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Abstract: The aim of this study was to isolate pectins with antioxidant activity from the leaves of
Epilobium angustifolium L. Two pectins, EA-4.0 and EA-0.8, with galacturonic acid contents of 88 and
91% were isolated from the leaves of E. angustifolium L. by the treatment of plant raw materials with
aqueous hydrochloric acid at pH 4.0 and 0.8, respectively. EA-4.0 and EA-0.8 were found to scavenge
the DPPH radical in a concentration-dependent manner at 17–133 µg/mL, whereas commercial
apple pectin scavenged at 0.5–2 mg/mL. The antioxidant activity of EA-4.0 was the highest and
exceeded the activity of EA-0.8 and a commercial apple pectin by 2 and 39 times (IC50—0.050, 0.109
and 1.961 mg/mL), respectively. Pectins EA-4.0 and EA-0.8 were found to possess superoxide radical
scavenging activity, with IC50s equal to 0.27 and 0.97 mg/mL, respectively. Correlation analysis
of the composition and activity of 32 polysaccharide fractions obtained by enzyme hydrolysis and
anionic exchange chromatography revealed that the antioxidant capacity of fireweed pectins is
mainly due to phenolics and is partially associated with xylogalacturonan chains. The data obtained
demonstrate that pectic polysaccharides appeared to be bioactive components of fireweed leaves
with high antioxidant activity, which depend on pH at their extraction.

Keywords: fireweed; pectins; monosaccharide composition; structure–activity relationship; phenolics;
DPPH scavenging properties; superoxide radical-scavenging activity; xylogalacturonan

1. Introduction

Epilobium angustifolium L. (syn. Chamaenerion angustifolium (L.) Scop.) is a widespread,
circumboreal perennial medicinal plant of the Onagraceae family. It is a native plant of
many countries of the Northern hemisphere, and is commonly known as fireweed or
rosebay willowherb [1]. E. angustifolium is often used as a domestic herbal remedy for
the treatment of mouth ulcers, inflammation, dysentery, cramps, skin sores, burns, etc.
Experimental studies have demonstrated that Epilobium extracts possess a broad range of
pharmacological and therapeutic effects, including antioxidant [2], anti-proliferative [3],
anti-inflammatory [4], antibacterial and other activities [5]. Biologically active compounds
found in Epilobium species consist of flavonoids, phenolic acids, ellagitannins, β-sitosterol
derivates, vitamins, fatty acids and volatile compounds [5]. Based on the importance of
E. angustifolium in traditional medicine, and the potential for the therapeutic development
of its constituents in modern medicine, it is important to investigate biologically active
components of E. angustifolium. In this paper, we suggest that, apart from their low-weight
molecular phytochemicals and polyphenols, polysaccharides may represent biologically
active substances of E. angustifolium.

Pectin is a diverse and complex group of polysaccharides that naturally occurs in
the intercellular spaces and cell walls of plants [6]. Generally, pectic polysaccharides
are combined in the following structural domains: homogalacturonan (HG) composed
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of 1,4-linked α-D-galactopyranosyluronic acid (GalpA) residues, where carboxyl groups
of GalpA residues may be methyl-esterified and/or, to a lesser degree, acetyl-esterified;
and substituted galacturonans, which include xylogalacturonan (XGA) and rhamnogalac-
turonan type II. HG forms their backbone and side chains attached to the GalpA, and
rhamnogalacturonan type I (RG I) has the backbone of a diglycosyl repeating unit with a
strictly alternating sequence of 1,4-linked D-GalpA residues and 1,2-linked L-Rhap residues,
with the side chains formed by arabinan, galactan and/or arabinogalactan [7]. Pectins have
been widely applied in the biomedical industry for their hypolipidemic, hypoglycemic,
satiating, antibacterial and antitumor biological activities [8]. In particular, pectic polysac-
charides from various sources (plant materials, food industry waste and modified pectins)
demonstrate antioxidant activity [9–13]. However, despite the great antioxidant potential
of exerted pectins, their active structural domain remains to be elucidated. The radical-
scavenging activity of pectins can be ascribed to the presence of hydroxyls and carboxyls
in the structure of these polysaccharides [14,15]. Many authors suggest that GalA, as a
hydrogen donator, probably plays a key role in the scavenging of free radicals [16,17].
Hence, the HG domain may represent an active structural domain of pectin-mediating
antioxidant activity [15,17]. However, some authors believe that its antioxidant activity
is associated with RG-I [18], and [19] showed that antioxidant activity decreases with an
increase in GalA content. Furthermore, pectins may be associated with a certain number of
phenolic compounds. Feruloylation, in certain cases, occurs on the arabinose or galactose
side chains of pectin polysaccharides, which might explain its considerable antioxidant
potential [20].

At present, research on cell wall polysaccharides in E. angustifolium is scarce. Recently,
an extract from C. angustifolium was shown to contain pectic substances [21]. However,
no research on the purification, structural characterization and antioxidant activity of
Epilobium pectins has been reported. Since different domains of the pectin macromolecule
show obvious differences in the structure and level of antioxidant activity, it is important to
determine with which structural domain the antioxidant activity of fireweed polysaccharide
is associated.

This study is focused on the isolation, structural characterization and in vitro antioxi-
dant activity of pectins in fresh leaves of E. angustifolium. Pectic fractions were then obtained
using enzyme hydrolysis and anion exchange chromatography in order to explore the
relationship between the structure of polysaccharide chains and their antioxidant activities.

2. Results and Discussion
2.1. Isolation and Chemical Characteristics of Fireweed Pectins

Two pectin fractions, EA-4.0 and EA-0.8, were isolated from fresh fireweed leaves
with a 0.7% aqueous solution of ammonium oxalate in parallel experiments. The isolation
protocol of fireweed pectins comprised three stages. The first stage was the pretreatment of
the raw plant material with aqueous formaldehyde (14 h, 25 ◦C); this was performed in
order to remove phenolic and protein compounds. The second stage was the treatment
of the raw plant material by dilute hydrochloric acid in order to achieve the dissolution
of insoluble pectic substances (protopectin). The third stage was the extraction of pectin
substances with 0.7% aqueous ammonium oxalate at 70 ◦C. The difference in parallel exper-
iments was in the treatment of fireweed leaves, which was performed at two different pH
values (0.8 and 4.0). The purification of obtained extracts was performed by ultrafiltration.
The treatment of raw plant materials with dilute hydrochloric acid adjusted to pH 0.8
compared to treatment at pH 4.0 resulted in higher yield pectins (Table 1). In addition,
the content of protein and phenolic compounds was lower in the pectin fraction EA-0.8.
The presence of phenolics in the composition of fireweed polysaccharides was expected,
since phenols are linked to polysaccharide chains in many pectins [20]. For instance, total
phenolic content in pectins possessing antioxidant activity was determined to be as much
as 1 [22], 8 [23], 9.5 [24], 40 [25], 26–78 [26], 49–74 [27], 91 [28] and 16–161 [29] mg GAE/g.
The results of the content of phenols in pectins from fireweed (EA-4.0—40 mg GAE/g;
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EA-0.8—27 mg GAE/g) are consistent with previously obtained data and demonstrate the
effect of extraction conditions.

Table 1. Chemical characteristics of the polysaccharide fractions extracted from E. angustifolium.

Characteristic EA-4.0 EA-0.8

Yield, % 1 0.89 1.29
Uronic acid, % 2 88.2 90.8

DM 2 29.4 28.5
Protein, % 3 2.6 0.3

Phenolic, % 3 4.0 2.7
Rha, % 2 1.9 1.9
Ara, % 2 3.3 1.7
Xyl, % 2 1.5 1.7

Man, % 2 0.5 0.6
Glc, % 2 1.5 0.8
Gal, % 2 3.1 2.6

Total sugar, % 3 86.6 71.8
GalA/NM 7.50 9.82
Rha/GalA 0.022 0.021

Ara + Gal/Rha 3.29 2.22
GalA–Rha 86.31 88.84

2Rha + Ara + Gal 10.16 8.10
Ara/Xyl 2.15 0.98

Xyl/GalA 0.017 0.019
1 per weight of dry wt. 2 mol%. 3 wt%. Pooled SD: pooled standard deviation (degree of freedom: 32, DF = 6).
Abbreviations: Ara, arabinose; DM, degree of methyl esterification; Gal, galactose; Glc, glucose; Man, mannose;
Rha, rhamnose; Xyl, xylose.

The polysaccharides of fractions EA-4.0 and EA-0.8 were characterized by a similar
monosaccharide composition typical of pectic polysaccharides. GalA residues partially
methyl etherified with methanol were major components of polysaccharides of both frac-
tions (Table 1). The degree of methyl esterification (ca. 29%) indicated that the isolated
pectins belonged to the group of low methyl-esterified pectins.

Among the pectins with antioxidant activity, only a few showed a GalA content of
more than 80%. These include pectins of sunflower head [30], stems of Equisetum sp. [12],
grapefruits [31], cladodes of Opuntia ficus indica [32], riang pod [26] and Chinese quince
fruits [33].

The presence of regions of linear chains of 1,4-α-linked D-galactopyranosyluronic acid
residues in the pectic macromolecules of EA-4.0 and EA-0.8 was detected by enzymatic
digestion with 1,4-α-D-polygalacturonase with both endo- and exo- activities. Free GalA
and oligosaccharides of GalA were identified by paper chromatography in the supernatant
after digestion.

Based on the molar ratios obtained from the sugar compositions, the presence of
structural components in the pectins was assumed. The percentages of the HG region
(GalA–Rha) in EA-4.0 and EA-0.8 were 86.3 and 88.8%, respectively. These results indicated
that HG regions were dominant in the fireweed pectins. The presence of HG, RG-I and
XGA domains in fireweed pectin may be considered obvious, since these are common
structural blocks of all pectins. However, the predominance of HG in fireweed pectin was
not predictable. A large number of pectins with antioxidant activity contained less HG
and more RG-I than EA: 70 and 23 [34], 60 and 20 [26], 57 and 9 [35], 55 and 42 [36], 20 and
76 [21], etc., compared to 86–89 (HG) and 8–10 (RG-I) in fireweed pectin. The Rha/GalA,
(Gal + Ara)/Rha and GalA/NM ratios are used to estimate the contribution of RG-I to
pectin structure, the branching degree of RG-I and the linearity of pectin, respectively.
EA-4.0 and EA-0.8 exhibited low Rha/GalA (0.021 and 0.022) ratios, which confirmed
that HG domains were predominant in pectins. Pectin EA-4.0 was found to have higher
(Ara + Gal)/Rha and lower Gal/NM ratios than EA-0.8, which suggested the RG-I region
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of EA-4.0 was more highly branched. The higher ratio of 2Rha + Ara + Gal (10.2) confirmed
the relative richness of EA-4.0 in RG-I compared to EA-0.8 (8.1).

EA-4.0 and EA-0.8 were found to differ twofold in the Ara/Xyl ratio (2.15 vs. 0.98),
indicating differences between pectins in the structure of hemicellulosic polysaccharide
domains, primarily arabinoxylans. A comparison of the Xyl/GalA ratio provides the
opportunity to assess differences between pectic fractions in the presence of the XGA
domain. A negligible difference was found in the Xyl/GalA ratio between fireweed pectins.

In general, the analysis of molar ratios indicates that the treatment of fireweed raw
material at pH 0.8 promotes the partial degradation of isolated pectins.

Anion-exchange chromatography on DEAE cellulose (OH−) revealed that the pectin
fractions EA-4.0 and EA-0.8 were characterized by significant heterogeneity. Six fractions
were obtained by separating EA-4.0 and EA-0.8 (Table 2). The fraction eluted with 0.2 M
NaCl has the highest yield and the fractions eluted with 0.3 M NaCl and 0.2 M NaOH have
the lowest yield when fractionated with both EA-4.0 and EA-0.8.

Table 2. Chemical characteristics of the polysaccharide fractions obtained during fractionation of EA-4.0 and EA-0.8 on
DEAE-cellulose column (OH−).

Characteristic
EA-4.0 EA-0.8

0.01
NaCl

0.01p 4

NaCl
0.1

NaCl
0.2

NaCl
0.3

NaCl
0.2

NaOH
0.01

NaCl
0.01p 4

NaCl
0.1

NaCl
0.2

NaCl
0.3

NaCl
0.2

NaOH
Yield, % 1 12.33 19.97 11.04 29.50 5.82 1.68 11.48 13.94 16.39 34.01 7.78 1.10
Mw, kDa 254 323 88 100 102 n.d. 172 232 61 90 93 n.d.

PDI 4.67 3.73 4.72 2.28 2.21 n.d. 4.26 3.05 3.86 2.42 2.55 n.d.
Uronic acid, % 2 86.9 91.3 93.4 91.5 93.8 76.0 84.9 89.0 93.4 97.0 97.4 39.4

Protein, % 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 n.d.
Phenolic, % 3 0.5 0.5 0.5 0.9 0.6 4.1 1.1 1.5 0.4 0.3 0.3 n.d.

Rha, % 2 1.9 1.6 1.3 1.9 1.7 1.8 3.1 2.4 1.3 0.7 0.4 7.4
Ara, % 2 4.7 1.9 1.6 2.8 1.7 6.2 2.4 1.6 1.6 0.6 0.4 9.7
Xyl, % 2 0.4 0.6 0.6 0.4 0.2 1.2 1.0 0.8 0.6 0.5 0.7 5.9

Man, % 2 0.9 0.8 0.4 0.8 0.2 0.8 1.6 1.4 0.4 0.3 0.2 5.3
Glc, % 2 1.3 1.0 0.5 0.5 1.0 4.4 1.7 1.4 0.5 0.4 0.6 13.9
Gal, % 2 3.9 2.8 2.1 2.1 1.5 9.6 5.3 3.6 2.1 0.6 0.4 18.4

Total sugar, % 3 54.82 65.29 61.60 69.71 68.07 37.57 49.54 55.16 56.84 71.09 70.72 40.84
GalA/NM 6.61 10.49 14.06 10.78 15.05 3.17 5.62 8.07 14.06 31.79 37.02 0.65
Rha/GalA 0.022 0.018 0.014 0.020 0.018 0.024 0.037 0.026 0.014 0.007 0.005 0.187

Ara + Gal/Rha 4.57 2.93 2.92 2.61 1.93 8.77 2.45 2.20 2.92 1.79 1.62 3.81
GalA–Rha 84.97 89.68 92.07 89.63 92.09 74.20 81.75 86.63 92.07 96.29 96.92 32.05

2Rha + Ara + Gal 12.41 7.98 6.35 8.62 6.56 19.38 13.97 9.87 6.35 2.50 1.63 42.82
Ara/Xyl 10.70 3.02 2.55 6.60 8.10 5.10 2.51 2.08 2.55 1.10 0.53 1.63

Xyl/GalA 0.005 0.007 0.007 0.005 0.002 0.016 0.011 0.009 0.007 0.005 0.007 0.150
1 per weight of dry wt. 2 mol%. 3 wt%. 4 Pigmented fraction. Abbreviations: Ara, arabinose; Gal, galactose; Glc, glucose; Man, mannose;
Mw, weight-average molecular weight; PDI, polydispersity index; n.d., not detected; Rha, rhamnose; Xyl, xylose.

The monosaccharide compositions of the polysaccharides in these fractions obtained
on DEAE-cellulose did not differ markedly and were similar to each other and to the
parent polysaccharides; residues of GalA predominated in all fractions (Table 2). All pectin
fractions were characterized by the absence of protein, indicating the absence of covalent
bonds between the protein and polysaccharide components of the EA-4.0 and EA-0.8.
HPSEC analysis of the corresponding fractions obtained by fractionation of EA-4.0 and
EA-0.8 on DEAE-cellulose confirmed a higher degradation of pectins extracted at a pH of
0.8 due to Mw; samples obtained during fractionation of EA-0.8 were lower than during
fractionation of EA-4.0. However, the treatment of raw material at pH 0.8 led to a lower
presence of arabinoxylans in pectin fractions.

The enzymatic treatment of EA-4.0 and EA-0.8 by polygalacturonase was used for hy-
drolysis of galacturonanic regions. Enzymatic hydrolysis have been shown to remove about
80% of the GalA residues of pectins [37]. Enzymatic hydrolysis is the preferred strategy for
hydrolyzing pectin: The HG backbone of the pectin is resistant to acid hydrolysis, and acid
treatments that are sufficiently strong to hydrolyze this backbone also degrade a significant
proportion of the sugars that are released [38]. As a result of twofold exhaustive treatment
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of EA-4.0 and EA-0.8, oligo- and polysaccharides with different molecular and structure
characteristics were obtained (Tables 3 and 4). The polysaccharide fractions obtained by
precipitation with a fourfold volume of 95% ethanol (final concentration 79%) were mainly
at the yielding stage. They were resistant to enzymes and were characterized by a higher
degree of methyl esterification of GalpA residues (DM 37.6 and 33.8%) than parent EA-4.0
and EA-0.8, respectively. The oligosaccharide fraction EtOH-1 was obtained by precipi-
tation with a fivefold volume of 95% ethanol (final concentration 79%) from EA-4.0. The
oligosaccharide fraction EtOH-2 was obtained by precipitation with a fivefold volume of
95% ethanol (final concentration 81%) from EA-0.8. Other oligosaccharide fractions were
obtained in low yield by precipitation with ethanol with a higher concentration (only from
EA-4.0).

Table 3. Chemical characteristics of the polysaccharide fractions (1–5 and residue) obtained by fractionated precipitation
with ethanol of products of the enzymatic digestion of EA-4.0 and chemical characterization of the polysaccharide fractions
obtained during fractionation of residue of enzymatic digestion on DEAE-cellulose column (OH−).

Characteristic
Enzymatic Digestion Elution of Residue

EtOH-1 EtOH-2 EtOH-3 EtOH-4 EtOH-5 Residue 0.01
NaCl

0.1
NaCl

0.2
NaCl

0.3
NaCl

0.2
NaOH

Yield, % 1 20.03 1.70 1.53 4.11 2.36 53.37 5.52 35.42 11.56 3.97 4.02
Mw, kDa 3 n.d. 6 n.d. n.d. 82 178 39 65 72 n.d.

PDI 1.39 n.d. 2.00 n.d. n.d. 4.37 2.72 2.31 1.66 2.27 n.d.
Uronic acid,% 2 90.8 46.9 88.3 67.7 72.4 83.2 69.1 90.1 95.4 95.1 64.5

Protein, % 3 0.0 4.4 4.4 6.5 5.9 1.6 0.1 0.0 0.0 0.0 5.4
Phenolic, % 3 3.0 3.8 7.5 3.2 3.8 3.3 1.0 0.3 0.5 0.6 7.3

Rha, % 2 0.4 1.1 0.9 1.2 1.1 2.9 6.4 2.6 1.0 1.1 4.4
Ara, % 2 1.8 4.9 1.7 6.3 7.0 2.5 4.0 1.9 0.5 0.9 7.2
Xyl, % 2 2.5 7.1 2.2 10.5 8.7 3.1 1.4 1.2 1.0 1.0 2.0

Man, % 2 0.0 1.3 0.0 0.0 0.0 1.1 4.4 0.7 0.4 0.3 1.0
Glc, % 2 3.6 35.8 5.4 11.2 8.4 3.1 3.5 0.6 0.8 0.8 8.9
Gal, % 2 1.1 2.9 1.6 3.1 2.5 4.2 11.2 2.8 1.0 0.9 12.0

Total sugar, % 3 96.25 62.20 62.02 46.80 52.90 75.74 50.75 66.21 64.55 62.54 20.38
GalA/NM 9.81 0.88 7.58 2.10 2.62 4.93 2.23 9.14 20.51 19.37 1.82
Rha/GalA 0.004 0.023 0.010 0.018 0.015 0.035 0.093 0.028 0.010 0.011 0.069

Ara + Gal/Rha 7.28 7.27 3.67 7.81 8.93 2.28 2.38 1.86 1.54 1.65 4.33
GalA-Rha 90.36 45.82 87.45 66.50 71.33 80.22 62.66 87.59 94.36 94.05 60.05

2Rha + Ara + Gal 3.62 10.01 4.99 11.77 11.69 12.53 28.01 9.85 3.50 3.83 28.09
Ara/Xyl 0.71 0.69 0.77 0.60 0.81 0.80 2.87 1.56 0.52 0.84 3.70

Xyl/GalA 0.027 0.151 0.024 0.155 0.120 0.037 0.020 0.014 0.010 0.011 0.030
1 per weight of dry wt. 2 mol%. 3 wt.%. Abbreviations: Ara, arabinose; Gal, galactose; Glc, glucose; Man, mannose; Mw, weight-average
molecular weight; PDI, polydispersity index; n.d., not detected; Rha, rhamnose; Xyl, xylose.

Residues of enzymatic hydrolyses were fractionated by anion-exchange chromatog-
raphy on DEAE-cellulose (OH−). Fractions characterized by a high content of residues
of neutral monosaccharides and longer regions of rhamnogalacturonan-I were obtained
by elution with 0.01 M NaCl and 0.2 M NaOH. Fractions eluted with 0.1, 0.2 and 0.3 M
NaCl were similar to the parent. It was found that all fractions obtained by anion-exchange
chromatography included non-methyl-esterified GalA residues. This is because the sepa-
ration of pectins on the anion-exchange column with DEAE cellulose (OH−) caused the
saponification of methyl esters.

2.2. DPPH Radical-Scavenging Activity

EA-4.0 and EA-0.8 were found to scavenge the DPPH radical in a concentration-
dependent manner at 17–133 µg/mL (Figure 1A), whereas commercial apple pectin scav-
enged at 0.5–2 mg/mL (Figure 1B). The antioxidant activity of EA-4.0 was the highest and
exceeded the activity of EA-0.8 and a commercial sample by 2 and 39 times (according to
IC50), respectively (Table 5). It was found that fireweed pectins, not washed and washed
with ethanol, demonstrated the same activity (IC50: EA-4.0, 0.051 vs. 0.050 mg/mL, p = 1.00;
EA-0.8, 0.103 vs. 0.109 mg/mL, p = 0.66). Thus, fireweed pectins possess a high antioxidant
activity, which depends on the pH of the extraction.
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Table 4. Chemical characteristics of the polysaccharide fractions (1, 2 and residue) obtained by fractionated precipitation
with ethanol of products of the enzymatic digestion of EA-0.8 and chemical characterization of the polysaccharide fractions
obtained during fractionation of residue of enzymatic digestion on DEAE-cellulose column (OH−).

Characteristic
Enzymatic Digestion Elution of Residue

EtOH-1 EtOH-2 Residue 0.01 NaCl 0.1 NaCl 0.2 NaCl 0.3 NaCl 0.2 NaOH
Yield, % 1 3.49 29.30 56.64 8.51 12.97 30.58 14.70 2.19
Mw, kDa 21 4 71 170 20 46 83 n.d.

PDI 5.36 1.47 4.51 4.08 2.17 1.91 1.76 n.d.
Uronic acid, % 2 75.2 80.9 85.8 60.2 94.8 96.0 98.5 70.4

Protein, % 3 3.2 0.0 0.2 1.3 0.0 0.0 0.0 2.7
Phenolic, % 3 5.8 1.9 2.2 2.1 0.2 0.3 0.4 5.8

Rha, % 2 4.2 0.6 2.3 8.5 0.8 1.0 0.4 3.6
Ara, % 2 3.0 1.5 1.7 5.6 2.0 0.8 0.3 5.1
Xyl, % 2 5.0 7.1 3.4 1.0 0.3 0.2 0.1 2.2

Man, % 2 0.4 0.1 1.1 6.1 0.2 0.7 0.0 1.4
Glc, % 2 8.0 7.9 2.4 4.6 0.3 0.3 0.2 7.1
Gal, % 2 4.2 1.8 3.2 14.0 1.7 1.1 0.5 10.2

Total sugar, % 3 70.49 68.58 77.22 54.52 65.93 79.39 78.49 23.48
GalA/NM 3.04 4.23 6.04 1.51 18.38 23.69 64.80 2.38
Rha/GalA 0.056 0.008 0.027 0.141 0.008 0.010 0.004 0.051

Ara + Gal/Rha 1.70 5.14 2.10 2.31 4.71 2.03 2.02 4.27
GalA–Rha 71.02 80.24 83.46 51.67 94.06 94.98 98.08 66.84

2Rha + Ara + Gal 15.61 4.64 9.60 36.64 5.23 3.91 1.65 22.43
Ara/Xyl 0.60 0.21 0.50 5.69 7.00 5.19 3.40 2.27

Xyl/GalA 0.066 0.088 0.040 0.016 0.003 0.002 0.001 0.032
1 per weight of dry wt. 2 mol%. 3 wt.%. Abbreviations: Ara, arabinose; Gal, galactose; Glc, glucose; Man, mannose; Mw, weight-average
molecular weight; PDI, polydispersity index; n.d., not detected; Rha, rhamnose; Xyl, xylose.

Molecules 2021, 26, 7290 7 of 18 

 

 

 

Figure 1. The DPPH scavenging activity of pectins EA-4.0 and EA-0.8 (A) in comparison with commercial apple pectin 
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indicate significant differences (p < 0.05, LSD test). 
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Figure 1. The DPPH scavenging activity of pectins EA-4.0 and EA-0.8 (A) in comparison with commercial apple pectin (B).
Solid and doted lines in Figure 1A show pectins EA-4.0 and EA-0.8, respectively. Data are presented as the mean ± SD of
three independent experiments. Different lowercase letters (a, b, c, d, e) for the same sample at different concentrations
indicate significant differences (p < 0.05, LSD test).

Determination of DPPH scavenging activity is carried out by different laboratories at
different ratios of pectin and DPPH radical, which makes it difficult to compare the antioxi-
dant activity of different pectins. In a number of works, the same ratio of pectin and DPPH
radical was used as in our study, where the ratio of pectin to radical was 1:1 (v/v) at a radical
concentration of 0.2–0.3 mM. A comparison of data from these studies indicates that the
activity of fireweed pectins (IC50—0.05 and 0.109 mg/mL) seems to be comparable to that
of polysaccharides from Lonicera japonica Thunb (0.01–2.00 mg/mL) [39], mulberry fruits
(0.17–0.32 mg/mL) [40] and Acanthopanax senticosus leaves (~0.3 mg/mL) [41]. It should be
noted that some other pectins demonstrate DPPH scavenging activity at much higher con-
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centrations. These include pectins from hawthorn wine pomace (1.71 and 2.10 mg/mL) [42],
dandelion roots (>2.5 mg/mL) [43], apple pomace (3.02–5.24 mg/mL) [19], Cassia seed
(4.41 and 5.83 mg/mL) [10] and quinoa (5.22–15.22 mg/mL) [9].

Table 5. The DPPH scavenging activity of fireweed pectins in comparison with commercial apple
pectin (AP) and trolox.

Pectin/Standard IC50 (mg/mL)

EA-4.0 0.050 ± 0.003 a

EA-0.8 0.109 ± 0.003 b

AP (control) 1.961 ± 0.363 c

Trolox (standard) 0.005 ± 0.000 d

Data are presented as the mean ± SD of three independent experiments. Different lowercase letters (a, b, c, d)
indicate the significant differences (p < 0.05, LSD test).

The antioxidant activity of the fractions obtained by the elution of EA-4.0 and EA-0.8
pectins on DEAE-cellulose was compared with the activity of the parent pectin (control).
The concentration of the fractions corresponds to the half-inhibiting dose of the pectin
(50 and 109 µg/mL for EA-4.0 and EA-0.8, respectively) in order to detect both lower
and higher activity of the fractions. It was found that the fractions from EA-4.0 eluted
with NaCl did not scavenge the DPPH radical (Figure 2). The fraction eluted with NaOH
showed 57% of the activity of control. Two fractions from EA-0.8 eluted with 0.01 and 0.01p
NaCl scavenged 13 and 41% of the radical of control, respectively. The NaOH fraction
from EA-0.8 had a low yield compared to the rest of the fractions, so its activity was
not determined.
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Figure 2. The DPPH scavenging activity of fractions of pectins EA-4.0 (A) and EA-0.8 (B) obtained by their fractionation on
DEAE-cellulose column in comparison with the original pectin (control). Data are presented as the mean ± SD of three
independent experiments. Different lowercase letters (a, b, c, d) indicate significant differences (p < 0.05, LSD test).

All fractions obtained by enzymatic hydrolysis were found to scavenge the DPPH
radical with efficiencies around 72–187% of the original pectin (Figure 3). Fraction 3 from
EA-4.0 and fraction 1 from EA-0.8 precipitated by 83 and 79% ethanol were the most active
(160 and 187% of control). Other fractions and residues obtained by enzymatic hydrolysis
of EA-4.0 and EA-0.8 showed similar or less activity (72–105%) than the control. It was
found that the fractions obtained after elution of the residues on DEAE-cellulose scavenged
the DPPH radical with the same pattern as the control (Figures 2 and 3). Therefore, the
results reveal that enzymatic hydrolysis leads to the release of lower molecular weight
fragments of pectins that scavenge the DPPH radical.



Molecules 2021, 26, 7290 8 of 17Molecules 2021, 26, 7290 9 of 18 

 

 

 

Figure 3. The DPPH scavenging activity of fractions obtained by elution of pectins EA-4.0 (A) and 

EA-0.8 (B) by the enzymatic digestion and by fractionation of residue on DEAE-cellulose column in 

comparison with the original pectin (control). Data are presented as the mean ± SD of three 

independent experiments. Different lowercase letters (a, b, c, d, e, f) indicate significant differences 

(p < 0.05, LSD test). 

Antioxidant activity of the samples was found to positively correlate with the content 

of proteins, phenolics, xylose, glucose, arabinose, the (Ara + Gal)/Rha and the Xyl/GalA 

ratios. To identify the characteristic(s) most responsible for the significantly higher 

antioxidant activity of the pectins, a multiple regression analysis was performed. Only the 

content of phenolics and the Xyl/GalA ratios were included in the regression model (Table 

7). Four independent variables (content of proteins, Xyl, GalA and Glc) were removed 

from the regression due to multicollinearity, and another five (content of arabinose, the 

Ara/Xyl, (Ara + Gal)/Rha, GalA/NM and GalA–Rha ratios) were removed due to their 

lower significance (according to p value). It was found that linear regression resulted in a 

Figure 3. The DPPH scavenging activity of fractions obtained by elution of pectins EA-4.0 (A) and
EA-0.8 (B) by the enzymatic digestion and by fractionation of residue on DEAE-cellulose column
in comparison with the original pectin (control). Data are presented as the mean ± SD of three
independent experiments. Different lowercase letters (a, b, c, d, e, f) indicate significant differences
(p < 0.05, LSD test).

The relationship between the DPPH scavenging activity and the chemical character-
istics of fireweed pectins and their fractions has also been investigated. The content of
the GalA, the HG domain (GalA/NM and GalA–Rha ratios) and arabinoxylans (Ara/Xyl)
indicators were shown to negatively correlate with DPPH scavenging activity (Table 6).
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Table 6. The Pearson correlation coefficients between DPPH scavenging activity (in %) with the
physicochemical characteristics of pectins and fractions (n = 32).

Second Variable ** R p Second Variable R p

GalA −0.55 0.001 Mw * −0.40 0.053
GalA–Rha −0.53 0.002 Carbohydrate −0.18 0.338
GalA/NM −0.47 0.006 Man −0.06 0.737
Ara/Xyl −0.44 0.011 Rha 0.18 0.325

(Ara + Gal)/Rha 0.36 0.042 Rha/GalA 0.20 0.267
Ara 0.44 0.011 PDI * 0.21 0.313
Glc 0.50 0.004 Gal 0.26 0.146

Xyl/GalA 0.55 0.001 2Rha + Ara + Gal 0.30 0.096
Xyl 0.58 0.000

Protein 0.72 0.000
Phenolic 0.93 0.000

* n = 24. ** Significantly correlated variables are grouped in this column.

Antioxidant activity of the samples was found to positively correlate with the content
of proteins, phenolics, xylose, glucose, arabinose, the (Ara + Gal)/Rha and the Xyl/GalA
ratios. To identify the characteristic(s) most responsible for the significantly higher antioxi-
dant activity of the pectins, a multiple regression analysis was performed. Only the content
of phenolics and the Xyl/GalA ratios were included in the regression model (Table 7). Four
independent variables (content of proteins, Xyl, GalA and Glc) were removed from the
regression due to multicollinearity, and another five (content of arabinose, the Ara/Xyl,
(Ara + Gal)/Rha, GalA/NM and GalA–Rha ratios) were removed due to their lower signif-
icance (according to p value). It was found that linear regression resulted in a good model
for prediction (R2 = 0.90, p = 0.000). Significant factors contributing to activity were the
content of phenolics and the Xyl/GalA ratio (β = 0.85 and 0.20), respectively.

Table 7. The multiple regression analysis for percentage of DPPH scavenging activity with the
characteristics of pectins and fractions.

Variable
β Standard

Error of β
Parameter
Estimate

Standard
Error

p Value
Dependent Independent

DPPH scavenging
activity

Phenolics 0.85 0.07 2.27 0.17 0.000
Xyl/GalA 0.20 0.07 280.73 91.11 0.004

Regression results: R2 = 0.897, adjusted R2 = 0.890, F2.29 = 125.970, p < 0.000, Standard estimate error = 19.135.

Correlation analysis revealed that the content of phenolics and xylogalacturonan (the
Xyl/GalA ratio) determined the antioxidant activity of fireweed pectins, which partly
agrees with the data of other authors. In particular, Wikiera et al. [44] found a close
relationship between the binding of the DPPH radical and the content of phenolics, fucose
and proteins (R2 = 0.94, 0.80 and 0.80, respectively) in apple pectins. In [45] and [46], it
was shown that antioxidant activity towards the DPPH radical was positively related to
the content of arabinose and negatively related to the content of uronic acids (galacturonic
and glucuronic) in polysaccharides of various structures. However, these authors did not
include phenolics in their analysis, which explains the lower efficiency of their regression
models (R2 = 0.28–0.46 [45], 0.70 [47], 0.81 [46], compared with the present study (R2 = 0.90).
The content of phenolics in fireweed pectin was determined to be more strongly associated
with the content of glucose (R2 = 0.76, p = 0.000) and xylose (R2 = 0.57, p = 0.004) than
arabinose and galactose (R2 = 0.19 and 0.12, p > 0.1).

There are very few studies showing the antioxidant activity of XGA in pectins. Pectic
polysaccharides possessing free radical-scavenging activity were recently extracted from
Averrhoa bilmbi. The higher molar ratio of GalA to xylose indicated that this pectin appeared
to be a xylogalacturonan [48]. Our results also indicate the antioxidant activity of the
XGA chains.
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2.3. Superoxide Radical-Scavenging Activity

A xanthine/xanthine oxidase system was used to determine the rate of generation
of superoxide radicals. A decreased production of superoxides was measured using the
ferricytochrome c reduction assay, and the inhibition of xanthine oxidase was measured
in terms of the production of uric acid. It was found that pectins from fireweed inhibited
the rate of ferricytochrome c reduction and the production of uric acid, depending on their
concentrations (Figure 4A,B). Inhibition of the first reaction was, on average, 29 and 42%
more than the second for EA-4.0 and EA-0.8, respectively. Therefore, the inhibition of the
production of superoxide radicals by fireweed pectins was due to the inhibition of xanthine
oxidase and the scavenging of superoxide radicals. Ascorbic acid, used as a positive
control, had the same effect (Figure 4D). Commercial apple pectin inhibited both reactions
to the same extent (<30%), which indicates that it does not scavenge the superoxide radical
(Figure 4C). It was calculated that the IC50 for the inhibition of cytochrome c reduction
is equal to 0.27, 0.97, >8 and 0.013 mg/mL for EA-4.0, EA-0.8, commercial sample and
ascorbic acid, respectively. Thus, fireweed pectins scavenged the superoxide radical to a
much greater extent than the commercial apple pectin.
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Figure 4. The inhibition reduction in ferricytochrome c (solid line) and activity of xanthine oxidase (dotted line) by pectins
EA-4.0 (A) and EA-0.8 (B) in comparison with commercial apple pectin (C) and ascorbic acid (D). Data are presented as the
mean ± SD of three independent experiments. Different lowercase letters (a, b, c, d, e, f) for the same reaction at different
concentrations indicate significant differences (p < 0.05, LSD test). #—the differences are significant compared with the
xanthine oxidase inhibition (t-test).
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3. Materials and Methods
3.1. Materials

The fireweed leaves were collected in July 2017 from plants grown in Komi Republic
(Latitude: 61′14′′ S; Longitude: 50′24′′ E), Russia. Plant material was botanically identified
by Dr. Nina N. Shergina from Syktyvkar State University, Syktyvkar, Russia.

Reagents, including bovine serum albumin, catalase, cytochrome c, DEAE-cellulose,
3,5-dimethylphenol, 1,1-diphenyl-2-picrylhydrazyl radical (DPPH), the Folin and Ciocal-
teu’s phenol reagent, myo-inositol, 1,4-α-D-polygalacturonase, rhamnose (Rha), arabinose
(Ara), galactose (Gal), mannose (Man), xylose (Xyl), glucose (Glc), galacturonic acid (GalA),
sodium borohydride, sodium chloride, superoxide dismutase, xanthine and xanthine
oxidase were purchased from Sigma-Aldrich (St. Louis, MO, USA). The pullulan stan-
dards were purchased from Fluka (Steinheim, Germany) and PSS Polymer Standards
Service GmbH (Mainz, Germany). Gallic acid was purchased from MP Biomedicals (Solon,
OH, USA).

3.2. Isolation of Pectins

Isolation was carried out as described in an earlier method [49], with some modifi-
cations. The fresh plant material (6.4 kg) was preliminarily soaked in solution of 1.0%
(v/v) aqueous formaldehyde (40 L) for 14 h at 25 ◦C, followed by filtration and washing
in water. The residual raw plant material was separated into two equal parts and each
part was treated with aqueous hydrochloric acid (30 L) with a different pH (one—4.0
and second—0.8) for 3 h at 50 ◦C, followed by filtration. Then, all residues of raw plant
material were extracted with 0.7% (w/v) aqueous ammonium oxalate (30 L) for 6 h at 70 ◦C,
which resulted in the isolation of the extract of pectin polysaccharides. The extracts were
successively filtered using filter cloth and streaming centrifuging (Avanti J-25I, Beckman
Coulter, Unterschleißheim, Germany) at 10,000 rpm for 4–6 h at 4 ◦C. Then, the super-
natants were dialyzed and concentrated by ultrafiltration. During ultrafiltration, extracts
were stored in a 69 L feed tank and cycled via a pump. The four membranes (PS 302 146690,
filter cartridge module Vladirsart, Vladimir, Russia) had a general surface area of 2.8 m2

and a cut-off molecular weight of 300 kDa. Ultrafiltration was conducted under 1–4 bar
at 25–40 ◦C. Retentate was collected in the tank, concentrated to 20 L and treated with
aqueous HCl to pH 4.0–5.0. The solution pH was read on a pH meter. Then, filtration was
conducted in constant volume diafiltration mode in order to maintain a high desalination
efficiency. Ultrafiltration was carried out for a negative reaction on carbohydrates filtrate
(the reaction with phenol in the presence of concentric sulfuric acid) [50] on the chloride
and oxalate ions (the qualitative reaction with silver nitrate), after which the ultrafiltration
was stopped and the retentate was concentrated to 5 L. The resulting purified solutions of
pectin polysaccharides were collected, concentrated using a Laborota 4002 rotary evapora-
tor (Heidolph, Schwabach, Germany) under reduced pressure at 40–45 ◦C and lyophilized
from a frozen state using a VirTis lyophilizer (VirTis, Tillson, NY, USA) under a constant
vacuum of <100 mTorr at −65 ◦C. The samples were periodically removed and weighed to
assure a constant mass after 6 h and they were dried further if the sample mass changed by
more than 5% during the previous 2 h of lyophilization. The two pectin polysaccharides
obtained were designated as EA-4.0 (11.0 g, yield 0.89%) and EA-0.8 (16.9 g, yield 1.29%).
The yields of fractions obtained are expressed in % (w/w) of mass of dry plant material
and are presented in Table 1. Results are presented as mean values of analytical triplicates,
and the reproducibility of the results is expressed as pooled standard deviations (Pooled
SD). Pooled SD were calculated for each series of replicates using the sum of individual
variances weighted by the individual degrees of freedom [51].

3.3. General Analytical Methods

Absorbance was measured using an Ultrospec 3000 spectrophotometer (Pharmacia
Biotech, Cambridge, UK). The solutions were concentrated with a Laborota 4002 rotary
evaporator (Heidolph, Schwabach, Germany) under reduced pressure at 40 ◦C. The samples
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were centrifuged at 11,000 rpm at 4 ◦C for 10–20 min on a Sigma 6 K 15 centrifuge with
rotor N 12.256 (Sigma Laborzentrifugen GmbH, Osterode am Harz, Germany), and were
then lyophilized using a VirTis lyophilizer (VirTis, Tillson, NY, USA) under a constant
vacuum of <10 mTorr at −65 ◦C.

The content of uronic acids was determined by reaction of the sample with 3,5-
dimethylphenol in the presence of concentrated H2SO4 using the calibration plot for
D-GalpA. Photocolorimetry was then carried out at two wavelengths, 400 and 450 nm [52].

Quantitative determination of protein was calculated using the Bradford method
using the calibration curve plot for bovine serum albumin. Photocolorimetry for this assay
was carried out at 595 nm [53].

The quantitative determination of phenolics was performed with the Folin–Ciocalteu
reagent using gallic acid as a standard [54]. The results were expressed as mg of gallic acid
equivalents (GAE) per gram of pectin.

The monosaccharide composition of polysaccharides was determined by gas–liquid
chromatography (GLC), as described earlier [55].

The content of methoxyl groups was determined by a previously described method [56]
and by using the calibration plot for methanol, spectrophotometrically carried out at 412 nm.
The degree of methylation was calculated as the molar ratio between methanol and uronic
acids. Each experiment was run in triplicate.

The relative molar mass distribution (RMM) of the polysaccharide samples was
determined by size-exclusion chromatography (HPSEC) of polysaccharides with high-
performance liquid chromatography (HPLC). The chromatographic system consisted of
an LC-20AD pump, a DGU-20A3 degasser, a CTO-10AS column thermostat, an RID-10A
refractometric detector (all Shimadzu, Kyoto, Japan), a PPS SUPREMA 3000A 10 µm
column (8.0 mm × 30 cm) and a PPS SUPREMA 10 µm precolumn (8.0 × 50 mm). The
HPSEC experiments were performed at 40 ◦C with a flow rate of 0.4 mL/min. The
column was equilibrated with 0.15 M NaCl containing 0.02% NaN3 as a preservative,
and elution was carried out with the same solution. Deionized water supplied by the
Simplicity 185 Millipore water purification system (Millipore SAS, Molsheim, France) was
used to prepare the eluents and samples. Pullulans (Mw 0.342 (RT 30.649 min), 1.3 (RT
30.404 min), 6.2 (RT 29.068 min), 10.0 (RT 28.735 min), 21.7 (RT 27.842 min), 48.8 (RT
26.589 min), 113.0 (RT 25.068 min), 200.0 (RT 23.782 min), 366.0 (RT 22.190 min), 805.0
(RT 20.336 min) × 103 g/mol (PSS Polymer Standards Service GmbH, Mainz, Germany),
5.9 (RT 29.162 min), 11.8 (RT 28.632 min), 22.8 (RT 27.739 min), 47.3 (RT 26.704 min),
112.0 (RT 25.184 min), 212.0 (RT 23.673 min) and 404.0 (RT 21.993 min) × 103 g/mol
(Fluka, Mainz, Germany)) were used as standards, resulting in a loglinear relationship
between relative molar mass distribution and elution time. As noted earlier, the resulting
standard curve allowed for only a relative estimation of molar mass distribution of the
pectic polysaccharides due to the slight differences in hydrodynamic volumes expected for
pullulan and pectic polysaccharides with the same molar mass distributions [57]. Number
(Mn) and weight (Mw) of average relative molar masses, as well as polydispersity indices
(PDI), were calculated by the LCsolution GPC program (LCsolution, Kyoto, Japan, version
1.24 SP1). The samples and standards were injected twice.

3.4. Anion-Exchange Chromatography

Pectin polysaccharides (100 mg) were dissolved in 5 mL of 0.01 M NaCl, and the
solution was applied to a DEAE-cellulose (OH−) column (2.5 cm × 40 cm). The column
was stepwise eluted with distilled water and 0.01, 0.1, 0.2, 0.3, 0.5 M NaCl and 0.2 M NaOH
solution (400 mL of each eluent) at a flow rate of 1.0 mL/min. The fractions were collected
at 10 min intervals using a low-pressure system from Pharmacia Biotech (Uppsala, Sweden)
with a FRAC-100 fraction collector, a P-50 pump and a Uvicord SII. The carbohydrate
content in each tube was determined by the phenol–sulfuric acid method [50]. Six pectin
fractions were obtained at each separated sample: two eluted with 0.01 M NaCl (one of
which was pigmented), and one by one when eluted with solutions with 0.1, 0.2, 0.3 M
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NaCl and with 0.2 M NaOH. The yields and chemical characteristics of pectin fractions are
presented in Tables 2–4.

3.5. Enzymatic Digestion

Each pectin fraction, EA-4.0 and EA-0.8 (1 g), was dissolved in water (100 mL); then,
an aqueous solution (1 mL) of 1,4-α-D-polygalacturonase (15 mg, endo- and exo-activities,
690 units/g, EC 3.2.1.15) was added and the mixture was incubated in a shaking incubator
at 25 ◦C. The digestion was controlled according to [58], each half an h to estimate the
reducing sugar quantities. After stopping the growth in the amount of reducing sugars,
an aqueous solution (1 mL) of 1,4-α-D-polygalacturonase (10 mg) was added again. After
stopping the growth in the amount of reducing sugars, fermentation was inactivated by
boiling at 100 ◦C and removed by centrifugation.

To separate the components of the hydrolysates, fractional precipitation of polysac-
charides with ethanol of increasing concentrations was used. The supernatant was concen-
trated and the pectins were first precipitated with a fourfold volume of 95% ethanol (final
concentration, 76%). The precipitate was separated by centrifugation, washed twice with
95% ethanol, dissolved in water, frozen and then lyophilized, resulting in the residue of
enzymatic hydrolyze.

The ethanol supernatant obtained after precipitation of enzymatic hydrolyze of residue
was analyzed by paper chromatography for the presence of D-galacturonic acid, and then
concentrated using a rotary vacuum evaporator to a minimum volume. The precipitation
procedure was repeated, the supernatants were concentrated and the pectins were pre-
cipitated in stages with fourfold (final concentration 76%), fivefold (final concentration
79%), sixfold (final concentration 81%), sevenfold (final concentration 83%), eightfold (final
concentration 84%) and tenfold (final concentration 87%) volumes of 95% ethanol. As result,
five pectin fractions were obtained from the EA-4.0 enzymatic hydrolysate and two pectin
fractions were obtained from the EA-0.8 enzymatic hydrolysate. The yields and chemical
characteristics of pectin fractions are presented in Tables 3 and 4.

3.6. Antioxidant Activity

The DPPH radical-scavenging activity of the pectins was assayed according to [59],
with a slight modification. We added 0.6 mL 0.2 mM DPPH in ethanol to 0.6 mL pectin
solution (0.3–4 mg/mL) in water, which was shaken. After incubating at 25 ◦C for 1 h,
the absorbance of the sample was measured at 517 nm. The scavenging activity of the
pectins was measured at seven different concentrations and the half-maximal inhibitory
concentration (IC50, mg/mL) values were calculated based on a polynomial regression
curve. The scavenging activity of the fractions was expressed as a percent of inhibition
in comparison with the activity of the original pectin (at a concentration equal to IC50
of pectins).

The superoxide radical-scavenging activity of the pectins was measured by continu-
ously measuring ferricytochrome c reduction, as has been reported previously [60]. The
reaction mixture consisted of a 300 µL reaction mixture comprising PBS (0.1 M, pH 7.8),
ethylenediaminetetraacetic acid (0.1 mM), xanthine oxidase (27 × 10−3 U/mL), xanthine
(50 µM) and ferricytochrome c (20 µM). The assay was initiated by adding the enzyme to
the reaction mixture, with or without a sample. Ascorbic acid was used as positive control.
The assay mixture was incubated at 25 ◦C for 5 min, and the absorbance was recorded each
20 s. All data obtained from the enzyme kinetic assays were recorded in matched quartz
plates (Hellma, Mülheim, Germany) and were plotted using KC4 software on a PowerWave
200 microplate scanning spectrophotometer (Bio-Tek Instruments, Winooski, VT, USA). The
IC50 values of the samples were calculated based on a polynomial regression curve. The
inhibition of xanthine oxidase activity was observed using the method described above.
The reaction mixture consisted of the same components, except for ferricytochrome c, and
the absorbance was measured at 290 nm.
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3.7. Statistical Analysis

The significance of difference among the means in determining antioxidant activity
was estimated with a t-test, one-way ANOVA and Fisher’s least significant difference (LSD)
post hoc test at p < 0.05. The relationship between the chemical characteristics and activity
of polysaccharide fractions (n = 32) was evaluated by calculation of the Pearson correlation
coefficients and multiple linear regression analysis. All calculations were performed using
the statistical package Statistica 10.0 (StatSoft, Inc., Tulsa, OK, USA). The data shown were
expressed as the means ± SD of three independent experiments.

4. Conclusions

In conclusion, our study shows that polysaccharides isolated from fresh leaves of
E. angustifolium represent pectins with predominant HG chains, branched RG-I and XG
domains. Fireweed pectins were shown to possess antioxidant activity, which itself depends
on structural features. The antioxidant activity of pectin isolated at pH 4.0 is two times
higher than that of pectin isolated at pH 0.8, indicating the effect of the extraction conditions.
Correlation analysis of the composition and activity of polysaccharide fractions obtained
by enzyme hydrolysis revealed that the antioxidant capacity of fireweed pectins is mainly
due to phenolics and is partially associated with xylogalacturonan chains.
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