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Chemical composition and bioactive properties of
Sanguisorba minor Scop. under Mediterranean
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Sanguisorba minor Scop. is a perennial plant native to the Mediterranean region which exhibits several
medicinal activities. In the present study, plant growth, chemical composition, and antitumor and anti-
microbial properties of S. minor plants were evaluated under different growing conditions. In particular,
plants were grown on different substrates, namely (A) peat, (B) peat: perlite (1:1) and (C) peat: perlite
(2:1). The dry weight of the aerial parts and roots was higher for the peat treatment (A), whereas plant
growth was severely affected in the peat: perlite (1:1) treatment (B). The major detected sugars were
fructose and glucose, while the peat:perlite (2:1) treatment resulted in a significant increase of
a-tocopherol, glucose and total sugars content, especially in the aerial parts. Oxalic acid and citric acid
were the major organic acids detected, with a varied effect of growth substrate on organic acid profile.
Growth substrate and plant part also had a significant effect on fatty acid composition, especially on lino-
leic acid and a-linolenic acid content which was higher in the peat: perlite (1: 1) treatment in both aerial
parts and roots. An impact on the composition of phenolic compounds was also observed, where the
plants grown on peat : perlite (2: 1) and peat : perlite (1: 1) substrates had the highest content of individual
and total phenolic compounds in their aerial parts and roots, respectively. Moreover, roots contained sig-
nificantly higher amounts of phenolic compounds than the aerial parts. Moreover, plant extracts exhibited
antiproliferative activity against four tumor cell lines (HelLa, HepG2, MCF-7 and NCI-H460) and a primary
culture of porcine liver cells (PLP2), as well as significant antimicrobial properties. In conclusion, S. minor
presented significant bioactive properties, while growth substrates affected the nutritional value, chemical
composition, antitumor and antimicrobial properties of the species which could be probably attributed to
the higher phenolic compound content and different compositions of phenolic compounds. Therefore,
although the species is commonly found in the Mediterranean region, it is underexploited yet and its plant
tissues could be a potential source of natural bioactive compounds with further use in pharmaceutical
and medicinal applications.

The species is widely distributed throughout Europe and is
commonly found in dry and semi-dry grasslands of the

Sanguisorba minor L. (small or little burnet) is a multiannual
plant 60-105 cm tall, and is a member of the Rosaceae family."
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Mediterranean basin.>® S. minor and other species of this
genus (e.g. S. officinalis) are commonly used as medicinal
species, while they are also edible and their young shoots and
leaves are usually used in mixed vegetable salads.>*® Plants
grown in the wild are also used as forage species due to their
high nutritional value, dry matter digestibility and metaboliz-
able energy.®

Sanguisorba species are rich sources of secondary metab-
olites with significant bioactive properties. According to Zhao
et al.,” more than 120 compounds belonging to various chemi-
cal classes (flavonoids, phenols and triterpenoids) have been
detected in the aboveground parts and roots of S. minor and
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S. officinalis. In particular, phenolic compounds are of major
importance for the bioactive properties of these species, and
several studies have described their phenolic content and com-
position of both aerial parts and roots.>™® The various
detected compounds have been correlated with several bio-
active properties, such as medicinal and therapeutic pro-
perties, and have been commonly used in traditional medicine
for the treatment of hemostasis, leukopenia, haemorrhaging,
burns and inflammation.” Moreover, Ferreira et al.'' reported
that ethanolic extracts from aerial parts of S. minor showed a
significant inhibitory activity against the acetylcholinesterase
(AChE) enzyme and high antioxidant activity. Other beneficial
effects to humans include the in vitro suppression of cancer
cell migration through plasmin-mediated mechanisms, which
according to Cuccioloni et al.'® is due to the activity of ethano-
lic extracts and the high content of quercetin-3-glucuronide in
S. minor. Moreover, other compounds such as ziyuglycoside I
and II which are isolated from S. officinalis roots have been
associated with apoptosis of human gastric carcinoma cells
(BGC-823) and human retinoblastoma (RB WERI-Rb-1) cells."***
Recently, it has been reported that the activity of S. officinalis
extracts against colorectal cancer cells may be due to its blocking
activity against the signaling pathway of Wnt/p-catenin and the
activation of the mitochondria-caspase-dependent apoptotic
pathway.">'® Other therapeutic effects of Sanguisorba species and
their active constituents include anti-allergic, anti-inflammatory,
antiangiogenic, antiviral, antibacterial, antiobesity, hemostatic
and neuroprotective properties.”'”"'8

Considering the significant properties of
Sanguisorba species, commercial cultivation of small burnet
has great potential and it could be significant for its further
use. So far, most of the studies report on S. officinalis, while
reports regarding S. minor refer mostly to handpicked plants
grown in the wild, without further details regarding the
growing conditions. The present study aimed to examine the
growth of S. minor plants on different commercial substrates
in order to propose their commercial cultivation as an alterna-
tive horticultural species. Additionally, the impact of growth
substrates on proximate composition, chemical composition,
and bioactivities of the plant tissues was assayed in order to
highlight the important role of S. minor in human diet and
health.

medicinal

2. Materials and methods
2.1 Plant material and experimental layout

Small burnet (Sanguisorba minor Scop.) seeds were gathered
from wild plants located in Central Greece (Domokos region)
in the middle of June 2015. The experiment was conducted at
the experimental field of the University of Thessaly in
Velestino, Greece (22.756E, 39.396N). Sowing of seeds was
carried out directly in 2 L pots on December 4, 2015, and after
emergence, the number of seedlings was reduced to five plants
in each pot two weeks after germination and plant
establishment.
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An experiment with a completely randomized design layout
was carried out with fifteen replicates (pots) per treatment
(n = 15). The substrate treatments were as follows: (A) peat, (B)
peat : perlite (1: 1 v/v) and (C) peat: perlite (2 : 1 v/v). Regarding
fertilization, all treatments were fertilized with the same
amount of nitrogen (34.5 kg ha™'), namely 50 kg ha™' of
ammonium nitrate (34.5-0-0) at 40 and 70 days after sowing
(DAS). Irrigation was applied when the plants of treatment A
showed the first symptoms of wilt, via a sprinkler irrigation
system and depending on rain incidence. Meteorological data
of the experimental site are presented in ESI Fig. S1A.T

2.2 Measurements

2.2.1 Small burnet growth. To determine the effects of the
studied substrates on plant growth, dry weight of the aerial
parts and roots was recorded throughout the growing period
(at 89, 109, 123, and 173 DAS) with three measurements per
pot. Dry weight of plants was recorded after drying the
samples at 70 °C for 72 h. For root biomass evaluation, roots
were put in saline water in order to remove the substrate par-
ticles, then dried with absorbing paper and finally weighed for
fresh weight determination. For root dry weight evaluation,
samples were dried at 70 °C for 72 h. The relative chlorophyll
content (SPAD index values) was also determined non-destruc-
tively on fully expanded leaves at 89, 123, and 173 DAS, using a
SPAD 502 (Konica Minolta Optics, Osaka, Japan), with three
measurements per pot (n = 5).

For chemical composition analyses, plants were collected in
May 2016 (173 DAS). After harvest, plants were separated into
aerial parts and roots, while roots were further cleaned for sub-
strate particle removal as described above. Fresh samples of
plant tissues were stored at —80 °C and then lyophilized.
Lyophilized samples were ground to powder with a pestle and
mortar, put in plastic and air-sealed bags and stored at —80 °C
until analysis.

2.2.2 Sample and extract preparation. One gram of sample
was macerated, with agitation (150 rpm) and 30 mL of metha-
nol/water (80: 20, v/v) for 1 h, at room temperature and filtered
through a Whatman No. 4 paper. Afterwards, the samples were
re-extracted with an additional portion of the mentioned solu-
tion, the extracts were evaporated in a rotary evaporator (Biichi
R-210, Flawil, Switzerland), and the aqueous phase was frozen
and lyophilized (FreeZone 4.5 model 7750031, Labconco,
Kansas City, MO, USA).

2.2.3 Chemical composition analysis. Proximate analyses.
Samples were analyzed in terms of macronutrients (moisture,
proteins, fat, carbohydrates and ash), according to the AOAC
procedures.'® The crude protein (N x 6.25) was determined by
the Kjeldahl method (991.02); the ash content (935.42) was
estimated by subjecting the sample to incineration at 600 *
15 °C for 5 h; the crude fat was determined using a Soxhlet
apparatus with petroleum ether (989.05); and the total carbo-
hydrate content was estimated by difference. The total energy
was calculated using the following equation: energy (kcal) =
4 x (g protein + g carbohydrates) + 9 x (g fat).

Food Funct, 2019, 10, 1340-1351 | 1341
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Tocopherols. For tocopherol determination, a previously
described protocol was followed,® using a HPLC system
(Knauer, Smartline system 1000, Berlin, Germany) coupled to a
fluorescence detector (FP-2020; Jasco, Easton, USA) pro-
grammed for excitation at 290 nm and emission at 330 nm.
Quantification was carried out based on calibration curves
obtained from commercial standards, using the internal stan-
dard method. The results were recorded and processed using
Clarity 2.4 software (DataApex, Prague, Czech Republic).

Free sugars. The sugar molecules were determined following
a procedure previously described.”® Determination of free
sugars was carried using the internal standard (IS, melezitose,
Sigma-Aldrich, St Louis, MO, USA) method and analysed by
high performance liquid chromatography coupled to a refrac-
tion index detector (HPLC-RI, Knauer, Smartline system 1000).
The results were recorded and processed using Clarity 2.4 soft-
ware (DataApex, Prague, Czech Republic).

Organic acids. Identification and quantification of organic
acids were carried out according to the conditions described
by Barros et al.,>’ determined by ultra-fast liquid chromato-
graphy (Shimadzu 20A series UFLC, Shimadzu Corporation,
Kyoto, Japan) coupled to a diode-array detector (DAD), using
215 and 245 nm as the preference wavelengths. The results
were recorded and processed using LabSolutions Multi
LC-PDA software (Shimadzu Corporation, Kyoto, Japan).

Fatty acids. Identification of fatty acids was carried out fol-
lowing the method described by Barros et al.>° The fatty acids
were determined by gas chromatography coupled with a flame
ionization detector (GC-FID/capillary column, DANI model GC
1000, Contone, Switzerland) and a split/splitless injector,
using a Macherey-Nagel column. The fatty acids were identi-
fied by comparing the relative retention times of FAME peaks
from samples with commercial standards. The results were
treated using the Chromatography Station for Windows CSW
(version 1.7) software from DataApex (Podohradska, Czech
Republic) and expressed in relative percentages.

Phenolic compounds. The hydromethanolic extracts were re-
dissolved in methanol/water (80:20 v/v) to a final concen-
tration of 10 mg mL™" for phenolic compound identification
and quantification, which was performed in LC-DAD-ESI/MSn
analyses (Dionex Ultimate 3000 UHPLC instrument, Thermo
Scientific, San Jose, CA, USA) equipped with a diode-array
detector (280, 330 and 370 nm) and coupled to a mass detector
(operated in the negative mode), following a procedure pre-
viously reported by Bessada et al.>* For quantitative analysis, a
calibration curve (200-5 pg mL™") for each available phenolic
standard was constructed based on the UV signal: ellagic acid
(y = 26 719x — 317255, R*> = 0.999), catechin (y = 84 950x —
23200, R* = 0.99), gallic acid (y = 131538x + 292163, R* =
0.999), apigenin-7-O-glucoside (y = 10683x — 45794, R* =
0.996), quercetin-3-O-glucoside (y = 34 843x — 160173, R* =
0.999). The results were expressed as milligrams per gram of
the extract.

2.2.4 Cytotoxicity activity. Cytotoxicity was evaluated using
four tumor cell lines, HeLa (cervical carcinoma), HepG2
(hepatocellular carcinoma), MCF-7 (breast adenocarcinoma)
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and NCI-H460 (non-small cell lung cancer), using the sulforhod-
amine B assay following a previously described methodology.*?
Freshly harvested porcine liver was used to obtain non-tumor
cells denoted as PLP2. Results were expressed in GIs, values,
which correspond to the extract concentration that inhibited
50% net cell growth. Ellipticine was used as the positive
control.

2.2.5 Antimicrobial activity. Three Gram-positive bacteria:
Bacillus cereus (food isolate), Staphylococcus aureus (ATCC
6538) and Listeria monocytogenes (NCTC 7973), three Gram-
negative bacteria: Escherichia coli (ATCC 35210), Enterobacter
cloacae (human isolate) and Salmonella typhimurium (ATCC
13311), and six fungi: Aspergillus fumigatus (ATCC 1022),
Aspergillus ochraceus (ATCC 12066), Aspergillus niger (ATCC
6275), Penicillium ochrochloron (ATCC 9112), Penicillium funicu-
losum (ATCC 36839) and Penicillium verrucosum var. cyclopium
(food isolate), were used in this study. Antimicrobial assay was
carried out by the microdilution method as previously
described by Petropoulos et al.>* The concentrations that com-
pletely inhibited the bacterial growth (MICs) were determined
by a colorimetric microbial viability assay, and minimal
bactericidal concentration (MBC) and minimal fungicidal con-
centration (MFC) were also calculated. Streptomycin, ampi-
cillin, ketoconazole, and bifonazole (Sigma-Aldrich, St Louis,
MO, USA) were used as positive controls, and 5% DMSO was
used as the negative control.

2.3 Statistical analysis

The experimental layout was arranged according to the com-
pletely randomized design. Statistical analysis of the results
was carried out with SigmaPlot 12 software (Systat Software,
San Jose, CA, USA) by applying one-way ANOVA, followed by
the Tukey’s HSD test (p < 0.05). Regarding the chemical com-
position and bioactive properties, three samples were analysed
for each treatment and all the assays were carried out in tripli-
cate. Data were expressed as mean + standard deviation.

3. Results and discussion
3.1 Plant growth

Growth media had a significant impact on growth of S. minor
plants (ESI Fig. S1B¥). In particular, dry weight of aerial parts
was higher for the plants grown on the peat substrate, while
the lowest dry weight was recorded when a mixture of peat and
perlite was used (1: 1 v/v). Moreover, the lowest values of roots’
dry weight were recorded for the peat: perlite (1:1 v/v) treat-
ment (ESI Fig. S1C}). At early growth stages, plants were
characterized by low growth rates probably due to low tempera-
tures during this period (ESI Fig. S1Af). Our results revealed
that the growing conditions during the period of April to May
were more favourable for the peat treatment in comparison to
the other substrate treatments, probably due to the better
water retention properties and the alleviation of high-tempera-
ture-induced stress conditions for plants. Similarly, Baghbani-
Arani et al*® and Mohammadi et al?® reported that water

This journal is © The Royal Society of Chemistry 2019
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stress affects the growth of medicinal plants such as fenugreek
(Trigonella foenum-graecum L.) and chamomile (Matricaria cha-
momilla L.).

3.2 Chlorophyll content

Concerning the relative chlorophyll content (SPAD index
values), there were significant differences between treatments,
as shown in ESI Fig. S1D.7 Throughout the growing period,
the lowest values were found in the peat: perlite (1: 1 v/v) treat-
ment, probably due to the rapid removal of water from the
growth substrate in comparison to other treatments which
contained smaller amounts of peat. Also, Baghbani et al*
reported that the chlorophyll content of fenugreek decreased
under water stress conditions. To the best of our knowledge,
chlorophyll content in leaves of S. minor has not been
described in the literature so far. Similar SPAD index values
have been reported by Karkanis and Petropoulos®” in common
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purslane (Portulaca oleracea L.) grown under the same con-
ditions as reported in the present study.

3.3 Chemical composition

Regarding fat, protein, ash and carbohydrate contents of the
aerial parts and roots, significant variation was observed
among the studied treatments (Table 1). The lowest contents of
proteins and ash in roots and aerial parts of S. minor plants were
recorded in the peat:perlite (2:1 v/v) treatment, whereas fat
content was the lowest in the peat: perlite (2:1 v/v) and peat:
perlite (1:1 v/v) treatments for aerial parts and roots, respectively.
In contrast, the highest content of carbohydrates was recorded in
the same treatment (peat : perlite (2 : 1 v/v)). Concerning the ener-
getic value of aerial parts and roots, the highest values were
recorded in the peat: perlite (1: 1 v/v) treatment.

Composition of sugars and tocopherols is presented in
Table 2. The major identified sugars in aerial parts and roots

Table 1 Nutritional value (g per 100 g dw) and energetic value (kcal per 100 g dw) of Sanguisorba minor leaves + stems and roots in relation to the

substrate type (mean + SD)

Substrate type Fat Proteins Ash Carbohydrates Energy
Leaves + stems

Peat 2.63 + 0.03a 12 £ 1.0a 4.8 +0.2a 80.6 + 0.1b 449.5 + 3.1a
Peat : perlite (1:1 v/v) 2.6 £0.1a 12 + 0.6a 4.7 £0.2a 80.5 + 0.1b 450.0 + 2.1a
Peat : perlite (2: 1 v/v) 2.37 £ 0.06b 10.7 £ 0.2b 4.2 £0.3b 82.7 + 0.4a 444.2 +1.7b
Roots

Peat 3.10 £ 0.15a 11.83 £ 0.07a 4.8 £0.2a 80.24 £ 0.09¢ 446.7 +2.2b
Peat : perlite (1:1 v/v) 2.02 £ 0.06b 11.9+0.2a 3.9+0.1b 82.1+0.2b 451.5 +1.5a
Peat : perlite (2:1 v/v) 2.03 + 0.08b 10.18 + 0.06b 3.7+0.1b 84.1+0.1a 442.8 + 1.4c

Small Latin letters in the same column indicate significant differences between means of the same plant part (leaves + stems, and roots)

according to the Tukey’s HSD test (P < 0.05).

Table 2 Composition of a-tocopherol, sugar and organic acids (mg per 100 g dw) in Sanguisorba minor leaves + stems and roots in relation to the

substrate type (mean + SD)

Substrate type a-Tocopherol Fructose Glucose Total sugars
Leaves + stems

Peat 4.42 + 0.07b 2.70 £ 0.01a 3.39 £ 0.06¢ 6.1+0.1b
Peat : perlite (1: 1 v/v) 4.40 + 0.03b 2.67 £ 0.07a 3.6+ 0.2b 6.3 £0.3b
Peat : perlite (2: 1 v/v) 5.8+0.1a 2.9+0.3a 4.3+0.1a 7.3 +0.5a
Roots

Peat 0.66 + 0.07¢c 0.92 + 0.04a 1.94 £ 0.07b 2.9 £0.1b
Peat : perlite (1:1 v/v) 1.02 + 0.06b 0.81 £ 0.06b 2.33 £ 0.05a 3.13 £ 0.01a
Peat : perlite (2: 1 v/v) 1.25 £ 0.11a 0.82 + 0.01b 2.3+0.1a 3.12 £ 0.02a
Substrate type Oxalic acid Citric acid Fumaric acid Total organic acids
Leaves + stems

Peat 0.34 +0.02b 1.12 + 0.05a tr 1.46 + 0.06a
Peat : perlite (1:1 v/v) 0.46 £ 0.01a 0.93 £+ 0.01b tr 1.39£0.01b
Peat : perlite (2:1 v/v) 0.35 + 0.02b 0.88 + 0.02b tr 1.24 + 0.02¢
Roots

Peat 0.54 + 0.03c 4.22 + 0.08b tr 4.77 £ 0.08¢
Peat : perlite (1:1 v/v) 1.21 £ 0.02a 3.71 + 0.04c¢ tr 4.92 + 0.04b
Peat : perlite (2: 1 v/v) 0.71 + 0.03b 4.6+0.1a tr 5.3 £0.1a

tr: traces. Small Latin letters in the same column indicate significant differences between means of the same plant part (leaves + stems, and

roots) according to the Tukey’s HSD test (P < 0.05).

This journal is © The Royal Society of Chemistry 2019
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were fructose and glucose, while regarding tocopherols, only
the a-tocopherol isoform was detected. Substrate composition
significantly affected the individual and total sugar contents,
and o-tocopherol content in both aerial parts and roots of
S. minor plants, and aerial parts of the plants grown in the
peat: perlite (2:1 v/v) treatment had the highest amounts of
these compounds. Moreover, the lowest values of a-tocopherol,
glucose and total sugars were recorded in the peat treatment,
while the content of sugars and a-tocopherol was higher in the
aerial parts of plants in comparison to the roots. Similarly,
Zhang et al.®® reported that fructose and glucose were the
major detected sugars in the roots of S. officinalis, although
they detected other compounds such as rhamnose, arabinose,
xylose and galactose in different fractions of polysaccharide
extracts. Regarding the organic acid composition, oxalic acid
and citric acid were the principal detected organic acids,
whereas only traces of fumaric acid were observed (Table 2).
Moreover, organic acid content was higher in the roots than in
the aerial parts of the plants for all the substrate treatments.
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Fatty acid composition is presented in Table 3. The results
showed significant differences in fatty acid composition
between the aerial plant parts and roots. In particular, the
aerial plant parts were abundant in o-linolenic acid (49.4%-—
52.4%), followed by palmitic (14.6%-15.6%) and linoleic acid
(12.9%-13.1%), while stearic, tricosylic, lauric and eicosatrie-
noic acids were also found in smaller amounts. In contrast,
roots contained high amounts of linoleic (20.7%-23.8%) and
tricosylic acids (20.5%-24.1%), followed by a-linolenic (12.8%-
15.4%) and palmitic acids (11.9%-13.1%), while stearic, oleic,
dihomo-y-linolenic and behenic acids were found in smaller
amounts. To the best of our knowledge, this is the first report
where the fatty acid composition of S. minor roots is described.

Similar to our study, Elgersma et al>® suggested that
a-linolenic acid was the main fatty acid (46.96%) in S. minor
forage, while linoleic and palmitic acids were found in smaller
amounts (21.24% and 15.83%, respectively). In contrast,
Viano et al.>® who studied the nutritional value of S. minor
spp. muricata also detected palmitic, linoleic and a-linolenic

Table 3 Fatty acid composition (%) of the studied Sanguisorba minor samples (mean + SD) from leaves + stems and roots in relation to the substrate

type
Leaves + stems Roots
Peat: perlite Peat : perlite Peat : perlite Peat : perlite
Peat (1:1v/v) (2:1v/V) Peat (1:1v/) (2:1v/V)

C8:0 0.058 + 0.002b 0.068 + 0.001a 0.051 +0.001c 0.101 + 0.001a 0.078 + 0.001c 0.088 + 0.001b
C10:0 0.24 + 0.01a 0.180 + 0.004c 0.20 + 0.02b 0.19 + 0.01b 0.151 + 0.004c 0.86 £ 0.01a
C11:0 0.59 £ 0.02b 0.62 + 0.04b 0.765 + 0.003a 1.22 + 0.08c 1.48 + 0.08b 2.17 £ 0.06a
C12:0 2.12 + 0.06a 1.88 +0.01b 1.94 + 0.05b 1.77 £ 0.05a 1.64 £ 0.07b 1.35 £ 0.07¢
C14:0 1.87 £ 0.03a 1.65 £ 0.01b 1.60 + 0.01c 1.11 + 0.04c 1.77 + 0.07a 1.31 +0.02b
C15:0 0.195 + 0.006a 0.188 + 0.002b 0.171 + 0.001c 0.32 +0.02b 0.41 £ 0.02a 0.393 £ 0.001a
C16:0 15.61 + 0.08a 15.2 + 0.2b 14.6 + 0.1c 11.9+0.3b 12.9 + 0.1a 13.13 £ 0.03a
C16:1 1.46 + 0.01a 1.01 +0.01b 0.888 + 0.009¢ 0.36 + 0.03b 0.174 + 0.006¢ 0.59 + 0.02a
C17:0 0.601 + 0.009a 0.570 + 0.005b 0.566 + 0.006b 0.63 £ 0.01b 0.735 + 0.006a 0.72 + 0.04a
C18:0 3.49 + 0.03b 3.53 £ 0.01a 3.39 £ 0.01c 4.77 £ 0.04c 5.19 + 0.07b 5.53 + 0.02a
C18:1n9c¢ 0.962 + 0.001b 0.974 + 0.006a 0.943 + 0.004c 1.96 + 0.01c 2.6 +0.1a 2.15 £ 0.01b
C18:2n6¢ 12.91 + 0.02b 13.12 £ 0.01a 12.89 + 0.01b 20.7 £ 0.2¢ 23.82 +0.03a 23.29 £ 0.03b
C18:3n6 0.146 + 0.008b 0.107 + 0.004c¢ 0.161 + 0.004a 1.10 + 0.03b 1.06 + 0.09b 1.76 + 0.03a
C18:3n3 51.5 £ 0.1b 52.44 + 0.02a 49.43 + 0.03¢ 12.8 £ 0.1c 15.37 £ 0.07a 13.53 £ 0.01b
C20:0 1.56 £ 0.01a 1.50 + 0.01b 1.46 + 0.01c 2.10 £ 0.02a 1.45 + 0.01c 1.63 +0.01b
C21:0 0.225 £ 0.002a 0.179 + 0.005¢ 0.201 + 0.006b 0.41 +0.02b 0.389 + 0.006¢ 0.467 + 0.009a
C20:3n6 0.126 + 0.004b 0.179 + 0.008a 0.13 £ 0.01b 1.88 + 0.05b 1.83 £ 0.06b 2.16 £ 0.07a
C20:3n3 1.35 + 0.06b 1.41 + 0.01a 1.26 + 0.03¢ 0.488 + 0.001a 0.310 + 0.001c 0.44 + 0.02b
C22:0 0.794 £ 0.001b 0.88 £ 0.01a 0.89 £ 0.07a 9.3 £ 0.5a 6.02 + 0.04b 5.7+ 0.2b
C22:1 0.130 + 0.003a 0.137 + 0.006a 0.080 + 0.004b 0.128 + 0.001b 0.208 + 0.002a 0.21 + 0.01a
C20:5n3 0.119 + 0.007¢ 0.185 + 0.004b 0.23 £ 0.01a 0.081 + 0.007¢ 0.24 £ 0.01a 0.139 + 0.008b
C22:2 1.2 £0.1a 1.05 + 0.02b 0.823 + 0.004c 2.27 £ 0.01a 1.41 +0.07b 1.5+ 0.1b
C23:0 2.6 +0.2b 2.74 £ 0.21b 6.07 £ 0.01a 24.1 £0.4a 20.5 £ 0.7b 20.8 £ 0.1b
C24:1 0.227 + 0.006¢ 0.24 +0.01b 1.25 £ 0.01a 0.35 + 0.02a 0.16 + 0.01b 0.14 + 0.01b
Total SFA (% of total FA) 29.94 + 0.03b 29.15 + 0.03c 31.91 + 0.01a 57.9 + 0.4a 52.8 + 0.3¢c 54.1+0.1b
Total MUFA (% of total FA) 2.78 £ 0.01b 2.36 £ 0.01c 3.16 £ 0.01a 2.80 £ 0.02b 3.2+0.1a 3.09 £ 0.02a
Total PUFA (% of total FA) 67.28 £ 0.03b 68.49 + 0.02a 64.93 + 0.01c 39.3 +0.4c 44.0 £ 0.2a 42.8 £ 0.1b
PUFA/SFA 2.247 £ 0.002b 2.349 + 0.002a 2.035 +0.001a 0.680 + 0.008¢c 0.834 + 0.006a 0.791 £ 0.002b
n6/n3 0.271 + 0.001b 0.268 + 0.001b 0.275 + 0.001a 1.93 + 0.006b 1.767 £ 0.002¢ 2.036 + 0.003a

Small Latin letters in the same row indicate significant differences between means of the same plant part (leaves + stems, and roots) according to
the Tukey’s HSD test (P < 0.05). Caprylic acid (C8:0); capric acid (C10:0); undecylic acid (C11:0); lauric acid (C12:0); myristic acid (C14:0);
pentadecylic acid (C15:0); palmitic acid (C16:0); palmitoleic acid (C16:1); margaric acid (C17:0); stearic acid (C18:0); oleic acid (C18:1n9); linoleic
acid (C18:2n6c); y-linolenic acid (C18:3n6); a-linolenic acid (C18:3n3); arachidic acid (C20:0); heneicosylic acid (C21:0); dihomo-y-linolenic acid
(C20:3n6); eicosatrienoic acid (C20:3n3); behenic acid (C22:0); erucic acid (C22:1); eicosapentaeonic acid (C20:5n3); docosadienoic acid (C22:2);
tricosylic acid (C23:0); nervonic acid (C24:1); SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids;
n6/n3: omega-6/omega-3 fatty acids.
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acids as the main fatty acids, although they reported different
relative percentages of the abovementioned fatty acids (29.1%,
22.6% and 21.4%, respectively). These differences in the litera-
ture could be partly attributed to different growing conditions
in the abovementioned studies (France and Denmark in par-
ticular) and to the harvesting stage. According to Elgersma
et al.,”® cutting dates had a significant effect on individual and
total fatty acids, with late harvesting (October) resulting in
higher amounts of total fatty acids in various forb species,
including S. minor.

Polyunsaturated fatty acids (PUFA) was the main class of
fatty acids in the case of the aerial parts, whereas saturated
fatty acids (SFA) was the prevailing fatty acid class in roots.
This resulted in differences in PUFA/SFA ratios between the
plant parts, where values in the aerial parts and roots ranged
between 2.0 and 2.3 and between 0.68 and 0.83, respectively.
Similarly, the differences in fatty acid composition resulted in
different n6/n3 ratios, with aerial parts having lower ratio
values than roots (0.27 and 1.8-2.0, respectively). Elgersma
et al* also reported similar values of PUFA/SFA and n6/n3
ratios (2.85 and 0.46, respectively), although the n6/n3 ratio
was higher than that of our study mostly due to the lower
content of linoleic acid.

Despite these differences in fatty acid composition, both
plant parts showed an exceptional nutritional value, since the
PUFA/SFA ratio was lower than 4.0 in both cases, whereas only
roots presented the values of the n6/n3 ratio higher than 0.45.
This result is in contrast to the study of Elgersma et al.>® where
both PUFA/SFA and n6/n3 ratios were within the indicated
range. According to Guil et al.,>* both of these ratios are essen-
tial for the characterization of the fatty acid composition and
are associated with beneficial effects for the cardiovascular
system. Significant differences were also observed regarding
the effect of growth substrates on the fatty acid composition of
both plant parts. In particular, the aerial parts of the plants
grown on the peat: perlite (1:1 v/v) substrate had the highest
amounts of a-linolenic and linoleic acids, whereas the plants
grown on the peat substrate had the highest content of palmi-
tic acid. However, the overall fatty acid composition was better
for the plants grown on the peat: perlite (2:1 v/v) substrate
due to the lowest PUFA/SFA and the highest n6/n3 ratios.
Similarly, tricosylic and linoleic acid contents were the highest
in the roots of the plants grown on the peat and peat: perlite
(1:1 v/v) substrates, respectively.

Results regarding the phenolic profile of S. minor plant
parts detected via HPLC-DAD-ESI/MSn equipment are pre-
sented in Table 4. Tentative identification and quantification
of phenolic compounds were carried out using the chromato-
graphic characteristics and previous findings regarding the
species of Sanguisorba genus. A total of twenty-three individual
compounds were detected and classified into three different
classes, including phenolic acids, hydrolysable tannins and
flavonoids. Thirteen of these compounds were detected in the
aerial plant parts, fifteen in the roots and only six compounds
in both the plant parts, indicating significant variations in the
phenolic compound profile among the studied parts.

This journal is © The Royal Society of Chemistry 2019
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Peaks 4 (catechin) and 21 (ellagic acid) were positively
identified after comparison with the commercial standards,
while both the compounds were previously reported in the
ethanolic extract prepared from the roots of Sanguisorba offici-
nalis'® and in the methanolic extract prepared from
Sanguisorba obtusa,®® respectively.

Peaks 1, 5, 7, and 10-14 were identified as hydrolysable
tannins, showing UV and MS fragmentation spectra relevant to
galloyl and hexahydroxydiphenoyl (HHDP) derivatives. Peak 1
(IM — H]™ at m/z 783) presented a fragmentation pattern which
allowed its tentative identification as pedunculagin.** Peak 5
(IM — HJ ion at m/z 483) showed a fragmentation pattern
typical to digalloyl glucose, as previously reported.** Peaks 7
and 12 ([M — H|™ at m/z 1567) were identified as sanguiin H-10
isomers, following the fragmentation pattern previously
described by Martins et al.*® Peak 10 (M — H]™ at m/z 1251)
was tentatively identified as a derivative of punicalagin
attached to gallic acid. Peak 11 presented a doubly charged
pseudomolecular ion ([M — H]*~ at m/z 1401), and its MS” frag-
mentation revealed the characteristics which were relevant to tri-
meric ellagitannin lambertianin C.** Peaks 13 and 14 (M — H]
at m/z 935) were identified as galloyl-bis-HHDP-glucoside
isomers, as previously reported by Martins et al.*>

Compounds 16 ([M — H|™ at m/z 463), 17 and 18 ((M — H|~
at m/z 433) were identified as ellagic acid derivatives, bearing
the loss of a hexosyl moiety ((M — H — 162]7) and pentosyl
moiety (M — H — 132]7), respectively, and were tentatively
matched with ellagic acid hexoside and ellagic acid pentoside,
respectively.®® The fragmentation pattern and UV-vis character-
istics allowed us to tentatively identify these compounds as
ellagic acid hexoside and ellagic acid pentoside, respectively.
These last compounds were previously described in the metha-
nolic extract prepared from Sanguisorba obtusa.*?

The remaining compounds correspond to flavonoid deriva-
tives. Peaks 2, 3, 6, and 8 presented a UV spectrum (Amax
278-282 nm) characteristic of flavan-3-ols. Peaks 2, 3, and 8
presented a pseudomolecular ion and a fragmentation pattern
corresponding to the B-type (epi)catechin dimer (M — H|™ at
mf/z 577), and peak 6 to the B-type (epi)catechin tetramer
(IM — H]™ at m/z 1153). Compounds 15 ([M — H|™ at m/z 615),
19 and 20 (M — H]™ at m/z 477), and 22 ([M — H]" at m/z 433)
corresponded to quercetin derivatives, presenting a fragmenta-
tion pattern corresponding to distinct losses of galloylhexosyl
(-162 + 152 u), glucuronyl (—176 u), and pentosyl (=132 u)
moieties, and an elution order relevant to the type of substitu-
ent sugars.”® Similarly, compounds 23 ([M — H]™ at m/z 461)
and 9 (M — H|™ at m/z 415) were identified as kaempferol-O-
glucuronide and apigenin-O-deoxyhexoside, respectively.

The prevailing phenolic compounds in the aerial plant
tissues were lambertianin C, sanguiin H-10 isomer 2 and
kaempferol-O-glucuronide, followed by (+)-catechin and B-type
(epi)catechin dimer, whereas in roots, the same phenolic com-
pounds were detected in higher amounts with the exception of
kaempferol-O-glucuronide which was not detected (Table 4).
The different profile of the phenolic compound composition
in rhizomes and leaves has been suggested for S. officinalis by
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Table 4 Retention time (R,), wavelengths of maximum absorption in the visible region (Amax), Mass spectral data, and tentative identification and quantification of phenolic compounds (mg g™*
extract) in Sanguisorba minor leaves + stems and roots in relation to the substrate type

Leaves + stems Roots
Molecular
R, Amax  ion [M — H]™ Tentative Peat : perlite Peat : perlite Peat : perlite Peat : perlite
Compounds (min) (nm) (m/z) MS? (m/z) identification Peat (1:1v) (2:1v) Peat (1:1vW) (2:1v)
1 5.0 276 783 481(47), 301(100) Pedunculagin® nd nd nd 8.0 +0.2¢ 10.59 + 0.05a 8.7 +0.2b
2 5.4 280 577 451(26), 425(100), B-type (epi)catechin 15.4 + 0.3b 17.68 + 0.05a 17.6 + 0.4a 37.4 £ 0.9b 39.4 +0.3a 32.1 +0.6¢
407(24), 289(12), 287(10)  dimer®
3 6.2 282 577 451(20), 425(100), B-type (epi)catechin 16.69 = 0.07c  20.9 + 0.1b 24.4 +0.3a 48.8 +0.3b 51.4 +0.3a 38.8 + 0.4c
407(18), 289(8), 287(8) dimer?
4 7.0 279 289 245(100), 205(37), (+)-Catechin? 20.4 +0.1b 17.1+0.2¢ 20.941 +0.003a  28.0 + 0.5a 27.2 +0.8b 23.7 + 0.5¢
179(21), 125(5)
5 7.4 268 483 313(100), 169(11) Digalloyl-glucoside® nd 78.6 £ 0.8a 76 + 3b nd nd nd
6 7.5 278 1153 865(27), 577(56), B-type (epi)catechin nd nd nd 26.6 + 0.3b 28.0 + 0.5a 21.3 +0.2¢
289 (49) tetramer”
7 8.5 276 1567 1265(100), 1103(8), Sanguiin H-10 5.14 £ 0.02¢ 5.53 +0.03b 6.3 +0.2a 13.0 + 0.3b 13.39 £ 0.03a 10.47 + 0.03¢
933(16), 783(5), 633(17),  isomer 1"
301(72)
8 9.1 278 577 451(24), 425(100), B-type (epi)catechin nd nd nd 26.9 +0.9b 30.1+0.2a 22.0 £ 0.2¢
407(19), 289(9), 287(13)  dimer®
9 9.6 344 415 269(100) Apigenin-O- 10.54 + 0.01c 13.66 + 0.05b 16.3 £ 0.1b nd nd nd
deoxyhexoside*
10 12.0 278 1251 1083(10), 781(5), 601(5),  Punicalagin gallate" nd nd nd 21.7 £ 0.7a 19.7 + 0.5b 16.9 + 0.2¢
301(3)
11 13.0 236 [1401]~ 1235(10), 933(57), Lambertianin C" 22.3 +0.3b 21.7 +0.2¢ 29.65 + 0.01a 92.9 +0.2b 95.6 + 0.4a 78.8 + 0.6¢C
631(10), 301(5)
12 13.8 234 1567 935(6), 633(71), 301(51) Sanguiin H-10 22.7 £ 0.1c 23.4 +0.2b 25.9 £ 0.6a 64.2 + 0.4b 69.8 £ 0.5a 50.4 £ 0.2a
isomer 2"
13 16.0 268 935 633(100), 301(56) Galloyl-bis-HHDP- nd nd nd 11.1+0.2b 11.9 +0.3a 10.4 + 0.1c
glucoside’
14 16.6 268 935 633(100), 301(72) Galloyl-bis-HHDP- nd nd nd 13.13 +0.07a  13.1 +0.3a 10.78 + 0.02b
glucoside’
15 17.0 350 615 463(100), 301(10) Quercetin-galloyl- 1.320 £ 0.001a  1.29 £ 0.05a 1.201 £ 0.002b nd nd nd
hexoside®
16 17.3 357 463 301(100) Ellagic acid hexoside" 3.8+0.1c 4.3 +0.1b 4.439 + 0.007a nd nd nd
17 17.4 360 433 301(100) Ellagic acid pentoside’  nd nd nd 8.8 £0.2b 9.07 + 0.05a 8.6 £ 0.1c
18 18.0 362 433 301(100) Ellagic acid pentoside’  nd nd nd 11.66 £ 0.04b  13.4 +0.1a 10.8 +0.2¢
19 18.1 355 477 301(100) Quercetin-O- 9.31 £ 0.05¢ 9.47 + 0.02a 9.39 £ 0.07b nd nd nd
glucuronide®
20 18.5 354 477 301(100) Quercetin-O- 8.49 £+ 0.02b 1.22 £ 0.02¢ 10.42 + 0.04a nd nd nd
glucuronide”
21 19.2 363 301 284(5), 245(10), Ellagic acid® nd nd nd 13.3 + 0.4b 21.2 +0.4a 19.2 + 0.1c
229(4), 185(11), 173(5),
157(3), 145(3)
22 21.4 352 433 301(100) Quercetin-O- 1.521 +£0.007a  1.22 + 0.02b 0.830 + 0.002¢ nd nd nd
pentoside®
23 22.0 346 461 285(100) Kaempferol-O- nd 25.2 +0.3a 20.22 + 0.03b nd nd nd
glucuronide®
TPA 3.8+0.1c 4.3+0.1b 4.44 +0.01a 33.7+0.7¢ 43.7 + 0.5a 38.5+0.2b
THT 50.2 £ 0.2¢ 129.3 + 0.7b 137 £ 4a 224 +1b 234.1 £ 0.5a 186.6 + 0.7¢
TF 83.7 £ 0.2¢ 107.8 £ 0.7b 121.2 + 0.4a 168 + 1b 176.07 +£0.01a  137.85 + 0.09a
TPC 137.6 £ 0.1c 241.32 +0.08b 263 + 3a 426 + 3b 453.8 £ 0.9a 363.0 £ 0.8¢

Small Latin letters in the same row indicate significant differences between means of the same plant part (leaves + stems, and roots) according to the Tukey’s HSD test (P < 0.05). TPA, total phenolic acids;
THT, total hydrolysable tannins; TF, total flavonoids; TPC, total phenolic compounds; nd, not detected; calibration curves used: 1 - ellagic acid (y = 26 719x — 317 255, R* = 0.998), 2 - catechin (y = 84 950x
— 23200, R* = 0.999), 3 - gallic acid (y = 131 538x + 292 163, R* = 0.99), 4 - apigenin-7-O-glucoside (y = 10 683x — 45 794, R* = 0.997), 5 — quercetin-3-O-glucoside (y = 34 843x — 160 173, R* = 0.999).
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Biernasiuk et al.® who identified free and bounded phenolic
acids (gallic and ellagic acids). According to Gatto et al,’”
S. minor leaves are rich sources of quercetin-3-glucoside and
kaempferol-3-glucoside which comprise 52% of total phenolic
compounds, while they also detected apigenin derivatives and
chlorogenic, caffeic and chicoric acid derivatives. Moreover,
Ayoub® suggested the presence of gallic acid, quercetin, ellagic
and kaempferol in ethanolic extracts obtained from S. minor
grown in the wild in Egypt. However, although the main aglycones
(quercetin-3-O-glucoside and kaempferol-3-O-glucoside) were
identified in our study, to the best of our knowledge the rest of
the identified phenolic compounds are reported for the first time.
Condensed tannins have also been detected in S. minor leaves by
Kaplan et al.,*® although they evaluated the total tannin content
without performing identification of individual compounds.

Regarding the effects of growth substrates, most of the
detected compounds in the aerial parts increased when plants
were grown on the peat: perlite (2:1 v/v) substrate, whereas
the phenolic compound content of the roots increased in the
peat : perlite (1: 1 v/v) treatment. Thus, the total phenolic com-
pound (TPC) content and consequently the individual com-
pound class content in the aerial parts and roots were the
highest for plants grown on the peat: perlite (2:1 v/v) and
peat : perlite (1:1 v/v) substrates, respectively. Apart from the
phenolic compound composition, plant parts differed in the
total phenolic compound and individual compound class con-
tents, with roots being more abundant than the aerial parts
and especially regarding phenolic acids where a tenfold
increase was recorded. Moreover, the most abundant class of
phenolic compounds was that of hydrolysable tannins for both
plant parts, except for the case of the aerial parts of peat
grown parts where flavonoids were the most abundant class of
phenolic compounds.

3.4 Cytotoxicity activity

The antiproliferative effects of extracts from plants of S. minor
were assayed against four cancer cell lines: HeLa, HepG2,
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MCF-7 and NCI-H460, and a porcine liver cell primary culture
(PLP2). The cytotoxicity of the studied extracts against the
cancer cell lines was clearly observed and is presented in
Table 5. The extracts from S. minor roots showed a higher
activity against HeLa (Glz, = 60-75 pg mL™"), followed by
MCF-7 (G50 = 81-199 pg mL™') and NCI-H460 cell lines (GIs, =
130-199 pg mL™'). However, the extracts from the roots
showed a lower activity against HepG2 cell line compared to
the aerial parts, while they were more toxic against the non-
tumor PLP2 cell line. The highest cytotoxicity against the
tested tumor cell lines varied between the studied growth sub-
strates, indicating that the growing conditions may affect the
bioactive compound content and the composition of S. minor
aerial parts and roots. Shin et al.*® observed that extracts from
plants of S. officinalis inhibited the cell growth and induced
the death of two oral cancer cell lines (HSC4 and HN22). Liu
et al.™ suggested that aqueous extracts from the roots of
S. officinalis exhibited effects synergistic to the 5-fluorouracil
inhibiting effects against two colorectal cancer cell lines
(HCT-116 and RKO). Moreover, water extracts from the same
species (S. officinalis) inhibited the signaling pathway Wnt/
pB-catenin in colorectal cancer cells through down-regulation of
B-catenin and Wnt-targeted genes."®

3.5 Antimicrobial activity

The antibacterial activity of S. minor extracts was tested against
strains of six bacteria: Bacillus cereus, Enterobacter cloacae,
Escherichia coli, Listeria monocytogenes, Staphylococcus aureus,
and Salmonella typhimurium, and the results are presented in
Table 6. The MIC and MBC values of extracts varied from 0.075
to 0.45 mg mL™" and 0.15 to 0.60 mg mL™", respectively.
Streptomycin and ampicillin, used as positive controls, presented
MIC ranging from 0.04 to 0.20 and 0.25 to 0.75 mg mL ™},
respectively. All the plant extracts revealed antibacterial
activity, while the extracts from the roots revealed a higher
antibacterial capacity in comparison to that from the aerial
parts of plants and positive controls, with the only exception

Table 5 Cytotoxicity and antitumor activity of Sanguisorba minor (Glsg values pg mL™Y) leaves + stems and roots in relation to the substrate type

Cytotoxicity to non-tumor

Cytotoxicity to tumor cell lines

cell lines

PLP2 (porcine liver HeLa (cervical

HepG2 (hepatocellular MCF-7 (breast NCI-H460 (non-small

Substrate type primary culture) carcinoma) carcinoma) carcinoma) cell lung cancer)
Leaves and stems

Peat 356 +£19a 190 * 6a 177 £ 9a 271 +10a 312 + 3a

Peat : perlite (1:1 v/v) 322 + 4ab 134 +9b 178 + 8a 192 + 14b 303 +7a

Peat : perlite (2: 1 v/v) 304 +11b 98 + 7¢ 67 + 5b 139 + 10c 240 + 4b

Roots

Peat 241 + 1b 70 £ 4a 79+7c¢ 81 + 4c 161 + 4b

Peat : perlite (1:1 v/v) 263 +15a 60 + 5b 150 + 2a 199 +9a 199 + 6a

Peat : perlite (2: 1 v/v) 164 + 6¢ 75 £ 2a 109 + 5b 96 + 3b 130 + 5¢

Small Latin letters in the same column indicate significant differences between means of the same plant part (leaves + stems, and roots)
according to the Tukey’s HSD test (P < 0.05). GIs, values correspond to the sample concentration responsible for 50% inhibition of growth in a
primary culture of liver cells PLP2 or in human tumor cell lines. Gls, values for ellipticine (positive control): 3 ug mL™" (PLP2), 1.0 pg mL™"
(MCF-7), 1.0 ug mL™" (NCI-H460), 2.0 ug mL ™" (HeLa) and 1.0 ug mL™" (HepG2).

This journal is © The Royal Society of Chemistry 2019
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Table 6 Antimicrobial activity of Sanguisorba minor (MIC, MFC, and MBC mg mL™) extracts from leaves + stems and roots in relation to the sub-

strate type

Treatments B. cereus S. aureus L. monocytogenes E. coli En. cloacae S. Typhimurium
Leaves and stems
Peat MIC 0.15 0.20 0.30 0.30 0.30 0.45
MBC 0.30 0.60 0.60 0.60 0.60 0.60
Peat : perlite (1: 1 v/v) MIC 0.20 0.45 0.30 0.30 0.20 0.20
MBC 0.30 0.60 0.60 0.60 0.30 0.30
Peat : perlite (2: 1 v/v) MIC 0.20 0.20 0.20 0.30 0.20 0.30
MBC 0.30 0.30 0.30 0.60 0.30 0.60
Roots
Peat MIC 0.10 0.10 0.10 0.15 0.10 0.10
MBC 0.15 0.15 0.15 0.30 0.15 0.15
Peat : perlite (1: 1 v/v) MIC 0.10 0.10 0.10 0.15 0.10 0.10
MBC 0.15 0.15 0.15 0.30 0.15 0.15
Peat : perlite (2: 1 v/v) MIC 0.075 0.075 0.075 0.15 0.075 0.075
MBC 0.15 0.15 0.15 0.30 0.15 0.15
Streptomycin MIC 0.10 0.04 0.20 0.20 0.20 0.20
MBC 0.20 0.10 0.30 0.30 0.30 0.30
Ampicillin MIC 0.25 0.25 0.40 0.40 0.25 0.75
MBC 0.40 0.45 0.50 0.50 0.50 1.20
Treatments A. fumigatus A. ochraceus A. niger P. funiculosum P. ochrochloron P v. cyclopium
Leaves and stems
Peat MIC 0.60 0.15 0.45 0.45 0.60 0.90
MFC 0.90 0.30 0.90 0.90 1.20 1.20
Peat : perlite (1: 1 v/v) MIC 0.30 0.10 0.45 0.30 0.30 0.30
MFC 0.60 0.15 0.60 0.60 0.60 0.60
Peat : perlite (2: 1 v/v) MIC 0.30 0.10 0.30 0.30 0.45 0.60
MFC 0.60 0.15 0.60 0.60 0.90 1.20
Roots
Peat MIC 0.15 0.05 0.30 0.15 0.10 0.15
MFC 0.30 0.075 0.60 0.30 0.30 0.30
Peat : perlite (1: 1 v/v) MIC 0.30 0.075 0.15 0.10 0.15 0.15
MFC 0.60 0.15 0.30 0.30 0.30 0.30
Peat : perlite (2: 1 v/v) MIC 0.15 0.075 0.45 0.30 0.15 0.15
MFC 0.30 0.15 0.60 0.60 0.30 0.30
Ketoconazole MIC 0.25 0.20 0.20 0.20 2.50 0.20
MFC 0.50 0.50 0.50 0.50 3.50 0.30
Bifonazole MIC 0.15 0.10 0.15 0.20 0.20 0.10
MFC 0.20 0.20 0.20 0.25 0.25 0.20

MIC: minimum inhibitory concentration, MBC: minimum bactericidal concentration, MFC: minimum fungicidal concentration. Streptomycin
and ampicillin, and ketoconazole and bifonazole were used as positive controls for antibacterial and antifungal activity, respectively.

being the case of S. aureus where streptomycin showed the
highest activity. Moreover, root extracts exhibited the ability to
inhibit the growth of B. cereus, En. cloacae, L. monocytogenes,
S. aureus, and S. typhimurium, at concentrations of 0.075
mg mL™". Regarding the effect of the tested substrates, root
extracts from plants grown on the peat: perlite (2:1 v/v) sub-
strate had lower MIC values than the other substrates, except
for the cases of S. aureus where streptomycin had the lowest
values (0.04 pg mL™"), whereas the lowest MBC values were
observed for the peat and peat: perlite (2:1 v/v) substrates.
Gawron-Gzella et al.*® reported that extracts from S. officinalis
exhibited antimicrobial activity against the strains of various
bacteria (Staphylococcus aureus, Staphylococcus epidermidis,
Micrococcus luteus, Bacillus subtilis, Escherichia coli, Klebsiella
pneumoniae and Pseudomonas aeruginosa) with MIC values
ranging between 0.07 and 2.50 mg mL™'. In another recent
study, Ginovyan et al*' also reported that the extracts from

1348 | Food Funct, 2019, 10, 1340-1351

S. officinalis revealed antibacterial activity against Pseudomonas
aeruginosa at the concentration of 64 pg mL™'. Antibacterial
activity of S. minor had been also described in the study of
Talibi et al.**> who tested the efficacy of extracts from stems and
leaves against Clavibacter michiganensis subsp. michiganensis.
Regarding the antifungal activity of S. minor extracts, six
fungi were assessed, namely Aspergillus fumigatus, A. Niger,
A. ochraceus, P. funiculosum, P. ochrochloron, and P. verrucosum
var. cyclopium (Table 6). All the extracts revealed antifungal
activity, with roots extracts showing the lowest MIC and MFC
values, ranging between 0.05 and 0.45 mg mL~' and between
0.075 and 0.60 mg mL™", respectively. Ketoconazole and bifo-
nazole were applied as positive controls, and only bifonazole
showed a similar or better antifungal activity than the tested
root extracts, except for the case of A. ochraceus where root
extracts from peat grown plants had the lowest MIC and MFC
values. In addition, A. Niger and P. ochrochloron were the fungi

This journal is © The Royal Society of Chemistry 2019
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with the lowest sensitivity to the extracts. Regarding the effect
of the tested substrates, antimicrobial activity of plant extracts
showed a varied response depending on the assayed fungi.
Similarly, Gatto et al.®” observed that extracts from S. minor
aerial parts revealed antifungal capacity against to A. niger,
Penicillium digitatum, and P. italicum, while Askarne et al.™®
reported a significant inhibition activity of extracts from leaves
and stems against P. italicum. In a recent study, Gawron-
Gzella®® also suggested that extracts from S. officinalis showed
antifungal activity against Candida albicans.

4. Conclusions

The present work was carried out in order to evaluate the
effects of substrates on the growth of Sanguisorba minor
plants, and on the chemical composition and antitumor and
antimicrobial capacity of extracts from roots and aerial parts of
the plants. Our results revealed that the higher chlorophyll
content and dry weight of roots, stems and leaves were
recorded in the peat treatment. Overall, the growing conditions
affected the nutritional value, chemical composition, and anti-
tumor and antimicrobial properties of S. minor. Moreover,
extracts from the roots had a higher antimicrobial and antitu-
mor capacity against the tested cancer lines in comparison to
extracts from the leaves and stems, except for the case of
HepG2 cancer lines and PLP2 non-tumor cell lines, where
extracts from the leaves and stems were more efficient and less
cytotoxic, respectively. The higher antimicrobial and antitumor
activity of plant roots could be probably attributed to the
higher phenolic compound content and the different compo-
sition of phenolic compounds, although further studies are
needed in order to investigate bioactivities of these com-
pounds. The present work provides valuable results regarding
the effects of growing conditions on the growth and bioactive
properties of S. minor. Considering the importance of the
species in traditional medicine, it could be assumed that the
increase of the bioactive compound content through commer-
cial growing conditions, especially phenolic compounds,
would also enhance the functionality of the species. Moreover,
although the species is commonly found in the Mediterranean
region, it is underexploited yet and its tissues could be a poten-
tial source of natural bioactive compounds with further use in
pharmaceutical and medicinal applications.
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