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Annomauus

IIpobnema 300p06020 U KauecmeenHoz0 NUMAHUSL umeem 006-
wemuposoti xapaxmep. Cospementoe pazsumue mexHonoeut,
8 MOM HUc/e HAHOMEXHONIO2UT, NO360NIUI0 NONYHUMb Marmepu-
anvl, 0071a0alouiUe YHUKATLHLIMU CB0LCMBAMU, KOMOpble HA4U-
HAOM AKMUBHO UCNON30BAMbCS 6 NUU4EEOTI NPOMbIULTIEHHOCU
U CeNbCKOM XO03ALICMEBe, HO U MPedyIom muyamenvHozo U3ydenus
UxX C80UICME U B030elicMU, 0KA3bIBAEMO20 HA OP2AHUIM HeT06e-
Ka u okpyxcaiousyio cpedy. B cmamoe nokasarnvt ocHosHvie HANPAS-
JIEHUS NPUMEHEHUS HAHOMEXHOTIONIOZULL 6 CebCKOX03ATICIBEHHOM
npou3e00cmee U NULEeB0L NPOMbIUUTIEHHOCHU, PACCMAMPUBAIOM-
cs1 npobnemul 6e30NACHOCU U PUCKU, BO3HUKAIOULUE NPU UCHOTTD-
308aHUU HAHOMEXHONIOZULL 8 NUULEE0TI NPOMbIULTIEHHOCU, YHU-
MbIBAS, 4O BIUSHUE NULLEBbIX HAHOMEXHONIOULL HA 300p06be
ues108eKa U IKOTI02UI0 OKPYIHatoueti cpedbl 6ce eule MAsIo U3yHeHo,
a maxie npedcmasnena HopmamusHo-memooudeckas 6asa Poc-
cutickoti Pedepayuu 015 0becneneHus 6e30nacHo20 nompeodneHus
npPoOyKmMoe NUManus, npou3eedeHHvIX U3 HAHOMAMEPUATIOB.

BBegenne

Hanomarepuasbl CerofHsi HaXO#AT Bce Ooee aKTUB-
HO€ TIpUMeHeHNe B MAIIEBOI TPOMBIIITIEHHOCTH (OYMCT-
Ka IUTbeBON BOMADI, (pUIbTpauMs >KUAKKUX IPOLYKTOB,
yIIaKOBOYHBIE MaTepuajbl, oboraiieHne MpOAYKTOB MU-
KPOHYTpPMEHTaMI, CO3[jaHMe HAHOOMOCEHCOPOB U T.J.)
U Bce OO/lee aKTYaJIbHOJ CTAHOBUTCA 3ajjada obecriede-
HIs1 6€301IaCHOCTY MAIIEBbIX IPOAYKTOB U YIIAKOBOYHBIX
Marepnajos [1].

B nuiieBoit oTpacin MOXKHO BBIZETUTD TPU OCHOBHBIX
HAIpaB/IeHNsI IPUMeHeHsI HAHOTEeXHO/IOTMIL:

— CeNIbCKOXO035/ICTBEHHOE IPOU3BOACTBO (arpoXuMMMKa-
THI I KOPMa [IJIs1 >KUBOTHBIX),

— muiieBas NPOMBIIIIEHHOCTh (HaHOpa3MepHble WH-
TPeAMeHTB, J0OaBKY, MuIleBble T00aBKM U QYHKIVIO-
HaJIbHbIE NUIIIEeBbIe IIPOAYKTBI),

— MaTepuasbl, KOHTAKTUPYIOLINe C MAIIEeBbIMU IPOAYK-
TaMI.

Il ycTaHOB/IEHMA ONACHBIX (PaKTOPOB, JO/DKHBI JC-
CJIE[IOBAThCSI pas3/MYHble TAPAMETPBI, TaKME KaK pasMep
U ipyryie GU3MKO-XMMIYECKVX XapaKTepUCTUKY HaHOMa-
Tepuauos [26].

Pa3BuTie HAHOTEXHOJIOTUM B IIPOM3BOACTBE IPOAYK-
TOB MNUTAHM JODKHO 0a3MpoBaThCs Ha CIEAYIOINX 00-
I1eM3BECTHBIX MTOIOKEHAX:
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Abstract

The problem of healthy and quality nutrition has a global char-
acter. The modern development of technologies including nano-
technologies allowed obtaining materials with unique properties,
which began to be actively used in food industry and agriculture
but, at the same time, require thorough investigation of their prop-
erties and effects on the human body and environment. The paper
demonstrates the main directions of the nanotechnology use in the
agricultural production and food industry, examines the safety
problems and risks occurred when using nanotechnologies in food
industry with account for insufficient research on the influence of
food nanotechnologies on human health and environmental ecol-
ogy, and presents the normative and methodical base of the Rus-
sian Federation for assurance of safe consumption of food products
produced from nanomaterials.

Introduction

Today, nanomaterials find increasingly active applica-
tion in food industry (purification of drinking water, filtra-
tion of liquid products, packaging materials, enrichment
of products with micronutrients, development of nano-
biosensors and so on) and the task of food safety assurance
for food products and packaging materials is becoming
more and more topical.

In the food sector, three main directions of the nano-
technology use can be set apart:

— agricultural production (agricultural chemical sub-
stances and feeds for animals)

— food industry (nano-sized ingredients, food additives
and functional food products),

— materials contacting with food products.

To establish the hazardous factors, different parameters
have to be studied, such as a size and other physico-chem-
ical characteristics of nano-materials [26].

Development of nanotechnologies in production of
food products should be based on the following well-

known provisions:
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— COIIMaJIbHO-9KOHOMUYECKIE aCITeKThI TUTAHUS;

— (yHaMeHTa/IbHbIe Y IPUK/IaJHbIE ITOCTY/IATHI TEXHO-
TIOTUU ¥ OMOTEXHONIOTUM TIUIEBBIX IIPOU3BOJICTB;

— HYTPUIMOIOrMYecKye aclleKThl MUuTanus [44].

HI/IIJ.ICBI)IC HAaHOTEXHOIOTNM: IPMMEHEHNE, PUICKN

PaspabarbiBaeMble Ha OCHOBE HAHOTEXHOJIOTMIl IIN-
meBble 0OOABKM, BKYCOApOMAaTMYeCKVe MHIPEeAMeHTDI
MOTYT NPUAABAaTh OJHOMY U TOMY JXe NPOAYKTY pas-
JIMYHBIE OPTAaHOMENTUYECKe CBOWCTBa (I[BET, apoMar,
TEKCTYpPy) B 3aBMCUMOCTU OT M TEXHOJIOTMYECKON 06-
pabotku [2]. Vicnonb3oBaHMe HEKOTOPBIX HYTPUEHTOB
(MMHepaIbHBIX BEIIeCTB, BUTAMUHOB ¥ AHTUOKCHUJIAH-
TOB) B BUJie HAHOYACTUI] VI/IM MHKAICYIMPOBaHNUE MX
(3, 4, 5, 6] MO3BOMNAET HE TONBKO YIYYIIUTD YCBOSAEMOCTD
HUIIEBBIX BEl[eCTB B COCTaBe 000TaIeHHBIX TPOJYKTOB,
HO M B 3HAUUTEJIbHOM 4YIC/Ie C/Ty4aeB n3bexarpb apdex-
TOB XMMMUYECKON WIM OMOTOrMYEeCKOl HECOBMECTIMO-
CTV HYTPUEHTOB.

Hanb6oree BaxHOe IIPeVMYILeCTBO HAHOTEXHOIOTUIT —
BO3MOXKHOCTD Y/IyYILIEHNs 3[JOPOBbs 4yenoBeKa. VIHTepec
[peACTAaB/sAET M UCHO/MIb30BAHIE HAHOTEXHOJIOTHIT B IIPO-
U3BOJICTBE (PYHKIIMOHA/IbHBIX IHTPEeHTOB [38].

Vcrionb3oBaHue HAaHOLOOABOK B )KMBOTHOBOJICTBE 00-
YCTIOB/IEHO UX INIPMMEHEHUEM B IPOU3BOACTBE KOPMOB,
4TO0 Obecre4rBaeT IOBBILIEHVE MPORAYKTUBHOCTU XKU-
BOTHBIX B 1,5-3 pasa, a Tak)Ke II03BOJIAET 3HAYMTEIHHO
CHM3UTD PacXOf KOPMOBBIX U JIEKAPCTBEHHBIX T00ABOK,
obecrieunTd UX 607ee MoMHOE U 3P (PeKTUBHOE YCBOCHNE
SKMBOTHBIMH [45].

Eme opuH npumep MKCIONb30BaHMS HAHOTEXHOJIO-
IUIT B CETbCKOM XO3SIICTBE — HAHOOMOTEXHOIOTUU TIO
HAllpaB/IeHHOMY O0€lKOBOMY CUHTe3y MJIsi IOTydYeHWs
HENTHUIOB C XKeaeMbIMU VIMMYHOT€HHBIMI CBOVICTBAMIA.
Ha ocHOBe HAaHOTEXHOJIOTHIT CO3AI0TCSI BAKI[MHbBI HOBOT'O
MOKOJIEH N, 00/Iaflafolyie BHICOKOI aKTUBHOCTHIO K BO3-
OyIuTe/LAM OIIaCHBIX 00/Ie3Hel XMBOTHBIX [47].

[To MHeHMIO y4YeHBIX, IpUMeHeHUe HAHOTEXHOJIOTUIA
B CEJIbCKOM XO3SIICTBE U IUILEBON MPOMBIIITIEHHOCTH
croco6cTByeT (OPMMPOBAHUIO COBEPIIEHHO HOBOTO
K/Tacca MUIIEBBIX IPOJYKTOB — «HAHOIPOZYKTOB», KOTO-
pble CO BpeMeHeM BBITECHST C PbIHKA TeHHOMOANDUIIPO-
BaHHbIE IIPOAYKTHI [45].

[ToHsATHE «HAHOIMUILA» BIIEPBbIE OBIIO UCIONB30BAHO
B 2005 r. Ha nepBoit koHpepenuun Nano Food (Hupep-
JIaH/(bI). B muI1ieBOiT IPOMBIIIIEHHOCTY HAHOTEXHOIOT N
[PE/ICTAB/SIIOT 3HAYUTE/IbHBIN MHTEPEC C TOYKYU 3PEeHNs
MOHNTOPVHIA KauyecTBa ¥ 0e30IIaCHOCTU IPOU3BOJCTBA
IPOAYKTOB MUTAHUS NyTeM MAeHTU(UKALNN XUMUde-
CKUX, OMIO/IOTMYECKUX U JPYTUX KOMIIOHEHTOB [44].

HaHovacTuiisl MOTYT OBITH MCIIONB30BAHBI KaK B CO-
CTaBe MMIIEBOV MPOAYKIVM, TaK ¥ B COCTaBe YIAKOBKIL
HanoTtexHOMOIMM B CO3[JaHUY MUIIEBOIT YIIAKOBKI MOTYT
VICIIO/Ib30BAThCS, HAIIPUMED, /ISl YMEHbIIEHSI BO3EIICT-
BUSA YIBTPad10IeTOBOTO CBETA VIV CHVDKEHNS POCTA MU-
KPOOpPraHusMos [39].
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socio-economic aspects of nutrition;

fundamental and applied postulates of the technology
and biotechnology of food productions;

nutriological aspects of nutrition [44].

Food nanotechnologies: use and risks

Food additives as well as taste and aroma ingredients
developed on the basis of nanotechnologies can impart
different organoleptic properties (color, aroma and tex-
ture) to the same product depending on the technologi-
cal processing [2]. The use of several nutrients (minerals,
vitamins and antioxidants) in a form of nanoparticles or
their encapsulation [3, 4, 5, 6] makes it possible not only
to improve digestibility of food substances in a composi-
tion of enriched products, but, in many cases, also to avoid
the effects of the chemical and biological incompatibility
of nutrients.

The most important advantage of nanotechnologies is
an opportunity to improve human health. The use of nano-
ingredients in production of functional products is of great
interest [38].

The use of nano-particles in animal husbandry is con-
ditioned by their use in feed production, which ensures
an increase in animal productivity by 1.5-3 times and also
allows a significant reduction in expenditure of feed and
health supplements, provide their fuller and more effective
digestion by animals [45].

Another example of the nanotechnology use in agri-
culture are nano-biotechnologies for the targeted protein
synthesis to obtain peptides with desired immunogenic
properties. Based on nanotechnologies, new generation
vaccines are being developed, which have high activity
against the agents of dangerous animal diseases [47].

According to scientific opinion, the use of nanotech-
nologies in agriculture and food industry facilitates forma-
tion of absolutely new class of food products, nanoprod-
ucts, which with time will drive out of a market the genetic
modified organisms [45].

The term «nano food» was used for the first time in
2005 at the first conference Nano Food (the Netherlands).
In the food industry, nanotechnologies are of utmost in-
terest regarding monitoring of quality and safety of food
products by identification of chemical, biological and oth-
er components [44].

Nanoparticles can be used both in a composition of
food products and in the composition of packaging. Nano-
technologies can be used in development of food packag-
ing, for example, for reducing the effect of ultraviolet light
or the growth of microorganisms [39].
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HanoTexHO/MOrMM mo3BOIAIOT HOMy4Yatb 3¢ ¢eKTUB-
Hble YIIAKOBOYHBIE MaTepMasbl, CIIOCOOHBIE 3HAYNTENb-
HO TIPOJINTh CPOKY XpaHEeHMsI, KOTOpble 00eCIieunBaloT:
3aIUTY HPOAYKTOB MUTAHMS OT OKMCIeHNs (6apbepHble
MaTepuasibl), 3alUTa OT MMUKPOOMOIOTMYECKON IOpYH,
MHPOPMMPOBAHME O COCTOAHNNU IPOAYKTA — IIpUMeHe-
HJIe HAHOYMIIOB JU/IA MAEHTUPUKALMY YC/IOBUIL M CPOKOB
XpaHeHVs IMIIEeBbIX IPOAYKTOB, OOHAPYKEeHNS aTOreH-
HBIX MUKPOOPTaHu3MoB (7, 16, 25].

[TonmuMmepHble KOMIIO3UTBI, COfiepyKalliyie HaHOYaCTH-
bl IJIVHBI, HAXONATCA CPefyl IePBbIX HAHOKOMIIO3UTOB,
MOABMBIINXCSA Ha PbIHKE, KaK YTBeP)K/[eHHbIe MaTepyaIbl
IS YIAKOBKY NIV, MVHepa 13 TINHBI, VCIIO/Ib3yeMBbIil
B 9TUX HAaHOKOMIIO3UTaX, — 6eHTOHuUT. [TonmmMepHble Ha-
HOKOMITO3UTBI, COJiep>Kalllie HAaHOYaCTUI[Bl MeTaJUIOB
Y UX OKVCJIOB, ObUIM paspaboTaHbl [ aHTUMUKPOOHOI
«aKTMBHOJI» YIaKOBKM, aOpa3yBHOII YCTONYMBOCTH, Y/Ib-
TpaduoneToBoit abcopbiyu n/mmm npoynoctu. Hanoma-
TepuaIbl, UCIIONb3yeMble Kak abcopOeHTHI yabTpaduoe-
Ta (Hampumep, TiO,) MOTyT MpefOTBPaTUTH Jerpajialiio
IIpY BO3JIEIICTBUM YIbTpayosIeTa B TAKMX YIIAKOBOYHBIX
Marepyuajax, Kak IIOJIMCTepOJI, MOJMITWIEH M IIO/IVBU-
HIUIXJIOPU.

VccnepoBanns mokasanu, 4To MoTpebutenn B 60/b-
el CTeNeH) TOTOBBI COIIACUTBCA C MPUCYTCTBMEM Ha-
HOMAaTepyuajgoB B yIAaKOBKe, YeM B INIIEBbIX IPOAYKTaxX
[7,19]. CrouT OTMETUTD, YTO OTHOLIEHNE K HAHOTEXHOJIO-
TUAM B IPOAYKTAX IMTAHNA B Pa3HBIX CTPAHAX Pa3/IIHO.
Tak, HecMOTpsl Ha TO, YTO HeMellKJe MOTpebuTenn Heo-
XOTHO IPVMHUMAIOT HAHOTEXHOJIOTMM B IIMIIE, OHU IIPU
3TOM MOJIOKUTENTbHO OTHOCATCA K BUTAMUHU3MPOBaH-
HoMy nuraHuio. OpaHITy3bl ke MMEIT HaCTOPO>KEHHOEe
OTHOIIeHMe K HaHO-ymakoBKe [40]. HecmoTps Ha To, 4TO
HOTpeOUTENN 3aMHTEPECOBAHBI B IIPOAYKIVM, ITOTE3HOM
VIS 3MOPOBbs, (PU3MOTOTMYECKNe CBOJICTBA IPOJAYKTOB
OHI XOTAT IOMYYUTD 3a CYET HATYPAIbHBIX MHIPeIVeH-
TOB, a He OT HaHOTeXHoormit [41].

Omnpoc 1000 HeMenKuX OTpeOuTENel, IPOBE/ICHHBDII
no nopydenuto PefepanbHOr0 MHCTUTYTA MO OLEHKE
puckos (Federal Institute for Risk Assessment), moka-
3aJ1, YTO XOTSA 66% peCIOH[IEHTOB CYUTAIOT, YTO obmue
IpeNMyIIecTBa HAHOTEXHOJIOTUII IIepeBelINBAOT pPIU-
CKM, ¥ TOJIBKO 9% CYUTAIOT, YTO CIIPaBeIINBO 0OpaTHOE,
6O/IBIIMHCTBO OIPOIICHHBIX OBUINM IPOTUB IPUMEHEHNUA
HaHOTEXHO/IOTUII B IIPOM3BOJCTBE INMNIIEBBIX IIPOAYK-
TOB. Tonbko 4% pecCIOH/IeHTOB CUMTAIOT, YTO MO/Ib3a OT
IpYMEeHEH)s 13 HAHOTeXHOJ/IOTUII B INIIe ITepeBeNBa-
eT pucky, a 84% He XOTAT M3MEHEHNA BHELIHEro BUJA
IPOAYKTOB 3a CYeT MCIIO/Nb30BAaHMA HaHOYacTHI [26].
B ABctpamun 29% mnorpebureneit 00bABUIN, YTO OHU
He OylyT IOKyNaTb IPOAYKTHl IMMUTAHNA, IPOU3BEJEH-
HbI€ C HAHOTEXHONOTUAMMU, 62% yKasasu, 4TO UM HY>KHO
6onpbure nHGOpPMALMU O IPUMEHEHUN U 6e30IacHOCTI
MUILEeBBIX HaHOTeXHOOoruit. Tonmbko 7% 3asBUIM O TO-
TOBHOCTY Iprobpectyu HaHo mumy [32]. ITpu atom Ha-
HOTEXHOJIOTY, VICIIOTb3yeMble B MSICHOM IIPOM3BOJICTBE,
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Nanotechnologies allow obtaining effective packag-
ing materials, which are capable of significant extension
of shelf life and provide protection of food products from
oxidation (barrier materials), protection from the micro-
biological spoilage, information of the product state (use of
nanochips for identification of conditions and duration of
food product storage, detection of pathogenic microorgan-
isms) [7, 16, 25].

The polymer composites that contain the clay nanopar-
ticles are among the first nano-composites appeared on
the market as approved materials for food packaging. The
mineral from clay used in these nanocomposites is benton-
ite. The polymer nano-composites that contain nanopar-
ticles of metals and their oxides were designed for antimi-
crobial «active» packaging, abrasive stability, ultraviolet
absorption and /or strength. Nanomaterials that are used
as absorbing agents of ultraviolet (for example, TiO,) can
prevent degradation in case of exposure to ultraviolet in
such packaging materials as polystyrene, polyethylene and
polyvinyl chloride.

The research showed that consumers are more willing
to accept the presence of nanomaterials in a package than
in food products [7, 19]. It is worth noting that the atti-
tude towards nanomaterials in food products is different
in various countries. For example, despite the fact that the
German consumers are reluctant to accept nanotechnolo-
gies in food, they positively perceive vitaminized nutrition
[40]. The French have a cautious attitude to nano-pack-
aging [40]. Despite the fact that consumers are interested
in products beneficial for health, they want to obtain the
physiological properties of products due to the natural in-
gredients and not nano-technologies [41].

A questionnaire survey of 1000 German consumers per-
formed by order of the Federal Institute for Risk Assessment
showed that although 66% of respondents believe that the
general advantages of nanotechnologies overweight risks
and only 9% believe that the reverse is true, the majority of
the respondents were against the use of nanotechnologies
in food production. Only 4% of respondents thought that
the benefit of using nanotechnologies in food would over-
weight risks, while 84% did not want changes in product
appearance due to the use of nanoparticles [26]. In Austra-
lia, 29% consumers declared that they would not buy foods
produced with the use of nanotechnologies, 62% stated
that they need more information about the use and safety
of food nanotechnologies. Only 7% declared willingness to
buy nanofood [32]. With that, according to the consumers’
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110 MHEHUIO, HOTpebuTe el IpeIouTUTeNbHee IIPOAYK-
TOB ¢ nprMeHennem MM [42].

Ceropnst B peecTpe, KOTOpBIit BefeT VIHCTUTYT muTa-
nuA PAH, npucytcTByeT 0k070 30 HaHOITPOZYKTOB IINIIE-
BOJI MHAYCTPYM. DTO U COOCTBEHHO NMIIEBbIe IIPOAYKTEI,
¥y OMO/IOrMYecKy aKTMBHBIE JOOABKM K MUIeE, ¥ YIAKO-
BOYHbIe MaTepuasbl Jid Hee. OJHAKO IIPOTHO3 Pa3BUTHA
3TOrO HAIpaBJ/IEHNs, KOTOPBII COCTABUIN CIIEI[MAIACThI
3TOrO MHCTUTYTA HA OCHOBE OIIpeJie/IeHNs YMCIa TTaTeHT-
HBIX pa3pabOTOK B 3TON 06/1aCTH, X/YIIUX CBOEH IIPaKTH-
YeCKOJT peanusarn, CBUeTeIbCTBYET, YTO HAC JKAET JIa-
BUHOOOPA3HBIN POCT MUILEBOJ HAHONIPOAYKIUY — CYeT
TIOJIET, 110 MEHDIIEN Mepe, Ha COTHH.

[ToTeHUMaTbHbIe MPEMMYIECTBA VICIIONb30BAHUA Ha-
HOMATepuajoB B MsCHOI [IPOMBIIIIEHHOCTH CBSI3aHbI C X
CBOJICTBaMM — IIOBBIIIEHVE OMOOCTYIIHOCTH, IPOTUBO-
MMKPOOHOe JeJiCTBYE, YIydllleH/e CEHCOPHBIX CBOVICTB
1 obecredeHe a/jpecHol JOCTaBKM OMOAKTMBHBIX BElleCTB
[7]. OpHaxo, CyLIecTBYIOT IPOOIeMBbI B IIPUMEHEHV HaHO-
MaTep1asoB 13-3a UMEIOLINXCs TPO6OEOB B 3SHAHMY CBOVICTB
HAHOIIOPOIIIKOB, YCTOIYMBOCTY CUCTEM UX JOCTABKI B MsC-
HBIX IPOAYKTaX U PUCKaX A 3l0POBbs, BBI3BAHHbIX TeMU
>Ke CBOJICTBaMU, KOTOPbIE MPEANO/IATraloT UX IPEeNMyIecT-
B, YTO XapaKTEPHO /IS BCEX MNIIEBbIX CUCTEM.

OkcrepTaMy  Me>XBeJOMCTBEHHO! IPOrpaMMBbl 110
KOPPEKTHOMY YIpPaBJIeHMIO XUMMUYECKMMU Iperapa-
tamn  (Inter-Organization Programme forthe Sound
Management of Chemicals. IOMC) u Oprannsarymu sKo-
HOMUYecKoit koomepanyu passutus (Organization for
Economic Cooperation and Development. OECD) paspa-
60TaH IepedeHb IPUOPUTETHBIX HAHOYACTHL] J/IA XapakK-
TEPUCTUKY UX OMOTIOTMYECKOTO JeVICTBIS U 06ecredeH st
6e3omnacHOCTH. B Hero Boun ¢y/uiepeHsl, OGHO- ¥ MHO-
TOC/IONHbIE HAHOTPYOKM, HAHOYACTHUIIBI cepebpa, 30710-
Ta, JKejle3a, OKCUIa TUTAHA, OKCUJiAa aIFOMMHUSA, OKCUAA
Lepus, AUOKCHUIA KPEMHMA, OKCHJA LIMHKA, JeHIPYMepbI
u Ha”or/MHbl. C TOsIB/IEHVMEM JOIIOTHUTEIbHBIX CBefe-
HUJI 110 TeXHOTeHHbIM HaHovacTunaMm (THY) cratyc npu-
OPUTETHOCTV MOXET ObITb M3MEHEH.

Oco6eHHO pacnpoCTpaHeHbl IpU MPOM3BOACTBE M-
I[eBbIX NPOJYKTOB IpelapaTbl Ha OCHOBE HAHOYACTHII
cepebpa, 00MAAONINX CUIBHBIM OaKTepUIUAHBIM [9]
U QYHTMLMHBIM [Ie/ICTBUEM, KOTOPbIE COXPAHAIOT CBOIO
CTaOM/IPHOCTD NPY VX NPYMEHEHUN B TeYeHUe IIATeNb-
HOro BpeMeHU. VIHTepec McCIefoBaTeieil BbI3BIBAIOT He
TOJIBKO IperapaThl Ha OCHOBE HAaHOYAcTHL] cepebpa, HO
Y Ha OCHOBE JPYIMX HEOPTaHMYECKMX ¥ OPraHMYeCKUX
BelecTB. B wactHOCTH, B pabdorax [10, 11], 6bUt0 mMOKa-
3aHO, 4TO OaKTepUIUAHBIM 3PPeKTOM 00/MIaJAI0T TaKXKe
HAHOYACTHUIIBI OKCMJA IIMHKA. Bonpoc mpuMeHeHMs HaHO-
YaCTUI] MeIY U OKCUJIOB MM OCTAeTCSA OTKPBITBIM, IO-
CKOJIBKY Ha CETORHSAIIHNUI JeHb VIMEeTCsl C/IMIIKOM Majlo
[aHHBIX O OMonorMuecknx 3ddexTax mpyu MpUMeHEeHUN
[aHHBIX Ipemnaparos [7, 12]. bakrepuuyaubM o dexrom
00/1aJlal0T ¥ pas/IMYHble TUIIBI HAHOTPYOOK, HO BBUAY UX
BBICOKOJ TOKCMYHOCTY UX IIPYMeHeHue orpanndero [13].
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opinion, nanotechnologies used in meat production are
more preferable than food with the use of GMI [42].

Today, there are about 30 nanoproducts of the food in-
dustry in the register of the Institute of Nutrition of the
Russian Academy of Sciences. These are food products,
biological active additives to food and food packaging ma-
terials. However, the forecast for development of this di-
rection, which was made by the specialists of this Institute
based on the determination of the number of the patent
works in this field waiting for their practical realization,
suggests that we face a snowballing growth of food nano-
products with numbers reaching hundreds at the least.

The potential benefits of using nanomaterials in the
meat industry are associated with their properties: an in-
crease in bioavailability, antimicrobial action, improve-
ment of sensory properties and provision of the targeted
delivery of bioactive substances [7]. However, there are
problems in using nanomaterials because of the existing
gaps in the knowledge of the nanopowder properties, sta-
bility of the systems of their delivery in meat products and
health risks associated with the same properties that offer
their benefits, which is typical for all food systems.

The experts of the Inter-Organization Programme for
the Sound Management of Chemicals (IOMC) and Or-
ganization for Economic Cooperation and Development
(OECD) have made the list of the top priority nanopar-
ticles for characterization of their biological action and as-
surance of their safety. It includes fullerenes, single-walled
and multi-walled nanotubes, nanoparticles of silver, gold,
iron, titanium dioxide, aluminium oxide, cerium oxide,
silicon dioxide, zinc oxide, dendrimers and nano-clays.
The priority status can be changed with appearance of ad-
ditional information on technogenic nanoparticles.

The preparations based on the silver nanoparticles with
strong bactericidal [9] and fungicidal actions, which main-
tain their stability upon their use over long time, are espe-
cially common in production of food products. The prepa-
rations based not only on the silver nanoparticles but also
on the other non-organic and organic substances are also
of interest for researchers. In particular, the works [10, 11]
showed that zinc oxide nanoparticles also have the bacte-
ricidal action. The issue of using nanoparticles of copper
and copper oxide remains open as, nowadays, there are too
little data on the biological effect when using these prepa-
rations [7, 12]. Different types of nanotubes also have bac-
tericidal effect, but their use is limited due to their high
toxicity [13].
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Takke B KayecTBe aHTUMMKPOOHBIX HOOABOK MOTYT
UCIIOTIb30BATHCSI Pa3/IMYHble OpPraHMYecKye HaHOYaCTH-
LIbI TUIIA KOHTEHEP-JEeICTBYIOIEE BELECTBO.

AHTUMUKPOOHBI 3¢ PeKT MOJOOHBIX J06ABOK OCHO-
BaH Ha TOM, YTO OpraHMYecKue U HeOpraHudyecKue Be-
I[ecTBA B BJJIe HAHOYACTHI] CIIOCOOHBI JIETKO IIPOHMKATh
B KJIETKy M Hakamwmsatbcs TaM [14]. OpHOBpeMeHHO
C 9TUM HPOVCXOAUT MUTPALVS VIOHOB VI OPTaHMYeCKUX
BeIEeCTB, BXOOAIMX B cocraB HaHowactuy [15, 16, 17],
KOTOpBIE JIETKO IPOHMKasA B KJIETKM MUKPOOPTaHU3MOB,
paspylIaloT MX M3HYTpU. pyrMM MeXaHM3MOM [eiiCT-
BIsI HAHOYACTHUI] MOXKET OBITh MX CBsSI3bIBaHMUe C OeIKaMm
Y HYK/IEVHOBBIMM KHC/IOTaMM, HaXOMSIMMUCSI BHYTPU
KJIETKV, YTO BJIedeT HapylleHUe HOPMaJTbHOTO MeTabo-
NU3Ma 1 IPpollecca pa3MHOXKEHVSI MUKPOOPTaHU3MOB [18].
Takum 06pasoM, TpajyLMOHHbIE aHTUMUKpPOOHBIE IIpe-
mapatbl B BMJe HAHOYACTUI] MOTyT 6omee addeKTuBs-
HO TIPMMEHATHCS, MOCKONIBKY SIB/ISIIOTCS OJHOBPEMEHHO
U CPeACTBAMM JOCTABKU U CPEACTBAMMU IOPAXKEHUsS MU-
KpOOHBIX K/eToK [17].

AKTUBHOe BHe[[peHIe HaHOMAaTepuajaoB TpedyeT Iy-
6OKOro 3HaHMs IOTEHLMATBHBIX PMCKOB M IOOOYHBIX
3¢ $eKTOB, CONPsKEHHDIX C UCIIONb30BAHNEM ITHUX MaTe-
pMaoB.

Vcnonp3oBaH1e HAHOTEXHOMOTMII MOXKET IPeACTaB-
JIATh TOTEHIMAIbHBIN PUCK /IS 3[JOPOBbs UelTOBEKa.
HanodyacTuippl MOTYyT IPOHMKHYTb B OpraHU3M IIPY IIO-
MMalaHNM Ha KOXY, BObIXaHUN W/IN IIEPOPATIBHO (1, 8, 24,
25]. 9ddexT Bo3zelicTBIA HAHOMATePAIOB Ha OPTaHN3M
Je/I0BeKa 3aBUCUT He TONIBKO OT CIIocoba 1X BBEfIeHNs, HO
U OT UX cBOVCTB. Cepbe3HyI0 03a004eHHOCTD BbI3BIBAIOT
HIIeBble POLYKTBI, COfepsKalljyie HepacTBOPUMBIE I I10-
TeHI[MA/IbHO OMOIOTMYECKI CTOMKYE HAaHOLOOaBKY, TaK1e
KaK MeTaJUIbl M/IV OKCUBI META/IIOB, TOKCUKO/IOTMYeCKye
3bdeKThI, OT KOTOPBIX 3aBUCSAT, IIABHBIM 00pa3oM, OT
XMMIYECKOTO COCTaBa ! [1iaMeTpa HAaHOYACTHII.

Brarogapst cBouMM O4eHb MajbIM pa3MepaM HaHOYa-
CTUIIBI MOTYT NIPOHMKATh B KJIETKM, TKAHMU, OPTaHbI JIeT-
Je, 4yeM 0ojlee KpyIHbIe YacTUIIbL. Tak >Ke OHM CIIOCOOHBI
HOIaJIaTh 13 JIETKUX B CUCTEMY KPOBOOOpAIleHVIs U fjaiee
CJIefloBaTh 10 BCeMy opraHmaMmy. To ke camMoe IpONCXO-
[UT TIpY HOMAJaHUY HAHOYACTHUI] B >KeTyZOYHO-KMIIeY-
HBIIT TpakT. KpoMe TOro Hesb3st MCKII0YATh IPOHMKHOBE-
Hle HAHOYACTHUI] He TOIbKO Yepe3 MOBPEX/IEHHYIO KOXY,
HO I Yepe3 HEMIOBPEX/EHHYIO I [iaXke B KPOBOTOK. Takum
006pa3oM, HAaHOYACTUIIBI MOTYT LIMPKY/IMPOBATH 110 BCEMY
OpraHM3MY U HaKaIUIMBAThCs B OpraHax 1 TKaHAX, BKIIIO-
Yasg MOS3I, IIe4eHb, CepAlle, MOYKY, CEeNe3eHKY, KOCTHBIN
MO3T, HEPBHYIO U NMUMQATHIECKYIO CUCTEMBI, IPY ITOM
HapyLINUTh PYHKIVIOHNPOBaHMeE KI€TOK U OpraHoB [48].

VMeromyiecss HEMHOTOYVMCTIEHHBIE TAaHHBIE O Pe3y/IbTa-
Tax U3y4YeHVsI BIVAHV HAHOOObEKTOB Ha )KMBOTHBIX U 4e-
JIOBEKa BCe JKe MO3BOJIAIOT CJielaTh HEKOTOPBIE BBIBOJIBI:
— pa30oBOe NOCTYIJIEHIIe HAHOOOBEKTOB B OPraHNU3M BbI-

3bIBaeT HeXKe/laTelbHble M3MEHEHNs, NHTEHCUBHOCTD

KOTOPBIX 3aBUCUT OT KOHIIEHTPALYl HAHOOO'BEKTOB;
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Also, various organic nanoparticles of the «container-
active substance» type can be used as antimicrobial addi-
tives.

The antimicrobial effect of these additives is based on
the fact that organic and non-organic substances in the
form of nanoparticles can easily penetrate a cell and ac-
cumulate there [14]. Simultaneously, ions and organic
substances being constituents of nanoparticles [15, 16, 17]
migrate and easily penetrate into cells of microorganisms
destroying them from inside. Another mechanism of ac-
tion of nanoparticles can be their binding with proteins
and nucleic acids inside a cell, which results in disorder
of normal metabolism and the process of microorganism
multiplication [18]. Thus, the traditional antimicrobial
preparations in the form of nanoparticles can be used more
effectively as they are at the same time the means of deliv-
ery and the means of destruction of microbial cells [17].

The active introduction of nanomaterials requires pro-
found knowledge of potential risks and side effects associ-
ated with the use of these materials.

The use of nanotechnologies can present a potential risk
for human health. Nanoparticles can penetrate the body
on contact with skin, inhalation or perorally [1, 8, 24, 25].
An effect of nanomaterials on the human body depends
not only on the methods of their intake, but also on their
properties. Food products that contain insoluble and po-
tentially biologically stable nano-additives, such as metals
or metal oxides, which toxicological effects largely depend
on the chemical composition and a diameter of nanopar-
ticles, are a serious cause for concern.

Due to its very small sizes, nanoparticles can pene-
trate cells, tissues and organs easier than larger particles.
They also can enter the blood circulatory system from the
lungs and then circulate throughout the body. The same
is true when nanoparticles enter the gastrointestinal tract.
Moreover, translocation of nanoparticles not only through
damaged but also through undamaged skin even to the
blood circulatory system cannot be excluded. Therefore,
nanoparticles can circulate throughout the whole body
and accumulate in organs and tissues including the brain,
liver, heart, kidneys, spleen, bone marrow, nervous and
lymphatic systems compromising therewith the cell and
organ functions [48].

Available scarce data on the results of studies on the
effects of nano-objects on animals and humans still allow
making several conclusions:

— single intake of nano-objects cause undesirable chang-
es, which intensity depends on nano-object concentra-
tions;
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— HaHOOO'BEKTBI MMEIOT CBOVICTBO HAKATIMBATHCS B Op-
raHax M TKaHAX (KOCTHOM MO3Tre, HEPBHBIX KJIeTKax
LeHTPabHOI U TepudeprdecKoil HEPBHBIX CUCTEM,
nmuMQOy31ax, Mo3re, IETKIX, IIeYeHN, TToYKax) [49].
OpHako PUCKM MCIONb30BaHMSA B IUTAHUY YeJlOBe-

Ka IPOAYKTOB, COAEPKAIIVX HAHOYACTUIIBI IIMINEBbIX

BEIL[eCTB, VIV B/IMsIHME HAHOYACTUL, MUTPUPYIOILUX U3

YIIaKOBKM B IIPOAIYKT, B HACTOsALIee BpeMs MajIo U3y4YeHBI.
910 00yCNIOBIMBaET HEOOXOAMMOCTD OLEHKM 010IO0-

CTYIIHOCTY ¥ YCBOSIEMOCTY KOMIIOHEHTOB NMUIIEBBIX IPO-

IYKTOB, IIOJTy9aeMbIX HAHOTEXHO/IOTUIECKIM Ty TEM.
HVccnenoBanmsa MMoKasaim, 4YTO HAHOYACTUIBI 06/1aja-

0T OMOJIOTMYECKUM JIeiiCTBMEM (B TOM YIIC/Ie TOKCUYe-

CKJM) ¥ 9aCTO UX CBOJICTBA CYIIECTBEHHO OTINYAIOTCS OT

CBOJICTB 3TOTO Ke BellleCTBa B GopMe CIUIOIIHBIX a3 VN

MaKpOCKONNMYeCKNX Aycnepcnit. HaHo9acTnIier ysemman-

BAIOT XVMMUYECKUIT TTOTEHIIMA/ BellleCTB Ha Me>K(das3Hoil

rpaHuile I7yOOKOl KpUBU3HBL Omaromapsi HeGONbIINM

pasMepaM 1 pa3HOOOpasHBIM (GopMaM MMEIOT GONIbIIYIO

YAEIbHYIO IOBEPXHOCTD 1 BBICOKYIO a/ICOPOIVIOHHYIO aK-

TUBHOCTb, @ TAKXXe BBICOKYIO CIIOCOOHOCTD K aKKyMYIIA-

uuu [7, 8].

ToxcuMYHOCTD HaHOMaTepUanoB, 0OYCIOB/IEHA B Iiep-
BYIO O4epefib PasBUTIEM OKJCIUTEIBHOTO CTpecca I I10-
BpexjeHueM JTHK, uto Mo)xeT mpuBOAUTDL K Pa3BUTUIO
BOCIA/INTEIBHON PeaKINi, allONTO3Y ¥ HEKPO3y KIeTKI.
Henp3s mckmoyars 1 Hajmuue APyruX MeXaHU3MOB TOK-
CUYHOCTM HAHOMATePUasoB, CBSI3aHHBIX, B YaCTHOCTH,
C VX TIOBPEX/AIONIM JIeICTBMEM Ha K/IeTOYHbIe MeMbOpa-
HBI VI OpTaHe/lIbl, YCU/IeHVeM TPAHCIIOpTa MOTeHIIMaTIbHO
TOKCUYHBIX KOMIIOHEHTOB 4Yepe3 Oapbepbl OpraHmsma,
a TaK)Ke BO3MOYKHOJ T€HOTOKCMYHOCTBIO U a/l/Iepre3npy-
OIUM gevictBueM [1, 7, 8].

Haubonpumit nHTEpec Ipy U3YyYeHUYM TOKCUYHOCTY
HAHOYACTUI], VICIO/Ib3yeMbIX B HUIEBBIX HAHOTEXHOJIO-
TUSX, Y XapaKTepe X pacipeye/ieHNs 110 OpraHaM-MuIile-
HSM TPENCTaB/ISIIT MeTalmndeckue (30710To, cepebpo),
OKCHJIBI MeTa/UIoB (OKCHJ, TUTaHA), yIJIepofHble (HaHO-
TpyOKM), a TaK)Ke KpeMHueBble (OKCUJ KpPeMHMsI) HaHO-
qacTULbL. BbIOOp MOMOOHBIX OOBEKTOB MOXXHO OOBsIC-
HUTb JJOCTATOYHO LIVPOKMM IIPYMEHEHVEM B MeJUIIHE,
MUIIEBbIX TEXHOMOTHIX M KOCMETONOTUY, a TAK)Xe paHee
HPOBEIeHHBIMY UCCIEOBAHVSIMY IO OIPeJe/IeHII0 TOK-
CUYHOCTHU U pactpenenenus ganusix THY [20, 21].

B KxauecTBe ONBITHBIX )KMBOTHBIX OOBIYHO UCIIONB3YIOT
7ab0pPATOPHBIX MBILIEN ¥ KPbIC, CYCIIEH3UM K/IETOK XKV-
BOTHBIX I Ye/IOBEKa, a TAK)Ke OT/e/TbHbIe TKaHm. Viccneno-
BaHUS 10 TOKCMYHOCTY HAHOMATEPUAIOB M VX BJIVISIHYIS,
B IIEPBYIO OYepelb, IPOBOAATCA «in vitro».

V3y4eHne cTemeHM IUTOTOKCUYHOCTU Pas3INIHBIX
okcumoB Metannos (CuO, TiO,, ZnO, Fe O,, Fe203) npu
BBeJIeHNI, a TakKe Haymune nospexxaernit JTHK nusyuann
Karlsson ¢ coaBropamu [22], 1cnonp3ys KIeTOYHYIO V-
HUIO YermoBeka — A549 (smurenuanbHble KIETKU JIETKUX
JesoBeka). Sharma u coaBTopsl [23] ykassiBatoT Ha ¢op-
MUpOBaHMe OTeKa MO3ra IIpJ HapyLIeHUY reMaTosHIeda-
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— nano-objects have an ability to accumulate in organs
and tissues (bone marrow, nerve cells of the central
and peripheral neural system, lymphatic nodes, brain,
lungs, liver, kidneys) [49].

However, the risks of using products that contain
nanoparticles of food substances in human nutrition or the
effects of nanoparticles that migrate from packaging into a
product have been studied insufficiently up to now.

This determines a necessity of bioavailability and di-
gestibility assessment of food components obtained by the
nanotechnological way.

The studies showed that nanoparticles have a biologi-
cal effect (including toxic) and often their properties sig-
nificantly differ from the properties of the same substance
in the form of the continuous phases or macroscopic dis-
persions. Nanoparticles increase the chemical potential
of substances on the interface of the deep camber; due to
their small sizes and different forms, they have the high
specific surface and adsorption activity as well as the high
accumulation ability [7, 8].

Toxicity of nanomaterials is primarily conditioned by
the development of the oxidative stress and DNA damage,
which can lead to the development of the inflammatory
reaction, apoptosis and necrosis of cells. One cannot rule
out the other nano-material toxicity mechanisms, which
are associated, in particular, with their damaging action
on cells membranes and organelles, enhancement of trans-
location of the potentially toxic components through the
barriers of the body, as well as with the possible genotoxic-
ity and allergenic action [1, 7, 8].

The metal (gold, silver), metal oxides (titanium di-
oxide), carbon (nanotubes) and silica (silicon dioxide)
nanoparticles are of the utmost interest when studying
toxicity of nanoparticles used in food nanotechnologies
and the character of distribution in the target organs. The
choice of such objects can be explained by quite wide use
in medicine, food technologies and cosmetology, as well as
by previously performed studies on determination of dis-
tribution of these technogenic nanoparticles [20, 21].

As an experimental material, laboratory mice and rats,
suspensions of animal and human cells as well as individ-
ual tissues are usually used. The experiments on toxicity
of nano-materials and their influence are primarily carried
out in vitro.

Karlsson et al. [22], studied the degree of cytotoxicity
of different metal oxides (CuO, TiO,, ZnO, Fe,O,, Fe,O,)
upon their intake, as well as DNA damage on the human
cell line A549 (human lung epithelial cell line). Sharma
et al. [23] pointed at cerebral edema formation following
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NMYecKoro G6apbepa Ipu BBeJeHU) HAHOYACTUL] cepebpa,
KpPEeMHMsA, YI/IEPOJHBIX HAHOYACTHL], @ TAK)Ke HAHOYACTHI]
OKCHJIOB METAJ/IOB.

VccnemoBanmsa in vitro ¢ pasmuMYHbIMM TUIIAMM HaHO-
vacTny, (MeTa/ul/OKCUJ, MeTasUla, JMOKCUJ TUTaHa, yIie-
POIHBIX HAHOTPYOOK ¥ KPEMHIS) Ha Pas/IMYHbIX KIeTKaX
(Terkux ¥ TedYeH)) MPOJIEMOHCTPUPOBAIN BOCHAJIATENb-
Hble PeaKiil, BbI3BaHHbIE OKVC/IUTENbHBIM CTPeccoM [26],
9YTO OOBACHACTCA 3HAYUTEIBHON Y/e/IbHOI IJIOLIA/Y T10-
BEPXHOCTU HAaHOYACTHI] HA e[VIHUITY MAacChl 1 YBelTNYeHIe
HOTeHIMaNa /s OMONOrMYeCKOTO B3aMMOJEIICTBIA, TaK
Kak OMoJIoriyeckas akTMBHOCTD YacTHL] yBeIMIMBACT IPU
yMeHbIIIeHNN pasMmep vactui [13,15].

Hecmorpst Ha Hanm4ume GOBIIOTO KOMMYeCcTBa paborT,
HO-TIpeXKHEMY BOIIPOC O IPOTHO3MPOBAHNUY OPTaHOB-MH-
IIeHeT ¥ OCTIeAYIOMMX IOBPEX/EHNAX OCTAeTCs OTKPHI-
TBIM JM OYeHb YaCTO aBTOPBI CCBUIAIOTCA Ha HEBO3MOX-
HOCTb IpeficKasaThb nocencTsus BBefnernss THY B xxuBoit
OpraHusM, a TaKke HEeBO3MOXKHOCTb OIpee/IeHNA JJO3bI
IperapaTa HAHOYACTHUL], IPU KOTOPOIl HAYMHAETCS TOK-
CUYHOCTb, KOTOpasi 3aBUCUT HE TOTBKO OT (U3UYECKOI
IpUPOAbI, CHOCO6a ITOMyYeHNUsA, pasMepoB, CTPYKTYPhI
HAHOK/IACTEPOB M HAHOYACTHII, HO U OT OMOJIOTMYECKOI
MOJie/, Ha KOTOPOII TPOBOAATCA VICIIBITAHI.

VccnenoBanusl BAMAHMS HAHOYACTUIL| AMOKCHUAA TH-
TaHa, cepebpa 1 yIIIepOIHBIX HAHOTPYOOK ITOKa3aJI, YTO
3TU MaTepuasbl MOTYT BOWTM B KPOBEHOCHYIO CHCTEMY,
U ¥IX HepaCTBOPUMOCTb MOXKeT IIPUBECTHU K HAKOIIIEHUIO
B OpraHax U TKaHsiXx [7, 24].

MexaHu3M pasBUTHUSA TOKCUYHOCTY IIPU MCIIOIb30Ba-
HUM HaHOCepeOpa CBA3aH C OKMCIMTETBbHBIM CTPECCOM,
HapyuieHreM QYHKINMIT MUTOXOHAPUIL U yBeIMYeHUEM
HIpOHUIaeMOCTy MeMOpaHbl. OfHAKO, MHIAJIALMOHHOE
BO3/IeIICTBIE HAHOYACTUIIAMY CepeOpa Ha KPbIC B KOHI[eH-
tpauyu 1,73-10* — 1,23-10° wactui/cM® B TeyeHMe IBafi-
IJaT¥ BOCBMM JHEV He BBIABWIO 3HAYMMbIX M3MEHEHIA
B Macce Tela ¥ OOJBIINX OTK/IOHEHMII OT KOHTPOIbHOII
TPyINIBI OMOXMMIYECKUX ITOKa3aTeneil mepudepudecKon
KPOBH. ITO COOTBETCTBYET TPeOOBAHMAM aMePUKAHCKOI
koH¢pepeniun (ACGIH), ycraHOBUBIIIET ITpefie/IbHO J0-
IYCTYMYIO KOHIIEHTPALMI0 HAaHOYACTHI] cepebpa B BO3-
nyxe — 2,16-10° wactun/cy’. TOKCMYHOCTD HAaHOYACTMNIL
cepebpa 3aBUCUT OT MCIIONIb3YeMbIX KI€TOYHBIX JIMHUI
(in vitro) n BKII0OYeHMsI HAHOYACTUL] B IEH/IPUMEPHI [27].

JIpyrumm MCCIefOBaHUAMM IIOKA3aHO, YTO HAHOKPU-
cramnmuyeckoe cepebpa (NPI 32101) obmamaeT aHTUMM-
KPOOHBIM ¥ IPOTUBOBOCIIAIUTE/IBHBIMYU CBOMICTBAMU
U yMeHbIIAeT BOCIIAJIeHNe TOJICTOM KUIIKM IIOC/Ie Mepo-
PaIbHOTO BBEIEHNUS P MOZEIMPOBAHNM S3BEHHOTO KO-
JIMTaHa KpbICaX, IpefIoyaras, YTo HaHOCepeOpo MOXeT
MIMeTb TepaIeBTIYeCKIIT TOTeHI[MAI [/Is JIeYeHVsI ITOTO
3aboneBannus [28].

Toxcukomorndeckne nccnefoBaHnsa TOHKMX (250 HM)
u ynbrparonkux (20 um) TiO, mpu MHranANMOHHOM BBe-
JEeHUM KpbICaM II0Ka3asIi, YTO YacTULbl pasMepoM 20 HM
CIIOCOOHBI HAKAIUIMBATHCA B MMMQOUHBIX TKAHAX, 0071a-
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blood-brain barrier disruption upon administration of
silver and silica nanoparticles, carbon nanoparticles and
nanoparticles of metal oxides.

Experiments in vitro with different types of nanoparti-
cles (metal/metal oxide, titanium oxide, carbon nanotubes
and silica) on various cells (lungs and liver) demonstrated
the inflammatory response induced by the oxidative stress
[26], which can be explained by the significant specific sur-
face area of nanoparticles per weight unit and an increase
in the potential of the biological interactions as the bio-
logical activity of particles increases with a decrease in the
particle size [13, 15].

Despite the large number of works, the issue of predict-
ing the target organs and subsequent damage remains open
and often authors refer to the impossibility to predict the
consequences of intake of technogenic nanoparticles by a
living organism, as well as the impossibility to determine
a dose of a nanoparticle preparation, at which the toxicity
emerges, which depends not only on the physical nature,
a method of production, sizes, the structure of nanoclus-
ters and nanoparticles, but also on the biological model, on
which the experiments are carried out.

Studies on the effect of the nanoparticles of titanium di-
oxide, silver and carbon nanotubes showed that these mate-
rials can enter the blood circulatory system and their insolu-
bility can lead to accumulation in organs and tissues [7, 24].

The mechanism of toxicity development when using
nano-silver is associated with the oxidative stress, disorders
of mitochondrial function and an increase in membrane
permeability. However, inhalation exposure of rats to sil-
ver nanoparticles in concentration of 1.73-10* — 1.23-10°
particles/cm?® for 28 days did not reveal significant changes
in body weight and large deviations of the biological in-
dicators of the peripheral blood compared to the control
group. This corresponds to the requirements of the Ameri-
can Conference of Governmental Industrial Hygienists
(ACGIH) established the allowable concentrations for sil-
ver nanoparticles in air of 2,16-10° particles/cm®. Toxicity
of silver nanoparticles depends on cell lines (in vitro) and
inclusion of nanoparticles into dendrimers [27].

Other studies showed that nanocrystal silver (NPI
32101) had antimicrobial and anti-inflammatory effects
and reduced inflammation of colon after peroral admin-
istration when modeling ulcerative colitis on rats, which
suggests that silver can have a therapeutic potential for
treatment of this disease [28].

Toxicological investigations of thin (250 nm) and ul-
trathin (20 nm) TiO, in inhalative administration in mice
showed that the particles with the size of 20 nm are able to
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JAI0T MOBPEXAAILINM JielicTBMeM o oTHoueHu!o kK JTHK
MMMQOLNTOB U K/IeTOK Mo3ra. OCHOBHBIM MeXaHU3MOM
TOKCMYECKOTO JIEVICTBUA HAaHOYACTUI] OKCUJA TUTAHA SB-
NAeTCSA MHAYKLUMA aKTUBHBIX (OPM KUCIOPOJa, IpUdYeM
PEaKTMBHOCTDb 3aBJMCHUT He TOJIBKO OT Pa3MepoOB HaHO-
YacTNI, HO M OT TOTO KaKOJl CTPYKTYpOIl NpencTaBlIeH
TiO, [27].

VccnepoBanys IUTOTOKCMYHOCTY AMOKCHU/IA KPEMHMSA
(invitro) Ha ABYX IMHUAX SHUTETMANTBHBIX KJIETOK YeNIo-
BeKa [T0Ka3ay, 4To KOHLeHTpanys 190 MKr/MI AB/sAeTcs
Ipefie/IbHOM, HIDKEe KOTOPOIl TOKCMYeckye 3(PQeKThl He
HabmopgaoTcs. boee BbICOKIE KOHIIEHTPAIVM BbI3bIBAIIN
paspylueHne MeMOpaHbl U HeKpo3 KaeTok. Vcronp3oBa-
HIIe KY/IbTYPBbI KJIETOK OPOHXO0a/IbBEOIIPHOI KapLIMHOMBI
Je/loBeKa MOKa3aly IMTOTOKCUYECKMit 3pdeKT HaHOYa-
CTUL, IMOKCUIa KpeMHMA pasmepoM 15 n 46 aM. HaHoda-
CTMIBI Ha OcHOBe mosuctupona (30, 100 u 300 M) mpn
HepopasbHOM BBEJJEHIN CIIOCOOHBI IPOHVKATD B IIeYeHb
U cene3eHKy(27].

BospericTBue pasNIMYHBIX KOHIIEHTPALUI CYCIEeH3MUI
MMKPOYaCTNL], HAHOYACTUI] ¥ MOHOB LIMHKAa Ha BOJHBIE
KY/IbTYPbI AadHMiT 1 6aKTepuii BHLABUIIO JIeTaIbHbIe KOH-
uentpauuu — 8,8, 3,2 u 6,1 mr/n s gadbumit n 1,8, 1,9 m 1,1
MTI/T Jy1s 6aKTepuit, COOTBETCTBEHHO.

Mera/mmdecKkyie HAHOYACTHIIBI, TaKMe KaK MeJib, IITHK
U JUOKCUJ TUTaHA [IOKa3a/I/ OCTPOe OpaJibHOEe TOKCHUYe-
CKOe BO3[IeVICTBYE Ha I'PBI3YHOB IIPY MOBBIIIEHHBIX [O3Y-
poBkax [16]. TokcMYHOCTD GMOIONMMEPHBIX HAHOYACTHILI,
TaKMX KaK COIO/IIMepa MOJIOYHOI U TJIMKO/IEBOI KIC/IOT
(PLGA) 6b1a MuHMManbHa [33].

Pazmums B TOKCMYHOCTM HAHOYACTUIL M MUKpOYa-
CTHI] IIHKA OBUIM IIOKa3aHbl Ha B3POC/IBIX MbIlIax. [1pu-
YeM MMKPOYACTHUIIBI IMHKA OKa3aluCh TOKCUYHEe, 4eM
HaHOYacTUIBL. B 060MX cmydasx HabMIOAIOCh MOpaxe-
HUe II0YeYHO! (YHKIVM, TaKKe HAHO-LUVMHK BbI3BIBAII
aHeMMIO VI HapylleHye CYCTeMBI CBEPThIBAH KPOBU [27].

Hanpotus, HeKoTOpBle UCCIeTOBaHM ITOKa3alu, 9TO
HaHO(OPMBI OTHE/IBHBIX 97IEMEHTOB MOIYT OBITh MeHee
TOKCUYHBI, 4eM Makpodopmbl. Tak coob1janoch, Hampu-
Mep, YTO HAHOYACTMIIBI CeJieHa MeHee TOKCUYHBI I
KPBbIC, 4eM CeNIeHuT [26].

VccnepoBanys MUrpanuy HAaHOYACTUI] U3 YIAKOBKU
B IMIIeBble IPOAYKTHI IOKA3a/IM, YTO MUTPUPYET TOTHKO
He0O/IbIIIoe KOIMYECTBO HAHOYACTUI] KPeMHMUs IJIVMHU-
CTBIX HAHOKOMITO3UTOB, HaHOCepebpa 1 ZnO, KOMNIeCcTBO
KOTOPBIX HaXOANTCA B IpefieNaX, yCTaHOBIeHHbIX EBpo-
netickort komuccueit (EK) [7, 29] u 3aBucur ot temmepa-
TYPbI ¥ IPOJO/DKUTEIbHOCTY XpaHeHus [30].

[Ipu paspaboTke crOocO60B M3TOTOB/IEHNSI HAHOKOM-
HO3UIVIOHHBIX YIIAKOBOYHBIX MaTePUasIoB ¢ GaKTepuLmy-
HBIMJ CBOJICTBaMM Ha OCHOBE HaHOYACTUI] cepebpa 1 uc-
C/IEIOBAaHNN VX CBOJICTB IIOKA3aHO, YTO JUIS MPOAYKTOB,
o0MafalolNX arpecCUBHBIMM CBOVICTBAMM, MUTPAIVA
cepebpa Oyaer Bbllle, YeM J/ISI OTHOCUTEIBHO Hearpec-
CUBHBIX IIPOAYKTOB. DTOT BBIBOJ, CAE/IaH Ha OCHOBAHUM
SKCIIepMMEHTa C MUTpalueil cepebpa B MOJe/NbHBIE Cpe-
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accumulate in the lymphoid tissues and have a damaging
effect on DNA of lymphocytes and brain cells. The main
mechanism of the toxic effect of titanium dioxide nanopar-
ticles is generation of the active forms of oxygen; with that,
the reactivity depends not only on a nanoparticle size, but
also on the structure of TiO, [27].

Investigations of cytotoxicity of silicon dioxide in vitro
on two lines of the human epithelial cells showed that the
concentration of 190 ug/ml is a threshold, below which the
toxic effects were not observed. Higher concentrations in-
duced damage of the membrane and necrosis of cells.

The use of the cultured human bronchoalveolar carcino-
ma-derived cells showed the cytotoxic effect of silicon dioxide
nanoparticles with the sizes of 15 and 46 nm. The nanopar-
ticles on the basis of polystyrol (30,100 and 300 nm) were able
to enter liver and spleen in peroral administration [27].

The exposure of aqueous cultures of daphnia and bacte-
ria to different concentrations of suspensions of micropar-
ticles, nanoparticles and zinc ions revealed the lethal con-
centrations of 8.8, 3.2 and 6.1 mg/I for daphnia and 1.8, 1.9
and 1.1 mg/1 for bacteria, respectively.

The metal nanoparticles such as copper, zinc and tita-
nium dioxide showed acute oral toxic effect on rodents in
increased doses [16]. Toxicity of biopolymer nanoparticles
such as a co-polymer of lactic and glycolic acids (PLGA)
was minimal [33].

The differences in toxicity of zinc nanoparticles and
microparticles were demonstrated on adult mice with zinc
micropartices being more toxic than nanoparticles. An
impartment of the kidney function was observed in both
cases. Nano-zinc also induced anemia and damage of the
blood coagulation system [27].

On the contrary, several studies showed that the nano-
forms of the individual elements can be less toxic than the
macro-forms. For example, it was reported that selenium
nanoparticles were less toxic for rats than selenite [26].

Investigations of nanoparticle migration from pack-
ages into food products showed migration of only small
amounts of silica nanoparticles, clay nanocomposites, na-
no-silver and ZnO, which amounts were in the limits es-
tablished by the European Commission (EC) [7, 29] and
depended on the storage temperature and duration [30].

When developing the methods for production of nano-
composite packaging materials with bactericidal proper-
ties based on the silver nanoparticles and investigating
their properties, it was shown that for products having the
aggressive properties, silver migration would be higher
than those for the relatively non-aggressive products. This
conclusion was made on the basis of the experiments with
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Ibl. VI3 aHHBIX 9KCTIEPUMEHTa, OYE€BUIHO, YTO MUTPALIUS
cepebpa B rOTOBbIe IPOAYKTHI (MOZenbHAsA cpefa — 1%
PacTBOp YKCYCHOJ KUC/IOTHI B Boje) OyheT BBIIIE, 4eM
B OX/IQXXJEHHOE MsCO U pbIOy (MopenbHas cpena — 0,3%
pacTBOpP MOJIOYHOI KUCTOTHI B Bofe). Ilo pesympratam
MPOBEIEHHBIX MCCEMOBAHUII OIpefie/ieH  ONTUMAllb-
HBIV JU3aliH JJI1 KOHTEHEpOB C HAaHOYACTUIIAMU cepe-
6pa 1 mpemHa3HAYEHHBIX ISl XPaHEHUs OXIKJEHHOTO
Mmsca [31].

HecMoTps Ha CyIeCTBEHHYIO BBITOAY OT IIPUMEHEHN
HaHOTEXHOJIOTUM, I 00ecredeHs HajIeXKallleil OLleH-
K1 6e30I1aCHOCTY HAHONPOAYKTOB, HEOOXO/MMBI HOBbIE
METOMIbl U CIIOCOOBI OmpemeneHus 6e30MacHOCTI TaKoil
mpopgykuuu. Tak, CyIecTBYIOT HaHOYACTHUI[BI, KOTOpBIE
00/MafaloT CIOCOOHOCTBIO TPEOoNeBaTh TeMaTOdHIle-
¢dammueckuit 6apbep U MOTYT CIIY>)KUTb HOCUTEISAMU JIIS
Apyrux Monekya. TakuMm o6pa3oM, HY)KHBI Hay4IHbIE JJaH-
HBIe 0 OMOAKKYMY/IALNU ¥ HOTEHI[MAIbHBIX TOKCUYECKIX
HOC/IeCTBUSAX MIOTIA/JaHNsI B OPTaHM3M CBOOOHBIX MICKYC-
CTBEHHO CO3[JAHHBIX HAHOYACTUI] U 06 UX HOCAEICTBUAX
151 3JI0POBbs JTIofielt [46].

HaHouacTuipbl MOTYyT MMeTb HeIpeficKasyeMoe BJIV-
SHJEe He TOJIbKO Ha JIIOfiell M XMBOTHBIX, HO Ha OKpy»Ka-
foutyio cpeny [34, 35]. Hanpumep, noHs! cepebpa MOryT
BBICBOOOXK/IATbCSA U3 YTWIM3UPYeMOJl YIaKOBKM ¥ HaKa-
IIMBathcA B 6uocpene (mouse, Bofie), Ie OHM OyAyT Ipo-
[O/DKaTh yOMBaTh MMKPOOPTAaHM3MBI, Hapyllas OamaHC
€CTeCTBEHHOI MUKPOQIOPbI, 0COOEHHO B BOJHOI CUCTe-
Mme. HaHnoxerneso, yriepogHble HAHOTPYOKY ¥ HEKOTOPBIe
[pyrye HAaHOYACTUIBI, B OCHOBHOM, 113 HAaHOIIECTUIIV/IOB
MOTY HaKaIlUIMBAThCA B TI0YBE, OTKY/a OHM MOTYT IIPOHMU-
KaTb B pacTeHMs U IONAZIaTh B IMIIEBYIO enb [36]. Boij-
BUHYTO IIPEAIONIOKeHIe, YTO HaHOMaTepyasbl He MeTa-
60MU3UPYIOTCS MUKPOOPTaHM3MaMy U He MOJIBEPraloTCs
IpolieccaM [eTOKCUKALWM, YTO BefieT K X HaKOIUIEHUIO
B PAaCTUTETBHOM, XMBOTHOM M/ MUKPOOHOM OpraHu3Me
U, TeM CaMbIM, YBe/IMYMBAETCS UX MOCTYIUIEHME 10 MNIIle-
BOII LIENIM B OPTaHM3M 4€/I0BEKa.

Oo6ecneyenne 6e30MaCHOCTI
NUIIEBBIX HAHOTEXHOIOIMII

YBenmumBarommecss MaciTabbl pa3BUTHsI HAHOTEXHO-
JIOTHIT 320CTPSIIOT BHMMaHNe Ha Mpobieme 6e30macHo-
cru. [lpu aTOM MCCIenoOBanms 10 6e30MacCHOCTY HaHO-
MaTepUaoB CYLUIECTBEHHO OTCTAIT OT UX PaspaboTKu
U KOMMepIyanus3anuu. Bmecre ¢ Tem o6uienpusHaHHbIM
SIBJIAETCS ITIOAXOJ], COIVIACHO KOTOPOMY HAHOYACTMILbI
JIOJDKHBIl PAacCMaTPUBATBCs KaK HOBblE IOTEHIMAIBHO
omacHble Marepuasbl. OHAKO HU B OJHOI U3 CTPaH MOKa
He paspaboTaHa eyHas 3aKOHOJATe/IbHAs U HOPMATUB-
HO-MeTomyecKas 6asa B o6mactu 6€30I1acHOCTY HaHO-
TEXHOIOIUIL, 00sg3aTeNbHAsA I UCIIONb30BAHUA BCEMU
rOCYJapCTBEHHBIMY ¥ KOMMEPYECKMMIU OPTaHU3ALNAMM
VI IPEAIIPVSITUSAMI, HI B OHOI 13 3apyOeXXHBIX CTPaH 0
HACTOSIIETO BPEMEHN He CO3/IAHO eJHOI CUCTEMBI 00ec-
neyeHus HaHobe3omacHocTy [43].
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silver migration into the model media. It is obvious from
the data of the experiment that silver migration into fin-
ished products (a model medium — 1% acetic acid solu-
tion in water) would be higher than into chilled meat and
fish (a model medium — 0.3% lactic acid solution in wa-
ter). Based on the results of the performed research, the
optimal design for containers with silver nanoparticles in-
tended for storage of chilled meat was determined [31].

Despite the significant advantage of using nanotechnol-
ogy to ensure proper assessment of meat product safety,
new methods and ways of safety determination for such
products are necessary. For example, there are nanopar-
ticles, which have an ability to overcome the blood-brain
barrier and can be carriers for other molecules. Therefore,
it is necessary to obtain scientific data on the bioaccumula-
tion and potential toxic consequences of entering free arti-
ficially created nanoparticles into the body as well as about
their consequences for human health [46].

Nanoparticles can have an unpredictable effect not only
on humans and animals, but also on the environment [34,
35]. For example, the silver ions can release from utilized
packages and accumulate in biological media (water, soil),
where they will continue destroying microorganisms and,
therefore, disturb a balance of the natural microflora, espe-
cially in a water system. Nano-iron, carbon nanotubes and
several other nanoparticles, mainly, from nanopecticides
can accumulate in soil, from which they can penetrate
plants and enter the food chain [36]. It was suggested that
nanomaterials are not metabolized by microorganisms and
are not subjected to the processes of detoxification, which
leads to their accumulation in the plant, animal or micro-
bial organism; thereby, their entrance into the human body

increases throughout the food chain.

Assurance of safety of food nanotechnologies

An increasing scale of nanotechnology requires atten-
tion to the problem of safety. With that, investigations on
safety of nanomaterials are significantly lagging behind
their development and commercialization. At the same
time, an approach, according to which nanoparticles are
to be considered new potentially hazardous materials, is
widely accepted. However, no country has developed a leg-
islative and normative and methodical base in the field of
nanotechnology safety, which would be obligatory for the
use by all state and commercial organizations and enter-
prises, no foreign country has created a unified system for

assurance of nano-safety up to now [43].



THEORY AND PRACTICE OF MEAT PROCESSING N°3 | 2016

B Hacrosiee BpeMs BO BCeX CTpaHaX, 3aHMMAIOIIMXCA
pa3paboTKOI HAHOMATepPUAJIOB, BeLYTCs AKTUBHBIE PabOTBI,
HaIlpaB/leHHble Ha PerlaMeHTALMI0O ¥ KOHTPO/Ib COfepyKa-
HIS1 HAHOYACTHIL I HAHOMATepMa/IOB B YIIAKOBKE MMIIEBbIX
IIPOJYKTOB M MaTepuasIax, KOHTaKTUPYIOIIMX C IIMIIE.

Obecnedenne 6e30macHOCTI B cpepe HAHOTEXHONO-
Uil mpolefypa 3aTpaTHas. bonbinoe BHUMaHMe mpobite-
Me 0e30IaCHOCTM HaHOMATepUAJIOB yHaensdeTcs 3a pyode-
JKOM. B aTOM HampaBjeHuMM IPOBOJATCA MCC/IESOBAHMS
B CIIIA, EBpocorose, a TakXe B PAJle MEXXTYHapOJHbBIX Op-
ranusanuit (BO3, ®AO, ILSI). B 2005 r. penepanpHOe dpu-
HAaHCHPOBaHME 3TUX UCCIENOBAHNIT COCTABNANO 34,8 M/IH
momL., B 2012 r. puHaHCHpOBaHMe CTaBUIO yXKe 123,5 MTH
nomn. Ilogo6Hble nccnegoBanusa B Poccuu BegyTcs B 3Ha-
YMTeJTbHO MEHBIINX MaclITabax.

B Hacrosiiiee Bpemsi B Mupe mpo61emort 6e30macHoCTi
HaHOMAaTepMaJIOB I HAHOTEXHOJIOTUI 3aHMMAeTCsl MHOYXKe-
CTBO MEXAYHAPOJHBIX M FOCY/JapCTBEHHBIX OpraHU3aLINIl
u nporpaMm. OfHOI 13 HUX sAB/IAeTCA Pabovas rpymma 1o
npombliteHHbIM HaHoMmarepuanam (PITIH) npu Opra-
HI3aLMM S9KOHOMMYECKOTO COTPYNHMYECTBA U PasBUTHA
(O3CP). Ona xooppuHUpyeT paboThl 10 6106e30macHo-
CTU IpMMeHEHUs HAHOMATepUaloB, KOTOPbIe Ha IAHHBII
MOMEHT /MO0 y>Ke MPOM3BOAATCA MPOMBIIIIEHHOCTBIO,
60 coOMpaIOTCsA MOCTYNUTD HAa PHIHOK. VccnenoBanus
IPOBOJATCA C YYETOM TaKUX KPUTEPUEB, KaK 0OBeMbI
HPORYKLUMM, UX IOCTYIHOCTD JI/Il TECTUPOBAHMA U YXKe
UMeIOIIascs 0 HUX nHdopmanys [43].

B Poccwmiickoit Pemepaniny HeOOXOAMMOCTD ITIpUBefe-
HYS paboT IO OLleHKe HAaHOMaTepyanoB 0OOCHOBBIBAETCS
B IlocraHOBNEHNM IJIABHOTO IOCYHApPCTBEHHOTO CaHUTap-
Horo Bpaua Poccuiickoit @epepanym Ne 54 ot 23. 07. 2007 1.
«O Hapg3ope 3a MPOAyKLel, IIOTy4eHHOI! C MCIIO/Ib30BaHNU-
€M HaHOTEeXHOJIOT Wi 1 cofiepsKalllell HaHOMaTepyasIbl» U VH-
¢dopmanmonHoM mucbMe Pocriorpebnaasopa «O Hagzope 3a
IPOU3BOJCTBOM 11 000POTOM IPOAYKINY, COIeprKallleli Ha-
HOMatepuanbl» [37]. YIUTbIBas BO3MOYKHbBIE PUCKU TIPU MC-
HO/Ib30BaHNMM HaHOMaTepyanos, PocrnorpebHazzop (mpu-
ka3 Ne 280 ot 12 okTs6ps 2007 I.) yTBEpANIT METOIMIECKIe
pexomeHpanuy «O1eHKa 6€30I1acCHOCTY HAHOMATePUaIoB».
ITocTaHOB/IEHMEM I7TABHOTO FOCYaPCTBEHHOTO CAHUTAPHO-
ro Bpaya P® or 31 okta6ps 2007 1. Ne 79 6bu1a yTBEpXK/eHa
KoHLlenumsa TOKCMKONIOTMYECKUX JICCTIEOBAaHUI, MeTOHO-
JIOTYISL OLIEHKY PUICKA, METOJBI MIEHTUDVKALN 1 KOJIIde-
CTBEHHOTO OIpefie/IeHNsA HAaHOMAaTePHasIoB.

O61ecTBeHHOE BOCIPUATIE HPUMEHEHMS HaHOTEX-
HOJIOTMI B INIIE€BOJ IIPOMBILIJIEHHOCTH SIBJISIETCSA OCHOB-
HBIM (DaKTOPOM, OINpENe/IAIIM KOMMEPYeCKMil ycIex
3TOI 06/1aCT! MCCIeoBaHNIL. be3omnacHOCTh IpUMeHeHs
HAHOTEXHOJIOTMII B IINIIIEBOII IIPOMBIIUIEHHOCTU TpebyeT
IIy6OKOro M3y4eH)sA MOTEeHIMATbHBIX PUCKOB 1M M0604-
HBIX 3¢ (PeKTOB, CONPSKEHHBIX C VX ICIIO/Ib30BaHMeM. by-
IeT I MOJIb3a, OT TOT'O YTO Ipel/IaraloT HAHOTEXHOIOI U
WM ee TePeBelNBAIOT PUCKY, KOTOpble OHU MOTYT BBI3-
BaTb? VIMEeHHO 9TO popMUpYyeT NOTPeOUTETbCKOE MHEHIIE
1 TOTOBHOCTD K ITOKYIIKE HAHOIIMIII.
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At present, all countries developing nano-materials
carry out the work aimed at regulation and control of the
content of nanoparticles and nanomaterials in a package
for food products and materials contacting with food.

Safety assurance in the sphere of nanotechnologies is a
costly procedure. Abroad a lot of attention is given to the
problem of nano-materials. In this direction, the investiga-
tions are carried out in the USA, EU and in several interna-
tional organizations (WHO, FAO, ILSI). In 2005, Federal
financing of these investigations was 34.8 million dollars,
while in 2012, financing was as high as 123.5 million dol-
lars. The similar research has been carried out in Russia on
a significantly lower scale.

Today, many international and state organizations deal
with the problem of nano-material and nanotechnology
safety. One of them is the Working Party on Manufactured
Nanomaterials of the Organisation for Economic Co-oper-
ation and Development (OECD). It coordinates the work
on bio-safety of using nanomaterials, which have been al-
ready produced by industries, or are about to be launched
to the market. Investigations are carried out with consider-
ation for such criteria as product volumes, their availabil-
ity for testing as well as availability of information about
them [43].

In the Russian Federation, the necessity to perform the
work on evaluation of nanomaterials is substantiated in the
Decree of the Chief State Sanitary Physician of the Russian
Federation No 54 of 23. 07. 2007 «About surveillance of the
products produced using nanotechnologies and contained
nanomaterials» and informational letter of Rospotrebnad-
zor «About surveillance of production and turnover of
products containing nanomaterials» [37].

Taking into account the possible risks of nanomateri-
als, Rospotrebnadzor (order No 280 of October 12, 2007)
approved the methodical recommendations «Assessment
of safety of nanomaterials». The decree of the Chief State
Sanitary Physician of the Russian Federation No 79 of
31.10.2007 approved the Concept of the toxicological in-
vestigations, the methodology of risk assessment, meth-
ods for identification and quantitative detection of nano-
materials.

The public perception of the use of nanotechnologies in
food industry is one of the main factors determining the
commercial success of this field of investigations. Safety
of the nanotechnology use in the food industry requires
profound investigation of the potential risks and side ef-
fects associated with its use. Will there be a benefit from
what nanotechnologies offer or the risks will overweight
it — the answer to this question forms a consumer opinion
and willingness to buy nanofood.
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