a band at 1033 cm−1 with
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two shoulders at about 1129 cm−1 and 989 cm−1. Similar characteristic bands were de-
scribed by Grube et al. for Raftiline inulin [26]. The bands at 1129 cm−1 were characteristic
of C—O—C ring stretching vibrations and the bands at 1027 cm−1 were assigned with
C—O stretching vibrations in the furanose ring, and the band at around 937 cm−1 may be
due to the presence of an α-glucopyranosyl unit in the inulin molecule [26]. Olennikov et al.
identified the band at 937 cm−1 as characteristic of a furanose ring [27]. Absorption bands
at about 874 cm−1 and 819 cm−1 were strongly indicative of 2-ketoses in furanose form and
proved the CH2 ring vibration of β-anomer and the presence of 2-ketofuranose [28]. The
presence of bands in the IR spectrum was close to the reported 818, 874, and 937 cm−1 for
inulin indicating the presence of a β-(2→1) glycosidic bond [27].

 

2 

 
  Figure 2. FT-IR spectrum of inulin polysaccharide isolated from echinacea root: (a) conventional

extraction; (b) ultrasound-assisted extraction.

Concerning NMR data, in the 1H-NMR spectrum (Figure 3b) of polysaccharide from
echinacea roots shifts at δ 4.11 (H3f), δ 4.27 (H4f) and those at 3.71 to 3.94 (H1f, H5f, and
H6f) together with one isolated resonance for the single anomeric α-glucose proton (H1g)
at 5.36 ppm were diagnostic of the skeleton protons of fructose ring. The integration
ratio between 3.3 ppm to 4.2 ppm of fructofuranose and H-1 of glucopyranose could
be used to calculate the DP of inulin-type fructan. The 13C-NMR spectrum (Figure 3a)
contained six peaks, originating from carbon from the fructose unit, which were observed at
103.20 (C2f), 81.03 (C5f), 76.94 (C3f), 74.23 (C4f), 62.08 (C6f), and 60.85 (C1f) ppm. However,
the signals from the glucose unit were not observed in this spectrum. The common
situation for the superposition of glucose shifts was reported for inulin from echinacea and
burdock [10,11]. In the 13C-NMR spectra were noticed one signal (103.20 ppm) assigned to
the C-2 carbon that participated in β-(2→1)-D-fructofuranosyl-fructose bonds. The data
from 1D-NMR (1H and 13C) spectra proved the linear structure of inulin from echinacea
roots. Additionally, fructose units linked with β-(2→1) bonds and only one terminal glucose
residue linked α-(1→2) comprised the polysaccharides. Five shifts were found in the non-
numeric region of the DEPT135 spectrum (Figure S2). The other well-resolved signals at
62.07 and 60.84 ppm were due to two CH2 atoms from C1 and C6 from fructose units, while
three other resonating at 81.03, 76.94, 74.23 ppm were assigned to CH- groups from C3, C4,
and C5 atoms of fructofuranosyl ring. To deduce the structure of glycosyl residues HMBC
experiments were conducted (Figure 3c). The HMBC spectrum confirmed a correlation
between the H1-Fru/C2-Fru of fructosyl residues thus supporting the proposal that (2→1)-
linked-β-D-fructofuranosyl units were present as previously described [10,29,30]. This
experiment further proved the existence of a linear chain. The HSQC spectrum of the
polysaccharide (Figure 3d) contained a weak cross-peak between δ 5.36 and 92.21 ppm that
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arose from the H-1 resonance of α-D-Glcp unit and corresponded to the C-1 of glucose at
92.28 ppm. Due to very weak signals, the assignment of other protons occurring in the
range of 3.5–4.0 ppm was not completed.

 

3 

 
  

(a) (b) 

(c) (d) 

Figure 3. NMR spectrum of inulin polysaccharide isolated from echinacea root: (a) 13C spectrum;
(b) 1H spectrum; (c) HMBC spectrum; (d) HSQC spectrum.

3.5. Functional Properties of Polysaccharides

The results on functional properties (swelling properties, oil, and water-holding
capacity) of the isolated inulins are shown in Figure 4. From the data in the graph, it is
apparent that samples have better oil-holding capacity than water-holding capacity. In
general, the inulin obtained by ultrasonic extraction was distinguished by the highest oil
holding capacity (5.93 g oil/g sample), as well as with good swelling capacity–3.89 g/cm3.
All inulins exhibited a similar water-holding capacity of about 2 g water/g sample.

 

4 

 
Figure 4. Functional properties of inulin isolated from Echinacea purpurea roots.
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4. Discussion
4.1. Characterization of Echinacea Root Extracts

The current study focuses on different echinacea root extracts and reveals their phyto-
chemical constituents. Based on GC-MS analysis, it was revealed the presence of different
organic compounds (alcohols, organic acids, sugars, fatty acids and alcohols, triterpenes,
phytosterols, polysaccharides, etc.). Amongst phytochemicals, fatty acids were the most
abundant. Palmitic acid, linoleic acid, α-linolenic acid were the major fatty acid components.
Similar findings were made in an earlier study. For example, some authors also found
domination of linoleic acid, in the fatty oil of Echinacea purpurea fruits and roots obtained
by n-hexane extraction [31,32]. Our findings for saturated fatty acids, phytosterols, and
terpenes in n-hexane fraction were in good agreement with the reported data in the litera-
ture. Coelho et al. found sixty-four non-polar compounds in hexane and dichloromethane
extracts of E. purpurea (L.) Moench roots evaluated by GC/MS equipment. The most abun-
dant compounds were sterols, fatty acids, and long-chain hydrocarbons [29]. Their study
stated that the most distributed compounds in the n-hexane echinacea root extract were
fatty acids, mainly saturated–palmitic acid (C16:0) and stearic acid (C18:0), unsaturated–
9,12-octadecadienoic acid (linoleic acid, C18:3, long-chain hydrocarbons (14.6%) and sterols
(13.9%). However, in our case, phytosterols in the hexane fraction were 15.36% of TIC,
as β-sitosterol represented 79% of the total detected sterols. In our case, five triterpenes
(α- and β-amyrin, lanosterol, cycloartenyl acetate, and betulin) were found in the n-hexane
fraction, while in chloroform only lanosterol was found. To the best of our knowledge,
for the first time, two dicarboxylic acids (suberic and pimelic acid) and three odd-chain
fatty acids (enanthic acid C7:0, pelargonic acid C9:0, margaric acid C17:0) and elaidic acid
C18:1 were found in extracts. Pelargonic acid (C9:0) dominated in all extracts in comparison
to other odd-numbered fatty acids. The presence of dicarboxylic azelaic acid and other odd-
numbered fatty acids (n-undecanoic acid C11:0, pentadecylic acid C15:0, n-heneicosanoic
acid C21:0) was reported earlier by Coelho et al. [32].

The hexane fraction was in contrast to chloroform and ethyl acetate fractions as regards
the lipid health indices. The value of the hexane ΣPUFA/ΣSFA ratio (1.3) fell within the
recommendable range of 1.0 to 1.5. Although there is no specific value for the n-6/n-3 ratio,
it is recommended the optimal value of this ratio be 1:1 to 4–5:1 [15,33]. Our calculation
revealed that the hexane, chloroform, and ethyl acetate values fell within the recommended
range (Table 2, LA/ALA ratio). Regarding IA and IT, it is assumed that lower values of these
indices correspond to a lower risk of cardiovascular disease. By using IA and IT indices for
different kinds of fats and oils (seed, fruit, nut, etc.), it can be assessed the potential effects
of fatty acid constituents on cardiovascular disease [15,33]. Our calculations about IA and
IT indices were consistent with the previous findings on some plant oils. Interestingly,
IA and IT were identical to those of argan and avocado oils and comparable with those
of some crops such as cumin, and guar seed [15] but bear no comparison with rapeseed,
sunflower, almond, and pecan oils [33].

Our research findings indicated that hexane, chloroform, and ethyl acetate extracts
possessed moderate antimicrobial activity against different microorganisms. Our observa-
tions were in line with those of earlier studies [32,34,35]. For example, Stanisavljević et al.
reported that 70% aqueous ethanol echinacea extracts showed considerable growth inhibi-
tion on Candida albicans and Saccharomyces cerevisiae, while no growth inhibition zones were
observed for Aspergillus niger [34]. Different commercially existing extracts of different
species and parts (including roots) of coneflower together with their fractions showed
comparable phototoxic activity against fungi and yeasts (Candida spp. and S. cerevisiae).
The exhibited activity was largely due to the presence of ketoalkenes and ketoalkynes
in the extracts [35]. In our case, ethyl acetate fraction showed moderate antimicrobial
activity against Gram-negative microorganisms, such as P. aeruginosa ATCC 9027 and E. coli
ATCC 25922 as well as against Gram-positive (S. aureus ATCC 25923 and B. subtilis ATCC
6633). Our findings were in good agreement with the data obtained by Coelho et al. [32].
These researchers reported that the highest antimicrobial activity was displayed by the
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dichloromethane, ethyl acetate, and acetone echinacea root extracts. In our study, the
increased potential of inhibiting Gram-positive bacteria showed not only the n-hexane
extract but also the ethyl acetate fraction. The antibacterial activity of E. purpurea root
extracts against Gram-negative bacteria such as P. aeruginosa and E. coli was also confirmed
by other reports [36].

4.2. Characterization of Echinacea Root Polysaccharides

Based on chromatographic and spectral analyses both polysaccharides were character-
ized as typical inulin-type fructans. However, the extraction method seems to influence the
yield of polysaccharide material since polysaccharides differ in yield. Despite ultrasound
having a cell wall-breaking effect, causing an easier extraction of constituents, the yield
of inulin obtained by ultrasonic extraction (15.4%) was lower than classically extracted
(18.7%). It may be that a short time (20 min) and a lower temperature (80 ◦C) employed
for ultrasound-assisted extraction by comparison with classical extraction (60 min, 100 ◦C)
resulted in a lower yield of polysaccharide. However, this yield of polysaccharide obtained
by ultrasound-assisted extraction was higher than reported earlier for inulin isolated after
microwave-assisted extraction (12%) [10]. The extraction conditions determine not only
the yield but also the purity of isolated polysaccharides. For example, the purity of inulin
obtained by ultrasound- (72%) and microwave-assisted extractions (82%) was higher than
classical extraction (57%) [10]. Therefore, the higher yields and reduced time of extraction,
together with improved efficiency of the extraction process were a clear advantage of
ultrasound-assisted extraction over classical extraction.

There were similarities in the molecular weight distribution patterns of both polysac-
charides, although different extraction approaches were employed (Figure 1). Our findings
about molecular mass were in agreement with previous studies on inulin type-fructan
from echinacea root [10,24,25,37]. In the current study, we also used the 1H-NMR spectrum
to evaluate the DP of extracted polysaccharides followed by the calculation of molecular
weight. However, these results differed somewhat from those determined by the chromato-
graphic method. The lower values of molecular weight and degree of polymerization in
our case could be explained with specifics of the used analytical technic (e.g., solubility
of the sample and complexity caused by the overlapping resonances). Nevertheless, we
can compare our results with a previously published study on echinacea polysaccharide.
For example, Wack and Blaschek obtained three polysaccharide fractions characterized
by a higher DP: 80% ethanol-insoluble fructan (DP 35), 60% ethanol-insoluble fructan
(DP 44), and 40% ethanol-insoluble fructan (DP 55). Polysaccharides were also purified
from the juice of aerial parts of this plant, as it was found that inulin-type fractions had a
molecular weight of 6 kDa corresponding to DP 37 [9,37]. Our previous study reported on
the isolation of inulin-type fructan with an average DP of 27 (4.3 kDa) from echinacea roots
by microwave-assisted water extraction [10]. Other scientists found inulin from echinacea
roots with 4.5 kDa molecular mass [24]. An important point to remember is that inulin-type
fructan from echinacea roots has a significant biological function and that its chain length
(DP) and molecular weight have an impact on these properties [12,38,39].

Since this study set out to characterize mainly echinacea polysaccharide constituent,
we conducted not only chemical characterization of the polysaccharide but also investigated
its flow properties—the angle of repose, Carr’s index, and Hausner ratio. These indices
were very important for the packaging and transportation of powdered pharmaceutical
and food additives. According to Nandi’s classification, both polysaccharides possessed
very poor/very cohesive flow because Carr’s index and Hausner’s ratio had values of
32–37% and 1.46–1.59, respectively [40]. Moreover, Sherrington and Sherrington mentioned
that a poor-flowing material (e.g., a fine powder) should be characterized by the existence
of larger interparticle interactions, and thus much difference between bulk and tapped
density values, and therefore a larger Carr’s index should be observed as in our case [41].
A high number of hydrophilic groups in inulin gives an adequate explanation for the
observed short wetting times and promoted inulin particle solubility [42]. To the best of
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our knowledge, this is the first detailed report about the functional and physicochemical
properties of inulin from echinacea roots.

As regards color characteristics, our data for the lightness of inulin were comparable
with some data for other inulin isolated from different plant sources such as chicory,
Jerusalem, and globe artichoke [43,44].

The investigation of the functional properties of the isolated polysaccharides revealed
that both polysaccharides exhibited better oil-holding capacity than water-holding capacity.
These results did not contradict our previous findings. For example, functional properties
regarding swelling properties only 4.2 mL/g sample, the oil-holding capacity of this
polysaccharide (3.0 g oil/g sample), and the water-holding capacity (1.7 g water/g sample)
were similar to those of echinacea inulin obtained by microwave-assisted extraction [10]. By
comparison, the obtained values for water- and oil-holding capacities of echinacea inulin
were close to previously reported data for long-chained chicory (1.59 g water/g sample and
3.4 g oil/g sample, respectively) [45]. However, our results on the oil-holding capacity of
echinacea inulin were more than twice time higher than the reported values for Asparagus
falcatus inulin (101.62 g corn oil/100 g dw inulin), Taraxacum javancium inulin (72.50 g corn
oil/100 g dw inulin) [46], commercial chicory inulin and globe artichoke inulin (1.37 and
1.38 g oil/g sample, respectively) [44] and Jerusalem artichoke 1.02 g oil/g sample [47].

Therefore, we can safely draw conclusions from our discussion, that due to the better
oil-holding properties, echinacea inulin can be used as a functional ingredient to improve
taste, consistency, and other sensory properties of the formulated product, reduce syneresis,
and modify texture.

The current study provided compositional information about different organic extracts
and examined their antimicrobial activity. We obtained different fractions from one plant
source having different compositions and displaying different properties. In addition, a
comparison between traditional and a ‘green’ ultrasound-assisted extraction technique for
inulin extraction was performed. Although, in our case, ultrasound-assisted extraction
did not provide a higher yield, the resulting polysaccharide was characterized by a higher
purity in contrast to conventionally extracted one. Moreover, this study yielded detailed
characteristics of the physicochemical and powder flowability properties of inulin from
echinacea. However, further study should express an interest in examining a wide range of
biological activity (anticancer, immunomodulatory, etc.) not only of organic extracts but
also of the obtained inulin. Thus, information about the influence of extraction techniques
on biological properties will be gathered.

5. Conclusions

We performed a detailed study on the phytochemical composition of different echi-
nacea root extracts. It was found that fatty acids were the major components whereas
fatty alcohols, phytosterols, sugars, and triterpenes were minor constituents. Amongst all
extracts, hexane extract had a high ΣPUFA/ΣSFA ratio, HH ratio HPI value, and lower
values of IA and IT suggesting that it exhibited a good ‘quality’ of the lipid constituents.
Ethyl acetate extract, on the other hand, demonstrated better antimicrobial activity than the
other extracts. It was revealed that ultrasonic-treated water extract contained linear inulin
composed of fructose units linked with β-(2→1) bonds and a terminal glucose unit linked
α-(1→2) having DP and molecular-wight properties similar to the standard used. Both
polysaccharides had very poor/very cohesive flowability contrary to the better oil-holding
capacities. Our findings point to the possibility of incorporating inulin as a functional ingre-
dient to improve taste, consistency, and other sensory properties of the formulated product,
reduce syneresis, and modify texture. The main conclusion to be drawn from this study
is that extracts are a rich source of different phytochemicals (lower and higher molecules)
and that echinacea roots can be used as a useful pharmaceutical and biobased material.
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preparation from echinacea roots. Figure S2: DEPT135 NMR spectrum of inulin polysaccharide
isolated from echinacea root.
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