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AHHoTanus. PaboTa mocBsIneHa BOIIpoCcaM IIOAy4YeHHUS U OLleHKH 3ddeKTUBHOCTH Ouopasiarae-
MBbIX [IJIEHOYHBIX MAaTEPHUAJIOB Ha OCHOBE TH/POresier IIOJIMMEPOB U HAHOYACTHL cepebpa. B kauecTse
MaTPHUIbl B PACCMAaTPUBAEMBIX MaTePHUAJIAX UCII0Ib3YIOTCS TOJMBUHUIIOBBIM CIIMPT U KPaxMaJsl KapTo-
denbHBIM U KYKYPY3HBIH. [laHHbBIE [T0JXMePbl 6€30IIaCHBI /15 YeJIOBeKa U [I03BOJISIOT IIOY4YUTh 6ropas-
JaraemMble MaTepHalbl. BHeIpeHHe HAHOYACTHUI] cepebpa B pacCMaTpHBaeMble IIJIEHOYHBIe MaTepHaIbl
[103BOJISIET [IOBBICUTH UX aHTHOAKTepHaIbHbIe U QYHIUI[UAHBIE CBOUCTBA. [IpoM3BeIeHHBIN CPaBHU-
TeJbHBIM aHAJIU3 [I0JyYeHHbIX [IJIEHOUHbIX MaTePHUAJIOB [I0Ka3a, YTO Hauboiee MepCleKTUBHBIMHU
SBJISIIOTCSI MATePHA/Ibl HAa OCHOBE [TOJIMBHHUIIOBOTO CIIUPTA, KYKYPY3HOTro KpaxmMaja C HAHOYaCTHUI[AMHU
cepebpa (IIBC/KKyK/AZ, .no)-
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Abstract. This work deals with various aspects of obtaining and evaluating the effectiveness of biodegradable
film materials based on polymer hydrogels and silver nanoparticles. Polyvinyl alcohol and potato and maize
starch are used as a matrix in the materials under consideration. These polymers are safe for humans and allow
of obtaining biodegradable materials. Introduction of silver nanoparticles into the film materials under consid-
eration makes it possible to increase their antibacterial and fungicidal properties. The comparative analysis of the
obtained film materials demonstrated the most promising materials based on polyvinyl alcohol and maize starch
with silver nanoparticles (PVS/MaizeStarch/Ag, . ..)-
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BBEJEHUE

CoBpeMeHHas peajabHOCTh JUKTYeT HOBbIE YCIOBU S
>KU3HU. Tak, OfHOM U3 I7106a1bHBIX IIpo6eM coBpe-
MEeHHOCTH SBJISIeTCS 3arpsi3HeHHe OKpyXKalolleHn
cpensl 6bITOBBIMU TPy HOPa3/1araeMbIMU OTXOJAMHU,
Yalie BCEro 3To ObBITOBOM IJIACTUK U MOJTHITHIIEH.
[TaHAeMUsI KOpOHaBHPYyca cIiocobcTBOBajIa MOsIBIIE-
HHIO HOBOro TepMuHa -~ Mmycop COVID-19. Ilog myco-
pom COVID-19 nompa3ymeBaOTCsI OTXOABL, 06pa3ylo-
IIKMecs IIPU MCII0JIb30BAHUM CPeLCTB HHAMBHUAYA b
HOH 3aIlMThl, HallpuMep HUCIOJb30BaHHBIE OJHO-
pa3soBeie MacCKH, IepYyaTKU U (pIaKOHBI OT Le3UH-
dunupyromux cpencts [1]. CornacHo HaHHBIM,
NPUBOJUMBIM B BeCTHHUKe Environmental Science
& Technology Journal, kaskasisi Mecsin Ha BBI6pOC
OTIIPaBJIAIOTCA 129 MJIpA MacoK U 65 MJIPJ [IepUYaToK.
TakuM 06pa3oM, B COBpeMeHHOM JeHCTBUTETbHOCTH
Hab/0/1aeTCs CyliecCTBeHHOE yBeJIMYeHHe Harpy3KHU
Ha OKPY’KAILIYIO Cpeay B BUAE IIPAKTHYECKU He pas3-
JlaraeMoro IjaacTHKa U MoJMdTUAeHa. I yMeHb"
IIeHU S CTelleHH 3arps3HeHUs OKPY>KaIoIlell Cpe/bl
Heobx0A MO IIepelTH Ha [I0BCeMeCTHOe TP MeHeHHe
bropasiaraeMsIX MaTepuanoB. [Ipu 3ToM Haubosb-
Y0 ITPAKTHYECKYI0 3HAYHMMOCTh UMeIOT 61opasia-
raeMele MaTepHansl, obaasaoIiye JOMOTHUTEIb"
HBIMHU QyHKIIMOHA/IBHBIMHU CBOKMCTBaMH [5]. [ToaTomy
MpaKTHKa MNPHUBJIeYeHHUS JOCTH)XeHHU HaHOXHU-
MHH IIPU pa3paboTke 6HopasnaraeMbIX MaTepHaJoB
SIB/ISIETCSI OHUM M3 CII0CO60B CHUKEHHU ST TeXHOTeH-
HOM HarpPy3KH Ha OKPY>KAIOIIYIO Cpefy.

METO/bl NCCIEAOBAHUA

B 60/BIIMHCTBe C/lyyaeB COBpeMeHHble HaHOMaTe-
PHaJIbl MCIIO/IB3YIOT UJIM [IPOM3BOAAT He B BUIe MOHO-
KOMITOHEHTHBIX CUCTEM, COCTOSAIIMUX U3 HECKOIBKHX
THUIIOB U30/JIMPOBAHHBIX HUJIM KOMIIAKTHUPOBaHHBIX
HaHOYaCTHI], a B opMe HAHOKOMIIO3UTOB (KOMIIO3H-
LIMOHHBIX HAHOMaTePHaJIOB), COeP>KAIUX He MeHee
IBYX KOMIIOHEHTOB, I'fle XOTsl 6b ONUH UMeeT pas-
Mepsl B ripefenax 1-100 HM. C TOYKH 3peHU S OIKMCaH-
HOM Ipo61eMBl XOpolIKe MepCIeKTHUBBI UMeIoT 61o-
pasiaraemsle MaTepHasibl, MOAUPUIMPOBAHHEIE
HaHOYaCTHILAMH. [IepCrIeKTHBHOCTh JaHHBIX MaTe-
puaoB obyc/ioBIeHa HeCKOJbKMMU NPUUYHMHAMU.
Bo-miepBHIX, 3a CUeT MPaBU/IBHOIO I1060pa OCHOBEI
KOMIIO3UTHOTO MaTepHajia MOKHO JOOUThCS ero 61o-
pasnaraeMoCTH, BO-BTOPBIX, BHeApeHUEM Pa3/Iny-
HBIX BUJI0OB HAHOYACTHUL MOSKHO U3MEHATH QYHKI[HO-
HaJIbHbIe CBOKCTBA MaTepHaJIoB.

B paMKax uccieloBaHU S 6b11H pa3paboTaHbI MeTO-
OUKU CHHTe3a 6HMopa3iaraeMblX IIJIEHOK. AHAJH3
JIUTEPATyPHBIX JAHHBIX ITI0OKa3bIBaeT, YTO TAKOM IIPH-
POIHEIM IONKMMep KaK KpaxMasl JOCTaTOYHO 3QdeK-
THBHO HCIIO/Ib3YeTCs TP CO3JaHUU bropa3araeMsix
MaTepuaJsios [3, 4]. Illnpokoe MpruMeHeHHe KpaxMaja

INTRODUCTION

Modern reality dictates new living conditions. Hence,
pollution of the environment with household hard-
to-degrade waste, most commonly household plas-
tics and polyethylene is one of the global problems
of the world. The coronavirus pandemic has con-
tributed to emergence of a new term - COVID-19 rub-
bish. COVID-19 rubbish refers to the waste gener-
ated by use of personal protective equipment, such
as used disposable masks, gloves and disinfectant
vials [1]. According to the Environmental Science &
Technology Journal, 129 billion masks and 65 bil-
lion gloves are discarded every month. This means
that nowadays there is a significant increase of bur-
den on the environment in the form of virtually
indestructible plastic and polyethylene. In order to
reduce environmental pollution, it is necessary to
move towards the widespread use of biodegradable
materials. At the same time, biodegradable materi-
als with additional functional properties have the
greatest practical relevance [5]. Therefore, the prac-
tice of involving nanochemistry in the development
of biodegradable materials is one of the ways to
reduce the technogenic burden on the environment.

RESEARCH METHODS

In most cases, modern nanomaterials are not used
or produced as monocomponent systems consisting
of several types of isolated or compacted nanopar-
ticles, but rather in the form of nanocomposites
(composite nanomaterials) containing at least 2
components where at least one has a size range of
1-100 nm. From the point of view of the described
problem, biodegradable materials modified with
nanoparticles have good prospects. These materi-
als are promising for several reasons. Firstly, the
biodegradability of the composite material can be
achieved through the right choice of its base, and
secondly, use of the functional properties of mate-
rials can be changed by introduction of different
types of nanoparticles.

As part of this study, the methods for the
synthesis of biodegradable films have been
developed. Analysis of literature data shows that
such natural polymer as starch is quite effectively
used in producing biodegradable materials [3, 4].
Wide application of starch is due to its composition.
It consists of two polymeric components, amylose
(linear molecules) and amylopectin (branched
molecules), whose chains are constructed of a-D-
glucopyranose residues.

The gel-forming component in starch is
amylose. Analysis of literature data showed that
the percentage of amylose in potato and maize
starches is 20% (more often 13-17%) and 25%
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OIlpefieNisieTCs ero cocTaBoM. OH COCTOUT HX ABYX
MOTMMePHBIX KOMIIOHEHTOB ~ aMHJI03bl (JIMHEH-
HBble MOJIeKY/Ibl) U aMHUJIONIeKTHHA (Pa3BeTB/IeHHbIe
MOJIEKYJIBI), LIeII1 KOTOPBIX IIOCTPOEHBI K3 OCTATKOB
a-D-TJIFOKOTIPaHO3HI.

lFeneobpa3syrwIUM KOMIIOHEHTOM B COCTaBe
KpaxMaja sIBIsgeTcs aMuio3a. AHaau3 JuTepa-
TYPHBIX JAHHBIX [10Ka3aJl, YTO IIPOLleHTHOe CoJlep-
>KaHHe aMHJIO3bl B KapTodeaTbHOM U KYKYyPYy3HOM
KpaxMmasnax coctaBiusieT 20% (uame 13-17%) u 25%
CcoOoTBeTCTBeHHO. CllefloBaTeIbHO, Hoslee IpeaIIO-
YTHUTEeAbHBIM J/I51 HCIIO/b30BAHU S SIBISIETCS KYKYy-
PY3HBIH KpaxMai, obpasyomuil bojee yCTOHYH-
Bble re/IU U MJIeHKH.

[ToMHMO KpaxmMana, B KadyeCcTBe OCHOBBI TaKKe
MoOykeT OBITh HMCIOJb30BaH MOTHMBHUHMIIOBBIM
COIHUPT - BOAOPACTBOPUMBIM MOJHUMEP, HMIHUPOKO
HCIIONb3yeMBbIH B MeJHUIJMHe U MHIIEeBOU Ipo-
MBIIIJIEHHOCTH B KadecTBe 3Myabratopa [3].
PaccMaTpuBaeMble IIOJTHMMepPHl B Ka4yeCTBe OCHOBEI
n71st 6ruopasiaraeMslx MaTepHaloB KMEIOT psif Ipe-
uMyIecTB. C OHOM CTOPOHBI, OHU 06/1aJaI0T YHU-
BePCaJIbHBIMHU CBSI3BIBAIOIIKMHU CBOMCTBAMHU, CIIO-
COOHBI K IIIEHKO06Pa30BaHUIO, SIBJISIIOTCS BOJOpac-
TBOPHUMBIMH U 6€30IIaCHBIMHU /151 OPTaHH3Ma YesIo-
BeKa, 4To 06yc/laBIMBaeT BO3MOXKHOCTD IIHPOKOTO
NpUMeHEeHH s II0JyYeHHBIX Ha HX OCHOBEe HAHOKOM-
MO3UTHBIX MAaTepHaJIOB, a C IPYrON CTOPOHBI, JaH-
HBble II0JIMMepPbl MOTYT BBICTYIIATh B KauecTBe CTa-
OUIKM3aTOPOB HAHOYACTHI] METAJIJIOB.

B manHON paboTe B KaueCcTBe MOAHUPUKATOPA
OBITM HCII0JIB30BAHBI HAHOYACTHUIIEI cepebpa. Hx
[0/1y4alyd MeTOLOM IIPSIMOTO CHHTe3a U3 pacTBopa
HUTpaTa cepebpa B IPUCYTCTBUHU BOCCTAHOBUTEIS
(ruppasuna N,H,) 1 GyHKIIMOHAIBHOIO IIOJILMepa:

Ag*+ N,H,+40H = Ag® + N,+4H,0.

Ctabuau3anus HaHOYACTHUI] cepebpa [oCcTUTaeTCs
IIyTeM MHKAIICYJIMPOBAHM S HAHOYACTH LB B THAPO-
dobHOe simpo monuMepa.

[IpenBapuTebHble UCIIBITAHUS IOKA3BIBAIOT,
YTO MaTepHaJbl, [IOJy4YeHHbIe HA OCHOBE THJPO-
rejsi U3 YUCTOTO KpaxMaaa XpynKkue, Herubxkue,
JIeTKO Kpomarcs. [I03ToMy [Jisl yaydlleHHs Kade-
CTBa IIOJIy4aeMBIX MaTepHuasaoB OBIIO MPUHSTO
pelleHHe B KadeCTBe MATPHI[Bl HCIIOJb30BATh
TUJPOTrely Ha OCHOBE IIOJHMBUHHJIOBOTO CIIUPTA
Y KpaxMmara.

Konu4ecTBeHHBIM COCTaB, HCIOJb3yeMBIH
IJIsl CHHTe3a oIlpefieleHHOTo 6MoMaTepuana, yKa-
3aH B Tabm.1.

Tak>ke B pa3paboTke MMeIOTCS METOLUKH IIOTY-
YeHHUS MOTHMMEPHBIX IJeHOK, MOLUOHUIIUPO-
BAaHHBIX HAaHOYACTHUIAaMH. JJaHHBIEe METOLUKH
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respectively. Consequently, maize starch, which
forms more stable gels and films, is preferable for
use.

In addition to starch, polyvinyl alcohol, a water-
soluble polymer, is widely used in medicine and the
food industry as an emulsifier and can also be used
as the base [3]. The polymers under consideration
as the basis for biodegradable materials have a
number of advantages. On the one hand, they
have universal binding properties, are capable of
film formation, are water-soluble and safe for the
human body, which makes it possible to widely use
nanocomposite materials based on them, and on the
other hand, these polymers can act as stabilizers of
metal nanoparticles.

In this work silver nanoparticles were used as a
modifier. They were obtained by direct synthesis
from silver nitrate solution in the presence of a
reducing agent (N,H, hydrazine) and a functional
polymer:

Ag*+ N,H, + 40H = Ag® + N, + 4H,0.

Stabilisation of silver nanoparticles is achieved
by encapsulating a nanoparticle in a hydrophobic
polymer core.

Preliminary tests show that the materials
obtained from pure starch hydrogel are brittle,
inflexible and easily crumbling. Therefore, in order
to improve quality of the obtained materials it was
decided to use hydrogels based on polyvinyl alcohol
and starch as the matrix.

The quantitative composition used for synthesis
of a particular biomaterial is shown in Table 1.

Techniques for production of polymer films
modified with nanoparticles are also in progress
of development. These techniques have been tested
and repeatedly validated in practice. Depending on
the base the biomaterials were synthesised from,
they have been given names that correlated with
their composition (Table 2).

RESULTS AND DISCUSSION

Since the obtained materials should theoretically
be biodegradable, we studied the biodegradabil-
ity of the polymers obtained. The biodegradabil-
ity of the obtained materials was assessed using
the burial test. When using this test, the rate of
the material biodegradation is assessed by changes
in their appearance after exposure to soil in given
time intervals (2, 4, 6 and 12 months). In addition
to the visual assessment of the samples, a check
weighing was carried out using electronic analyti-
cal scales Vibra ensuring the accuracy of +0.0001.
The data obtained are shown in Table 3.
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Tabauua 1. Konu4ecmaeHHble COOMHOLIEHUS UCXOOHbIX KOMNOHEHMO8 Npu noAy4eHUU buopazadzaembix Mamepuanos
Table1. Quantitative ratios of the initial components for biodegradable materials

Konun4yecrso ncxopgHoro
KOMMoHeHTa Ha 100 r cmecu
Quantity of the initial com-
ponent per 100 g of mixture

O603Ha4YeHue maTepuana

Designation of the material

NMBC/KKap NBC/KKap/ MBC/KKyk NBC/KKyk/ MNMBC/KKap/
PVA/ AGhano PVA/ AGhano KKyk
PotStarch PVA/ MaizeStarch PVA/ PVA/
PotStrach, ., MaizeStarch/ PotStarch/
AQ,.no MaizeStarch
1 2 3 4 5 6 7
MBC, r
PVA. g 10 10 10 10 10 10
Kpaxman kaptodenbHbIn, ¢ _ 5 3 _ _ 25
Potato starch, g ’
Kpaxman KyKypy3HbIn, I _ _ _
Maize starch, g : 5 e
HuTpaTt cepebpa, p-p 0,01 M, Mn _ _ _
Silver nitrate, ml 2 202 Lt
'mapasuH p-p 0,01 M, mn _ _ _
Hydrazine, ml e 002 ez
Boaa, mn
Water mi 90 90 90 90 90 85

6BIIM alIPOOUPOBAHBI U MHOTOKPATHO [IPOBEPEHBI
Ha IIpPaKTHUKe. B 3aBUCHUMOCTH OT TOrO, Ha OCHOBE
Yero CUHTE3UPOBAIKCh GHOMATepHUAIBl, UM ObLIH
[IPUCBOEHBI HAa3BAaHHUS C COOTHECEHHUEM COCTaBa
(Tabi.2).

Hence, we can arrange the obtained biomaterials

in order of their decomposition rate:
PVA/PotStarch/MaizeStrach
PVA/MaizeStarch/Ag, ., and PVA/MaizeStarch
PVA

Tabauya 2. Tunbl CUHMe3UpoB8aHHbIX NOAUMEPHbIX 6u0pa3/|azae/wbtx NNeHoK

Table 2. Types of synthesised polymer biodegradable films

O603Ha4yeHue
Designation

1 2 3

Kpaxman
KapTogenbHbIA
Potato starch

Kpaxman
KYKYPY3HbIV
Maize starch

Hutpar
cepe6pa
p-p 0,01 M
Silver nitrate

rmpapasuH
p-p 0,01 M
Hydrazine

MBC | PVA + _

MBC/KKap
PVA/PotStarch

MBC/KKap/Agpano
PVA/PotStarch/Agano

MBC/KKyK
PVA/MaizeStarch

MBC/KKYK/AGhano
PVA/MaizeStach/Ag, o

MBC/KKap/KKyK
PVA/PotStarch/MaizeStarch
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PE3Y/IbTATbI U UX OBCY)XAEHUE

[TocKo/IBKY I10OIyYeHHbIe MaTePHaJ/Ibl TEOPEeTHYECKH
JOJKHBI 6bITh OHOpa3araeMbeIMH, HAaMU H3y4alach
YCTOMYMBOCTb I10JIyYeHHBIX ITOJTMMEPOB K 61opaso-
>keHHI0. OLleHKYy 6ropa3araeMoCTH I0JyYeHHBIX
MaTepHaJsoB [IPOBOJMI/IH C IIOMOLIbIO TeCTA IIPH 3aKa-
IBIBAaHHUU B 11ouBy (Burial test). IIpu UcII0N1b30BaHUH
JNAHHOTO TeCTa 0 CKOPOCTH 6HoeCTPyKIIMU MaTepra-
JIOB CYAAT I10 U3MEHEHHIO UX BHEIIHEero BUaa Iocjie
BO3/IeHCTBH S [I0YBHI Yepe3 3aZlaHHbIe IIPOMeXXYyTKH
BpeMeHH (2, 4, 6 1 12 mecsanes). [IToMHUMO BHU3YyaJib-
HOM OLIeHKH 006pa3110B OCYILeCTBIISIIOCh KOHTPOJIbHOE
B3BellMBaHHe. KOHTPOJIIbHOE B3BeLIMBAHHE [IPOBOL M-
JIOCh Ha 3JIeKTPOHHBIX aHAJIUTUYECKHUX Becax Vibrac
TOUYHOCTBIO +0,0001. ITony4deHHBbIe JaHHBIE 0TO6pa-
SKeHBI B Tab11.3.

TakuM 06pa3oM, monydeHHbIe 6HOMaTepHaIbl MBI
MOKeM PACIIOJIOKUTH B IOPSAKE H3MEHEHHS CKOPO-
CTH MX Pa3JIOKeHU:

ITBC/KKap/KKyxK

IIBC/KKyK/Ag,.no ¥ IIBC/KKyk

I1BC.

AHa/Iu3 II0JIyYeHHBIX JaHHBIX [103BOJISET CAeIaTh
BBIBO/IbI, YTO HAKMEHBIIINM CPOKOM Pa3jioskeHMU s 06/1a-
JA0T MaTepuasbl, B COCTAB KOTOPHIX BXOAHUT KpaxX-
MaJ, mpuyeM, uyeM 6osblle cofep>KaHUe KpaxMaa,
TeM MeHblIIe BpeMs Pa3/IosKeHHsI. DTUM MOKHO 00BsIC-
HUTb IIPUBJIEKATeJIbHOCTh KPaxMasia B KauecTBe ITH LU
IJ1s1 AeCTPYKTOPOB, 0OUTAOIIMX B IouBe. Heobxogumo
06paTUTh BHHMaHHe, YTO y MaTepHaJIOB COAepsKalIHX
HaHOYaCTUIIBI cepebpa BpeMsi pa3jioxkeHH s O0JIblile, YeM
y UX aHaJ10roB 6e3 HaHOYACTHULI. [JaHHBIN GaKT MOKHO
06BSICHUTDh aHTHOAKTepHAIBHON U QYHTUIIUAHOM
aKTHBHOCTBIO pacCMaTpHUBaeMBbIX HaHOYacTHUI] [6, 7.

The analysis of the obtained data suggests that
the materials containing starch have the shortest
decomposition time - the higher the starch content,
the shorter the decomposition time. This may
explain attractiveness of starch as a food for soil-
dwelling destructors. It should be noted that the
materials containing silver nanoparticles have
longer decomposition times than their counterparts
without nanoparticles. This fact can be explained
by the antibacterial and fungicidal activity of the
considered nanoparticles [6, 7].

As silver nanoparticles have antibacterial
properties, the study evaluated the antibacterial
properties of the nanomaterials obtained on
the bacteria belonging to the intestinal group
(Escherichia coli). Petri dishes dia. 9.3, E. coli-
rich water, Endo nutrient medium and 2.0 x 2.0
cm samples of degradable biomaterial were used
for the study. Before biotesting, the dishes were
thoroughly washed with a chromium mixture,
followed by a baking soda solution and distilled
water.

During the study, we prepared nutrient media
and poured it into five Petri dishes. Intestinal
bacteria isolated from drinking water were
superficially inoculated into all five dishes. Petri
dish number one was used as a standard, no
material was placed in it, and the material to be
analysed was placed in the centre of the other four
Petri dishes:

Ne 2 - PVA/MaizeStarch

Ne 3 -PVA

Ne 4 - PVA/MaizeStarch/Ag, ..,

Ne 5 - PVA/PotStarch/MaizeStarch

Tabauua 3. AHaAU3 8pemeHU U YCA0BULI pa3A0XKeHUS NOAYYEeHHbIX 6UOpA3Adzaemblix Mamepuanos
Table 3. Analysis of time and conditions for decomposition of the resulting biodegradable materials

WUccnepgyemblii maTepuan
(o603HaueHUs)

Studied material (designations)

Conditions

MBC/KKyk 0,86
PVA/ PotStarch

NBC| PVA 0,74

MBC/KKyK/AGhano 0,93
PVA/MaizeStarch/Ag, .no

MBC/KKap/KKyk 0,91
PVA/PotStarch/MaizeStarch

BnaxxHas no4ysa
Wet soil

Ycnosus rig m,r|g rig
(2mecsual| (4 mecsual| (6 mecsiues |
months) months) months)
0,848 0,817 0,752
0,739 0,73 0,70
0,919 0,886 0,872
0,909 0,904 0,896
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Tabauua 4. Viccaedosaue 8AUSHUS HAHOCMPYKMUPOBAHHLIX MAMepUAN08 Ha XpaHuMoCcmb XAeba

Table 4. Study of the effect of nanostructured materials on the bread storability

Mpopnon- BHelwHu BUS, MosiBneHue u pasBuUTHe NJieCceHn
XUTenNb- Appearance The emergence and develop-
HOCTb ment of mould
XpaHeHus
B CyTKax
Storage MNMBC/KKyk/ MNBC/KKyk NBC/KKyk/ MNBC/KKyk MBC/KKyk/ MNBC/KKyk
period, Agnano ,PVAI Agnano ,PVAI Agnano ‘PVAI
days . PVA/ MaizeStarch ) PVA/ MaizeStarch ’ PVA/ MaizeStarch
MaizeStarch/ MaizeStarch/ MaizeStarch/
Agna\no Agnano Agnano
1 2 3 4 5 6 7
0 [ToBepXHOCTb [MoBEepXHOCTb MpuaTHbLIM 3anax, | MNpuATHbIA 3anax, OTcyTcTBYET OTcyTCcTBYET
1 rnagKas, rnajkasl, poBHasi, | CBOMCTBEHHbIN CBOWCTBEHHbIN Absent Absent
poBHas, 6e3 6e3 KpynHbIX Tpe- | AaHHOMY BUAY [AHHOMY BUAY
2 KPYMHbLIX TPELLMH | LLMH M pa3pbiBOB, | m3genuin, 6es v3nenum 6es
1 pa3pbIBOB, CBET/I0-XKeNToro NMOCTOPOHHUX MOCTOPOHHMX NPU-
CBET/IO-KENTOoro | upeta NMpYBKYCOB BKYCOB 1 3aMaxoB
uBeta Surface smooth 1 3anaxos Pleasant smell,
Surface smooth and falt even, Pleasant smell, typical of the
and falt even, without major typical of the product, with no
without major cracks or tears, product, with no extraneous fla-
cracks or tears, of light yellow extraneous fla- vours or odours
3 of light yellow colour vours or odours Mossuncs
colour [OMONHUTENbHbIN
KUCbIV 3anax
There is an addi-
tional sour odour
4 MOCTOPOHHMI Mosasmnack nne-
HEeNpUSATHbLIN CeHb Ha BEpXHeW
3anax ycunumacs 4acTum Kycka
An unpleas- There is mould
ant odour has on the top of the
intensified piece
5 [ToBepXHOCTb Mosaswuncs K kncnomy 3anaxy MoeT akTneHoe
rnagkas, poBHas, | AONOJIHUTENb- [o06asuacsa 3anax paspacrtaHuve
6e3 KpYMHbIX TPe- | HbI HEMPUATHBIV | MAECeHU naeceHn no BCen
LLMH 1 pa3pblBOB, | KUC/bIM 3anax To the sour smell NMOBEPXHOCTH
CBET/I0-TEMHO- There is an addi- was added the xneba
XKenToro upeta tional sour odour | smell of mould Mould is actively
Surface smooth growing all over
and falt even, with- the surface of
out major cracks or the bread
tears, of light-dark
yellow colour
6 [ToBepXHOCTb K kncnomy CUNbHbLIN [MosiBunach [neceHb
rnajkas, poBHas, | 3amaxy foba- HENpUSATHbLIN naeceHb CYLLLECTBEHHO
6e3 KpynHbIX Tpe- | BWACS 3anax 3anax naeceHu B HUXKHEN yBenn4mnach
LMH 1 pa3pbiBOB, | MaeceHu Strong, unpleas- yactu (yoaneH- | B pasmepe, CBET-
XKeNTO-KOpUYHe- To the sour smell ant musty smell HOW OT MaTe- Ioro ugeTa
BOro LBera was added the puana) kycka The mould has
Surface smooth smell of mould Mould has grown signifi-
and falt even, appeared on cantly in size and
without major the underside islightin colour
cracks or tears, (away from
of yellow-brown the material)
colour of the piece
7 [ToBepxHOCTL [ToBepxHOCTb CUNbHbIN [neceHb Kycok xneba
rnagkasl, poBHas, | rnagkasi, pOBHasi, | HempuSATHbLIN HaxoauTcs MOIHOCTbIO
6e3 KpynHbIX Tpe- | 6e3 KpynHbIX Tpe- | 3amax naeceHu B YrHETEHHOM nopaxkeH nnec-
LLMH 1 pa3pblBOB, | LWMWH M pa3pbiBoB, | Strong, unpleas- COCTOSIHUMN HeBbIM FpM6OM
TEMHO-XXenToro KOPUYHEBOTrO ant musty smell 1 ee pasBuTHE Aslice of bread
LBeta LBeta He3HaunTe-IbHO | is completely
Surface smooth, Surface smooth, Moulds arein infested with a
even, without even, without adepressed mould fungus
major cracks or major cracks or state and their
tears, darkyellow | tears, of brown development
colour colour is negligible
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HAHOMATEPUA/DI

[T0CKOMBKY HAaHOYACTHULIBI cepebpa 06/1agaloT aHTHU-
OaKTepHaabHBIMHU CBOMCTBAMH, B paMKaX HcCCIe-
noBaHHUS 6blZa MpoBe/eHa OLleHKa aHTHUOaKkTe-
PHAbHBIX CBOKMCTB IMOJYYeHHBIX HAHOMAaTepH-
anoB Ha 6aKTepHUsX, OTHOCSIIHUXCS K KHUIIEeYHOM
rpynme (Escherichia coli). lnsa uccnenoBaHus
MCIIOJIb30BA/IMCh YallKHU IleTpu guamMeTpoM 9,3 cM,
BOZla C MOBBIIIEHHBIM COJepXKaHHeM KHIIe4HOM
Maja04YKH, NUTaTeAbHas cpefa DHI0, 06pas3Iikl pas-
naraemsIx buomarepuanos 2,0x2,0 cMm. Ilepen mipo-
BefleHHeM OHOTeCTHPOBAHUS MOCYy/a TIIATeAbHO
IIPOMBIBaIaCh XPOMOBOK CMeChIO, 3aTeM PaCTBOPOM
MHIIeBOU COABI U JUCTUIIUPOBAHHOMN BOAOMU.

B xome mccnemoBaHUS HaMH 6blJIa IPUTOTOB-
JeHa IMUTaTe/lbHAs CPpefia U Pa3lMTa B IATh Yalllek
ITeTpu. Bo Bce mATh YalleK IOBEPXHOCTHBIM CIIOCO-
6om 6bL1 IpoHM3BeeH moceB 6aKTepUI KUIIeYHOHN
TPYIIIBI, BbIJleJIEHHBIX U3 IUTbheBOM BOABI. YalIKka
[TeTpu IoJ, HOMEPOM OJHH HCII0/Ib30BaaCh B Kaue-
CTBe CTAaHZApTa, B Hee HUKAaKOM MaTepHal He [ToMe-
IajIcsl, B LIeHTP OCTA/JbHBIX YeThIpex Jallek [leTpu
IIOMeIIAJICs aHAJIU3HUPye MBIl MaTepHal:

Ne 2 - TIBC/KKyk

Ne 3 -TIBC

Ne 4 - TIBC/KKYK/AZ 1m0

Ne 5 - TIBC/KKap/KKyK.

PocT 6aKkTepHIl MPOJOIKAICS B TeUeHHEe CYTOK
IpU KOMHATHOMN TeMmIlepaType. IIpoBegeHHOe
HMCCIeJOBaHUe MOKa3blBaeT, UYTO 30HA JAH3HCA
Habroanachk TOJBKO B HalliKe IleTpu c o6pasuom
c HaHOUacTULaMU cepebpa (IIBC/KKyK/Ag,.n.). BO
BCeX OCTaJIbHBIX 0bpa3slax Habnomaacs paBHOMEp-
HBIM POCT KUIIEUHOM MaJIouKu. OTCI0/Ia MBI MOXKEM
c/leaTh BBIBOJbI, UYTO Pa3paboTaHHBIM HaHOMaTe-
puanobnazaeT aHTUOAKTepHaIbHOM aKTHUBHOCTBIO.

MHTepec mpejcTaBIseT HCCIeJOoBaHHE BIM-
SHUS pa3paboTaHHBIX MaTepHasJoOB Ha COXPaH-
HOCTb MHUIIEBBIX NPOAYKTOB. O6BeKTOM HCCIe0-
BaHUHU ObLJ BEIOpAH XJieb MIIeHUYHBIH. [IJI5 3TOro
B YalIKH [leTpu moMemaauch Kycouku bemoro
xneba oMMHAKOBOM MacChl M CO3/aBaluCch bia-
TONPUSITHBIE YCJIIOBUS AJIs Pa3sBUTHUS IJIeCHe-
Boro rpuba Mykop (Mucor). [yl CpaBHeHHUS OblIHU
BbIOpaHBl MaTepHalibl C UJeHTUUYHBIM COCTAaBOM
IIOJIMMEPHOM MAaTpPHIIbI, HO IIPH 3TOM OJHH 06pa-
3ell coflepykaal HaHOYaCTHIB cepebpa, a Apyrou
HeT (IIBC/KKyK u IIBC/KKyK/Ag,.,,). Ha o6pasiel
xJie6a 6BIIM I10TOKEeHBI SKCIIepUMeHTalIbHbIe MaTe-
puabl. JIHUTeNIbHOCTb KCIIEPHMeHTa COCTaBUIIA
ceMb gHell. [lolyuyeHHBIe Pe3yabTaThl OTPasKeHBI
B Tabin.4.

AHa/M3 MOJIyUYeHHBIX Pe3yIbTaTOB I10KA3bIBAET,
YTO BO BCex YalllKax I[leTpu, KpoMe yamKku [leTpu
oz Ne 4, MpomM30II/IO0 IIOJIHOe 3apacTaHUU Xyeba
mjecHeBbHIM rpubom Mykop, a B yamkax IleTpu

HAHO MHOVCTPHA Tom 15 Ne 3-4 2022

Bacterial growth continued for 24 hours at room
temperature. The study shows that a lysis zone
was only observed in the Petri dish with the silver
nanoparticle sample (PVA/MaizeStarch/Ag,.,)-
In all other samples uniform growth of E. coli
was observed. We conclude that the developed
nanomaterial has antibacterial activity.

It is interesting to study the effect of the developed
materials on preservation of foodstuffs. Wheat
bread was chosen as the object of research. For this
purpose, pieces of white bread of equal weight were
placed in Petri dishes and favourable conditions
were created for the development of Mucor (Mucor)
fungus. Materials with an identical polymer matrix
composition were selected for comparison, but one
sample contained silver nanoparticles and the other
did not (PVA/MaizeStarch and PVA/MaizeStarch/
Ag..no). Experimental materials were placed on
the bread samples. The experiment lasted for seven
days. The obtained results are shown in Table 4.

Analysis of the obtained results shows that in all
Petri dishes, except for Petri dish No. 4, there was
a complete overgrowth of the Mucor mould fungus,
and in Petri dishes with PVA/MaizeStarch/Ag, ..,
material, the fungus overgrowth occurred only
in the lower part where there was no composite
material.

CONCLUSIONS

Thus, the analysis of the current environmental sit-
uation calls for active use of renewable resources
and materials that cause the least damage to the
environment, which include biodegradable com-
posites. The study revealed that the effectiveness of
these composites can be significantly improved by
modifying them. Silver nanoparticles are among
the most effective modifying agents. The effective-
ness of their use is due to improvement of antibac-
terial and fungicidal properties of biodegradable
materials and it is necessary to consider the effect
of the concentration of these particles in the mate-
rial upon the increase of the decomposition time of
the obtained materials.
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NANOMATERIALS

¢ matepuanom I[IBC/KKyk/Ag, .., 3apacTaHue I'pU-
6oM IPOM30MLIIO0 TOJBKO B HUXKHEH YacTH, IJe He
Ob1JI0 KOMIIO3MTHOTO MaTepHana.

BbiBO/1bl

Takum obpa3om, aHAIK3 COBPeMeHHOI 3KOJIOTH-
YeCKOM CUTyallMHU TpebyeT aKTHBHOIO MCIIO/Ib-
30BaHHUS BO30OHOB/ISIEMBIX PeCypCoOB U MaTepHa-
JI0B, HAHOCSIIKUX HAMMEHBIINH yIepb okpyskalo-
meN cpese, K KOTOPBIM OTHOCSITCS U 6bropasiara-
eMble KOMIIO3UTHI. B paMKax HccleLoBaHUS ObIIO
BBISIBJIEHO, UTO 3P GeKTUBHOCTD JAHHBIX KOMIIO3U-
TOB MOYKET OBITH CYILIeCTBEHHO IIOBBIIIeHA ITyTeM HUX
MopubHuKanuy. HaHO9acTHUIIEL cepebpa SIBISIOTCS
OOHUMHU U3 Hanbonee 3 PeKTUBHBIX MOAUQULIUPY-
IOIIHX areHToB. DPOeKTUBHOCTb UX IIPUMEHEHHU S
obyciioB/IeHA MOBBIIIEHNEM aHTUOAKTepHAIbHBIX
1 QYHTHIMIHBIX CBOMCTB OHopa3iaraeMbelx MaTe-
pHaJIOB, IPU 3TOM HEeOOXOAMMO YUUTHIBATH BIIHSI-
HHe KOHLeHTPALlUU JaHHBIX YaCTHUL, B MaTepHaie
Ha yBeJIM4YeHHe CPOKOB Pa3JIOKeHM S [10JIyYeHHBIX
MaTepHaJoB.

WHOOPMALIMUA O PELEH3UPOBAHUN

Pemakuus 61arofapuT aHOHHMHOTO pelieH3eHTa
(peLleH3eHTOB) 32 UX BKJIAJ B pelleH3UPOBaHUE ITON
paboThl, a TaksKe 3a pa3MellleHHe CTAaTel Ha CAUTe
SKypHaAjla M Iepefady HX B 3JeKTPOHHOM BHIe
B HOF eLIBRARY.RU.
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Jekaapauus o KoHPAUKMe uHmepecos. Asmop 3aseasem 06
0mcymcmeuu KOHQYAUKMO8 UHMEpPecos UAL AULHbIX OMHOULe-
HUil, Komopble Mo2Au bbl nosAULMb Ha pabomy, npedcmasaeH-
HYH0 8 daHHOll cmambe.
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