
126

Asyakina L.K. et al. Foods and Raw Materials, 2021, vol. 9, no. 1, pp. 126–134

Research Article                            https://doi.org/10.21603/2308-4057-2021-1-126-134
Open Access                                                                 Available online at http:jfrm.ru/en

Geroprotective potential of in vitro bioactive compounds  
isolated from yarrow (Achilleae millefolii L.) cell cultures 

Lyudmila K. Asyakina1 , Natal’ya V. Fotina1 , Natalia V. Izgarysheva1 ,  
Anatoliy A. Slavyanskiy2 , Olga A. Neverova1

1 Kemerovo State University , Kemerovo, Russia

2 K.G. Razumovsky Moscow State University of Technologies  
and Management (the First Cossacs University) , Moscow, Russia

* e-mail: soldatovals1984@mail.ru

Received February 01, 2021; Accepted in revised form March 03, 2021; Published online April 14, 2021

Abstract: 
Introduction. There is an urgent need for geroprotectors that prevent premature aging, especially antioxidants of plant origin. Due 
to the shortage of medicinal plant materials, scientists look for alternative sources of bioactive compounds of phenolic nature, for 
example, cell cultures and organs of higher plants. This paper describes a study of the geroprotective potential of in vitro bioactive 
compounds isolated from yarrow (Achilleae millefolii L.) cell cultures.
Study objects and methods. Callus, suspension and hairy root cultures of A. millefolii were obtained by in vitro cultivation on modified 
nutrient media. High performance liquid chromatography (HPLC) was used to analyze the composition of the cell cultures and 
ethanol extracts. The extracts’ antimicrobial activity was studied by the disk diffusion method and their antioxidant activity was 
measured based on titration of a potassium permanganate solution.
Results and discussion. The biomass of all yarrow cell cultures contained essential oils, flavonoids, glycosides, phenolic acids, 
carotenoids, as well as vitamins C and E. The suspension culture had a higher content of essential oils, flavonoids and glycosides than 
the callus and hairy root cultures. The extracts of the A. millefolii suspension culture also contained geroprotectors – phenylpropanoids, 
flavonoids, and simple phenols, with a prevalence of caffeic acid, cynaroside, 4,5-dicofeylquinic acid, apigenin, and luteolin. In 
addition, HPLC revealed the presence of cumic aldehyde, umbelliferone, 3-caffeylquinic acid, and caffeic acid – the bioactive 
compounds previously not reported in yarrow. In vitro experiments with the extracts proved their antimicrobial and antioxidant 
activity. 
Conclusion. The complex of bioactive compounds isolated from the biomass of yarrow suspension culture provides this plant with 
potential geroprotective properties. Thus, yarrow can be used to create nutraceuticals that prevent premature aging.
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INTRODUCTION 
Aging is one of the global problems of humanity. 

In 2018, Russians aged 60+ accounted for 25.4% of 
the country’s population. By 2050, their proportion is 
estimated to reach 31.2%. Aging is an inevitable process 
and one of the factors that can trigger the development 
of certain chronic diseases (cancer, type 2 diabetes 
mellitus, atherosclerosis, hypertension, myocardial 

infarction, etc.). Despite plentiful research on the biology 
of aging, its mechanisms are still far from being fully 
clear [1–3].

Premature aging is age-related changes that occur 
earlier than in healthy people of the same age group. 
According to A. Zhuravlev and Yu. Golubeva, “with 
premature aging, an individual’s biological age is ahead 
of their calendar age” [4]. The causes of premature 
aging go beyond the negative impact of environmental 
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factors and lifestyle (bad habits, unhealthy diet, irregular 
daily routine), including genetic predisposition to such 
changes (Hutchinson-Guildford syndrome, Werner’s 
syndrome) [5].

Gerontology is a science that studies aging and 
related processes. Some of its branches include 
geriatrics, gerocomia, and gerontopsychology that 
study prevention and treatment of old age diseases, 
care for older people, as well as their psychological and 
behavioral patterns. Gerontologists argue that some 
old age diseases can be prevented or delayed by certain 
chemicals, thus increasing life expectancy. As a result, 
pharmacologists are trying to create drugs capable of 
protecting the body from aging. These drugs include 
geroprotectors [6–8].

Geroprotectors are substances with a proven ability 
to increase the life span of animals (antioxidants, cross-
linking inhibitors, enterosorbents, immunomodulators, 
antidiabetic agents, and adaptogens). Antioxidants play 
an important role in fighting against premature aging 
and thus preventing the negative effects of oxidative 
stress [9, 10].

Highly valuable are plant-based antioxidants 
(flavonoids, stilbenes, phenolic acids). They have a wide 
range of preventive and therapeutic effects and, unlike 
their synthetic analogues, do not have a toxic effect on 
the body or cause addiction [11–13].

In this regard, recent years have seen a sharply 
increased interest in the production of natural bioactive 
compounds with gerontological properties. The 
commercialization of such technologies could enable 
Russia to discontinue importing functional food 
ingredients, support domestic production and export 
bioactive compounds abroad. However, there is a 
shortage of medicinal raw materials due to a rapidly 
increasing demand for them and the unfavorable 
environmental situation. A new solution might be to use 
cell cultures (suspension, callus) and organs (hairy roots) 
of higher plants as an alternative source of renewable 
environmentally friendly materials.

Common yarrow (Achilleae millefolii L.) is rich 
in antioxidant substances and therefore has high 
geroprotective potential. It is a widespread plant 
traditionally used to heal wounds and treat inflammatory 
and respiratory infections since it contains bioactive 
compounds with anti-inflammatory, anti-ulcer, and anti-
tumor effects [14]. These bioactive substances include 
amino acids, fatty acids, other acids (salicylic, succinic, 
ascorbic, folic, caffeic, chlorogenic) and flavonoids 
(luteolin, apigenin, quercetin) [15, 16].

In this work, we aimed to study the geroprotective 
potential of in vitro bioactive substances isolated from 
cell cultures (callus, suspension) and hairy roots of 
common yarrow (A. millefolii L.)

STUDY OBJECTS AND METHODS 
The study objects were callus and suspension cell 

cultures and hairy roots obtained from the yarrow 
(Achilleae millefolii L.) seeds germinated in the 
Botanical Garden of Immanuel Kant Baltic Federal 
University (Kaliningrad).

To sterilize the seeds, we washed them with a 
detergent and kept first in 70% ethanol for 1 min and 
then in a 5% sodium hypochlorite solution for 50 min. 
After sterilization, the seeds were planted on agar media 
in 60 and 90 mm Petri dishes to grow sterile seedlings.

The nutrient medium for growing callus cultures 
(per 1 liter of distilled water) contained 50.00 mL  
MS (Murashige and Skoog) macro-salts (20×), 1.00 mL 
MS micro-salts, 5.00 mL Fe-EDTA, 0.10 mg thiamine; 
0.50 mg pyridoxine; 0.50 mg nicotinic acid; 30.00 g 
sucrose; 1.00 mg kinetin; 2.00 mg β-indoleacetic acid; 
and 20.00 g agar [17]. The first seedlings appeared after 
6–8 weeks of cultivation. To induce callus cultures, 
we used eight-week-old sterile seedlings with 2–4 true 
leaves. For this, the leaves and stems of the seedlings 
were cut into pieces and planted on an agar medium in 
60 and 90 mm Petri dishes. Primary callus were formed 
on days 7–14 of cultivation. They were separated from 
the remains of plant explants and transferred to fresh 
nutrient media. The further cultivation cycle was  
4–5 weeks.

To obtain cell suspensions, 300–400 mg of yarrow 
callus cultures was placed in 250 mL flasks with 25 mL  
of liquid nutrient medium and cultivated on a 
circular shaker at 95–100 rpm. After 18–20 days, we 
subcultured the cell supernatant, gradually increasing 
the dilution rate from 1/2 to 1/8 (inoculum to fresh 
nutrient medium) and shortening the subculturing 
cycle. Suspension cultures were grown in 250 mL  
flasks (30–40 mL of suspension per flask) on a 
shaker at 100 rpm. The nutrient medium (per 1 liter  
of distilled water) contained 50.00 mL MS 
macrosalts (20×), 1.00 mL MS microsalts, 5.00 mL 
Fe-EDTA, 0.10 mg thiamine, 0.50 mg pyridoxine, 
0.50 mg nicotinic acid, 30.00 g sucrose, 1.00 mg  
kinetin, and 2.00 mg β-indoleacetic acid.

Hairy roots were obtained from the leaves of  
14–28 day old yarrow seedlings. The leaves were 
transformed with Agrobacterium rhizogenes strain 
15834 Swiss (Moscow, Russia) [18]. Thе strain was 
grown on the YEB agar medium (5 g/L peptone, 1 g/L 
yeast extract, 5 g/L sucrose, 0.5 g/L MgCl2) for 24 h 
in the dark at 23°C on a shaker with circular rotation  
(5–10 cm amplitude, 90 rpm). The explants were 
pierced with a sterile needle and placed on Gamborg 
B5 medium containing a suspension (OD600 = 0.4) of  
A. rhizogenes [19].

After 12–48 h of incubation in the bacterial 
suspension, the explants were washed with sterile 
water, wiped with sterile filter paper until dry, and 
placed on solid B5 medium containing 500 mg/L 
of cefotaxime (Claforan, UK). The antibiotic was 
added to remove the agrobacterium residues. After 
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30 days of cultivation, we assessed the frequency of 
transformation (the number of transformed explants 
to their total number). The transformed explants were 
selected on the basis of their phenotypic traits (lateral 
branching, absence of geotropism, ability to grow in a 
hormone-free environment). The obtained roots were 
passaged two times on solid hormone-free B5 medium 
containing a reduced amount of cefotaxime (250 mg/L). 
They were cultivated in the dark at 23°C on a shaker at 
100 rpm during 5 weeks. Subsequent passage to fresh 
medium was carried out as soon as the agrobacterium 
contamination appeared. After 14 days, individual 
explants featured rhizogenesis.

The growth of callus biomass was calculated as:

𝑃𝑃i =
𝑋𝑋i−𝑋𝑋0
𝑋𝑋0

 𝐼𝐼dw = 𝑋𝑋max 𝑋𝑋0⁄  𝜇𝜇dw = ln𝑋𝑋2−ln𝑋𝑋1
𝑡𝑡2−𝑡𝑡1
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                                   (1)

where Xi is the weight of culture on the i-th day of 
cultivation (standard: i = 7, 14, 21, 28 and 35 days); X0 is 
the initial weight of culture (transplant weight).

Suspension cultures were analyzed for all growth 
parameters (dry mass, cell viability). To determine the 
content of wet and dry biomass in a liter of medium 
(Mmax_dw, g/L), a fixed amount of suspension (not less 
than 15 mL, in triplicate) was filtered through a paper 
filter using a Buchner funnel under vacuum. The 
biomass was dried to constant weight in a stream of air 
at 30°C. The viability (v) of cell cultures was determined 
by counting live (unstained) and dead (stained) cultures 
under a microscope using phenosafranine (0.1% 
solution) or 0.025% Evans blue.

The growth index (Idw) and the specific growth rate 
in the exponential phase (µdw, day–1) were calculated as:

𝑃𝑃i =
𝑋𝑋i−𝑋𝑋0
𝑋𝑋0

 𝐼𝐼dw = 𝑋𝑋max 𝑋𝑋0⁄  𝜇𝜇dw = ln𝑋𝑋2−ln𝑋𝑋1
𝑡𝑡2−𝑡𝑡1
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where Xmax is the maximum content of dry biomass in a 
liter of medium; X0 is the initial content of dry biomass 
in a liter of medium.

𝑃𝑃i =
𝑋𝑋i−𝑋𝑋0
𝑋𝑋0

 𝐼𝐼dw = 𝑋𝑋max 𝑋𝑋0⁄  𝜇𝜇dw = ln𝑋𝑋2−ln𝑋𝑋1
𝑡𝑡2−𝑡𝑡1

    

 

28.34 

2.89 4.00 1.34 

65.75 

13.99 

35.81 

3.56 4.67 2.09 

81.34 

25.98 

13.34 

0.67 1.34 0.87 

34.86 

10.09 

0

20

40

60

80

Flavonoids Vitamins C, E Phenolic acids Carotenoids Essential oils Glycosides

C
on

te
nt

 o
f B

A
S,

 m
g/

g 

Callus cultures Suspension cultures Root cultures

                           (3)

where X2 is the content of dry biomass in a liter of 
medium at point t2; X1 is the content of dry biomass in a 
liter of medium at point t1.

The growth index was used to characterize the 
growth of root cultures in vitro.

The composition of yarrow callus, suspension 
and hairy root culture biomass, as well as the 
extracts, was analyzed by high performance liquid 
chromatography (HPLC) according to [20]. For this, we 
used the following eluent compositions: 1) tetrahydro- 
furan: acetic acid:5% H3PO4:water (19:20:2:59); 2) tetra- 
hydrofuran:dioxane:MeOH:acetic acid:5% H3PO4:water 
(14.5:12.5:5:2:2:66). The substances were separated on 
a Shimadzu LC-20 Prominence chromatograph (Japan) 
with a Shimadzu SPD20M diode-matrix detector, using 
the columns Kromasil C18, 5 μm, 250×4.6 mm and 
HyperClone 5 μm, BDS 130Ǻ, C18 250×4.6 mm.

Bioactive substances were extracted with ethyl 
alcohol (Kemerovo Pharmaceutical Factory, Russia). 
Dried plant biomass was ground in an LZM-1M mill 
(Olis, Russia) and sieved through a 1-mm hole sieve. 
3 g of dried plant biomass was extracted in 260 mL of 
ethyl alcohol (30, 50, and 70 % ethanol) under static 
conditions in a PE-4310 water bath (EKROSKHIM, 
Russia) with a reflux condenser (30, 50, and 70°C). The 
extraction was performed twice during 2, 4, and 6 h.

To assess the geroprotective potential of the bioactive 
compounds isolated from the yarrow callus, suspension, 
and hairy root biomass, we analyzed their antimicrobial 
and antioxidant properties.

The antimicrobial activity of the extracts was 
analyzed according to Methodological Guidelines 
4.2.1890-2004 by the disk diffusion method. The 
microorganisms used as test strains included 
Escherichia coli, Candida albicans, Bacillus 
cereus, Pseudomonas aeruginosa, Enterococcus 
faecium, Klebsiella pneumonia, Helicobacter 
pylori, Streptococcus viridans, Streptococcus bovis, 
Porphyromonas gingivalis, Acinetobacter baumannii, 
Borrelia burgdorferi, Propionibacterium acnes, 
Aggregatibacter actinomycetemcomitans, and 
Streptococcus intermedius. 

A suspension of microorganisms under study was 
prepared from a broth culture according to the turbidity 
standard. Antimicrobial activity was determined 
using a standard meat-and-peptone agar (MPA). After 
inoculation, extract-impregnated discs were placed onto 
the medium, with an antibiotic disc used as a control. 
Then, the Petri dishes were put in a thermostat upside 
down and incubated at 35–37°С for 18–24 h (depending 
on the microorganism). To record the results, we placed 
the dishes upside down on a dark matte surface so that 
the light fell at an angle of 45°. The diameter of the 
growth inhibition zones was measured with an accuracy 
of 1 mm using a vernier caliper.

To determine the extracts’ antioxidant activity, 
we filled a 50 mL titration glass with 8 mL of freshly 
boiled and cooled distilled water, 1 mL of a 20% sulfuric 
acid solution, 1 mL of 0.05 N potassium permanganate 
solution. After stirring, the solution was titrated with 

Figure 1 In vitro yarrow (Achilleae millefolii L.) hairy root 
culture growth index vs. cultivation time
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an extract under study from a 1 mL microburette 
with a division value of 0.01 mL until the pink color 
disappeared.

Statistical data was analyzed using Microsoft Office 
Excel 2007 and the paired Student’s test. The differences 
were considered statistically significant at P < 0.05.

RESULTS AND DISCUSSION 
The dry biomass growth index for the callus culture 

of yarrow (Achilleae millefolii L.) was 8.7–10.6 with a 
subcultivation cycle of 28–32 days.

The suspension culture showed high growth 
characteristics, namely: 
– the content of dry and wet biomass in a liter of 
medium Mmax_dw = 14.53–16.12 g/l;
– the viability of cell cultures v = 82–91%;
– the specific growth rate in the exponential phase  
µdw = 0.16–0.19 day–1; and 
– the exponential growth index Idw = 9.56–10.23.

We found two types of cells in the yarrow 
suspension culture: mainly meristemеtic and a number 
of parenchyma-like cells. The latter tended to increase 

by the end of the stationary phase of subcultivation. 
Although the aggregates were predominantly round in 
shape, there was also a number of elongated aggregates 
in the form of chains consisting of 5–20 small cells. 
Noteworthily, the primary suspensions of yarrow 
showed extremely unstable growth and significant 

Figure 2 Bioactive substances in callus, suspension and hairy root cultures of yarrow (Achilleae millefolii L.)

Table 1 Parameters for extracting bioactive compounds from 
yarrow (Achilleae millefolii L.) suspension culture biomass

No. extract Extraction parameters
Tempe- 
rature, °С

Ethanol,  
%

Extraction 
time, h

1 30 70 2
2 30 70 4
3 50 50 2
4 50 30 4
5 50 50 4
6 50 70 4
7 50 70 6
8 70 30 2
9 70 50 6
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Figure 3 Chromatogram of aqueous-alcoholic extract (70% ethanol, 30°C, 2 h) of yarrow (Achilleae millefolii L.) suspension 
culture: 1 – benzyl alcohol; 2 – cumin aldehyde; 3 – 3-caffeylquinic acid; 4 – caffeic acid; 5 – 4,5-dicofeylquinic acid;  
6 – apigenin; 7 – isoramnetin; 8 – casticin; 9 – 1-caffeoyl-3-feruloylquinic acid; 10 – 3,4-dicofeylquinic acid; 11 – vitsenin-2;  
12 – cynaroside; 13 – luteolin; 14 – rutin; 15 – cosmosiin; 16 – esculetin; 17 – umbelliferone

min

m
A

U

𝑃𝑃i =
𝑋𝑋i−𝑋𝑋0
𝑋𝑋0

 𝐼𝐼dw = 𝑋𝑋max 𝑋𝑋0⁄  𝜇𝜇dw = ln𝑋𝑋2−ln𝑋𝑋1
𝑡𝑡2−𝑡𝑡1

    

 

28.34 

2.89 4.00 1.34 

65.75 

13.99 

35.81 

3.56 4.67 2.09 

81.34 

25.98 

13.34 

0.67 1.34 0.87 

34.86 

10.09 

0

20

40

60

80

Flavonoids Vitamins C, E Phenolic acids Carotenoids Essential oils Glycosides

C
on

te
nt

 o
f B

A
S,

 m
g/

g 

Callus cultures Suspension cultures Root cultures

1 2

3

4

5
6

8

7 9 10
11

12

13

14 15 16
17



130

Asyakina L.K. et al. Foods and Raw Materials, 2021, vol. 9, no. 1, pp. 126–134

differences in the cell shape and size. A decrease in the 
inoculum amount led to an increase in the duration of 
biomass growth.

According to Fig. 1, the growth curve of the in vitro 
yarrow root culture is S-shaped. After a lag phase of 
7–14 days, the culture entered the exponential phase on 
the 21st day and slowed down in growth on the 28th day, 
entering the stationary phase. The growth index was 26.

Figure 2 shows the qualitative and quantitative 
composition of bioactive substances in the callus, 
suspension and hairy root cultures of yarrow.

As we can see in Fig. 2, the biomass of callus, 
suspension and hairy root cultures of A. millefolii L. 
had a high content of essential oils, flavonoids, and 
glycosides and lower concentrations of phenolic acids, 
carotenoids, and vitamins C and E. Compared to callus 
and hairy root cultures, the suspension culture was 
richer in essential oils (by 23.7 and 133.3%), flavonoids 
(by 26.4 and 168.4%), and glycosides (by 85.7 and 
157.5%).

Based on the results, we decided to use a suspension 
culture of yarrow to extract a complex of bioactive 
compounds with potential geroprotective properties.

We examined nine extracts obtained from the 
suspension culture biomass with different extraction 
parameters (Table 1).

Extract No. 1 (70% ethanol, 30°C, 2 h) was 
qualitatively and quantitatively analyzed for bioactive 
compounds by HPLC (Fig. 3, Table 2). 

As we can see, the aqueous-alcoholic extract 
of A. millefolii suspension culture contained 
phenylpropanoids, flavonoids, and simple phenols – 
potential geroprotectors. It also had a high content 
of caffeic acid, cynaroside, 4,5-dicofeylquinic acid, 
apigenin, and luteolin. In addition, we found cumin 
aldehyde, umbelliferone, 3-caffeylquinic acid, and 
caffeic acid – the compounds that have never been 
reported in yarrow before.

Table 2 Qualitative and quantitative analyses of bioactive 
compounds in aqueous-alcoholic extract (70% ethanol, 30°C, 
2 h) of yarrow (Achilleae millefolii L.) suspension culture by 
HPLC

No. 
peak

Retention 
time, min 

Component Content, 
mg/mL

1 4.39 Benzyl alcohol 0.21 ± 0.05
2 5.03 Cumin aldehyde 0.38 ± 0.05
3 5.25 3-caffeylquinic acid 3.05 ± 0.50
4 6.47 Caffeic acid 22.21 ± 0.88
5 6.97 4,5-dicofeylquinic acid 12.70 ± 0.32
6 7.89 Apigenin 11.15 ± 0.60
7 8.32 Isoramnetin 0.52 ± 0.05
8 8.74 Casticin 7.65 ± 0.50
9 9.22 1- caffeoyl-3-feruloylquinic 

acid
0.30 ± 0.02

10 9.58 3,4-dicofeylquinic acid 1.03 ± 0.20
11 10.93 Vitsenin-2 4.18 ± 0.27
12 11.61 Cymaroside 14.55 ± 0.32
13 12.54 Luteolin 9.27 ± 0.50
14 14.42 Rutin 2.96 ± 0.30
15 15.70 Cosmosin 1.80 ± 0.11
16 18.76 Esculetin 1.50 ± 0.20
17 19.29 Umbelliferone 5.30 ± 0.50

Table 3 Antimicrobial properties of extracts obtained from yarrow (Achilleae millefolii L.) suspension culture biomass

Sample No. 1 2 3 4 5 6 7 8 9
Test strain Growth inhibition zones, mm
Escherichia coli 9.4 ± 0.5 9.6 ± 0.5 9.2 ± 0.5 9.6 ± 0.5 9.8 ± 0.5 9.3 ± 0.5 9.4 ± 0.5 9.8 ± 0.5 9.5 ± 0.5
Candida albicans 9.2 ± 0.5 9.5 ± 0.5 9.1 ± 0.5 9.5 ± 0.5 9.6 ± 0.5 9.2 ± 0.5 9.4 ± 0.5 9.5 ± 0.5 9.6 ± 0.5
Bacillus cereus 8.8 ± 0.4 9.1 ± 0.5 8.6 ± 0.4 9.1 ± 0.5 9.3 ± 0.5 8.6 ± 0.4 8.9 ± 0.5 9.1 ± 0.5 9.0 ± 0.5
Pseudomonas aeruginosa 6.5 ± 0.3 6.7 ± 0.3 6.2 ± 0.3 6.8 ± 0.3 6.8 ± 0.3 6.3 ± 0.3 6.5 ± 0.3 6.9 ± 0.3 6.7 ± 0.3 
Enterococcus faecium 7.9 ± 0.4 8.2 ± 0.4 7.8 ± 0.4 8.2 ± 0.4 8.2 ± 0.4 7.7 ± 0.4 7.9 ± 0.4 8.2 ± 0.4 8.1 ± 0.4 
Klebsiella pneumonia 9.2 ± 0.5 9.4 ± 0.5 9.0 ± 0.5 9.5 ± 0.5 9.4 ± 0.5 9.0 ± 0.5 9.3 ± 0.5 9.4 ± 0.5 9.3 ± 0.5 
Helicobacter pylori 8.8 ± 0.4 9.2 ± 0.5 8.9 ± 0.4 9.2 ± 0.5 9.5 ± 0.5 8.9 ± 0.5 8.9 ± 0.5 9.3 ± 0.5 9.2 ± 0.5 
Streptococcus viridans 7.9 ± 0.4 8.1 ± 0.4 7.6 ± 0.4 8.2 ± 0.4 8.2 ± 0.4 7.7 ± 0.4 7.9 ± 0.4 8.2 ± 0.4 8.0 ± 0.4 
Streptococcus bovis 7.6 ± 0.4 7.9 ± 0.4 7.5 ± 0.4 7.9 ± 0.4 8.0 ± 0.4 7.6 ± 0.4 7.8 ± 0.4 8.0 ± 0.4 7.9 ± 0.4 
Porphyromonas gingivalis 9.5 ± 0.5 9.8 ± 0.5 9.4 ± 0.5 9.9 ± 0.5 10.0 ± 0.5 9.5 ± 0.5 9.7 ± 0.5 10.1 ± 0.5 9.8 ± 0.5
Acinetobacter baumannii 9.6 ± 0.5 9.9 ± 0.5 9.4 ± 0.5 9.9 ± 0.5 10.0 ± 0.5 9.4 ± 0.5 9.7 ± 0.5 9.9 ± 0.5 9.8 ± 0.5 
Borrelia burgdorferi 7.9 ± 0.4 8.2 ± 0.4 7.8 ± 0.4 8.3 ± 0.4 8.4 ± 0.4 7.9 ± 0.4 7.9 ± 0.4 8.3 ± 0.4 8.1 ± 0.4 
Propionibacterium acnes 9.8 ± 0.5 10.0 ± 0.5 9.5 ± 0.5 9.9 ± 0.5 10.2 ± 0.5 9.7 ± 0.5 9.8 ± 0.5 10.0 ± 0.5 9.9 ± 0.5 
Aggregatibacter 
actinomycetemcomitans

8.3 ± 0.4 8.5 ± 0.4 8.0 ± 0.4 8.5 ± 0.4 8.6 ± 0.4 8.1 ± 0.4 8.3 ± 0.4 8.6 ± 0.4 8.4 ± 0.4 

Streptococcus intermedius 7.6 ± 0.4 7.9 ± 0.4 7.5 ± 0.4 7.9 ± 0.4 8.1 ± 0.4 7.6 ± 0.4 7.8 ± 0.4 8.1 ± 0.4 7.8 ± 0.4 

Table 4 Antioxidant properties of extracts obtained from 
yarrow (Achilleae millefolii L.) suspension culture biomass

Sample 
No. 

Antioxidant 
activity, mg/g

Sample 
No.

Antioxidant 
activity, mg/g

1 0.2020 ± 0.0070 6 0.2220 ± 0.0065
2 0.2100 ± 0.0071 7 0.2270 ± 0.0078
3 0.2250 ± 0.0067 8 0.2080 ± 0.0074
4 0.2050 ± 0.0075 9 0.1900 ± 0.0075
5 0.2150 ± 0.0069
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In order to assess the geroprotective potential of the 
extracts, we studied their antimicrobial (Table 3) and 
antioxidant properties (Table 4) in in vitro experiments. 

According to Table 3, all the samples performed 
antimicrobial activity against the test strains used. 
The maximum antimicrobial activity was observed 
in samples No. 5 (50% ethanol, 50°C, 4 h) and No. 8  
(70% ethanol, 30°C, 2 h) (Fig. 4–18).

The antioxidant activity of the yarrow suspension 
culture extracts is shown in Table 4.

According to Table 4, the antioxidant activity of the 
aqueous-alcoholic extracts obtained from the yarrow 

suspension culture biomass varied from 0.1900 to  
0.2270 mg/g.

Due to their antimicrobial and antioxidant activity 
and a high content of phenylpropanoids, flavonoids, and 
simple phenols, the extracts can be considered as having 
geroprotective properties and can be used to create 
nutraceuticals that prevent premature aging.

CONCLUSION 
We cultivated in vitro cell cultures of yarrow 

(Achilleae millefolii L.), namely callus cultures, with 
a dry biomass growth index of 8.7–10.6; suspension 

 (a) (b)

Figure 4 Antimicrobial activity of yarrow suspension  
culture extracts against Escherichia coli: a) extract No. 5  
(9.8 ± 0.5 mm); b) extract No. 8 (9.8 ± 0.5 mm)

 (a) (b)

Figure 5 Antimicrobial activity of yarrow suspension  
culture extracts against Candida albicans: а) extract No. 5  
(9.6 ± 0.5 mm); b) extract No. 8 (9.5 ± 0.5 mm)

 (a) (b)

Figure 6 Antimicrobial activity of yarrow suspension culture 
extracts against Bacillus cereus: а) extract No. 5  
(9.3 ± 0.5 mm); b) extract No. 8 (9.1 ± 0.5 mm)

 (a) (b)

Figure 7 Antimicrobial activity of yarrow suspension culture 
extracts against Pseudomonas aeruginosa: а) extract No. 5  
(6.8 ± 0.3 mm); b) extract No. 8 (6.9 ± 0.3 mm)

 (a) (b)

Figure 8 Antimicrobial activity of yarrow suspension culture 
extracts against Enterococcus faecium: а) extract No. 5  
(8.2 ± 0.4 mm); b) extract No. 8 (8.2 ± 0.4 mm)

 (a) (b)

Figure 9 Antimicrobial activity of yarrow suspension culture 
extracts against Klebsiella pneumonia: а) extract No. 5  
(9.4 ± 0.5 mm); b) extract No. 8 (9.4 ± 0.5 mm)



132

Asyakina L.K. et al. Foods and Raw Materials, 2021, vol. 9, no. 1, pp. 126–134

cultures, with 82–91% viability and a growth index of 
9.56–10.23; and hairy root cultures (hairy roots), with a 
growth index of 26.0. 

All the cell cultures contained essential oils, 
flavonoids, glycosides, phenolic acids, carotenoids, as 
well as vitamins C and E. The suspension cultures had 
a high content of dominant compounds – essential oils, 
flavonoids, and glycosides.

We obtained nine samples of ethanol extracts from 
the biomass of yarrow suspension culture using different 
extraction parameters: temperature (30, 50, and 70°C), 

volume of ethanol (30, 50, and 70%), and extraction 
time (2, 4, and 6 h). HPLC showed the presence of 
compounds with potential geroprotective properties: 
phenylpropanoids, flavonoids, and simple phenols. 
Quantitatively, the dominant compounds were caffeic 
acid, cynaroside, 4,5-dicofeylquinic acid, apigenin, 
and luteolin. In addition, HPLC revealed a number 
of compounds that have not been previously reported 
in yarrow, such as cumic aldehyde, umbelliferone, 
3-caffeylquinic acid, and caffeic acid.

 (a) (b)

Figure 10 Antimicrobial activity of yarrow suspension culture 
extracts against Helicobacter pylori: а) extract No. 5  
(9.5 ± 0.5 mm); b) extract No. 8 (9.3 ± 0.5 mm)

 (a) (b)

Figure 11 Antimicrobial activity of yarrow suspension culture 
extracts against Streptococcus viridans: а) extract No. 5  
(8.2 ± 0.4 mm); b) extract No. 8 (8.2 ± 0.4 mm)

 (a) (b)

Figure 12 Antimicrobial activity of yarrow suspension culture 
extracts against Streptococcus bovis: а) extract No. 5  
(8.0 ± 0.4 mm); b) extract No. 8 (8.0 ± 0.4 mm)

 (a) (b)

Figure 13 Antimicrobial activity of yarrow suspension culture 
extracts against Porphyromonas gingivalis: а) extract No. 5 
(10.0 ± 0.5 mm); b) extract No. 8 (10.1 ± 0.5 mm)

 (a) (b)

Figure 14 Antimicrobial activity of yarrow suspension culture 
extracts against Acinetobacter baumannii: а) extract No. 5 
(10.0 ± 0.5 mm); b) extract No. 8 (9.9 ± 0.5 mm)

 (a) (b)

Figure 15 Antimicrobial activity of yarrow suspension culture 
extracts against Borrelia burgdorferi: а) extract No. 5  
(8.4 ± 0.4 mm); b) extract No. 8 (8.3 ± 0.4 mm)
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Our in vitro experiments with the extracts 
established the presence of antioxidant properties 
and antimicrobial activity against pathogenic 
and opportunistic strains, including Escherichia 
coli, Candida albicans, Helicobacter pylori, and 

 (a) (b)

Figure 16 Antimicrobial activity of yarrow suspension culture 
extracts against Propionibacterium acnes: а) extract No. 5 
(10.2 ± 0.5 mm); b) extract No. 8 (10.0 ± 0.5 mm)

 (a) (b)

Figure 17 Antimicrobial activity of yarrow suspension culture 
extracts against Aggregatibacter actinomycetemcomitans:  
а) extract No. 5 (8.6 ± 0.4 mm); b) extract No. 8 (8.6 ± 0.4 mm)

 (a) (b)

Figure 18 Antimicrobial activity of yarrow suspension culture 
extracts against Streptococcus intermedius: а) extract No. 5 
(8.1 ± 0.4 mm); b) extract No. 8 (8.1 ± 0.4 mm)

Pseudomonas aeruginosa. Due to their geroprotective 
potential, yarrow cell cultures can be used to create 
nutraceuticals that prevent premature aging.

Further research in this area could focus on 
developing techniques to isolate and purify individual 
bioactive compounds with geroprotective potential 
from the extracts of yarrow suspension culture 
biomass. Particular attention should be drawn to those 
substances which were found in yarrow cell cultures for 
the first time, namely cumin aldehyde, umbelliferone, 
3-caffeylquinic acid, and caffeic acid.
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