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NARROW-LEAVED PEPPERWORT (LEPIDIUM RUDERALE L.) FROM
WESTERN KAZAKHSTAN - A NEW “GREEN” CORROSION INHIBITOR
FOR CARBON STEEL

Annotation.In present work,the inhibitor properties of Lepidiumruderale L. aqueous extract
(LRAE) was investigated by weight loss measurements and electrochemical techniqueson the
corrosion of carbon steel in typical acidic and saline media. It was established that the inhibitor
efficiency of the LRAE reaches up to 91.05, 92.03, 93.84% in 1.0 mol/L hydrochloric, sulfuric, and
phosphoric acids solutions respectively. Inhibition wasfound to increase with increasing in
concentration of LRAE. In all tested media, the adsorption of the inhibitor molecules on metal
surface was in accordance with Langmuir model and the high efficiency wasachieved due to the
spontaneous physisorption (1G s > -20 kd/mol). Polarization curves revealed that LRAE act as a
mixed type inhibitor and the inhibition efficiency of up to 95.34% can be obtained. Electrochemical
data are in great agreement with gravimetrical experiment.

Keywords: Lepidiumruderale L.; plant extracts; inhibition efficiency; ““green’ inhibitors; metal
protection.

Introduction

Corrosion is the devastating result of a chemical interaction between a metal or alloy and its
environment [1]. Application of corrosion inhibitors for reducing the activity of an aggressive
mediumis the most well-known method of metal protection and one of the most useful on the
industry among others [2].

Corrosion inhibitors are subdivided to organic and inorganic. Most of them are not eco-friendly
and "green" [3]. Practice shows that organic compounds containing N, S and O, which have a
significant inhibitory effect, are not only expensive but also toxic to living beings. Therefore, it is
unnecessary to stress the importance of inexpensive and safe corrosion inhibitors[4].

“Green” corrosion inhibitors can be obtained from plants. They are the rich sources of natural
origin organic compounds (phenols, flavonoids, alkaloids etc.) that can protect different metals
from the destructive effects of various corrosion media [5]. Whole plants or plant partscan be
successfully used for this purpose[6].Nowadays, plant extracts have become indispensable eco-
friendly, renewable and low-cost resources for effective anti-corrosion applications [7].

More than 1200 plant species, representing more than 700 families, are distributed in the West
Kazakhstan region (WKR). The biodiversity of the WKR floraoffers unique development
opportunities in the field of "green" technologies. In recent decades, this trend has become firmly
established in the fields of catalysis, pharmacology as well as the protection of metals and alloys
from corrosion damage.

Narrow-leaved pepperwort (Lepidiumruderale L.) member of Brassicaceae family (Fig.1) is
one of the ubiquitous plants in the region and easily accessible for study and use.
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Figurel —Narrow-leaved pepperwort (Lepidiumruderale L.), (fam. Brassicaceae)

In Kazakhstan, 21 species of Brassicaceae family are described, of which four species, include
L. ruderale L. are characterized by medicinal properties and used in folk medicine [8]. Set of
phenolic compounds were identified in L. ruderale L. growing in Pavlodar region and it was
revealed that the plant has a high biological activity [9]. Moreover,L. ruderale L. can grow in
polluted areas [10] and therefore the phytoremediation potential of the plant for soils contaminated
with heavy metals wasalso investigated[11].

In the present work, we turned our attention to another one possible application of L. ruderale
L., the protection of metals from corrosion in liquid media. Therefore, the possibility of using LRAE
as a corrosion inhibitor for carbon steel in typical corrosion media was investigated.

Materials and methods

Reagents and solvents.Allreagents are analytical grade were purchase in Sigma Aldrich, Merck,
Alfa Aesar and TCI and used without any further purification. Double distilled water was used to
prepare the corrosion media.

Collection and preparation of plant material. Plants were collected from their natural habitat in
summer 2023 in the suburbs of Uralsk, away from roads and industrial enterprises. Plant species
were authenticated in the herbarium of the Faculty of Natural Sciences of M. Utemisov West
Kazakhstan University and The World Flora Online database
http://www.worldfloraonline.org/taxon/wfo-0000358755. Plants were washed thoroughly with tap
water, double-distilled water, and kept in shaded place for 2 weeks to total removing the moisture.
The dried samples were ground into a fine powder, sieved through 1.0 mm, and stored at 4°C until
further use.

Plant extracts preparation. To 10 g of ground plant sample in the Erlenmeyer flask, 100 ml of
double-distilled water was added. Then the flask was heated in a water bath (60°C) for 4 hours.
Then the obtained extract was filtered using Buchner funnel, and the residue was re-extracted with
another portion of solvent under the same conditions. After triple extraction, the obtained extracts
were combined and evaporated from solidification. Solid residue was dried at 40°C for a constant
weight, and stored at 4°C indark glass vials.

Sample preparation. Carbon steel coupons with exposed areas of 2.5 x 3.5 x 0.3 cm with
compositions of (wt. %) 97,8 - Fe; 0,22 - C; 0,65 - Mn; 0,30 -Si; 0,04 - P; 0,05 - S; 0,30 - Cr; 0,30 -
Ni; 0,30 - Cu; 0,01 - N; 0,08 - As were obtained from industry. Before experiment, coupons were
polished by emery paper with 250-1200 grit numbers. Then the abraded specimens were cleaned
from dust, grease and oxides by washing in running water, double distilled water, ethanol, acetone,
dried on air and store in desiccator.

Weight loss (gravimetric) method. Weight loss experiments were performed to evaluate the
corrosion rate (CR), inhibition efficiency (n%) and degree of surface coverage (0). For
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investigation, each coupon was |mmersed in open to -air 100 mI beaker containing 75 ml of
corrosion medium at room temperature by 18 h. After the specified immersion time, coupons were
withdrawn from the beaker and corrosion products were removed by washing of each coupon in
solution containing 50% NaOH and 100 g of zinc dust [12]. Then, coupons were again washed in
running water, double distilled water, rinsed in ethanol, acetone and dried in air before reweighting.
All weight measurements were performed using Ohaus Adventurer Pro AV264 analytical balance
with accuracy of £0.1mg.

The corrosion rate (CR g/m?-h), inhibition efficiency (n%) and degree of surface coverage (0)
were calculated according the equations 1-3 respectively:

aﬁi

CR(g/m?-h)=2M &
S-t
CR,—CR
%) = R —CR 109
17(%) CR, )
W,
g-1-2
" ©)

where Am — is the weight loss of mild steel (g) after the period of immersion (h), CRy — the
corrosion rate of carbon steel without inhibitor, CR; - the corrosion rate of carbon steel at present of
inhibitor, w; and w, are the weight loss (g) for carbon steel in the presence and absence of inhibitor
in solution respectively.
Adsorption and thermodynamics.To describe of inhibitor adsorption mechanism to the carbon
steel surface the Langmuir [13]adsorption isothermswereused (equation 4):
C 1
% = K_ +Ci 4)
abs
where 0 is the degree of surface coverage, Cinn the concentration of the inhibitor and Kjps is the
equilibrium constant of the absorption-desorption process. The values of the absorption equilibrium
constant (Kg,s) wereobtained from the intercept of the absorption isotherms. The relationship
between free Gibbs energy and absorption equilibrium constant is expressed by the equation 5.

AG) . =—RT In(55.5K_,.) (5)

abs

where AG’s is the free Gibbs energy of the absorption, R is universal gas constant (8.314
JJK-mol), T - thermodynamic temperature of the system and 55.5- molar concentration of
watermol/L.

Electrochemical measurement.Steel coupons after pretreatment as for the weight loss assay
were used for the electrochemical experiment. The electrochemical testing was performed using the
Autolab PGSTAT 101 Metrohmpotentiostat/galvanostat device equipped with NOVA 2.1.6
software. In the method of potentiodynamic polarization three-electrode setup was used: Ag/AgCl
(3M KCI) as the reference electrode, the platinum as counter electrode, and steel coupon
connected with a specimen alligator clamp to serve as working electrode. The electrochemical cell
was of 100 ml of 1.0mol/L HCI, H3PO,4 and H,SO4with and without inhibitor in glass beaker at
room temperature. The working electrode, with 1.00 cm? exposed area was stabilized at open circuit
potential (OCP) testing. The linear polarization measurement were performed immediately after the
OCP by running a Linear Sweep Voltammetry (LSV) staircase and corrosion rate analysis. The
potentiodynamic scan was carried out from -0.50 to +0.50 V at a scan rate of 0.001 V/s and a step
voltage of 0.001V. The corrosion potential (Ecr) and corrosion current density (jeorr) Were
determined from the Tafel polarization curves.

The inhibition efficiency (ni%) through the corrosion current was calculated using the
following equation [14]:
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whereicrr and iinn are the corrosion current densities calculated from the extrapolation of Tafel
slopes without and with inhibitors, Alcm?.
The inhibition efficiency through the polarization resistance (nr%) was calculated using the
equation [15]:
ing o
175 (%) = ——-—-100 )
whereR,"™ and R,’ are the charge transfer resistance in the presence and absence of inhibitor,
Q.

Results and discussion

Weight loss assay.

Inhibition efficiency of LRAEwas examined for the 18 typical corrosion media include
inorganic and organic acids (HCI, H,SO,4, HNO3, H3PO,, CH3;COOH) in different concentrations
(0.1, 0.5, 1.0 mol/L), distilled water (DW), 3.0% NaCl and the model media recommended by the
National Association of Corrosion Engineers of USA (NACE) contains 5 g/L NaCl and 0.25 g/L
CH3;COOH [16]. Results of the screening are shown in Table 1.

Table 1 — Inhibitor efficiency (n%) ofLRAEagainst corrosion of carbon steel in typical
corrosion media at the inhibitor concentration of 1.0 g/L at room temperature

Corrosion . CR, g/m*h
Entry . Concentration | Blank With 0 n, %
media s
inhibitor
1 1,0mol/L 1,57 0,24 0,8440 84,40
2 CHs;COOH 0,5mol/L 2,91 0,62 0,7855 78,55
3 0,1mol/L 1,20 0,47 0,6104 61,04
4 1,0mol/L 36,02 2,87 0,9203 | 92,03+1,42
5 H,SO, 0,5mol/L 22,80 2,81 0,8768 87,68
6 0,1mol/L 10,35 1,72 0,8340 83,40
7 1,0mol/L 42,96 36,42 0,1523 15,23
8 HNO3; 0,5mol/L 21,99 18,27 0,1692 16,92
9 0,1mol/L 5,89 3,06 0,4806 48,06
10 1,0mol/L 18,28 1,13 0,9384 | 93,84+1,16
11 HsPO, 0,5mol/L 14,37 1,48 0,8968 89,68
12 0,1mol/L 591 0,93 0,8423 84,23
13 1,0mol/L 9,71 0,87 0,9105 | 91,05+1,45
14 HCI 0,5mol/L 8,62 0,96 0,8882 88,82
15 0,1mol/L 6,68 1,14 0,8295 82,95
NaCl 5 g/L +
16 NACE CH3COOgHO.25 0,66 | 022 |06605| 66,05
medium gL

17 NaCl 3.0% 0,49 0,39 0,1891 18,91
18 DW - 0,45 0,29 0,3536 35,36

The experimental data shows that the LRAEexhibits inhibitory properties in all 18 corrosion
media and has a range of anti-corrosion efficiency from 15.23 to 93.84%. The studied extract
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demonstrated high efficiency in solutlons of sulfurlc aC|d (92 03 + 1. 42) phosphorlc acid (93.84
1.16) and hydrochloric acid (91.05+1.45)at concentrations of 1.0 mol/L (Entries 4, 10 and 13
respectively). The experiment showed good reproducibility. In addition, it was found that good
anticorrosion properties LRAE was also demonstrated in acetic acid 1.0mol/L (84,40%, Entry 1),
sulfuric acid 0.5 mol/L (87,68%, Entry 5), phosphoric acid 0.5 mol/L (89,68%, Entry 11)and
hydrochloric acid 0.5 mol/L (88,82%, Entry 14). The least efficiency of the inhibitor was observed
in nitric acid solutions (Entries 7-9) and for the neutral saline environments (DW and 3.0 NaCl)
(Entries 17, 18).

Due to the very high inhibition efficiency of LRAE in 1.0 mol/L of hydrochloric, phosphoric,
and sulfuric acid solutions, the next step of our investigation was focused on the determination of
the kinetic and thermodynamic parameters of LRAEin these corrosive media. Further experiments
were also performed at room temperature with inhibitor concentrations of 0.1, 0.5, 1.0, 1.5, and 2.0
g/L and for 2, 6, 16, 18 and 24 hours of exposure time.

Figure 2 shows the dependence of LRAE 1.0 g¢/L inhibitor efficiency in 1.0 mol/L
hydrochloric, phosphoric and sulfuric acid solutions at room temperature ondefined exposure time.
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Figure 2 —Relationship between the inhibition efficiency of LRAE in 1.0 mol/L HCI, H3PO,4 and
H,SO4solutions and immersion period

=

Figure 2 shows that the protective efficiency of LRAEin 1.0 mol/L HCI, H;PO, and
H,SOjincreases over time. The presence of an induction period indicates that in all corrosive media
tested, a minimum of 6 hours is required for the inhibitor to form a maximally effective protective layer.

The dependency of the LRAE inhibition efficiency in 1.0 mol/L of hydrochloric,
phosphoricand sulfuric acid solutions at various inhibitor concentrations for a 24-hour exposure

period is depicted in Fig.3.
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Figure 3 — Relationship between the inhibitor efficiency of LRAEin 1.0 mol/L HCI, H3PO,4 and
H,SO,solutions and inhibitor concentrations for 24 hours immersion period

As can be seen, the addition of LRAE resulted in noticeable increasing in the inhibitor
efficiency. Increasing the inhibitor concentration leads to an increase in protection properties. The
most effective corrosion inhibition was observed at LRAE concentration of 2.0 g/L. These results
suggest that LRAE can potentially be used as an effective corrosion inhibitor to protect metals in
highly acidic environments. The reproducibility for the inhibition efficiency values were precise to
+ 5%. This indicates good reproducibility.

Adsorption of inhibitor to the metal surface may have chemical, physical or mixed nature. To
describe the absorption mechanism the values of free Gibbs energy AGOabs must be determined. The AGOabs
values up to -20 kJ/mol indicates the electrostatic interaction between metal surface and charged inhibitor
molecules (physisorption). Values around -40 kJ/mol usually accepted as a threshold value between
chemisorption and physisorption, or less indicate the chemical nature of sorption [17].

For plotting the LRAE adsorption isotherms the surface coverage (0) values for different
concentrations of the inhibitors have been evaluated from the weight loss data in accordance with
equation 4. Langmuir isotherms of LRAEadsorption in hydrochloric, phosphoricand sulfuric acid
solutions at room temperature was shown in Fig.4.

25 T
v =04747x - 03575
OHCI 1M R2=10,99%6 A
20 1 v =04798x- 03131
OH:PO4 1M R?= 0,991
v=04661x- 0,138
15 + AH:804 1M R?=0,9916
e
@]
1,0 +
05 T
0,0

0;1 0;5 1;0 1;5 2;0
G, gl
Figure 4 — Langmuir adsorption isotherms for LRAEin 1.0 mol/L HCI, H3PO, and H,SO,4

solutions for 24 immersion period at room temperature
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Plots of C/0 against C (Fig. 4) show straight lines. Linear plots and closed to one values of the
correlation coefficient (R*> 0.99) indicate that the Langmuir model is suitable for the description of
the LRAE adsorption on metal surface. It confirms that the inhibition is due to the adsorption of the
active organic compounds onto metal surface. This also clearly indicates that the adsorption of
LRAEoccurs as a substitution between the organic molecules in the aqueous solution and the water
molecules on the metal surface [18].

In accordance with the slopes and intercepts of the straight lines, free Gibbs energy (AG%gs)
and Kjps values for LRAEwere calculated and are given in Table 3.

Table 3 — Thermodynamic parameters of LRAE adsorption on carbon steel surface in 1.0 mol/L
HCI, H3PO, and H,SO,solutions

- 0
C?;L%Sifn Slope | Intercept R? Kabs ﬁﬁrﬁlgl
HCI 0,4747 0,3575 0,9986 | 2,7972 -12,29
H3PO, 0,4798 0,3131 0,9981 | 3,1939 -12,61
H,SO, 0,4661 0,1380 0,9916 | 7,2464 -14.61

Negative values of AG’qs indicate the absorption of LRAE on metal surface is a
spontaneousprocess [19]. The value of AG%g > -20 ki/molclearly indicates that adsorption is
physical (physisorption) and for all investigated media occurs as a result of electrostatic interaction
between charged inhibitor molecules and the metal surface [20].

Metal surface analysis.

The protective efficiency of LRAE was also studied by the micro images of steel surface. The
polished specimen and the test specimens that are immersed in the blank and in the inhibitor
LRAEwere observed under an optical microscope. Microscope image of carbon steel specimen
before and after of the immersion in the absence and presence of LRAE are depicted in Fig.5.

Before immersion

HCI | H3PO. |

blank

H>S0,4

- A > i . f b 2, - = .
Figure 5 — Micro images(*50) of the mild steel surface after 24h immersion in 1.0 mol/L HCI,
H3PO,4 and H,SO4solutions in the absence and presence of LRAE (1.0 g/L)

Before immersion in 1.0 mol/L HCI, H3PO, and H,SO4without the addition of LRAE, the
surface of the steel specimens was homogeneous with ametallic luster and well-defined structure.
After immersion time without an inhibitor, a drastic change in metal surface structure is observed
with the formation of a uniform dark, friable layer with noticeable pits and cracks.

In the presence of LRAE, the metal surface retains its structure during exposure, but with the
loss of the original luster due to the formation of protective film. At the same time, visible corrosion
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damage on the surface is S|gn|f|cantly reduced The surface analy5|s study confirms the corrosion
inhibition of carbon steel by the LRAE.

Electrochemical experiment.

Figure 6 shows the potentiodynamic polarization curves for carbon steelin 1.0 mol/L HCI,
HsPO, and H,SO4with and without LRAE.
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Figure 6 —Polarization curvesfor carbon steel in 1.0 mol/L HCI, H3PO, and H,SO4solutions in
the absence and presence of1.0 g/L LRAEat room temperature

Electrochemical data of the corrosion process calculated from polarization curves are presentin
Table 4.

Table 4 — Electrochemical parameters for carbon steel corrosion in 1.0 mol/L HCI, H3PO,4 and
H,SO,solutions at presence and absence of 1.0 g/L LRAE at room temperature

Corrosion medium Er:,-{o;, AJ/EO%’Z i, % m\llt}zllec m\%éc Rp, Q | Mr, %
HCI 1.0 M el 3RACE 713 | 9100 | 037 | -
HCILOM + LRAE | *90° | 693101 7801 9590 | 101,09 | 31680 | 80,94
HsPO, 1.0 M B SO0T | o200 | 1173 | ar3s | -
HiPO, 10 M + LRAE | 29 | DAYA0T 1 7841 4557 | 13844 | 13596 | 65,18
H,S0, 1.0 M WSS LSO 7433 | 11049 | 1366 | -
HZSE& ig M+ 4325’4 58910 95”3 50,08 | 91,31 | 29325| 9534

The presence of LRAEleads to a significant decrease in the carbon steel corrosion ratein 1.0
mol/L HCI, H3PO,4 and H,SO,. The values of the corrosion current density (Jeorr) are significantly
lower at presence of the inhibitor, which indicates LRAE effectiveness in protecting of metal
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against corrosion [21]. The values of polarlzatlon reS|stance (Rp) mcrease with the addition
of LRAE, which confirms the formation of a protective layer on the metal surface thereby blocking
the subsequent corrosion damage [22].

The presence of an inhibitor leads to a noticeable shift in both the cathodic and anodic parts
of the polarization curves. Therefore, the LRAEbehaved as a mixed type inhibitor and slowing
down both anodic and cathodic reactions [23]. Nevertheless, for all media |bc| values are greater
than |b,| suggesting that the effect of the inhibitor on the cathodic polarization is more pronounced
than on the anodic polarization.

In the presence of LRAE, the inhibition efficiency values calculated from electrochemical data
(polarization resistance (R,, €)and current density (Jeor, Alcm?)) for all corrosive environments
increase significantly. This also indicates that the investigated inhibitor has a high ability to protect
the metal surface from corrosion. Results of electrochemical measurement are in great agreement
with the gravimetrical data.

Conclusion

In this work, the anticorrosion potential of the L. ruderale L. aqueous extract (LRAE) was
investigated. It was found that LRAE has an excellent protective properties on carbon steel in
highly acidic media include 1.0 mol/L hydrochloric, sulfuric and phosphoric acid solutions giving
up to 93.84% efficiency. The adsorption of LRAE on the metal surface obeys the Langmuir model
that indicating the formation of a monolayer stable protective film of the inhibitor due to
spontaneous physisorption.The results of our investigation suggest that LRAE is one of the most
promising candidates for the development of "green™ corrosion inhibitors for various industrial and
technical applications.
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Ceitnosa T.b., Axamvee H.B.*

KJIOITOBHHUK COPHBIH (LEPIDIUM RUDERALE L.) #3 3AIIAJHOI O
KA3AXCTAHA - HOBBIH "3EJIEHBIH" HHTUEHTOP KOPPO3HH JIJIA
YITIEPOJHCTOH CTATH

Annomayua. B Oanuoii pabome ucciedoeana uneUOUpYIOWAs CHOCOOHOCMb B800HO20
akcmpakma Lepidiumruderale L. (LRAE)omuocumenvno xoppo3uu yenepooucmou cmanu 6
MUNUYHBIX KUCTBIX U CONeBbIX Cpedax ¢ UCHONb308AHUEM Memood NOomepu MAccbl U
INEKMPOXUMUYECKUX usMepeHull. Ycmanosneno, umo s¢pexmusnocmos uneuboumopa LRAE
oocmueaem 91.05%, 92.03% u 93.84% 6 pacmeopax 1.0 monv/n conauoi, ceprou u gpocghoprot
kuciom coomsemcmeenno. Oonapyosiceno, umo unzubupyiowas cnocoonocmoLRAE yeenuuueaemcs
¢ pocmom KoHyewmpayuu. Bo ecex uccredosanuvix cpedax aocopbyus uHeubumopa Ha
nogepxHocmu Memania coomeemcmeyem mooeau Jlewemiopa, a evicokas 3ppexmusHocms
docmueaemcs 3a cuem CamMonpousBoNbHOU GusuyecKkol aocopoyuu AGse > -20 Kklorc/mons).
Tonapusayuonnsie Kpusvlie nokasviéaiom, umo LRAE Oeiicmgyem Kaxk uHeuOUmMop CmMeuaHnozo
muna u 3¢pgpexkmuenocms uHeuOUpoganus modcem oocmuecame 95.34%. Onexmpoxumuueckue
OaHHbBLE OMAUYHO CORNACYIOMCSL C PE3YAbIMAMAMU 2PABGUMEMPULECKO20 IKCHEPUMEHMA.

Kntouegvie cnoea: Lepidiumruderale L.; pacmumenvuvie sxcmpaxkmol;, 3¢gpekmusnocms
UHSUOUMOPOB, K3elleHble» UHSUOUMOPYbL, 3auuma Memaiid.

Ceiinosa T.b., Akamves H.B.™
BATBIC KA3AKCTAHHBIH APAM CBITBIPMAFBI (LEPIDIUM RUDERALE L.)-
KOMIPTAH/IbI BOJIAT YIIIH ’KAHA «KACBI/I» KOPPO3HAHBIH HHTHBHTOPbI
Anoamna. Byn owcymvicma Lepidium ruderale L. (LRAE) cynvl CbieblHObICHIHbIY MUNMIK
KbIUWUKBLIObL  JICOHe  my30bl  Opmanapoa Kemipmekmi —6Oorammuly — KOPPO3UACLIHA — KAPCbl
UHUOUMOPIBLIK MUIMOLNIZI MAcca HCORANMY 0iCi JHCoHe NIeKMPOXUMUSIBLIK Oueyiep apKblibl
sepmmendi. LRAE uneubumopuvinviy muimoiniei mys, Kykipm scane gpocgop Kviurkvlioapvinsiy 1,0
Mow/1 epiminoinepinoe catikecinue 91,05%, 92,03% owcone 93,84% owcememini anvikmanovl. LRAE
KOHYEHMpAayusAHoly — KOMepinyiMen  uHauoupiey  JcoapbliaimbvlHbly — AHbIKMAaiovl.bapivik
3epmmenemin opmanapoa memann OemiHOe2i UHSUOUMOPILIK adcopbyus Jlenemiop moolenine
calikec Kenedi dHcane 030i2iHeH PUUKAILIK a0copOoyus (AGOagc > =20 x/{orc/monnw) ecebinen sxnoeapol
muimoinikke Kon owcemxizinedi. I[lonapuzayus kucvikmapvl LRAE apanac munmi uneubumop
peminoe apexkem ememinin Kepcemeoi dcane medicey muimoiniei 95,34% Oeuin scozapvl 60ybl
MYMKIH. DNeKmpOXUMUATILIK OepeKmep 2pasuMempusiiblk, IKCHePUMEHN HIMUdICENIePIMEH CILKeC
Keneoi.
Kinm ce3oep: Lepidium ruderale L.; ecimoix coievinOvinapol, uneubumopiapobiy muimoiniei;
JACACHLN UHSUOUMOPIAD, MEeMAaNObl KOPEa).
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