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Annomauus

B pabome npedcmasnervt pesynvmamol HAy4HbIX UCCTIE008AHULL
CAHUMAPHO-2UUEHUHECKUX XAPAKMEPUCHIUK MHO20CTIOHbLX NO-
JIUMEPHBIX NJIEHOUHDIX MAMEPUAnos ONIA 8aAKYYMHOU ynaKoexu,
20e 8HympenHell c10ll, KOMOPbILl HenocpeocmeeHHo KOHMAKmu-
pyem ¢ nuusesvim NPOoOyKMom MOOUPUUUPOSAH NPUPOOHBIMU
AHMUMUKPOOHBIMU KOMNOHEHINAMU.

BBenenue

Pa3BuTie YIAaKOBOYHON OTpPACy NPUBEIO K ITOBbI-
IIEHNIO POJIM YIIAaKOBKM B COBPEMEHHOM IIPOM3BOJCTBE
HPOAYKTOB MUTaHNUsA. TUII U CAaHUTAPHOE COCTOSIHNUE YIIa-
KOBKJ IIPM3HAHbI OFHMMIU 13 OCHOBHBIX (DaKTOPOB, B/IM-
SIOLMX HA KAa4yeCTBO ¥ IMPOJO/DKUTENBHOCTD XPaHEHNs
pacdacoBaHHOII MOIOYHOI Ipoaykuuu. ITomnmo obec-
HevYeHNsi COXPAHHOCTH MIPOAYKTA OT BHELIHMX 3arpsi3He-
HUIT ¥ [IPUB/IEKATENIPHOTO BHEUIHETO BUJjAa K COBpEMeH-
HOJ1 YITaKOBKe IPebsIBIISIIOTCS TPeOOBaHMS 110 aKTUBHOI
3aIUTe COfIeP>KIMOTO.

IIpn xpaHeHMM OONBIIMHCTBA IMPOAYKTOB MUTAHMUS
B IPOMCXOAAMINX C HUMM XUMMYECKMX U MMUKPOOMOIIO-
TMYeCKUX VI3MEHEHMAX OCHOBHYIO PO/Ib UTPAeT COBOKYII-
HOCTb HECKOJIbKVX (PaKTOPOB: KUCTIOPOJ, CBET U TeMIle-
patypa. Hambomee [OCTYHHBIM M pacIpOCTpaHEHHBIM
IPUEMOM YCTPaHEHN MOPYY IPORYKTOB IIOf] BIMAHIEM
KICTIOpOJa Ha3bIBAIOT YIIAKOBBIBAHIE, TIPY KOTOPOM IIPO-
MCXOIMT BaKyyMHOe yaaneHue Kucnopopa. ITocroanHoe
pacuIMpeHne aCCOPTYMEHTA NNIIEBBIX IIPOAYKTOB, a TaK-
Ke 00Ias TeH/IEHIUA YBEIMYEHNA UX CPOKOB TOTHOCTH
IpebABIIAIT 0COObIe TPeOOBAHMA K MICIIOIb3YeMbIM YIIa-
KOBOYHBIM MarepyajzaM U M3TOTOBJIEHHON MX HUX Tape.
XUMMYeCKMit COCTAB M CTPYKTYpa YIIAKOBOYHBIX MaTepu-
aJI0B OIIPeJIe/IAI0T He TONbKO 6€30I1acHOCTD UX MCIIONb30-
BaHMA IPY KOHTAKTE C IIPOYKTOM, HO ¥ 00eCIednBaoT
KOMIIIEKC TpeOyeMbIX (YHKI[MOHAIBHBIX CBONCTB (1, 2].

OnHOIt M3 CyILIeCTBEHHBIX MPOO/IeM ABJIAETCA IOJAB-
JIeHMe POCTa HeXKeaTelbHON IIOBEPXHOCTHONM MUKPOQ-
JIOpBI Ha MIPOAIyKTaX MUTaHMA. [JaHHYI0 Tpo61eMy MOXHO
PEIINTD 32 CYET VICIOIb30BAHNA ChIPbEBbIX KOMIIOHEHTOB
HOBBIIIEHHON MUKPOOMOIOTNYeCKOI YMCTOThI, TPUMeHe-
HJeM OIpefie/leHHBIX CTaOUIN3NPYIONINX J06ABOK B IIPO-
IlyKTaX, IPYMEHEHNEM METO/Ia aCeNTUYecKoil pacdacos-
ku. IlepcrekTMBHO HamlpaBjieHue, Bce 0Oojee aKTUBHO
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Abstract

The results of the research works related to investigation of san-
itary-hygienic characteristics of multilayer polymer film materi-
als where the inner layer contacting directly with food product is
modified by native antimicrobial components.

Introduction

Development of the packaging branch resulted in im-
proving the level of packaging in the field of food products
manufacture. Type and sanitary conditions of packaging
are one of the basic factors influencing the packed milk
products quality and storage life. Besides of the product
safety guarantee against air pollution and attractive ap-
pearance modern packaging requires active protection of
its content.

During the majority of food products storage chemical
and microbiological changers take place due to the complex
of the following factors: oxygen, light and temperature. The
most available and wide-spread method used to eliminate
the products contamination under the influence of oxygen
is packaging when oxygen removal takes place. The constant
expansion of food products assortment as well current ten-
dency to improve their storage life forces to make special
demands to applied packaging materials and containers
manufactured from them. The chemical composition and
packaging materials structure specify not only safety of their
usage during contact with this product but provide the com-
plex of the required functional properties [1, 2].

One of the main problems is inhibition of undesirable
surface microflora growth on food products. The men-
tioned problem can be tackled by usage of raw materials
components with high microbial purity, usage of the spe-
cific stabilizing additives in the products and aseptic pack-
aging method. The perspective direction being very popu-
lar nowadays abroad is usage of so called active packaging
i.e. packaging influencing directly the product [3, 4].

At present Russian food particularly meat industry
have no packaging materials possessing antimicrobial, an-
tioxidant and some other properties relating to the packed
product able to stabilize its safety characteristics during
storage as well as prevent inhibitory development of un-
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pasBuBarolleecs 3a pyOe>XoM -JMCIONTb30BaHNe TaK Ha3bl-
BaeMOJl aKTVBHOII YIIaKOBKY, T.e. YIIAKOBKY, HAIIPaBJIeH-
HO BJIUAIONIEN Ha IPOAYKT [3, 4].

B Hacrosi1iee BpeMs B OTeUeCTBEHHOI MUILEBOIT, 4acT-
HOCTY, MSCHOJ IIPOMBIIIIEHHOCTY OTCYTCTBYIOT YIIaKO-
BOYHbIe MaTepuasbl, obOnajapIiue aHTUMUKPOOHBIMU
AQHTVMOKCU/IAHTHBIMI ¥ IPYTVIMU CBOVICTBAMM IO OTHOIIIE-
HUIO K pac)acoBaHHOMY IIPOAYKTY, CIIOCOOHBIE CTaOVIN-
3MpPOBATh €ro IOKa3aTeau 6e30MacHOCTY IpK XPaHEHUN,
a TaKXKe, MHIMONPYIOIIVe pa3BUTHe HeXelaTe/IbHON MU-
KpOQIOpbI Ha MOBEPXHOCTY YIAKOBKU IIPU €€ BO3MOX-
HOM BTOPUYHOM 00CeMeHeHUN.

OnbIT pabOTHl MOKA3BIBAET, YTO 3HAUMTENBHOI IIEp-
CIIeKTMBOJI /11 BAKYYMHOTO YIIaKOBBIBaHNA 00/Ia/Jal0T 110-
NVMepHble TIEHOYHbIe MaTePHabl, B KOTOPBIX B KadeCTBe
6apbepHOTO C/1051 VICIIO/Ib3YeTCs IO/IVIAMI, IIPEACTABIIAIO-
i 13 ce0sl MHepTHBI MaTepuaJl, IIPY3HAHHBI Oe3Bpef-
HBIM JUI1 KOHTaKTa C IMIIEBBIMM IPOAYKTAaMM B HaIleil
ctpaHe. [TakeTbl U3 JTaHHOTO MaTepuana 00/IajaloT He0OX0-
AVIMOJ IIPOHNUIIAEMOCTBIO 10 OTHOLIEHWIO K YIJIEKMCTIOMY
rasy U, OfHOBPEMEeHHO, He IPOITYCKAIOT Mapbl KUCTIOPOJA.
CylIecTBeHHO, YTO Ha CTafiuyi IPOM3BOACTBA 3aTOTOBKM
3TUX NAKeTOB 0OpabaThIBAIOT IIPY BBICOKOI TeMIleparype
U OTIIPAB/ISIOT HA JIA/TbHEIIINE ITAIIBI B CTEPUITN30BAHHOM
BUfle — JIaHHBI BaKT TOMOXKUTETPHO BIMsIET HA COXPaH-
HOCTD IIPOJIyKTOB IIUTAHNA B IIOZOOHOM yIIakoBKe [4].

MaTepmamﬂ " ME€TOJIbI

B ®I'BHY «BHMMI» npoBopsaTcst paboThl 1o co3pa-
HIIO MHHOBAIIIOHHBIX MHOTOC/IOMHBIX IOIVIMEPHBIX TIJIe-
HOK, I7le BHYTPEHHEell CJI0M, KOTOPBIil HENOCPENCTBEHHO
KOHTAKTUPYeT C IMMIIEBBIM NPOLYKTOM MOAM(UIMPOBAH
IPUPOSHBIMYU AHTUMMUKPOOHBIMI KOMIOHEHTAMIL.

B kayecTBe aHTMMMKPOOHOTO KOMIIOHEHTA HaMU OB/
BBIOpAaH 9KCTPAKT KOPBI Oepe3bl, B KOTOPOM OCHOBHBIM
IeJICTBYIOLIMM BeIleCTBOM fB/AeTcsA beTynmuH (6eTymm-
non C, H 6003) B KOHIIeHTpanuu He MeHee 70%.

[TockonpKy BBefieHVEe TIOOBIX KOMIIOHEHTOB, y/Iyd4lla-
IOIUX VIV IPUJAIOIMX HOBbIE CBOJCTBA YIIAKOBOUHBIM
MaTepuagaM, MOXeT IIPUBECTM K YXYAUIEHNIO CBOJICTB
MO/MVMMEPHBIX MaTepuajsoB HaMy ObII HpPOBEIEHBI JC-
C/IeOBAaHMsI CAaHUTAPHO-TUTMEHNYECKNX XapaKTepUCTUK
MHOTOC/IOVMHBIX IIONVMMEPHBIX IUIEHOK, B KOTOPBIX BHY-
TPEHHUII C/10¥l MOMGUIVPOBAH MPUPOXHBIMU aHTUMMU-
KPOOHBIMY KOMIIOHEHTAMM B Pa3IMYHOl KOHIIEHTPALIUIL.

O6pasubl TMOMMMEPHBIX MOAMGUIMPOBAHHBIX MOJN-
MEpHBIX IVICHOK MIMEIOT C/IeTKa 307I0THCTO-OeXeBblil OT-
TEHOK, paBHOMEPHBIII 10 Beell Macce uspenus. Ha mosepx-
HOCTY He HaO/TIOfIAl0TCA TPELVHBI IPOKOJIBI U BU3Ya/IbHbIE
nedexTol. Ilo BHemHeMy BUAY M3[EMUA COOTBETCTBYIOT
tpe6oBaruam TP TC 005/2011 «O 6e30macHOCTI yIIaKOB-
K1» BopHbIe BBITSKKY M3 MCCIETOBAaHHBIX 00PasIoB Ipy
BCEX TeMIlepaTypaX M CPOKax SKCHO3MLIMM He COfeprKaT
MYTHU MM OCaJKa M He M3MeHAIT 1Bera. C yBenMyeHneMm
TeMIIepPaTypbl HAOMIOAETCA YCU/IeH)e 3aIIaXa BBITSKEK 13
OIBITHBIX 00PA3IIOBbI IVIEHOK 110 CPABHEHMIO C BBITAKKOI
U3 KOHTPOJIbHBIX 00pa31ioB. Bo Bcex cyyasx oljeHKa 3ama-
Xa He IIpeBbIIIaeT 1 6ajia, 4To COOTBETCTBYET TpeOOBaHM-
AM PocrioTpe6Haa3opa K MOMMMEPHBIM MaTepuataM, KOH-
TaKTUPYIOLUIVM C IUIIEBbIMYU IPOLYKTAMU Y TEXHNYECKOTO
periaMeHTa TaMOXXeHHOT0 coro3a (puc. 1).
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desirable microflora on the packaging surface during pos-
sible secondary contamination.

The experiment shows that polymer film materials pos-
ses the important perspective for vacuum packaging where
polyamide representing inert material is used as the bar-
rier layer being harmless for contact with food products in
our country. Bags from the mentioned material possesses
the required penetrability relating to carbon dioxide and
simultaneously don't leak oxygen vapors. It is important
that on the production stage intermediates of these bags
are treated at high temperature and delivered to the further
stages in sterilized form. It is influenced very positively on
storage life of these products in such bags. [4].

Materials and methods

FGBNU «VNIMI» is carrying out the works covering
the creation of innovative multilayer polymer films where
inner layer contacting with food product is modified by
native antimicrobial components.

Birch bark extract has been chosen as the antimicrobial
component where betulin (betulenol C, H_ O,) is the basic
active substance in the concentration not less than 70%.

Whereas introduction of any components improving
or adding new properties to packing materials can result
in impairing of polymer materials quality we studied san-
itary-hygienic characteristics of multilayer polymer films
where inner layer was modified by native antimicrobial
components in different concentration.

The patterns of modified polymer films have slightly
goldish-beige tint distributed evenly over the product sur-
face. There are no crazings, punctures and visual defects on
the surface. Seemingly the product corresponds to TR TC
005/2011 requirements «About Packaging Material Safety».
Aqueous extracts from the studied patterns at all tempera-
tures and exposure periods contain now slime or sediment
and don’t change the color. Increasing the temperature
results in smell intensification of extracts from test film
samples comparing to the extracts from control samples.

Sample Ne 1 (Control) |
O6pasey Ne 1 (K)
1

0,8
0;6
04

Sample Ne 5 (2.0%) |
O6pasey Ne 5 (2,0 %)

Sample Ne 2 (0.5%) |
O6paseu Ne 2 (0,5%)

Sample N2 4 (1,5%) | Sample Ne 3 (1%) |
Ob6pasey N2 4 (1,5%) O6pasey, Ne 3 (1%)
20°C =0 40 °C —8—60 °C

Figure 1. Organoleptic evaluation of aqueous extracts from polymer
multilayer films modified by native antimicrobial components in dif-
ferent concentrations at different temperatures of testing and 10 days
exposition

Puc. 1. Opranonentudeckas OLeHKa BOGHBIX BBITSDKEK U3 IOMUMep-
HBIX MHOTOCIONHBIX IUICHOK, MORM(UIMPOBAHHBIX MPYMPOSHBIMU
AHTMMUKPOOHBIMY KOMIIOHEHTaM) B PA3/INYHBIX KOHIIEHTPALILAX
IpY pas/IMYHBIX TeMIepaTypax UCIBITaHUA U 9Kcrosunyuu 10 cyTok
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Pe3ynbrarsl u ux 06cyKaeHMe

VccnenoBanne Ha cofepyxanus popmanbaernsia B BOj-
HBIX BBITSDKKaX II0Ka3aso, 4TO BO Bcex obpasmax ¢op-
MaJIbfIeT]] OTCYTCTBYeT. DTO IOATBEP)KAaeT TOT (akT,
YTO Ha/MNM4Me B OMBITHBIX 00Opasjax 9KCTPAKTa B KOHIIEH-
Tpauun 1o 1% He yXy#llaeT CaHMTApHO-TUTMEHUYECKNE
IOKas3aTe/n MaTepuara.

IIpoBenenHble 3KCIEPUMEHTAIbHbIE MCCIELOBaHUSA
IIOKa3aaM, 4YTO YBeNIM4YeHMe KOHLIEHTpaluM 3KCTpakK-
Ta B MaTepuaje NPUBOIUT K YBEIUYEHMIO COREpIKaHUA
OpOMMPYIOIUXCS BEl|eCTB B BOAHBIX BBITSDKKAX (pHCy-
HOK 2). 9TO MOXET ObITh CBI3aHO C Ha/MMYMEM JBOIIHOI
CBsA3M B cTpoeHun GerymmHona. OgHAKO OIpepensieMoe
CyMMapHO€ KOJINYeCTBO OpPraHMYeCKMX BEIeCTB, pearu-
PYIOLIX ¢ 6pOMOM, HE3HAYNUTENBHO, YTO IO3BOJISIET CUM-
TaTh MCCIeAyeMble 00pasIbl MaTepyaa IPUTOfHbIMIA IS
JICIIO/Ib30BAHNA B MUILE€BOI MPOMBIIJICHHOCTI.

Hccneoosanue usmenenust cocmosHus
nosepxﬂocmu ONvlMHLLX 061)6!31408

[TpuHATasA HaMM 3a OCHOBY pabodyas TMIIOTe3a TOBO-
PUT O TOM, YTO AHTMMMKPOOHBIE BellecTBa 3KCTPAKTa,
MOCTEINIeHHO BBIZIENIAACH B IPOIlecce XpaHeHM U3 YIaKo-
BOYHOTO Marepuana, fUPQPyHAUPYIOT Ha IOBEPXHOCTD
IS aKTVBHOTO BIIMAHNA Ha MMKPOOPTaHM3MBbI IIOBEpPX-
HOCTHOII mopun. B pamkax paboThl Hafi HOATBEPXK/eHN-
eM JJAHHOTO IIPENINONIOKeHNA ObIZIO NMPUHATO pelleHye
0 IIPOBEJEHUN PANA SKCIEPUMEHTOB /1A OL[eHKM COCTO-
AHNA MOBEPXHOCTM 00pasl[oB Marepuasna, MOAVPUIIN-
POBaHHBIX 3KCTPAKTOM.

B xadecTBe BU3Yya/bHOTO IOATBEPXKAEHMA HAMNYUA
5KCTPAKTa Ha IMOBEPXHOCTM YIAKOBOYHOTO MaTepuara,
HOTEHIMA/IbHO KOHTAKTHUPYIOIIET0 C MPOXYKTOM, ObLIN
caenanbl ororpaduy MOBEPXHOCTM 00pasIOB IIEHOK
IOJi MMKPOCKOIIOM ¢ yBenmueHueM 300 pas (puc. 3.).

Ha mnomy4eHHBIX MMKPOCHMMKAaX ObIJIO OTMEYEHO
U3MEHEHNe IIOBEPXHOCTHOI CTPYKTYpPbhl IOMMMEPHBIX
IUVICHOK: TIPM YBEIMYEHMM KOHLEHTPALMM 3SKCTPAKTa
Ha IIOBEPXHOCTM MaTepuana 6oree OTYET/IMBO 3aMeT-
HBI JIONIOTHUTE/IbHbIE BKTIOUEHNUA B BUJE MUKPOX/IONbEB
CBETJIO-KEITOTO IBeTa. ITO MOXKET OBITh CBA3aHHO C yCH-
JIeHVeM MUTPAlMiy aHTUMMKPOOHBIX BEIIeCTB 9KCTPAKTa
Ha TIOBEPXHOCTb.

0,18
0,16
0,14
0,12

0,1

y =0,068x + 0,03

0,08
R?=0,9731

0,06
0,040

0,02

Content of brominating matters, mg/I |
CopepskaHue 6pomupylomxcs Bewecrs, mr/n

0 0,5 1,5

Concentration of antimicrobial additive, % |
KoHueHTpauma aHTMMUKpo6Hoii ao6aBku, %

1

Figure 2. Content of brominating matters in aqueous extracts of the
modified film tested samples

Puc. 2. Copepyxanue 6pOMUPYIOIINXCA BELIECTB B BOJFHBIX BBITAKKAX
U3 MCCTIeJOBAaHHBIX 00pasi[oB MOMOUIMPOBAHHON TIEHKN
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In all cases smell evaluation doesn't exceed 1 point that
corresponds to Rospotrebnadzor requirements to polymer
materials contacting with food products and technical reg-
ulations of customs union (Figure 1).

Results and discussion

Studies aimed at determination of formaldehyde in
aqueous extracts showed that it is absent in all samples.
It confirms the fact that presence of the extract —(1% con-
centration) in the analyzed samples doesn't deteriorate the
material sanitary-hygienic characteristics

The carried out tests showed that increase of extract
concentration in the material results in increase of bromi-
nating substances in aqueous extracts (Figure 2). It can be
connected with the presence of double bond in betulinol
structure. However the determined total amount of or-
ganic matters contacting with bromine is insignificant that
makes it possible to consider the material test samples ac-
ceptable for usage in food industry.

Studying of the surface state
and the tested samples changes

The working hypothesis accepted as the basis shows
that the extract antimicrobial matters extracting gradu-
ally in the process of storage from the packing material are
diffused on the surface for active impact on microorgan-
isms on surface spoiling. In the frame of this work aimed
at confirming of such hypothesis the decision to carry out
series of experiments to evaluate the state of samples mate-
rial surface modified by the extract was made.

As visual confirmation of extract presence on the pack-
aging material surface contacting potentially with the
product the pictures of the film samples surface under a
microscope with 300 times increase (Figure 3).

The received micrographs showed the structure change
on polymer films surface: with the increase of extract con-
centration on extra enclosures of pale yellow microflakes
are distinctly visible on the material surface. It may be
connected with intensification of the extract antimicrobial
substances migration to the surface.

In cooperation with our colleagues the infrared spectra
of the developed test multilayer films modified by native
antimicrobial components have been realized.

a) Sample 1(K) | a) O6pasen, 1(K)  b) Sample 2 (0.5) | 6) O6paszey 2 (0,5)

Figure 3. Micropictures of a surface of the studied samples
Puc. 3. MUKpOCHMMKN ITOBEPXHOCTH NCCIIERYEMbIX o6pa3u03
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il Figure 4. Infrared spectrum of two-layer film from PA side in the range of 4000-400 cm™
1 — polyamide 6; 2 — sample PA/(PE + 2,0 % of betulin);

3 — sample PA/ (PE + 0,5 % of betulin)

ol Puc. 4 — VK-cnextp AByXCrOfHOM MIEHKM co cTopoHb! PA B mamasone 4000-400 ey

‘| 1— nonmamup 6; 2 — obpaser; PA/(PE + 2,0 % 6erynuua);

t] 3 — obpaser; PA/(PE + 0,5 % GerynuHa)
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COBMeCTHO ¢ HAUIVMMM KOJUIeTaMM OBUIM ITOTyYeHbI The quality analysis of the samples molecular structure
VK crexTpbl pa3pabOTaHHBIX ONBITHBIX MHOTOCIONHBIX  using infrared microscopy of Bruker company has been car-
IVIEHOK, MOAUQUUIMPOBAHHBIX NpUpOAHbIMM aHTMMU-  ried out. Infrared spectrum of films samples with different
KPOOHBIMM KOMIIOHEHTaMIA. amount of antimicrobial additive was registered for the pur-

KauecTBeHHBII aHaIM3 MOJIEKY/IAPHOI CTPYKTYy-  pose. The absorption lines of bitulin additive in the area of
pbl 00pasioB IpOBOAWIM C WCHONb30BaHMeM Mertoma 880 cm™ (correspond to deformation of C-H in trisubstitut-

VIK-cniektpockormn ¢upmbl Bruker. [Iyis atoro pernctpu-  ed benzene derivatives ) and C-O group in betulin molecule
poBaimu VIK-criekTpbl 06pasIiioB IJIEHOK C pasinyHbIM co-  appeared on the test samples. (Figure 4 & Figure 5).
iep>KaHueM aHTMMUKPOOHOU H006aBKM. Y MCCIemyeMbIX The derived infrared spectra confirm the obtained test

00pasIoB IpOSB/AITCA NMHUM HoromeHus pgobasku  results and indicate that introduction of native antimicro-
6erymmHa B obmactu 880 cm (coorBercTByeT medopma-  bial modifier in the concentration range from 0 to 2,0% has
mm C-H B TpusaMelleHHBIX HPOM3BOAHBIX OeH30/ma)  no negative impact on sanitary-hygienic characteristics of
1 1030 cm™, koTOpas cooTBeTCcTBYET Hedopmanyu Koneba-  the tested multilayer polymer films.

HysiM C-O rpymnsl B Monekyyie 6etynuna (puc. 4 u puc. 5)

VIK creKTpbl MOATBEPKAIOT MOTyIeHHbIE PE3YIBTATHI Conclusions
VICCTIEIOBAHMIT, I CBUJIETE/IbCTBYIOT O TOM, YTO BBEfieHUE The obtained results of the complex studies show that
HPUPOJHOTO AHTUMUKPOOHOTO MopmbuKaTopa B uanaso-  according to these results the tested film materials samples

He KoHIeHTpanui oT 0 1o 2,0% He OKa3bIBaeT HETaTMBHOTO correspond to the requirements of the customs union TR
JIEViICTBYA Ha CaHUTapHO-TUrMeHndeckme xapakrepuctukn  CU 005/2011 «About Package Safety» and can be recom-

MICCTIETOBAHHBIX MHOTOC/IONHBIX ITOTMMEPHBIX [UIEHOK. mended for usage in meat, dairy and food branches.
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Figure 5. Infrared spectrum of two-layer film from the side of PE k‘

in the range of 160-700 cm™ taken from Bruker LUMOS instrument " | ﬂ
1 — sample PA/(PE + 0,5 % of betulin); ' . !
2 — sample PA/(PE + 2,0 % of betulin) }
Puc. 5 — UK-cnexTp AByXcnoliHol mnéHku co croponsl PE B anama- }\v_/
30He 1600-700 cm-1 cHaTbIl Ha mpubope Bruker LUMOS / /\-"“N\)_ﬁ \"\'“' s
[ e

1 — obpaser; PA/(PE+0,5 % 6Gerynnua);
2 — obpaser; PA/(PE+2,0 % 6erymiua)
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