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B pa6oTe paccmaTpuBaeTcs MeTOA MOJIy4eHMS HaHO4aCTUL, cepebpa B BOAHbIX pacTBopax. M3yyeHo
B/IMSIHME YCI0BUM NPOTEKAHMUS peakLUi, TakMX Kak KOHLeHTpaLus BOCCTaHOBUTENS U cepebpa, a Takxke
pH cpeppl, HalaeHbl ONTUMasbHbIE YC/I0BUS CMHTe3a. OnpegeneHbl NapamMeTpbl 06paboTKU BOAHbLIMUY
pacTBopamMu HaHo4acTuL, cepebpa Ana NpuAaHUS YNakoBOYHbIM MaTepuasiaM aHTUMUKPOGHbIX CBOMCTB.
The article considers the method of obtaining silver nanoparticles in aqueous solutions.
The effect of reaction conditions such as the concentration of a reducing agent and silver,
as well as the pH of the medium was studied, optimal conditions for synthesis were found.
The parameters for processing with aqueous solutions of silver nanoparticles for making
packaging materials with antimicrobial properties are determined.

YMC/IO IPUOPUTETHBIX HANIPABIeHUH MHUIIe-
BBIX TEXHO}IOI‘I/II:I BXOOAT HPEJIOTBPaH.IeHI/Ie
[0Teph, COXPAHEHHE KauecTBa U obecredueHHe
6uonoruueckoi 6e30MacHOCTH MPOAYKTOB IIUTA-
HUS Ha BCeX CTaJUSX [IPOU3BOACTBA U I1OC/IELYI0-
mero xpaHeHusi. OMHUM M3 HHHOBALIUOHHBIX CIIO-
co60B IOBbIIIEHHU S 6€30IACHOCTH IPOAYKTOB IIUTA-
HUS SBJISeTCS BBOJ B YIAKOBOYHBIM MaTepHa
nobaBoK, 06agaomMUX aHTUMUKPOOHON U aHTH-
OKCHUIAHTHOM aKTHBHOCTBHIO. DTO [I03BOJsAET obe-
CIIEYUTH JOIOTHUTENbHOE CHUXeHHEe MUKPO6HO-
JIOTUYECKOTO PHUCKA 3a CUeT 3aMe[JIeHUs PocTa
IIOBEPXHOCTHON MUKPOGIOpbl. OCHOBHBIMHU Tpe-
6OBaHUSIMU, MPEABSIBASIEMBIMU K aHTUMHUKPOO-
HBIM 06aBKaM, SIBISETCS UX CAHUTAPHO TUTHEHU-
yecKad 663OHaCHOCTb HPI/I KOHTAaKTe C ITUIIIeBbIMHU
IIPOAYKTAMHU, OTHUPYHKIIMOHATBHOCTD U CTAOU B
HOCTb Ha BCeX CTaAHsIX mepepaboTKU yIIaKOBKHU.
DKCIIyaTal[HOHHBIE XapPAKTEPUCTUKHU YIIAKOBOY-
HBIX MaTePHUAJIOB [10C/Ie BBeIeHU I [06ABOK TOJISKHBI
COXPAHSIThCA.
Pa3Burtue HaHOTEXHOHOI’I/Iﬁ IIO3BOJIHUJIO nonyanb
MaTepHasbl, KOTOpble 06/1a4al0T YyHUKAJIBHBIMHU

CBOMCTBAMHU U AAIOT BO3MOKHOCTb 3HAYHUTEIBHO
YBEeIHUYHUTh CPOKH XPaHEHHUS IHINEBBIX IIPO-
OyKTOB [1-4]. MHTepec K HaHOYaCcTHULIAM Cepe-
6pa u MaTepuaaaM, MOJIY4YeHHBIM C UX HCIIONb-
30BaHUEM, pacTeT B OCHOBHOM H3-3a HeoObIYU-
HBIX QU3UYECKUX XapPAKTePUCTUK 3TOT0 MeTajaa
[5-10]. Ba>kKHBIMHU CBOMCTBAMHK HaHOYAaCTHUI] cepe-
bpa aBnsiOTCS 6aKTepUIIMAHAS U AHTUBHUPYCHAS
AKTHBHOCTH, II03TOMY OHH MOTYT OBITh HCIIO/IB30-
BaHBI /ISl IPUAAHUS YIIAKOBOUHBIM MaTepHUalaM
OMOLIUAHBIX CBOMCTB. OCHOBHBIM yCJIOBHEM IIPH-
MEHHMOCTH HaHOYACTHI] cepebpa B IPOU3BOL-
CTBe YIIAaKOBKH SIBJISIETCS UX CIIOCOOHOCTBH K 3aKpe-
IJIGHUIO Ha [TOBEPXHOCTH U B IIOPAX YIIaKOBOYHOTO
MaTepuasna. JlaHHOe yCI0BHe MOXKeT 6bITh obecrre-
YeHO HCIIOJb30BAHUEM PA3JIUYHBIX BAPUAHTOB
OCHOBBI, a TaAKKe Pa3HBIX TEXHOJOTHHN HaHECeHUS
HAHOYACTHI] Ha [I0BEPXHOCTh MaTepHaa.

Llenbio HacTosimel paboThl siBIsseTCs pa3paboTka
AHTUMHUKPOOHOM KOMITO3MIIMM HAa OCHOBE HaHOYa-
CTHUI cepebpa /IS MUIEBOM YIIAKOBKHU M3 OyMaru.

CHHTe3 HAHOYACTHL IPOBOAUJICS IIyTeM BOC-
CTAHOBJIEHU I BOLHOTO PacTBOpa HUTpaTta cepebpa.

ANMATUHCKUIA TEXHONMOTMYeCkni yHnBepcuTeT (Anma-ATa, KasaxcraH) / Almaty Technological University (Alma-Ata, Kazakhstan).

HAHO MHOVCTPHA Tom 11 Ne3-4 (83) 2018



NANOMATERIALS

106, 3 kHmi|imm

99,8 M| mm

. 88,9 HM | mm
. 2004 Hmi'mm

20 MKM | Lm

]
e

36, 2 [[nm

Puc.1. ®omozpaguu HaHouacmuu, cepebpa, NoAy4YeHHble ¢ Nnomoubko COM pasAu4HO20 paspelueHust
Fig.1. Images of silver nanoparticles obtained with help of SEM of different resolution

CTpoeHUe U pa3Mep HAaHOYACTHUILL 3aBHUCUT OT YCJIO-
BUM peakI MU U KOHIeHTPAaLlMM HUTpATa cepe-
6pa. K pacTBopy HUTpaTta cepebpa ¢ KOHILIeHTpa-
nuen ot 0,0001 go 0,005 M mob6aBIs/lIu TaKOH Xe
o6beM pacTBOpa BocctaHoBHTens (0,001-0,15 M)
U IoBoauaU pH mo 3a7aHHOrO 3HAYEeHUS C [IOMO-
IIBIO PAaCTBOpa FUAPOKCHUIA HATpUsl. [lolyueHHEIe
pacTBOpHI 06pabaThIiBasy B MUKPOBOJTHOBOM IIeUH

B TeueHHe 20 MUH Opu TeMmepartype 80 °C ¥ MoII-
HocTH 700 BT. Kak 1mokasajsa 371eKTPOHHAA CKaHU-~
pylomas MuKkpockonus (puc.l), obpasymomuecs
YaCTHIBI UMEIOT chepruYecKyo GopMy JHaMeTPOM
oT 1m0 200 HM. Ha ux cpepruyeckyw ¢opmMy yKassl-
BaeT M >KeJITasi OKpacka pacTBopa. Obpasyromuecs
YaCTHUIIBI CTAOMIIBHEL, He OCAKIAIOTCS U He MEHSIOT
OKPacKy B TeYeHHe HeCKOJIbKUX HeJle/lb.

mong the priority areas of

food technology are loss

prevention, quality preser-
vation and ensuring the biologi-
cal safety of food at all stages of
production and subsequent stor-
age. One of the innovative ways
to improve the safety of food is
to introduce additives into the
packaging material that have
antimicrobial and antioxidant
activity. This allows to provide
additional reduction of micro-
biological risk due to slowing of
growth of surface microflora.
The main requirements for anti-
microbial additives are their
sanitary and hygienic safety
in contact with food, multi-
functionality and stability at
all stages of packaging process-
ing. The performance charac-
teristics of packaging materials
after the introduction of addi-
tives should be maintained.

The development of nano-
technologies has allowed the
production of materials that
have unique properties and
make it possible to significantly
increase the shelf life of food
products [1-4]. Interest in sil-
ver nanoparticles and materials
obtained with their use grows
mainly because of the unusual
physical characteristics of this
metal [5-10]. Important prop-
erties of silver nanoparticles
are bactericidal and antiviral
activities, so they can be used to
make packaging materials with
biocidal properties. The main
condition for the applicability of
silver nanoparticles in the pack-
aging industry is their ability
to anchor on the surface and
in the pores of the packaging
material. This condition can be
ensured by using different vari-
ants of the substrate, as well as

different technologies for depo-
sition nanoparticles on the sur-
face of the material.

The purpose of this work
is to develop an antimicro-
bial composition based on sil-
ver nanoparticles for paper food
packaging.

Synthesis of nanoparticles
was carried out by reduction
of an aqueous solution of silver
nitrate. The structure and size
of nanoparticles depends on the
reaction conditions and the con-
centration of silver nitrate. To a
solution of silver nitrate with a
concentration from 0.0001 M to
0.005 M, the same volume of the
reducing agent solution (from
0.001 M to 0.15 M) was added
and the pH was adjusted to a
predetermined value using a
sodium hydroxide solution. The
solutions obtained were pro-
cessed in a microwave oven for
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Tabauya 1. CpedHul 31eMeHMHbIL COCMas ynakosouHol 6ymazu, 06pabomaxHol pacmeopom HaHo4Acmu, cepebpd, NoAy4eHHbIU Ha 0C-
HOBe pe3yAbmamos 3Hep200UCnepcUOHHO20 MUKPOAHAAU3a

Table1. Average elemental composition of packaging paper processed with silver nanoparticle solution obtained on basis of energy-
dispersive microanalysis

MaccoBasa pons, % ATOMHasa pons, %

KoHueHTpauus AgNO Weight fraction, % Atomic fraction,%
Concentration of AgNO,
(0] (o]
KOHTpO/IbHbIV 06paseL, _ _
Control sample 64.69 35,31 70,64 29,36
0,001 M 55,73 36,39 7,88 66,4 32,55 1,05
0,002 M 54,68 35,73 9,58 66,22 32,49 1,29
0,004 M 46.52 34,80 18,68 62,25 34,96 2,78
0,005M 59,66 19,13 21,21 78,1 18,8 3,09
3 C N3 < 3
S oo S 69 S, 691 S sof
sS4 =4 =4 sa
e e au d v
£=3.94o £ 39 £-39 o 539
33 32 32 32
gg) 2.6 §§ 2,6 §§ 2,6 §§2,6
593 513 513 25134
= = Ag [ = Ag
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£ o . . — = oM 4 5 ol 4 S 0 T
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SHeprus, K3B SHeprus, K3B JHeprus, K3B JHeprus, K3B
Energy, keV Energy, keV Energy, keV Energy, keV
a) b) ) d)

Puc.2. 3HepzoducnepcuoHHbil aHaau3 ucxodHol bymazu (a) u 06pasuos, 06pa6oMaHHbIX pacMeopoM HaHouacmuy, cepebpa ¢ KOH-
ueHmpauueli 0,001M (b), 0,002M (c) u 0,004M (d)
Fig.2. Energy-dispersive analysis of initial paper (a) and samples processed with solution of silver nanoparticles with concentration of

0.001 M (b), 0.002 M (c) and 0.004 M (d)

20 minutes at a temperature of
80°C and a power of 700 watts.
As the electron scanning
microscopy shows (Fig.1), the
resulting particles have a spher-
ical shape with a diameter from
1 to 200 nm. The yellow color of
the solution also indicates their
spherical shape. The resulting
particles are stable, do not pre-
cipitate and do not change color
for several weeks.

The developed composition
was applied to the packaging
paper by spraying. The choice
of paper was based on the fact

that, compared to other mate-
rials for food packaging, such
a substrate is environmen-
tally safe, hygienic and rapidly
decomposed naturally, which
is especially important in the
processing of waste. Samples of
packaging paper processed with
different concentrations of sil-
ver nanoparticles were exam-
ined using a low-vacuum scan-
ning electron microscope with
an energy dispersive X-ray spec-
trometer. According to the data
of scanning electron micros-
copy and energy-dispersive
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microanalysis (Fig.2, Table 1),
untreated packaging paper
contains 64.69% of carbon and
35.31% of oxygen. After mod-
ification with a solution of
nanoparticles, 7.88% to 21.21%
of silver particles are formed on
the surface of the treated paper,
which are distributed rather
unevenly (Table 1).
Antimicrobial action was
evaluated by the degree of
inhibition of bacterial growth
through different incubation
times compared to control sam-
ples. The results of the studies
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Puc.3. Pocm KMADAHM. ObLiee MUKPOGHOE HUCAO HA KOHMPOALHOM 06pa3ue ynakosouHo20 mamepuaad (a) u Ha 06pasuax, o6pa-
60MAHHbBIX pACMBOPAMU C PA3HBIMU KOHUEHMpAuusmu HaHodacmuy cepebpa (b - 0,001 M; ¢ - 0,002 M; d - 0,004 M; e - 0,005 M)
Fig.3. Total viable count on control sample of packaging material (a) and on samples processed with solutions with different concentra-
tions of silver nanoparticles (b - 0.001 M, c - 0.002 M, d - 0.004 M, e - 0.005 M)

PaspaboTaHHasi KOMIIO3MI[US HAaHOCHJIACh
Ha yIIaKOBOYHYIO OyMary MeTOLOM pacCIIblIeHHUS.
Bribop 6yMaru oCHOBBIBAJICS HA TOM, UTO I10 CPaB-
HEeHHUIO C APYTHUMHU MaTepHhajaMU [Jis NHUIIeBOM
YIIaKOBKH TaKasl OCHOBA 3KOJ0rHYeckHy be3omacHa,
TUTHeHHUYHa U 6BICTPO pa3naraercs eCcTeCTBEH-
HBIM IIyTeM, 4TO 0cobeHHO Ba’KHO IIpPHU Ilepepa-
6oTKe oTx040B. O6pa3Ibl YyIIaKOBOUHOMN OyMarw,
obpaboTaHHBIEe Pa3/IMYHBIMU KOHLEHTPAlUsIMU
HaHOYacCTHUI cepebpa, HMccIef0BaJKUCh Ha HHU3-
KOBaKYyYMHOM PaCTPOBOM 371eKTPOHHOM MHUKPO-
CKOIle B KOMIIJIeKTe C 3HeproJHUCIepPCHOHHBIM
PeHTIeHOBCKHUM CIeKTpoMeTpom. COrjacHoO AaH-
HBIM 3JIeKTPOHHO-CKaHHUPYIOMEeN MUKPOCKOIUU
Y S9HeprofUCIepCHOHHOI0 MHKpoaHaau3a (puc.2,
Tabn.1), HeobpaboTaHHas ymakoBouHas bymara
comepKUT 64,69% yrineponma u 35,31% Kuciaopona.
ITocne MoAMHUKALUK PACTBOPOM HAaHOYACTHI]

Ha [T0OBepPXHOCTH obpaboTaHHOM 6ymaru obpasyercs
oT 7,88 1o 21,21% yacTtuL cepebpa, KOTOpBIe pacIpe-
IeJleHbl IOCTATOYHO HepaBHOMepHO (Tabi.1).

AHTHUMHUKPOOHOE meHCTBHe OLleHUBAJIH II0 CTe-
IeHU YyTHeTeHUS pocTa 6aKTepHUH Yepe3 pa3Hoe
BpeMs MHKy6allMM IO CPABHEHHIO C KOHTPOJIb-
HBIMH obOpa3smaMu. Pe3ynbTaTsl HCCIeLOBAHUM
(puc.3a) mokasaau, 4YTO B KOHTPOJIBHBEIX o6pasmax
HabI0maeTcs BBICOKUI POCT MHKPOOPraHH3MOB.
B obpa3uax, 06paboTaHHBIX pacCTBOPAaMH HaHOYa-
cTul cepebpa (puc.3b-e) c koHmeHTpanuen 0,001~
0,005 M, poCT MUKPOOPTaHH3MOB YMEHbIIAETCS.
C moBBIIIeHHEM KOHLIeHTPALlMK HAHOYACTHI] cepe-
6pa aHTHb6aKTepHaIbHBIe CBOMCTBA YIIAKOBOUHBIX
MaTepHaJsoB YIyUYIIaoTCsI. AHTUMHKPOOHbIE CBO-
CTBa MOAMGHUIIMPOBAHHBIX 06pa3LI0B COXPAHSIIUCH
B TeUeHHe BceX IISTH CYyTOK UCCIeloBaHUH (Tab. 2,
puc.4).

(Fig.3a) showed that a high
growth of microorganisms is
observed in the control sam-
ples. In samples treated with
solutions of silver nanoparticles
(Fig.3b-e) with a concentration
of 0.001-0.005 M, the growth
of microorganisms decreases.
As the concentration of sil-
ver nanoparticles increases,
the antibacterial properties of
the packaging materials are
improved. Antimicrobial prop-
erties of the modified samples
persisted for all five days of the
study (Table 2, Fig.4).

Fig.4 shows that meso-
philic aerobic and faculta-
tive anaerobic microorganisms
(Staphylococcus aureus) suc-
cessfully reproduce on a control
sample, but their growth slows
down in samples treated with
silver nanoparticles, and with
increasing nanoparticle con-
centration antibacterial proper-
ties increase. The antimicrobial
properties of the modified sam-
ples are stable during the stud-
ied period (five days).

Thus, a composition based
on silver nanoparticles was

successfully developed for the
processing of packaging mate-
rials for the food industry. It
is shown that the packaging
material modified with silver
nanoparticles has antibacte-
rial properties and suppresses
the growth of microorganisms.
The use of the developed anti-
microbial package will prevent
the spoilage of food products,
increase the shelf life, reduce
losses and ensure the preserva-
tion of the quality and safety
of food during transportation,
storage and sale. [ |
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Tabauua 2. Pe3yAbmamel MUKPOBLIOAO2UHECKO20 AHAAU3a

N2 koMmnosunuumn

Table 2. Results of microbiological analysis

Composition number

MNMokasaTesm MMKpo61onormyeckoin 06ceMeHeHHOCTH,
KOJINMEeCTBO BbIpOCLIMX KJ1IeTOK Ha noBepxHocT KMA®AHM, KOE/r
Indicators of microbiological contamination,
number of grown cells on the surface (total viable count), CFU/g

Mocne1cyTok Mocne 3 cyTokK Mocne 5 cytok
After 1day After 3 days After 5 days
1. Heob6paboTaHHbLIN 3,07-103 CnnoLwHom pocT CnnoLWwHOM pocT
obpaseL, Continuous growth Continuous growth
1. Untreated sample
2.0,001M 2,67-103 CnnoLwHom pocT CnaoLWwHOM pocT
Continuous growth Continuous growth
3.0,002M 1,30-10° 1,67-103 1,72-10°
4.0,004 M 0,80-103 1,03-103 1,15-103
5.0,005M 0,45-103 0,83-103 1,0-10°
M3 puc.4 BUAHO, YTO Me30QHUJIbHEIE a3pobHBIe
6 U GaKyabTaTHBHO aHa’pobHBIe MUKPOOPraHU3MEBI

(Staphylococcus aureus) ycmemHo pasMHOKAIOTCS
Ha KOHTPOJIBHOM 06paslie, HO UX POCT 3aMeJIsIeTCs
y o6paswoB, 06paboTaHHBIX HAHOYACTUIIAMHU Cepe-
6pa, mpuueM C yBeJTHUYeHHEeM KOHIIeHTPAI[UH HaHO-
4 YJaCcTHUL aHTHO6aKTepHalbHble CBOMCTBA BO3PACTAIOT.
AHTHUMHUKPOOHBIE CBOMCTBA MOAMQULIMPOBAHHBIX
06pasLoB YCTOMYHUBEL B TeUeHHe HCCAeL0BAHHOIO
nepuoza (IsiTh CyTOK).

Taxum ob6pasom, 6bLI ycIlenrHo pa3paboTaH cocTaB
2 Ha OCHOBe HaHOYaCTHI] cepebpa a1 06paboTku yma-
KOBOYHBIX MaTepPHaJIOB JI/I5l TUIIeBOK IPOMBIILIEHHO-
cTu. [Toka3aHo, YTO YIIAKOBOYHBIM MaTepHal, MOLHU-
bUIIMPOBAaHHBIN HAaHOYACTUIIAMHU cepebpa, obnamaer
aHTH6AKTepHaIbHBIMH CBOKMCTBAMHU U [TOAABIISIET pas-
BUTHE MHMKPOOPraHM3MOB. IIpriMeHeHHe pa3paboTaH-

KMA®AHM, KOE/r | Total viable count, CFU/g

w
g gg‘ 5 § § 5 HOM aHTUMHUKPOOHOM yIIaKOBKH II03BOJIUT IIPEAOT-
882 S = = = BPATHUTb II0pPYY ITHILEBIX IPOAYKTOB, YBETUYUTh CPOK
T = XPpaHeHHU s, CHU3UTh [I0TePU U 06eCIIeunTh COXpaHeHHe
8 Ka4eCTBa 1 6e30I1aCHOCTH MHILEBbIX IIPOAYKTOB B IIPO-

necce TpaHCIIOPTHUPOBKH, XpPaHEHHU S U pea/Ih3allhH.

H Mocne 1 cyTok

Mocne 3 cyTok
After 1 day u A

fter 3 days

Mocne 5 cytok
After 5 days
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