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Abstract

Yarrow (Achillea millefolium L., AM) and nettle (Urtica dioica L., UD) are bioactive plants used commercially in functional
food and supplement applications and traditionally to alleviate gastric disorders. In this work, the effects of food-grade
optimized extracts of Finnish early-season AM and UD were tested on bacterial growth including potential beneficial and
foodborne pathogens, as well as murine norovirus (MNV). The anti-inflammatory properties of the extracts were also tested
in vitro by NF-xB reporter cells. The food-grade extraction was optimized with the response surface modelling in terms of
total carotenoid, chlorophyll, and phenolic compounds contents and antioxidant capacities. The optimal food-grade extraction
parameters were a 1-h extraction in 70% ethanol at 45 °C for AM, and at 49 °C for UD. There were no significant effects on
the beneficial bacteria (Lacticaseibacillus and Bifidobacterium strains), and the extracts were more effective against gram-
positive than gram-negative foodborne bacteria and potential pathogens. Listeria innocua was the most susceptible strain in
the optimized extracts with a growth rate of 0.059 +0.004 for AM and 0.067 +0.006 for UD, p <0.05 compared to control.
The optimized extracts showed a logarithmic growth reduction of 0.67 compared to MNV. The hydroethanolic extracts were
cytotoxic to both cell lines, whereas aqueous AM and UD extracts induced and reduced TLR4 signalling in a reporter cell line,
respectively. The results provide novel food-grade extraction parameters and support the bioactive effects of AM and UD in
functional food applications, but more research is needed to elucidate the precise biological activity in vivo for gastric health.
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Introduction

Yarrow (Achillea millefolium L., AM) and stinging nettle
(Urtica dioica L., UD) are highly bioactive traditional medici-
nal plants used to alleviate various symptoms, including gas-
tric disorders [1-4]. Nowadays, their overground parts are
approved for food supplement (AM) and food (UD) use in the
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European Union [5]. Bioactive plant extracts have multiple
uses in the food and pharmaceutical industries, including func-
tional foods or supplements, extending the shelf-life of foods,
and contributing to the chemical and microbial safety of prod-
ucts at low cost and good consumer acceptance [6], even when
proper hygiene and other safety actions cannot be completely
replaced by bioactive plant compounds. Furthermore, the con-
sumption of bioactive compounds in extracts can modulate
the gut microbiota by affecting the metabolic activity and/or
composition of the microbiota with effects in host physiol-
ogy and health [1, 6]. This modulation could regulate inflam-
matory related disorders, [6] that can be induced by bacterial
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lipopolysaccharide (LPS). The LPS is a cell wall structure
typical of gram-negative bacteria and is a triggering ligand
for the immune system via the Toll-Like Receptor 4 (TLR4),
which ultimately leads to the activation of the transcription
factor nuclear factor kappa B (NF-xB) and the production of
pro-inflammatory cytokines [7]. The anti-inflammatory prop-
erties of AM and UD are mainly associated with their phenolic
compounds [1, 3, 8].

The chemical compositions of AM and UD have been
previously determined, with both plants containing different
phenolic and other bioactive compounds [9, 10]. In addi-
tion to anti-inflammatory effect, AM has demonstrated many
bioactive properties, such as antioxidant, antimicrobial and
antiproliferative [3, 11, 12] as well as modulating effects
on the intestinal microbiota [1]. As for UD, it has shown
antioxidant, antimicrobial and antitumour properties [4, 9,
12], and has also been shown to be a good source of bio-
active chlorophylls and carotenoids, especially lutein and
p-carotene [4, 13]. The growth location and harvest time
of plants contribute to their composition of bioactive com-
pounds [9, 14, 15], yet the properties of AM and UD col-
lected for food in the early season from northern latitudes,
such as Finland, have not been studied so far.

The properties of the plant extract are influenced not only
by the type, place of growth and season, but also by the
extraction process. Extraction should be optimized to yield
maximal concentrations of polyphenols and other bioactive
compounds. The response surface methodology (RSM) con-
sists of mathematical and statistical methods that can cor-
relate the relationships between the interactions of independ-
ent variables and responses and find the combinations of
them that give the optimal parameters for the extraction [16].
RSM has previously been used to optimize the extraction of
antioxidants from AM waste dust [17] and the extraction of
phenolic compounds from UD leaves [18].

Thus, the aim of this study was to optimize the food-grade
extraction of AM and UD collected early in the Finnish
growing season (May) and unravel potential intestinal health
related bioactive effects in vitro to facilitate future studies on
in vivo models. Extracts optimized with RSM were hypoth-
esized to contain more bioactive compounds than aqueous
extracts and thus to show greater bioactivity. The profiles
of the extracts were assessed, and the antioxidant, antiviral,
and anti-inflammatory activities of the extracts as well as
their effect on potential pathogens and beneficial bacterial
growth were evaluated.

Materials and Methods

A detailed description of the materials and methods can be
found in the supplementary material (ESM 1).
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Results and Discussion

Optimization of the Extraction The optimization results and
quadratic functions are fully reported in the supplementary
material (ESM 2). To summarize, the optimization with
RSM was considered successful. The extraction parameters
significantly influenced the compositions of the extracts, and
the optimal conditions for extraction were found with RSM
when 45 °C, 70% ethanol (EtOH) and 1 h were used for AM
and 49 °C, 70% EtOH and 1 h for UD. The extraction of
AM and UD has been optimized using different methods,
and here, the optimal time (1 h) for AM is shorter and for
UD longer than in the previous literature [17-19]. The tem-
peratures of 45 and 49 °C obtained here are reasonable as a
temperature of 40 °C has been reported as good for obtain-
ing spinach extracts high in carotenoids [20]. An EtOH
concentration of 70% is rather high, but consistent with a
previous study [17]. The plants in the present study are from
the early season as young leaves are preferred for food use
and early season UD contains the highest levels of bioactive
compounds [4, 9]. Our results are similar to previous AM
and UD extraction results [11, 17-19]. The measured total
carotenoids, total chlorophylls, total phenolic compounds,
and antioxidant capacities are represented for each parameter
setting of the Box-Behnken design in ESM 2 Tables S1-S2.

Effects on Bacterial Kinetics The growth curves of the bacte-
rial strains tested were analysed considering the effects of
the extracts on the maximal optical density (MOD), growth
rate and lag of growth of each bacterial strain which are
fully detailed in the Supplementary Material (ESM 3). In
short, the bacterial strain and the solvent used influenced
the growth of the bacteria (Fig. 1), as previously reported
[11, 12, 21]. The gram-positive bacteria (L. innocua and S.
aureus) were more susceptible to the ethanolic extracts than
gram-negative (E. coli and S. enterica), and AM reduced the
growth better than UD. On the contrary, UD enhanced the
bacterial growth, possibly due to some compounds of UD,
such as certain carotenoids or polyphenols, which may have
acted as bacterial substrates. Of all the strains, L. innocua
was the most sensitive to the optimized extracts (mean
growth rate with standard deviation of AM: 0.059 +0.004,
and that of UD: 0.067 +0.006, p <0.030, compared to con-
trols). Still, the antimicrobial blend (positive control, AB)
in 70% EtOH (AB70) and in sterile water (ABO) reduced the
growth of these gram-positive bacteria the most, especially
ABO, which completely inhibited growth. In gram-negative
E. coli and S. enterica, growth was diauxic and only the first
phase of growth was analysed. The gram-negative bacteria
were not significantly affected by the extracts, possibly due
to the cells’ outer membrane, which can reduce the influx
of antibacterial molecules [22]. Also in previous studies,
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E. coli, L. monocytogenes and S. enterica sv. Typhimurium
were very resistant to UD [23].

Ethanol influenced the growth rate and the MOD of S.
aureus and E. coli and also, the lag of growth of L. innocua,
S. aureus and S. enterica compared to the control media. In
these cases, the ethanolic extracts were not compared to the
aqueous versions due to the EtOH effect.

Previous studies found that gram-positive bacteria are
more susceptible to plant extracts than gram-negative ones
[1, 17]. UD is considered to be more effective than AM on
antibacterial control against both gram-positive and negative
bacteria, mainly due to its total phenolic and flavonoid com-
pound contents [12]. Since the plants in the present study
are from the early growing season, the phenolic compounds
may not be as abundant, or the antibacterial effects as high
as in the more mature plants in the previous studies. Previ-
ously, hydroethanolic extracts were found to be more effec-
tive against bacteria than aqueous ones [21]. Nevertheless,
Mahmoudi et al. [24] found that an aqueous extract of UD
leaves was more antibacterial than the corresponding etha-
nolic extract, which was attributed to more efficient water
extraction conditions. This highlights the importance of opti-
mizing of the extraction according to the desired bioactivity
and related compounds.

Time (h)

Regarding the potentially beneficial bacteria tested, they
were more affected by the AB than by the extracts, indicat-
ing a neutral effect of the extracts (Fig. 1c). No significant
differences were found compared to the extracts and the
control blanks. Lacticaseibacillus strains are considered to
be more resistant to the antibacterial compounds than the
pathogenic gram-positive and -negative bacteria and can
even use the compounds as substrates, which could explain
the behaviour [25]. Koztowska et al. [26] found that lactic
acid bacteria were not inhibited by spice extracts, such as
UD powder extracted with 70% EtOH, but Milutinovi¢ et
al. [1] showed growth stimulation of probiotic Saccharo-
myces boulardii and L. plantarum with AM extract.

Antiviral Activity No significant differences were reported
for aqueous extracts, reductions of 0.25 and 0.63 log were
found for AM and UD, respectively (Table 1). For ethanolic
extracts, the titers decreased in 0.67 log for both and showed
statistical variations from PBS and ethanol control. No
effects result from ethanol control. In our previous work, an
aqueous 1/10 dilution of E. glaucophyllum extract reported
0.62 logarithmic reduction for murine norovirus (MNV)
which is similar to the results obtained in this study for aque-
ous UD [21]. Still, the ethanolic extract of E. glaucophyllum
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Table 1 Reduction of murine norovirus (MNV) titers (log TCID;,/
ml) treated with A. millefolium (AM) and U. dioica (UD) extracts
overnight (o/n) at 37 °C. The aqueous (H,O) and ethanolic (70%)
extracts were diluted 1/10 with phosphate-buffered saline (PBS)

MNYV (37 °C, o/n)

log TCID5y/ml

Treatment Recovered titer log Reduction
Control PBS 5.07+0.35% -

AM H,0 1/10 4.82+0.22% 0.25

UD H,0 1/10 4.45+0.22% 0.63

Control EtOH 4.89+0.09% 0.19

AM 70% 1/10 4.41+0.26° 0.67

UD 70% 1/10 4.41+0.07° 0.67

TCID50/ml: Median (50%) tissue culture infectious dose
log Reduction: logarithmic reduction (subtracted from the control PBS)

Different letters denote significant differences between treatments at level 0.05

(as 1/10 dilution of 50% EtOH) compared to optimized UD
extract resulted in higher reduction with 1.92 log.

Aqueous extracts have been observed to have a low poten-
tial against viral infection also previously [27]. Falcé et al.
[28] tested the effect of a flavonoid epigallocatechin gallate
of green tea on MNV and the reduction was 1.16 log for
1/10 dilution. Compared to these studies the antiviral activ-
ity of AM and UD extracts was existing but not as major.
Natural compounds are studied as an option for their anti-
viral activities [29], but antiviral activity of plant extracts is
still relatively poorly studied, and mostly reported for green
tea extract and its catechins, such as epigallocatechin which
shows potential activity against hepatitis A virus and MNV
[28].

Effects of Extracts on Cell Viability The viability of HEK-
Blue™ hTLR4 cells treated with varying concentration
of EtOH was above 89% (p > 0.05) compared with cells
exposed to cell culture media and thus, EtOH did not show
any cytotoxic effects. However, EtOH was cytotoxic to
the NFKB-HT-29 reporter cell line (cell viability 11-96%,
p <0.05 compared to respective control). The different ori-
gin of cell lines, from human embryonic kidney or colon
adenocarcinoma could affect the sensitivity of cell lines to
EtOH. Combined cytotoxicity between extracted compounds
and EtOH cannot be excluded. All dilutions of AM70 and
UD?70 as 1/10 and 1/20 dilutions showed cytotoxicity (cell
viability 12-87%, p <0.05 compared to respective control)
in both cell lines and therefore these cases were omitted.
Previously, extracts of UD radix have shown cytotoxicity
on human colon tumorigenic cell line HT-29 cells [30]. The
viability results of the cells are provided fully in the sup-
plementary material (ESM 4).
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Anti-Inflammatory Activity The optimized ethanolic extracts
and their aqueous counterparts were tested for activation
and/or inhibition of activated TLR4 pathway (Fig. 2). The
hydroethanolic extracts were mostly cytotoxic to cells and
thus their anti-inflammatory activity could have not been
measured. Thus, no results are presented for AM70 extracts
and most of the dilutions of UD70. Contrarily, aqueous
extracts were not cytotoxic and in basal conditions (i.e., no
LPS), AMO induced TLR4 signaling in a dose dependent
manner (Fig. 2a). AMO (1/10 dilution) was found to activate
TLR4 more than AMO (1/40 dilution) (p =0.009). Similar
effect of the extracts was observed in those cells stimulated
with LPS (Fig. 2b), showing higher induction of TLR4
signals in those cells treated with the more concentrated
samples of AMO (p=0.009). For UD, aqueous extracts
(1/20 dilution) significantly diminished the TLR4 activa-
tion (Fig. 2a) compared to control (Tukey’s test C vs UD
1/20, p=0.023) while UD 1/10 showed a tendency towards
the same effect (Tukey’s test C vs UD 1/10, p=0.070). No
effect was detected in UD70 in terms of TLR4 activation
compared to controls. No statistically significant differences
were found among the treated cells with the LPS induc-
tion (Fig. 2b). To study the function of different extracts
on human TLR4 activation, we used HEK293 cells stably
co-transfected with the TLR4, MD-2 and CD14 co-receptor
genes. TLR4 activation induces secreted embryonic alka-
line phosphatase reporter gene, placed under the control of
an IL-12 p40 minimal promoter fused to NF-xkB and AP-
1-binding sites. In concordance with our results, previous
studies have showed that methanol extracts of UD induce
the secretion of chemokines by intestinal epithelial cells
independently of TLR4 activity, whereas the main signaling
path was MyD88/NF-xB [31]. UD extracts had a mild reduc-
tion of TLR4 activation in non-LPS stimulated cells. UD
has been previously described to show inhibition of NF-xB
activation in various cell lines [32], but TLR4-independent
mechanisms could be involved. Interestingly, AM extracts
showed a different effect on TLR4 activation depending on
the presence of LPS. Burk ef al. [33] showed that an aqueous
extract of AM inflorescences suppresses pro-inflammatory
responses in LPS-induced murine macrophage cell line.
We observed a similar trend in human TLR4 reporter cell
line, supporting that AM bioactive molecules can modulate
inflammatory responses mediating NF-kB modulation via
TLR4 signalling cascade. Contrarily, AM extracts under
non-inflamed conditions promoted TLR4 activation. Freys-
dottir et al. [34] isolated an AM polysaccharide (Am-25-d)
with ability to induce cytokine production (i.e., IL-1f, IL-8,
IL-10, IL-12p40, IL-23 and TNF-o) in M1 induced THP-1
macrophages, suggesting immunoenhancing properties that
may be mediated via the Akt pathway. In addition, AM has
previously shown inhibition of LPS-induced NO secretion
and a significant effect on free radical scavenging [35]. Our
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results suggest that AM extracts can mediate immunomodu-
latory activities depending on the basal conditions, enhanc-
ing TLR4 mediated responses in non-inflamed conditions
and reducing pro-inflammatory signals under pathogenic
LPS presence.

Conclusions

This study provides novel information on bioactivities and
optimization of food-grade extraction of specific and tradi-
tional Finnish A. millefolium and U. dioica from an early
growing season. The results show that the extracts exhibit
bioactive effects in vitro, such as antioxidant capacity,
antibacterial effects on gram-positive bacteria, a slight
antiviral activity and anti-inflammatory effects. The opti-
mization was deemed successful and the design adequate.
Ethanol was found to be a more effective extraction sol-
vent than water, as was hypothesized. This was observed
with more extracted compounds and stronger antibacte-
rial effects, especially against gram-positive bacteria. The
aqueous extracts significantly or slightly improved the
growth of both pathogenic and probiotic bacteria. Growth

modulation of the bacteria was not as good as was hypoth-
esized, but there were clear antibacterial effects with
gram-positive bacteria, of which L. innocua was inhibited
by the optimal extracts. However, the gram-negative bacte-
ria were very resistant to them. AM showed more antioxi-
dant and slightly more antibacterial effects than UD. The
potential beneficial bacteria tolerated the extracts well,
but they did not show as much potential for promoting
the growth of these bacteria as had been assumed. More
strains need to be tested in future studies. The results of A.
millefolium and U. dioica for murine norovirus reduction
are novel and can be confirmed in future studies with dose
dependency. Hydroethanolic extracts of A. millefolium and
U. dioica showed cytotoxicity towards both cell lines, with
NFKB-HT-29 cells being the most susceptible to ethanol,
and the aqueous extracts, mainly from A. millefolium,
showed immunomodulatory activity via the TLR4 signal-
ling cascade. As novel data for Finnish A. millefolium and
U. dioica, these results give a good base of knowledge on
the optimal food-grade extraction parameters. The opti-
mization values can be used in further studies to find the
best conditions for each trait or even add more parameters

@ Springer
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for more optimal extracts and for specific uses. The results
support that A. millefolium and U. dioica are potential
food and food supplement materials, but more research is
needed to fully understand their benefits on gastric health,
especially in vivo.

Abbreviations AB: Antimicrobial blend (in sterile water: ABO; in
70% ethanol: AB70); AM: Achillea millefolium L. (in sterile water:
AMO; in 70% ethanol: AM70); EtOH: Ethanol; LPS: Lipopolysac-
charide; HEK: Human embryonic kidney cells; MNV: Murine noro-
virus; MOD: Maximal optical density; NF-kB: Nuclear factor kappa
B; NFKB-HT-29: Human colon tumorigenic cells established in the
Laboratory of Lactic Acid Bacteria and Probiotics of IATA-CSIC;
PBS: Phosphate-buffered saline; RSM: Response surface methodology;
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like receptor 4; UD: Urtica dioica L. (in sterile water: UDO; in 70%
ethanol: UD70)

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11130-022-01020-y.

Acknowledgements The work was a collaboration between the Uni-
versity of Turku, the University of Valencia and the Institute of Agro-
chemistry and Food Technology — National Research Council (IATA-
CSIC). The plant samples were kindly provided by Frantsila Herbfarm.
The murine macrophage cell line RAW 264.7 and murine norovirus
were both kindly provided by Prof. H.V.W. Virgin, Washington Uni-
versity School of Medicine, USA and NFKB-HT-29 reporter cell line
were kindly provided by Prof. Gaspar Perez (IATA-CSIC). We would
like to acknowledge the guidance and support of Dr. Gloria Sanchez
(IATA-CSIC) in the virus experiments and interpretation. Francisco J.
Marti-Quijal would like to acknowledge the pre-PhD scholarship pro-
gram of University of Valencia “Atracci6 de Talent”. Francisco J. Barba
and Francisco J. Marti-Quijal are members of the CYTED network
“P320RT0186—Aprovechamiento sostenible de recursos biomasicos
vegetales iberoamericanos en cosmética (BIOLATES)”.

Author Contributions Conceptualization: Enni Mannila, Francisco
J. Barba, Maria Carmen Collado; Methodology: Francisco J. Marti-
Quijal, Marta Selma Royo, Marta Calatayud, Irene Falcé, Beatriz de
la Fuente, Francisco J. Barba, Maria Carmen Collado; Formal analysis:
Enni Mannila, Francisco J. Marti-Quijal, Marta Selma Royo, Marta
Calatayud, Irene Falco, Beatriz de la Fuente; Investigation: Enni Man-
nila, Francisco J. Marti-Quijal, Marta Selma Royo, Marta Calatayud,
Irene Falc6, Francisco J. Barba, Maria Carmen Collado; Resources:
Francisco J. Barba, Maria Carmen Collado, Kaisa M. Linderborg;
Writing—original draft preparation: Enni Mannila, Francisco J. Barba,
Maria Carmen Collado, Kaisa M. Linderborg; Writing—review and
editing: Enni Mannila, Francisco J. Marti-Quijal, Marta Selma Royo,
Marta Calatayud, Beatriz de 1a Fuente, Irene Falcd, Francisco J. Barba,
Maria Carmen Collado, Kaisa M. Linderborg; Visualization: Enni
Mannila, Francisco J. Marti-Quijal, Marta Selma Royo, Irene Falcé;
Supervision: Francisco J. Barba, Maria Carmen Collado, Kaisa M.
Linderborg; Project administration: Francisco J. Barba, Maria Car-
men Collado, Kaisa M. Linderborg; Funding acquisition: Francisco J.
Barba, Maria Carmen Collado, Kaisa M. Linderborg. All authors have
read and approved the submitted manuscript.

Funding Open Access funding provided by University of Turku (UTU)
including Turku University Central Hospital. The research was sup-
ported by the University of Valencia, the University of Turku and the
Institute of Agrochemistry and Food Technology-National Research
Council (IATA-CSIC). No external funding was received for conduct-
ing this study nor preparation of this manuscript.

@ Springer

Data Availability The data is available upon reasonable request from
the corresponding authors.

Declarations

Competing Interests The authors declare no competing interests.
Ethics Approval Not applicable.

Consent to Participate Not applicable.

Consent to Publish All authors have given consent to publish the man-
uscript in Plant Foods for Human Nutrition.

Conflict of Interest The authors declare no conflicts of interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Milutinovi¢ M, Dimitrijevié¢-Brankovié S, Rajilié¢-Stojanovi¢ M
(2021) Plant extracts rich in polyphenols as potent modulators in
the growth of probiotic and pathogenic intestinal microorganisms.
Front Nutr 8:1-11. https://doi.org/10.3389/fnut.2021.688843

2. Upton R (2013) Stinging nettles leaf (Urtica dioica L.): extraor-
dinary vegetable medicine. ] Herb Med 3(1):9-38. https://doi.org/
10.1016/j.hermed.2012.11.001

3. Ali SI, Gopalakrishnan B, Venkatesalu V (2017) Pharmacognosy,
phytochemistry and pharmacological properties of Achillea mille-
Solium L.: a review. Phytother Res 31:1140-1161. https://doi.org/
10.1002/ptr.5840

4. Dhouibi R et al (2020) Screening of pharmacological uses of
Urtica dioica and others benefits. Prog Biophys Mol Biol 150:67—
77. https://doi.org/10.1016/j.pbiomolbio.2019.05.008

5. European Commission (2022) EU Novel food catalogue (v. 1.2).
Online source: https://ec.europa.eu/food/safety/novel-food/novel-
food-catalogue_en. Accessed 04 June 2022

6. Veiga M, Costa EM, Silva S, Pintado M (2020) Impact of plant
extracts upon human health: a review. Crit Rev Food Sci Nutr
60(5):873-886. https://doi.org/10.1080/10408398.2018.1540969

7. Miller SI, Ernst RK, Bader MW (2005) LPS, TLR4 and infectious
disease diversity. Nat Rev Microbiol 3(1):36—46. https://doi.org/
10.1038/nrmicro1068

8. Carvalho AR et al (2017) Urtica spp.: phenolic composition,
safety, antioxidant and anti-inflammatory activities. Food Res Int
99:485-494. https://doi.org/10.1016/J. FOODRES.2017.06.008

9. Repaji¢ M et al. (2021) Bioactive compounds in wild nettle
(Urtica dioica 1.) leaves and stalks: polyphenols and pigments
upon seasonal and habitat variations. Foods 10(1). https://doi.org/
10.3390/f0oods10010190

10. Dokhani S, Cottrell T, Khajeddin J, Mazza G (2005) Analy-
sis of aroma and phenolic components of selected Achillea


https://doi.org/10.1007/s11130-022-01020-y
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fnut.2021.688843
https://doi.org/10.1016/j.hermed.2012.11.001
https://doi.org/10.1016/j.hermed.2012.11.001
https://doi.org/10.1002/ptr.5840
https://doi.org/10.1002/ptr.5840
https://doi.org/10.1016/j.pbiomolbio.2019.05.008
https://ec.europa.eu/food/safety/novel-food/novel-food-catalogue_en
https://ec.europa.eu/food/safety/novel-food/novel-food-catalogue_en
https://doi.org/10.1080/10408398.2018.1540969
https://doi.org/10.1038/nrmicro1068
https://doi.org/10.1038/nrmicro1068
https://doi.org/10.1016/J.FOODRES.2017.06.008
https://doi.org/10.3390/foods10010190
https://doi.org/10.3390/foods10010190

Plant Foods for Human Nutrition

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

species. Plant Foods Hum Nutr 60:55-62. https://doi.org/10.1007/
s11130-005-5100-9

. El-Kalamouni C, Venskutonis P, Zebib B, Merah O, Raynaud C,

Talou T (2017) Antioxidant and antimicrobial activities of the
essential oil of Achillea millefolium L. grown in France. Medi-
cines 4:1-9. https://doi.org/10.3390/medicines4020030

Bobis O, Dezmirean DS, Tomos L, Chirila F, Al. Marghitas L
(2015) Influence of phytochemical profile on antibacterial activ-
ity of different medicinal plants against gram-positive and gram-
negative bacteria. Appl Biochem Microbiol 51:113-118. https://
doi.org/10.1134/S0003683815010044

Marchetti N, Bonetti G, Brandolini V, Cavazzini A, Maietti A,
Meca G, Maiies J (2018) Stinging nettle (Urtica dioica L.) as a
functional food additive in egg pasta: enrichment and bioaccessi-
bility of lutein and f-carotene. J Funct Foods 47:547-553. https://
doi.org/10.1016/}.jff.2018.05.062

Paulauskiené A, Taraseviciené Z, Laukagalis V (2021) Influence
of harvesting time on the chemical composition of wild stinging
nettle (Urtica dioica 1.). Plants 10(4). https://doi.org/10.3390/
plants 10040686

Farhadi N, Babaei K, Farsaraei S, Moghaddam M, GhasemiPirba-
louti A (2020) Changes in essential oil compositions, total phenol,
flavonoids and antioxidant capacity of Achillea millefolium at dif-
ferent growth stages. Ind Crops Prod 152:112570. https://doi.org/
10.1016/j.indcrop.2020.112570

Bas D, Boyaci IH (2007) Modeling and optimization I: usability
of response surface methodology. J Food Eng 78:836-845. https://
doi.org/10.1016/j.jfoodeng.2005.11.024

Milutinovi¢ M, Radovanovié¢ N, Corovié M, Siler-Marinkovi¢ S,
Rajilié-Stojanovi¢ M, Dimitrijevi¢-Brankovié S (2015) Optimisa-
tion of microwave-assisted extraction parameters for antioxidants
from waste Achillea millefolium dust. Ind Crops Prod 77:333-341.
https://doi.org/10.1016/j.indcrop.2015.09.007

Vaji¢ UJ, Grujié-Milanovié J, Zivkovié J, Savikin K, Godevac D,
Miloradovié¢ Z, Bugarski B, Mihailovi¢-Stanojevi¢ N (2015) Opti-
mization of extraction of stinging nettle leaf phenolic compounds
using response surface methodology. Ind Crops Prod 74:912-917.
https://doi.org/10.1016/j.indcrop.2015.06.032

Stanojevi¢ LP, Stankovi¢ MZ, Cvetkovi¢ DJ, Caki¢ MD, Ili¢ DP,
Nikoli¢ VD, Stanojevi¢ JS (2016) The effect of extraction tech-
niques on yield, extraction kinetics, and antioxidant activity of
aqueous-methanolic extracts from nettle (Urtica dioica L.) leaves.
Sep Sci Technol 51:1817-1829. https://doi.org/10.1080/01496
395.2016.1178774

Altemimi A, Lightfoot DA, Kinsel M, Watson DG (2015) Employ-
ing response surface methodology for the optimization of ultra-
sound assisted extraction of lutein and f-carotene from spinach.
Molecules 20:6611-6625. https://doi.org/10.3390/molecules2
0046611

Abdelkebir R et al (2018) Effect of ultrasound technology com-
bined with binary mixtures of ethanol and water on antibacterial
and antiviral activities of Erodium glaucophyllum extracts. Innov
Food Sci Emerg Technol 52:189-196. https://doi.org/10.1016/j.
ifset.2018.12.009

McKeegan KS, Borges-Walmsley MI, Walmsley AR (2002)
Microbial and viral drug resistance mechanisms. Trends Micro-
biol 10:8-14. https://doi.org/10.1016/S0966-842X(02)02429-0
Tian Y, Puganen A, Alakomi HL, Uusitupa A, Saarela M, Yang B
(2018) Antioxidative and antibacterial activities of aqueous etha-
nol extracts of berries, leaves, and branches of berry plants. Food

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Res Int 106:291-303. https://doi.org/10.1016/j.foodres.2017.12.
071

Mahmoudi R, Amini K, Fakhri O, Alem M (2015) Aroma profile
and antimicrobial properties of alcoholic and aqueous extracts
from root, leaf and stalk of nettle (Urtica dioica L.). ] Microbiol
Biotechnol Food Sci 4:220-224. https://doi.org/10.15414/jmbfs.
2014-15.4.3.220-224

Hervert-Hernandez D, Goii I (2011) Dietary polyphenols and
human gut microbiota: a review. Food Rev Int 27:154—-169. https:/
doi.org/10.1080/87559129.2010.535233

Koztowska M, Scibisz I, Zargba D, Ziarno M (2015) Antioxi-
dant properties and effect on lactic acid bacterial growth of spice
extracts. CyTA - J Food 13:573-577. https://doi.org/10.1080/
19476337.2015.1022228

Flores-Ocelotl MR, Rosas-Murrieta NH, Moreno DA, Vallejo-
Ruiz V, Reyes-Leyva J, Dominguez F, Santos-Lopez G (2018)
Taraxacum officinale and Urtica dioica extracts inhibit dengue
virus serotype 2 replication in vitro. BMC Complement Altern
Med 18:1-10. https://doi.org/10.1186/s12906-018-2163-3

Falco I, Randazzo W, Gémez-Mascaraque L, Aznar R, Lopez-
Rubio A, Sanchez G (2017) Effect of (—)-epigallocatechin gal-
late at different pH conditions on enteric viruses. LWT-Food Sci
Technol 81:250-257. https://doi.org/10.1016/j.1wt.2017.03.050
Ryu S, You HJ, Kim YW, Lee A, Ko GP, Lee SJ, Song MJ (2015)
Inactivation of norovirus and surrogates by natural phytochemi-
cals and bioactive substances. Mol Nutr Food Res 59:65-74.
https://doi.org/10.1002/mnfr.201400549

Ghasemi S, Moradzadeh M, Mousavi SH, Sadeghnia HR (2016)
Cytotoxic effects of Urtica dioica radix on human colon (HT29)
and gastric (MKN45) cancer cells mediated through oxidative and
apoptotic mechanisms. Cell Mol Biol 62(9):90-96. https://doi.org/
10.14715/cmb/2016.62.9.14

FranciSkovi¢ M et al (2017) Chemical composition and immuno-
modulatory effects of Urtica dioica L. (Stinging Nettle) extracts.
Phytother Res 31(8):1183—-1191. https://doi.org/10.1002/ptr.5836
Riehemann K, Behnke B, Schulze-Osthoff K (1999) Plant extracts
from stinging nettle (Urtica dioica), an antirheumatic remedy,
inhibit the proinflammatory transcription factor NF-xkB. FEBS
Lett 442:89-94. https://doi.org/10.1016/S0014-5793(98)01622-6
Burk DR, Cichacz ZA, Daskalova SM (2010) Aqueous extract
of Achillea millefolium L. (Asteraceae) inflorescences suppresses
lipopolysaccharide-induced inflammatory responses in RAW
264.7 murine macrophages. J] Med Plant Res 4(3):225-234
Freysdottir J, Logadottir OT, Omarsdottir SS, Vikingsson A,
Hardardottir I (2016) A polysaccharide fraction from Achillea
millefolium increases cytokine secretion and reduces activation
of Akt, ERK and NF-kB in THP-1 monocytes. Carbohydr Polym
143:131-138. https://doi.org/10.1016/j.carbpol.2016.02.017
Abdossi V, Kazemi M (2015) Bioactivities of Achillea millefolium
essential oil and its main terpenes from Iran. Int J Food Prop
19:1798-1808. https://doi.org/10.1080/10942912.2015.1086787

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s11130-005-5100-9
https://doi.org/10.1007/s11130-005-5100-9
https://doi.org/10.3390/medicines4020030
https://doi.org/10.1134/S0003683815010044
https://doi.org/10.1134/S0003683815010044
https://doi.org/10.1016/j.jff.2018.05.062
https://doi.org/10.1016/j.jff.2018.05.062
https://doi.org/10.3390/plants10040686
https://doi.org/10.3390/plants10040686
https://doi.org/10.1016/j.indcrop.2020.112570
https://doi.org/10.1016/j.indcrop.2020.112570
https://doi.org/10.1016/j.jfoodeng.2005.11.024
https://doi.org/10.1016/j.jfoodeng.2005.11.024
https://doi.org/10.1016/j.indcrop.2015.09.007
https://doi.org/10.1016/j.indcrop.2015.06.032
https://doi.org/10.1080/01496395.2016.1178774
https://doi.org/10.1080/01496395.2016.1178774
https://doi.org/10.3390/molecules20046611
https://doi.org/10.3390/molecules20046611
https://doi.org/10.1016/j.ifset.2018.12.009
https://doi.org/10.1016/j.ifset.2018.12.009
https://doi.org/10.1016/S0966-842X(02)02429-0
https://doi.org/10.1016/j.foodres.2017.12.071
https://doi.org/10.1016/j.foodres.2017.12.071
https://doi.org/10.15414/jmbfs.2014-15.4.3.220-224
https://doi.org/10.15414/jmbfs.2014-15.4.3.220-224
https://doi.org/10.1080/87559129.2010.535233
https://doi.org/10.1080/87559129.2010.535233
https://doi.org/10.1080/19476337.2015.1022228
https://doi.org/10.1080/19476337.2015.1022228
https://doi.org/10.1186/s12906-018-2163-3
https://doi.org/10.1016/j.lwt.2017.03.050
https://doi.org/10.1002/mnfr.201400549
https://doi.org/10.14715/cmb/2016.62.9.14
https://doi.org/10.14715/cmb/2016.62.9.14
https://doi.org/10.1002/ptr.5836
https://doi.org/10.1016/S0014-5793(98)01622-6
https://doi.org/10.1016/j.carbpol.2016.02.017
https://doi.org/10.1080/10942912.2015.1086787

	In Vitro Bioactivities of Food Grade Extracts from Yarrow (Achillea millefolium L.) and Stinging Nettle (Urtica dioica L.) Leaves
	Abstract
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusions
	Acknowledgements 
	References


