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Abstract: Introduction. Nanoparticles of several metals obtained through biosynthesis have
interesting pharmacological properties due to extract components' sorption on their surface, which
broadens their application possibilities. For these reasons, the issue of metal nanoparticles synthesis
biological ways optimization is highly important nowadays. Purpose of the work is to present
experimental data on the synthesis of metal nanodispersions using plant extracts of Artemisia
(wormwood), Psylliostachys (plantain), Achillea nobilis (yarrow) and use in growing crops. Methodology.
A feature of this method is the use of a more environmentally friendly approach to the synthesis of
nanoparticles by preparing extracts from plant materials. Plant raw materials for synthesis, synthesis
conditions (temperature, pH value, ratio of metal salts: extract) were experimentally selected. It was found
that in presence of extract from bitter wormwood nanoparticles formation occurs faster than in case of
using Psylliostachys or Achillea nobilis. Sythesized silver nanoparticles were studied using microscopy
and spectroscopy. Results. Obtained particle sizes are between 70 and 100 pm, which proves
nanostructured nickel and cobalt particles formed in synthesis. Average particle size is 80 um. New
growth stimulator M-Nitro-Ni,Co was used to increase annual grasses and vegetables growth and
germination; as a result, they had stronger roots, thicker stems, dark-green leaves and larger size
comparing to the test ones.
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1. Introduction

Nowadays there are several approaches to metal nanoparticles synthesis:
chemical, physical and biological ones. The latter is of high interest, especially
biological ways of metal nanoparticles synthesis using plant extracts, which are
often viewed as quick, eco-friendly and easily scalable technology. Metal
nanoparticles formation occurs due to deoxidation by plant-based metabolites
(components of phenol origin, terpenes etc.) which go over to the extract. This is
why nowadays there is an important issue of improving biological synthesis
methods, expanding range of used raw plants as well as of studying obtained
nanodispersions' properties[1-3].

Existing synthesis methods rarely solve the issue of optimizing conditions of
extraction from raw plants, particularly, acceleration of extraction process without
efficiency loss or use of eco-compatible solvents. Another issue that needs a
solution is conditions of metal nanodispersion synthesis: selection of raw plants,
synthesis temperature and pH value. One more important point is further use of
obtained nanodispersions, as plant-based metabolites presence in product makes
it more compatible with living organisms. This leaves room for considering
adding some metal nanodispersions to medical substances or their use as active
components. The abovementioned issues require complex approach to their
solution and comprehensive study of both each stage of metal nanodispersion
synthesis and evaluation through a number of parameters (morphological
properties, microbiological activity) of final synthesis product [4-7].

2. Experimental part

Soil pH definition. Soil water extract samples in enumerated cylindrical
vessels are sent to ion meter. pH index study is done in a parallel way. The
procedure on 1-160 brain ion meter looks the following way: the device is
powered and heated for 15 minutes. Pair of electrodes is dried with filter paper
and washed with tested part of a studied solution. After the electrodes were
submerged into solution and the readings were stabilized, measurement is taken.

The research involved plants collected in summers of 2020-2022 in Bayan-
aul uplands and areas around Astana, Kazakhstan — Artemisia (wormwood),
Psylliostachys (plantain), Achillea nobilis (yarrow). Dried pants were ground into
fine powder and stored in special exiccators till extraction.

Obtaining extract. Extraction was done with 70% ethanol for 12 hours. The
solution was steamed in rotary evaporator at +50°C and concentrated on water
bath with ratio up to 15%. Obtaining ethanol-based extract from bitter wormwood
leaves (as well as yarrow flowers, plantain stems and leaves). 0.2 g of bitter
wormwood sample, ground, was put into conical flask with thin section, 100 ml
of ethanol solvent were added and left to infuse in a windless place at 50+10°C
for 24 hours. Then obtained extract was filtered into 100 ml measuring flask.

Definition of active groups in plant-based extracts. Various plant metabolites
consisting of terpenoids, polyphenols, alcaloids, phenolic acids and proteins can
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deoxidize metal ions to nanoparticles. This is why mentioned groups should be
defined.

Qualitative reaction to flavonoids. A few drops of (NaOH) were added to the
extract, followed by 2-3 drops of HCI. Presence of flavonoids was defined by
alkaline solution discoloration after adding HCI.

Qualitative reaction to saponins. Presence of saponins was defined by
massive formation od strong foam after shaking the extract water solution.

Qualitative reaction to phenols. Presence of phenols was defined by extract
obtaining purple (black) color after adding 1% FeCls.

Research was performed using commonly-accepted scientific and
experimental methods. The study used modern facilities of S.Seifullin KATRU,
"Physical-chemical research methods" engineering laboratory: atomic microscope
JEOL JEM-2100, detection electronic microscope MIRA 3 TESCAN» Oxford
Instruments, detector PIXcel PanAlytical X'Pert.

In order to study the use of deoxidized nanoparticles as new growth
stimulators for agricultural crops, plants giving quick and quality harvest — radish,
parsley, tomato, and dill — were selected.

3. Results and discussion

Area of South Black-earth type steppes is 13.4 million hectares. It is seldom
found in West Kazakhstan, Aktobe, Karaganda regions but is common in
Akmola, Pavlodar and Kostanay regions.

Physical-chemical properties of southern black-earth soil are given in Table
1.

Table 1 — Physico-chemical characteristics of soil

Ne | Soil name, | The layer | Humus | Total Exchangeably adsorbed | pH | Granulometric
location from nitroge | cations,m —eq./ 100 g composition
which the n
sample
‘é"ris taken, Ca | Mg | Na | Total <0,01 | <0,00
MM 1 MM
1 Black soil | 0-10 5.8 0.310 209 | 35 | 0.2 | 246 6 42.2 216
in the south
2 (Pavlodar 20-30 2.3 0.170 174 | 35 | 02 | 211 6.5 | 42.3 28.8
3 region) 35-45 1.6 0.130 156 [ 35 | 03 | 194 |7 374 26.2
4 70-80 - - - - - - 84 | 295 236

Southern black-earth soil composition and properties are similar to standard
black-earth soil. Its genetic layers are: A — B; — B2 — C. One of the main features
of southern black-earth soils and regular ones is that they are well developed and
well seen in humic tongues layer B,. Humic layer A average thickness is 24 cm,
in plowing areas — 21-30 cm. It has dark-grey color with burgundy-red tint.
Thickness of the layer B; — 16-29 cm. Color varies from dark burgundy-red to
grey-burgundy-red. Thickness of the layer B, — 19-33 c¢m, coloring is uneven,

31



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XYPHAJI KA3AXCTAHA

humic tongues are easily seen. Intermediate layers BC are compressed, carbonates
are abundant.

Maximum hygroscopical content of water in humic layer of this soil is 11.5-
11.7, plant drooping humidity is 14.1-16.8, natural humidity ratio is 30,2-38,9.
Southern black-earth soils can be sandy, sandy loam and clay according to their
granulometric content.

Phytochemical screening of extracts from plants growing in Bayan-Aul area,
Northern Kazakhstan. Results of plant extracts phytochemical analysis are given
Table 2. The analysis suggests that phenols and flavonoids are found in bitter
wormwood (Artemisia), plantain (Psylliostachys) and yarrow (Achilléa nobilis),
and the most saponins were found in yarrow.

Table 2 — Phytochemical screening

Ne Active groups Artemisia Psylliostachys Achilléa nobilis
1 Flavonoid + + +

2 Phenol + + +

3 Saponin +

Nanoparticles synthesis. During synthesis of nickel nanoparticles using plant
extracts, color change in solution and nanoparticles themselves can be seen.
However, color change may be caused by various factors, such as metal
concentration, reaction conditions and used plant-based material.

Extract: nickel nitrate solution ratio optimization process. Metal solution to
extract ratio optimization in metal nanoparticles synthesis is an important step that
can affect quality and characteristics of obtained nanoparticles. Depending on
specific experiment conditions, optimal metal-to-extract ratio can be different.
Volume ratio of extract to Ni(NOs). solution is important for reaction between
system components. One of ways to optimize metal solution to extract ratio is
change of components' concentration. In this case it should be considered that too
high concentration of either metal or extract may lead to side effects such as
nanoparticles' aggregation or non-homogeneity.

The following ratio was studied: extract:solution Ni(NOs), 1:9 and extract
solution:CoCl; 3:7. In the second case color saturation was quicker. Further work
was done on this ratio.

Reaction mixture pH optimization. Another way of optimization is to change
reaction environment pH. Studies show that optimal pH may vary depending on
plant extract and metal type. For example, study [9] found that optimal pH for
gold nanoparticles synthesis with mint leaves extract was 9, while optimal pH for
nickel and cobalt nanoparticles synthesis with bitter wormwood extract is 7(Table
3).
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Table 3 — HCI concentration and volume

pH value C(HC)), Tol/l V(HCI), mi
3 5*10° 1
4 5*107? 0.1
5 4*10* 5
6 4*10* 0.5

Since reaction mixture pH is highly influential for synthesis outcome, its
optimal value should be found. According to reference data, nickel and cobalt
nanoparticles are formed in low-acidic environment, so synthesis was performed
at pH values of each kind. According to the method, reaction was done by adding

HCI to a certain pH in mixture.

Microscopy methods were used to describe nanoparticles structure and
distribution, including size, shape and other parameters. EMF evaluation showed
relatively equal distribution of Co° Ni°. Data on Co®, Ni° distribution on 10 um
are given in Table 4,which suggests that in polymeric matrix M-Nitro-2023 metal
yield is high; however, relative concentration non-homogeneity can be seen

(Fig.1,2).

Figure 1 — Microphotographs of nickel and cobalt nanodispersion obtained with bitter wormwood extract

(X-Act electronic microscope SEM)

Based on data by Malvern Zetasizer Nano 28 ZS90, obtained particle sizes
are between 70 and 100 um, which proves nanostructured nickel and cobalt
particles formed in synthesis. Average particle size is 80 um (Fig. 2).
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Figure 2 — Size distribution of nickel and cobalt nanoparticles
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Microphotographs show that metals are close to lozenge and prism shape
(C0o%, and Ni° are close to spherical shape. Nanoparticles distribution based n
their average size was calculated to approximately 100 parts. Analysis was done
by zooming microphotographs obtained using Sigma Scan software, nanoparticles
distribution is shown further on the example of M-Nitro-Ni, Ni Co°-2023 mono —
M-Nitro (Fig.3,4).
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Figure 4 — Size distribution of Ni, Co
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Figure 3 — Size distribution of Ni°, Co®nanoparticles

Detailed information about the size, shape and distribution of Co° Ni°
nanoparticles is summarized in Table 4, where: M-Ni-AX-2023 - surface
characteristics of nickel nanoparticles in bitter wormwood; M-Co-AXK-2023-
characterization of cobalt nanoparticles in bitter wormwood. M-Ni-Mx-2023 —
surface characteristics of nickel nanoparticles obtained from yarrow extract; M-
Co-Mx-2023, M-Ni-Mx-2023 - surface characteristics of metal nanoparticles
obtained from yarrow extract.

Ethanol extracts of bitter wormwood, yarrow and plantain created a
favorable environment for deoxidation of nanoparticles of Ni,Co. Average
amount of NPs in 10 um:1200+10, lozenge, (M-Ni-Ac-2023); 1100£50, prism,
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(M-Co-AXK-2023); 1800150, prism, 1230+100 (M-Ni-M>x-2023); 1000+50 (M-
Co-Mx-2023); 520+50 pcs. Ni/480+50 pes. M-Ni-XKx-2023); 500+£50 pes. Co
(M-Co-XXx-2023); volume sizes of nanoparticles M-Ni-AX-2023 were small,
concentration was insignificant. Volume sizes and distribution of bitter
wormwood and plantain nanoparticles were deoxidized by large amount of metal
from bitter wormwood comparing to sprouts.

Table 4 — Main surface characteristics and complexes morphology

Complex NPs size, um NPs morphology NPs in 10 pm
M-Ni-AX*-2023 70+5 Lozenge 1200+10
M-Co-AX*-2023 7345 Lozenge, prism 1100+50
M-Ni-Mx*-2023 68+6 Lozenge 1230+100
M-Co-Mx*-2023 74+5 Lozenge, prism 1000+50
M-Ni-JKox*-2023 7244 Lozenge 540+50 for Ni
M-Co-Xox*-2023 7646 Lozenge, prism 500450 for Co

* AJK — bitter wormwood; Moic — yarrow, JKoc — plantain

Studies of nanoparticles use as new growth intensifiers for agricultural crops
show intensity and growth and germination peculiarities for the followning crops
at the first stage: vegetables (tomato, radish); annuals (dill, parsley).

Table 5 below with seeds study results shows presence of rapid
regionalizations of germination speed and growth energy in experimental and test
versions.

Table 5 — Vegetables and annual plant seeds germination intensity

Types of plant Germination rate, % Relative superiority over the
crops Growth stimulator use Test (control) test indicator, %
Dill 75+3 67+3 12
Radish 85+3 75+3 13.3
Parsley 90+3 7943 14
Tomato 7143 63+3 12.7

Images of vegetables and annuals are given below (Fig. 5).To compare plant
biomass and morphological features of the plants which used test and growth
stimulator, they were separated from soil and compared to other plants of the
same kind of 1-2 months old. Figure 5 shows comparative images of tomato
sprouts.
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A — Test, 1 month

C — Test, 2 months
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B — Growth stimulator, 1 month

D — Growth stimulator, 2 months

Figure 5 — Tomato morphological features definition

Growth intensity of vegetables grown using stimulator on southern black-
earth soil increased by 12%, and one of annual plants — by 13%. Morphological
features of young plants at 1-2 months are given in Table 6 (Fig. 5).

Table 6 — Morphological features of vegetables and annual plants

Types of Parameters Height, | Diameter, Leaf Leaf Number Root
crops cm cm length, cm | width,cm | of leaves | length
Dill Growth 25 15 5 3 - 55

stimulator

Test 18 1 35 15 - 4
Radish Growth 20 15 7 4 14 3.3

stimulator

Test 13 8 5.5 2.3 12 3
Parsley Growth 10 8 3 4 many 3

stimulator

Test 10 7 15 25 many 2.3
Tomato Growth 16 12 5 25 25 5.0

stimulator

Test 13 9 3 2 20 4.8

Comparing to new growth intensifier and test results, plants that used growth
intensifier had strong roots, thick stems, dark-green leaves and overall larger size.
Tomato with growth intensifier had thicker stem, stem length was 16 cm, and
plant diameter was 12 cm. Test plant height was13 cm, plant diameter — approx. 9
cm. Thus, new growth intensifier M-Nitro-Ni,Co-2023 is effectively used for

agricultural crops growth and germination.
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4. Conclusion

Thus, we found primary conditions of biogenic nanoparticles synthesis using
various herbal extracts. Plant screening revealed bioactive substances. Studies
identified flanonoids providing strong deoxidizing features of bitter wormwood
(Artemisia), yarrow (Achilléa nébilis) and plantain (Psylliostachys). Nickel and
cobalt nanodispersion synthesis with bitter wormwood extract was done at 45°C,
pH=4, for 1 hour. Nanoparticles Ni°, Co° synthesized from bitter wormwood have
the following average size according to microscope data: 70 Ni°, 73 Co® um, with
NPs having lozenge/prism shape.

Ni®, Co° nanodispersion synthesis with yarrow extract was done at 45°C,
pH=4, for 1,5 hours. Ni°, Co° synthesized from ethanol yarrow extract have the
following size: 68 Ni% 74 Co° um, with NPs having lozenge and lozenge/prism
shape. Nanoparticles Ni°, Co®, synthesized from ethanol plantain extract have the
following size: 72 Ni°% 76 Co®um, with NPs having prism shape.

New growth intensifier (M-Nitro-Ni,Co) was used to intensify annual plants
and vegetables germination and growth; as a result, they had stronger roots,
thicker stems, dark-green leaves and larger size compared to test ones. New
growth intensifier M-Nitro-Ni,Co0-2023 increased agricultural crops growth and
germination rate by approximately 15%.
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Tyiiingeme: Kipicne. buocuHTe3 apKpUIbl albIHFaH KEeHOIp MeTaigapiblH HAaHOOGIILEKTEpl OJapiblH
OeTiHzer! CHIFBIHIBIIAH KOMIIOHEHTTEP/IH COpOIMsIIaHybIHA OaiIaHbICTHI OHTAIIBI (hapMaKOIOTHSIIBIK
KacueTTepre ue, Oy ©3 Ke3eriHIe olap/blH KoJmaHy aschiH KeHedrtenmi. Ockl cebentepre OaillaHBICTHI
MeTaJul HaHOOOINIIEKTEePiH CHHTE3Aeyle OWONOTHSIIBIK OMICTEepAl OHTAMIaHIBIPYy Maceneci Kasipri
yakpITTa ©3eKTi Oonbin Tabbutambl. JKymsicmuly makcamol: Artemisia (awor acycan), Psylliostachys
(arconxncenxern), Achillea nobilis (mviydcanvipax) ©CIMAIK CHIFBIHIBUIAPBIH TAJallaHbI, METall
HAHOJMCIIEPCHUSIIAPBIH CHHTE3IEY JKOHE aybUIApyallbUIbIK JaKbULIAPBIH Ocipyle KOoJAaHy OOWBIHIIA
TOXIpHOETiK MayIiMeTTepAi YChIHY. Odicmeme. byn opicTiH epekiieniri eciMiik MaTepHangapbHaH
CBIFBIH/IBUIAP/IBI AaiibIHAAY apKbUIbI HAHOOOIIIEKTEP Al CHHTE3ACYIIH SKOJIOTHSIBIK Ta3a TICUIIH KOJIJaHy
Goubin TaObuIaapl. CHHTE3re apHANFaH OCIMIIK HIMKi3aThl, CHHTE3 JKaFaaiaaps! (Temneparypa, pH moHi,
METaJUT TY3/IapBIHBIH KaThIHACHI: JKCTPAKT) ASKCHEPUMEHTAIAbl TYPAE TAHIAJIBL. ATl JKyCaHHBIH
CeIFBIHABICE  OonFan  kesne  Psylliostachys  wemece Achillea  nobilis  xonnanranra KaparaHia,
HAHOOOIIIIEKTePIiH Ty3UTyl Te3ipek >XypeTiHi aHbIKTanabl. CHHTE3ENTeH KYMIC HaHOOeIIIeKTepi
MHUKPOCKOIIUSI JKOHE CHEKTPOCKOIHMS KOMETIMEH 3epTTeNii. 3epmmey Homuoiceaepi. AJbIHFaH
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6emmekrepain emmemaepi 70 nen 100 MKM apanbiFblHAA, OYJ1 HAHOKYPBUIBIMIBI HUKEIh MEH KOOAIbT
Oemmexrepin gonenneini. bemmexrepain oprama mesmepi 80 MkM. Bip JkpuUIIBIK mienTep MeH
KOKOHICTEP/IH 6Cyl MEH OHyiH apTThIpy YIUiH kaHa ecy ctumystopbl M-Nitro-Ni,Co KongaHbuIibL;
HOTIDKECIHIE ONApABIH TaMBIPBl KyWTi, cabakTapsl KalblH, JKallbIPaKTaphl Kapa-KacbUl JKOHE
CBHIHAJIFAH/IAPMEH CaJIBICTBIPFaH/a YIKSHIPEK OOJIIBL.

Tyiiin ce3mep: HAHOOOJIICKTEP, CHIFBIHBI, METAIUT HAHOIMCICPCHACHI, KAachUl cuHTe3, Artemisia
(ocycan), Psylliostachys (aconncenxen), Achillea nobilis (muiyoicanvipar)
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Pestome: Bsedenue. HaHouacTHIBI HEKOTOPBHIX METAIIOB, MOJIy4EHHBIE ITyTeM OHMOCHHTE3a 00JaJaloT
HHTEPECHBIMU (PapMaKOJIOTHYECKUMH CBOMCTBAMH M3-3a COPOIMU Ha WX TOBEPXHOCTH KOMIIOHEHTOB U3
9KCTpPaKTa, 4YTO paCIIMpsieT KpPyr HX MNpuMeHeHHs. [lo 3TUM TpPUYMHAM BONPOC ONTHMHU3ALNU
OMOJIOTHYECKHX CIOCOOOB CHHTE3a HAHOYACTHI[ METAJUIOB AaKTyaleH B HACTOSIIMH MOMeHT. [[ens
Hacmosiwell pabomul — NPEICTaBUTh YKCIEPUMEHTAIILHBIC JTAaHHbIE 110 CHHTE3y HAHOANCIIEPCHIT METAILIOB
C WCIIONB30BAaHMEM PACTUTEIBHBIX OSKCTPAKTOB Artemisia (copvkas noavinw),  Psylliostachys
(nooopoorcnura), Achillea nobilis  (meicsiuenucmnuxa) W UCIONB30BAHHWS IPU  BBIPAIIUBAHUH
CeIIbCKOXO3SIHCTBEHHBIX KYJIBTYp. Memooonozus. OCOOEHHOCTBIO 3TOI0 METO/a SBJISIETCS HCIIOIb30BaHHE
Ooyee DKOJIOTMYHOTO MOAXOJA K CHHTE3y HAHOYACTHI[ IyTeM IPHIOTOBJICHHS OKCTPAKTOB U3
PACTUTEIBHOTO ChIPbS. DKCIEPUMEHTAIbHO MOJ00PAHO pPACTUTEIBHOE CHIPbE JUIS CHHTE3a, YCIOBHS
CHHTe3a (TeMmIeparypa, 3HaueHHe pH, COOTHOIICHHE CONie METaIOB:IKCTPAKT). YCTaHOBICHO, YTO B
MPUCYTCTBUM DKCTPAKTa MOJIBIHM T'OPbKOH 00pa3oBaHME HAHOYACTHUIL MPOMUCXOAUT OBICTpee, 4eM INpu
nucnone3oBanun  Psylliostachys — (nodopoowcnux) — uau  Achillea  nobilis  (muvicauenucmuux).
CuHTE3UpOBaHHBIE HAHOYACTHIBI cepedpa ObUIM M3YUeHBI METOJAMH MHMKPOCKOIHH U CIIEKTPOCKOIUH.
Pesynemamur. TlonyueHHble pa3Mepsl yacTull cocTaBisitoT oT 70 1o 100 MKM, YTO CBHIETENBCTBYET O
HAHOCTPYKTYPHPOBAHHBIX YAaCTUIIAX HUKeNs U KoOanbra. CpefHuil pa3Mep yacTHI] cocTaBisieT 80 MKM.
Hosblit crumynstop pocra M-Nitro-Ni,Co uncnonb3oBanicss a1 yBEIMYCHHS POCTa U BCXOXKECTH
OJTHOJICTHHX TPaB M OBOILEH; B pe3yJbTaTe OHU MMeIH 0ojee CHUIIbHBIC KOPHH, Ooliee TOJICThIE cTeOIH,
TEMHO-3€JIeHbIC JINCThS ¥ OOJBILINIT pa3Mep 10 CPABHEHHIO C OITBITHBIMU.

KiouyeBble c10Ba: HaHOYACTHIBI, SKCTPAKT, HAHONWCIIEPCHS METAJUIOB, 3eleHbI cuHTe3, Artemisia
(noawvins), Psylliostachys (nodopooichuxk), Achillea nobilis (meicsiuenucmuux)
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