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B. 1. KXAPKEBUY?*, T. A. CABULIKASI2 JI. /. TPUHILIIAHZ T. 1. CHUMAT?

'Benopycckuii rocynapcTenHbiil yausepeurert, np-T Hesasucumocty, 4, 220030, r. Munck, Benapycn
2yypexnenue BI'Y «<HUM dusuko-xumuueckux npobiem», yi. Jenunrpaackas, 14, 220006, r. Munck, benapych
$Texunueckuit Yuusepcurer Jlpesnena, beprinrpacce, 66, 01069, r. Iipesnen, I'epmanus

Ipusedena ungpopmayust 0 cmaousix U OCHOBHIX KOIUYECBEHHBIX XAPAKMEPUCMUKAX NPOYeccd npo-
HUKHOBEHUsL euyecme yepe3 noaumMepHvle nieHku (Kodgguyuenm ouggysuu, koagpduyuenm pacmeopumo-
cmu, Koagguyuenm nponuyaemocmu, sHepeusi akmugayuu). Ipoananuzuposanvl hakmopul, rusiloujue Ha
CKOpOCMb OAHHO20 NPOYECCA: CE0UCMEA NPOHUKAIOWEN CYOCMaHyuu, cOCmas u CMpyKmypa noaiumMepHol
mMampuybl, 6HewHue Ycaosus u m. 0. Onucanvl Memoosbl OYeHKU OAPbEPHBIX CEOUCME NOIUMEPHBIX NIEHOK,
UCNONb3YeMbIX 0TI CO30AHUSL YNAKOBKU O RUWEBbIX NPOOYKINOE, O OMHOWEHUIO K POy NePMeanmog: Kuc-
JI0POOY, BOOAHOMY NAPY, TeMYHUM OPSAHUYECKUM Beujecmeam u acupam. [Ipednodcen cmamuieckuti Moou-
Quyuposanuviii Memood oyeHKU 6APbePHLIX CBOUCME NIEHOK NO OMHOUWEHUIO K JeMYYUM OP2AHUYECKUM Ge-
wecmeam.  [Ipodemoncmpupoeano, HACKOIbKO —Oapvbepuvle  CBOUCMEA  COBPEMEHHLIX — YNAKOBOUHBIX
Mamepuanos no OMHOWEHUIO K OAHHbIM CYOCMAHYUSM COOMBEMCMEYIOM OCHOGHBIM Mpebo8anusM K Kade-
CMBeHHOIL Yynaxoexe. [lan ananus co8pemMeHHbIX MeHOeHYUll 6 001ACmU YNAKOGKU NULEGLIX NPOOYKMO8 (6uo-
paziazaemocms, npu2oOHOCmb O/l YNOmMpeOieHus @ Uy, VIyYuleHHble 6apbephble U MexaHuiecKue ceoli-
cmea u Op.). Ilpusedenvl xapaxmepucmuku NJIeHOK HA OCHO8E KPAXMALA, NOJUBUHULOB020 CHNUPMA U
HOMUNAKMUOA KAK MAMEPUALO8, AKMUGHO BHEOPSIOWUXCSL 8 NPOU3BOOCMBO OISl CO30AHUSL IKONOSUYECKU Yll-
CMOU YNAKo8KU, 8 MOM Yucie OJisk NUUEBbIX RPOOYKMOS.

KiaroueBbie ciioBa: TNOJIMMCEPHBIC IIJICHKH, IIPOAYKTBI IIUTAHU, YIIAKOBKA, 6apLeprle CBOﬁCTBa, MCTOABI aHaJIN3a.

METHODS FOR THE DETERMINATION OF BARRIER PROPERTIES
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The paper presents the information on the stages and main quantitative characteristics of the process of
penetration of substances through polymer films (diffusion coefficient, solubility coefficient, permeability co-
efficient, activation energy); the factors influencing the rate of this process (properties of the penetrating
substance, composition and structure of the polymer matrix, external conditions, etc.) are analyzed. Methods
are described for assessing the barrier properties of polymer films used to create packaging for food prod-
ucts in relation to a number of permeants: oxygen, water vapor, volatile organic substances and fats; a static
modified method for assessing the barrier properties of films in relation to volatile organic substances is
proposed. It is demonstrated how the barrier properties of modern packaging materials in relation to these
substances meet the basic requirements for high-quality packaging. The analysis of modern trends in the
field of food packaging (biodegradability, suitability for food consumption, improved barrier and mechanical
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properties, etc.) is given. The characteristics of films based on starch, polyvinyl alcohol and polylactide as
materials actively introduced into production to create environmentally friendly packaging, including for
food products, are given.

Keywords: polymeric films, food products, packaging, barrier properties, methods of analysis.

Iocmynuna 6 pedaxyuro 04.12.2020

© B. W. Kapxkesuy, T. A. CaBuukas, JI. JI. I'punmmnan, T. M. Cumar, 2021

HJ’I)I HpI/I06peTeHI/I$I IIOJIHOT'O TCKCTAa CTAaThH, 06pa]l[al71Tec1: B pCAAKIIWIO XYpHaJia
Full text of articles can be purchased from the editorial office

Anpec pepakuun: yi. Kuposa, 32a, 246050, r. l'omens, benapych
Tenedon/paxc: +375 (232) 34 06 36 /34 17 11

Address: Kirov St., 32a, 246050, Gomel, Belarus
Phone: +375 (232) 34 06 36. Fax: +375 (232) 34 17 11

E-mail: polmattex@gmail.com
Web: http://mpri.org.by/izdaniya/pmt/

OO0pa3zen HUTHPOBAHUSL:

Kapkesuu B. U., CaBunkas T. A., I'punmunan /1. {., Cumar T. M. Merost ompeieeHus: OapbepHBIX CBOMCTB
nunieBbix IwieHok (003op) // Tlomumepnble Martepwansl M TexHoiormu. 2021, T.7, Ne2. C.6-29.
http://doi.org/10.32864/polymmattech-2021-7-2-6-29

Citation sample:

Zharkevich V. I., Savitskaya T. A., Grinshpan D. D., Simat T. Y. Metody opredeleniya bar'ernykh svoystv
pishchevykh plenok (obzor) [Methods for the determination of barrier properties of food packaging films (a
review)]. Polimernye materialy i tekhnologii [Polymer Materials and Technologies], 2021, vol. 7, no. 2, pp. 6-29.
http://doi.org/10.32864/polymmattech-2021-7-2-6-29

Jlureparypa
1. Packaging Statistics // European Plastic Converters [Qnexrponnsiii pecypc]. URL: https://www.plasticsconverters.eu/project-1 (nara o6pa-
menunst: 14.05.2020).
2. Jlro6ewkuna E. I'. [TonmuMepHble MaTepuanbl JUisl yIAKOBKY MULIEBBIX IPOIYKTOB: TPeOOBAHUS U PUHLHIIBEI BbIOOpa // IlonnmepHbie MaTe-
puainsl. U3nenust. O6opynoBanue. Texuonoruu. 2009. Ne 4. C. 4-10.
3. Thailand supermarket ditches plastic pack-aging for banana leaves // Forbes [Onextponssii pecypc]. URL: https:/ww.forbes.com/
sites/trevornace/2019/03/25/thailand-supermarket-uses-banana-leaves-instead-of-plastic-packaging/ (nara obparuenmst: 14.05.2020).
4. T'yns B. E. ITonumeps! coxpaHstoT npoaykTel. Mocksa: 3HaHue, 1985. 128 c.
5. Fabra M. J., Hambleton A., Talens P., Debeaufort F., Chiralt A., Voilley A. Aroma barrier properties of sodium caseinate-based films // Bi-
omacromolecules, 2008, vol. 9, is. 5, pp. 1406-1410. doi: 10.1021/bm701363p
6. Miller K. S., Krochta J. M. Oxygen and aroma barrier properties of edible films: A review // Trends in Food Science & Technology, 1997, vol. 8, is. 7, pp.
228-237. doi: 10.1016/S0924-2244(97)01051-0
7. loelovich M. Influence of distortion in polymer coating on barrier properties of composite materials // J. Sita, 2001, vol. 3, no. 2, pp. 182-187.
8. Salgado P. R. Ortiz C. M., Musso Ya. S., Giorgio L. Di, Mauri A. N. Edible films and coatings containing bioactives // Current Opinion in
Food Science, 2015, vol. 5, pp. 86-92. doi: 10.1016/j.cofs.2015.09.004
9. Hernandez R. J., Giacin J. R., Baner A. L. The evaluation of the aroma barrier properties of polymer films // Journal of plastic film and
sheeting, 1986, vol. 2, is. 3, pp. 187-211. doi: 10.1177/875608798600200304
10. Leelaphiwat P., Auras R. A., Harte Ja. B., Ong P. K. C., Chonhenchob V. Barrier properties of polymeric packaging materials to major aroma vola-
tiles in herbs // MATEC Web of Conferences, 2016, vol. 67, pp. 1-6. doi: 10.1051/matecconf/20166706100
11. Vaha-Nissi M., Hjelt T., Jokio M., Kokkonen R., Kukkonen J., Mikkelson A. New method for aroma barrier testing // Packaging Technolo-
gy and Science, 2008, vol. 21, pp. 425-431. doi: 10.1002/pts.833
12. Franz R. Permeation of Volatile Organic Compounds across Polymer Films — Part I: Development of a Sensitive Test Method Suitable for
High-barrier Packaging Films at very Low Permeant Vapour Pressures // Packaging Technology & Science, 1993, vol. 6, is. 2, pp. 91-102.
doi: 10.1002/pts.2770060207
13. Sereno N. M., Hill S. E., Taylor A. J., Mitchell J. R., Davies S. J. Aroma Permeability of Hydroxypropyl Maize Starch Films // J. Agric.
Food Chem, 2009, vol. 57, is. 3, pp.985-990. doi: 10.1021/jf8036775
14. Kpyrosckuit A. B. IIponnnaemMocTs monuMepHol mumeBoi ymaxkoBku // Bectaux POV mmenu I'. B. Ilnexanosa. Berymnenue. Ilyts B
HayKy. 2016. Ne 3. C. 113-118.
15. Hamouda S. B., Boubakri A., Nguyen Q. T., Ben Amor M. PEBAX membranes for water desalination by pervaporation process // High


https://www.plasticsconverters.eu/project-1
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.cofs.2015.09.004
https://doi.org/10.1177%2F875608798600200304
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1051%2Fmatecconf%2F20166706100
http://mpri.org.by/izdaniya/pmt/
mailto:polmattex@gmail.com
http://mpri.org.by/izdaniya/pmt/

B. U. XKapxesuu, T. A. Casuyxas, J. . [ punmwnan, T. H. Cumam

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Performance Polymers, 2011, vol. 23, is. 2, pp. 170-173. doi: 10.1177/0954008310389202

Bayati F., Boluk Y., Choi P. Inverse gas chromatography study of the permeability of aroma through hydroxypropyl xylan films //
ACS Sustainable Chem. Eng., 2015, vol. 3, is. 12, pp. 3114-3122. doi: 10.1021/acssuschemeng.5b00629

Choudalakis G., Gotsis A. D. Free volume and mass transport in polymer nanocomposites // Current Opinion in Colloid & Interface Science, 2012, vol.
17, is. 3, pp. 132-140. doi: 10.1016/j.cocis.2012.01.004

Fungi // Britannica [Dnekrponnsii pecypc]. URL: https://www.britannica.com/topic/food-preservation/Fungi (mara obpauienus:
14.05.2020).

Taxaxacu I'. [lineHku u3 nonumMepos : niep.c snoH. Jlenunrpan : Xumust, 1971. 152 c.

Gontard N., Thibault R., Cuq B., Guilbert S. Influence of Relative Humidity and Film Composition on Oxygen and Carbon Dioxide Perme-
abilities of Edible Films // Journal of Agricultural and Food Chemistry, 1996, vol. 44, no. 4, pp. 1064-1069. doi: 10.1021/jf9504327

DIN 53380-1-2000. Bestimmung der Gasdurchlassigkeit Teil 1: Volumetrisches Verfahren zur Messung an Kunststoff-Folien. Berlin :
Deutsches Institut fir Normung, 2000. 4 s.

DIN 53380-2-2006. Bestimmung der Gasdurchlassigkeit. Teil 2: Manometrisches Verfahren zur Messung an Kunststoff-Folien. Berlin :
Deutsches Institut fur Normung, 2006. 7 s.

DIN 53380-3-1998. Bestimmung der Gasdurchlassigkeit. Teil 3: Sauerstoffspezifisches Tragergas-Verfahren zur Messung an Kunststoff-
Folien und Kunststoff-Formteilen. Berlin : Deutsches Institut fir Normung, 1998. 9 s.

DIN 53380-4-2006. Bestimmung der Gasdurchléssigkeit. Teil 4: Kohlenstoffdioxidspezifisches Infrarotabsorptions-Verfahren zur Messung
an Kunststoff-Folien und Kunststoff-Formteilen. Berlin : Deutsches Institut fiir Normung, 2006. 15 s.

DIN 53380-5-2014. Bestimmung der Gasdurchlassigkeit. Teil 5: Sauerstoffspezifisches optisches Gassammelverfahren zur Messung an
Kunststoff-Folien und Kunststoff-Formteilen. Berlin : Deutsches Institut fir Normung, 2014. 16 s.

Peiitiunrep C. A. ITpoHnnaemMocTs IOJMMEPHBIX MaTepuanos. Mocksa : Xumus, 1974. 272 c.

Tommauesa M. H., Paiinrec JI. M., Kim B. T1., PozerGepr A. S1. TexHOTOTHs MPONU3BOACTBA MONHATHIICHIIEIUIOhAHOBOM IUIEHKH H ¢ TiepepadoTka /
noz pen. B. E. I'ymst. Mocksa : Xumirs, 1975. 192 c.

DIN 53122-2001. Bestimmung der Wasserdampfdurchlassigkeit. Teil 1: Gravimetrisches Verfahren. Berlin : Deutsches Institut fiir Nor-
mung, 2001. 9 s.

Scheuerer Z., Jesdinszki M. Permeationsmessungen: Priifpraxis im Verpackungswesen. Teil 3 // VVerpackungs-Rundschau, 2013, no. 4, pp.
48-51.

Detzel A., Bodrogi F., Kauertz B., Bick C., Welle F., Schmid M., Schmitz K., Miiller K., K&b H. Biobasierte Kunststoffe Als Verpackung von Le-
bensmitteln. Heidelberg ; Freising ; Berlin, 2018. 122 s.

Technical Overview of Volatile Organic Compounds // EPA. United States Environmental Protection Agency [Dmexrponrsiit pecypc]. URL:
https:/imww.epa.gov/indoor-air-quality-iag/technical-overview-volatile-organic-compounds (zata obparennst: 01.11.2019).

Hatzidimitriu E., Gilbert S. G., Loukakis G. Odor barrier properties of multi-layer packaging films at different relative humidities // Journal
of food science, 1987, vol. 52, is. 2, pp. 472-474. doi: 10.1111/j.1365-2621.1987.th06641.x

Willige R. Van, Schoolmeester D., Van Ooij A., Linssen J., Voragen A. Influence of storage time and temperature on absorption of flavor
compounds from solutions by plastic packaging materials. Journal of Food Science, 2002, vol. 67, is. 6, pp.2023-2031.
doi: 10.1111/j.1365-2621.2002.tb09495.x

Gavara R., Catald R., Heméandez-Mufioz P. M., Hemandez R. J. Evaluation of Permeability Through Permeation Experiments: Isostatic and Quasi-
isostatic Methods Compared // Packaging Technology and Science, 1996, vol. 9, is. 4, pp. 215-224. doi: 10.1002/(SICI)1099-
1522(199607)9:4<215::AID-PTS366>3.0.CO;2-U

Colomines G., Domenek S., Ducruet V., Guinault A. Influences of the crystallization rate on thermal and barrier properties of polylactide
acid (PLA) food packaging films // International Journal of Material Forming, 2008, vol. 1, pp. 607-610. doi: 10.1007/s12289-008-0329-0
Debeaufort F., Voilley A. Aroma compound and water vapor permeability of edible films and polymeric packagings // J. Agric. Food Chem,
1994, vol. 42, is. 12, pp. 2871-2875. doi:10.1021/jf00048a041

Zhang Y., Liu Z., Han J. Starch-based edible films // Environmentally Compatible Food Packaging / ed. by E. Chiellini. Boca Raton : CRC ;
Cambridge : Woodhead, 2008, ch. 5, pp. 108-136.

Padberg J., Bauer W, Gliese H. Measuring the oil and grease barrier properties of MFC coated paper — using ultrasonic signal variation // In-
ternational Conference on Nanotechnology for Renewable Materials. Canada, 2017, pp. 1-31. doi:10.13140/RG.2.2.34536.78082

DIN 53116-2003. Prifung von Papier — Bestimmung der Fettdurchléssigkeit. Berlin : Deutsches Institut fur Normung, 2003. 7 s.

70% nponax Crienuii U IpUIpaB HOCAT UMITYIbCHBIN xapakrep // TIpoxykr.by [Dnexrponnsrii pecype]. URL: https://produkt.by/story/70-
prodazh-speciy-i-priprav-nosyat-impulsnyy-harakter (zara o6parmenust: 10.06.2020).

Indiramma A. R. Packaging aspects of spices and spice products // Plactics in food packaging. 2005, ch. 12, pp. 206-222 [Dnek-
tpouHslit pecypc]. URL: http://icpe.in/Plastics%20in%20Food%20Packaging/pdf/12-Final.pmd.pdf (nara o6pamenus: 10.06.2020).

The shelf life of spices // High Desert Botanicals [9xextponnsiii pecypc]. URL: https://highdesertbotanicals.com/blog-headlines/shelf-life-
spices (nara obpamenus: 14.05.2020).

Worldwide: Spice production increasing // FreshPlaza [nextponssiit pecypc]. URL: https://mww.freshplaza.com/article/2127205/ worldwide-spice-
production-increasing/#:~:text=Asia%20produces%

2094.2%25%200f%20 global,and%20Turkey%620(59%2C056%20
tons) (ara obparerwst: 10.06.2020).

Production volume of spices across India in FY 2019, by state (in 1,000 metric tons) // Statista [Dnexrponnsii pecypc].
URL: https://www.statista.com/statistics/870934/spice-production-by-state-india/ (zata obparuenus: 10.06.2020).

GRAS Notification for Polyvinyl Alcohol : prepared by Keller and Heckman LLP ; prepared for: U.S. Food and Drug Administration.
Washington, 2018. 26 p.

Kumar S., Maiti P. Controlled biodegradation of polymers using nanoparticles and its application // RSC Advances, 2016, vol. 6., no. 72,
pp. 67449-67480. doi: 10.1039/C6RA08641A

Muniyasamy S., Ofosu O., John M. J., Anandjiwala R. D. Mineralization of Poly(lactic acid) (PLA), Poly(3-hydroxybutyrate-co-valerate)
(PHBV) and PLA/PHBV Blend in Compost and Soil Environments // J. Renew. Mater., 2016, vol. 4, no. 2, pp.133-146.
doi: 10.7569/JRM.2016.634104

Casurxas T., Kivorenxo U., Maxapesuu C., Lprankosa H., I'prrmman 1., Tpan Jait Jlam, ®am Txu Jlan, Py6rka V. K. Kpaxmans! pasmrqaoro mpo-
HCXOMKIICHHS KaK OCHOBA OHOpa3naraeMoi ynakoBKH [UTs ITHILEBBIX MPOXyKToB // JKeHimnbl-yueHsie benapycu u ITonmpim : MaTepraibl MeXIyHapO-
HOI1 Hay4HO-TIpaKTHYecKoil KoH(peperiwy (MuHCk, 26 Mapta 2020 1.) / peako.: 1. B. Kazaxosa, 1. B.Omonuna (o1B. pen.). Musck : BI'Y, 2020. C.
229-234 [DOnexponHsiii pecype]. URL: https://elib.bsu.by/handle/123456789/242486 (nata obparmenust: 10.06.2020)

Abdul Khalil H. P. S., Banerjee Aparajita, Saurabh Chaturbhuj K., Tye Y. Y., Suriani A. B., Mohamed A., Karim A. A., Rizal Samsul,
Paridah M. T. Biodegradable Films for Fruits and Vegetables Packaging Application: Preparation and Properties // Food Engineering Re-
views, 2018, vol. 10, pp. 139-153. doi: 10.1007/s12393-018-9180-3

Versino F., Lopez O. V., Garcia M. A., Zaritzky N. E. Starch-based films and food coatings: An overview // Starch, 2016, vol. 68, is. 11-12,


https://www.epa.gov/indoor-air-quality-iaq/technical-overview-volatile-organic-compounds
https://doi.org/10.1002/(SICI)1099-1522(199607)9:4%3C215::AID-PTS366%3E3.0.CO;2-U
https://doi.org/10.1002/(SICI)1099-1522(199607)9:4%3C215::AID-PTS366%3E3.0.CO;2-U
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.13140%2FRG.2.2.34536.78082
https://produkt.by/story/70-prodazh-speciy-i-priprav-nosyat-impulsnyy-harakter
https://produkt.by/story/70-prodazh-speciy-i-priprav-nosyat-impulsnyy-harakter
http://icpe.in/Plastics%20in%20Food%20Packaging/pdf/12-Final.pmd.pdf
https://highdesertbotanicals.com/blog-headlines/shelf-life-spices
https://highdesertbotanicals.com/blog-headlines/shelf-life-spices
https://www.freshplaza.com/article/2127205/%20worldwide-spice-production-increasing/#:%7E:text=Asia%20produces%25%0B2094.2%25%20of%20%20global,and%20Turkey%20(59%2C056%20%0Btons)
https://www.freshplaza.com/article/2127205/%20worldwide-spice-production-increasing/#:%7E:text=Asia%20produces%25%0B2094.2%25%20of%20%20global,and%20Turkey%20(59%2C056%20%0Btons)
https://www.freshplaza.com/article/2127205/%20worldwide-spice-production-increasing/#:%7E:text=Asia%20produces%25%0B2094.2%25%20of%20%20global,and%20Turkey%20(59%2C056%20%0Btons)
https://www.freshplaza.com/article/2127205/%20worldwide-spice-production-increasing/#:%7E:text=Asia%20produces%25%0B2094.2%25%20of%20%20global,and%20Turkey%20(59%2C056%20%0Btons)
https://www.statista.com/statistics/870934/spice-production-by-state-india/
https://doi.org/10.1039/C6RA08641A
https://www.researchgate.net/deref/https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs12393-018-9180-3

Memoowi onpedenenusn bapbepHbiX c80UCME NUUEBbIX NAEHOK (0030D) 9

pp. 1026-1037. doi: 10.1002/star.201600095

. Ash M., Ash I. Ash Handbook of Preservatives. Endicott, NY : Synapse Information Resources, 2004. 850 p.
. Sodium  alginate safety data sheet // Spectrum Chemical [Duekrponnsii pecypc]. URL:  https://www.

spectrumchemical.com/MSDS/SO106_AGHS.pdf (mata o6pammenus: 01.06.2020).

. Water soluble film wrapper for dishwasher tablets // SOLTEC Development [Dxextpornsiii pecypc]. URL: https://www.soltec-

development.com/en/dishwasher-tablets/ (nara o6pawmenns: 14.05.2020).

54. DeMerlis C. C., Schoeneker D. R. Review of the oral toxicity of polyvinyl alcohol (PVA) // Food and Chemical Toxicology, 2003, vol. 41, is. 3, pp.
319-326. doi:10.1016/S0278-6915(02)00258-2

55. Polymer nanocomposites / eds. Mai Y.-W., Yu Z.-Z. Boca Raton, FL : CRC Press ; Cambridge, England : Woodhead, 2006. 613 p.

56. Casumkast T. A. Bruopasnaraembie KOMIO3HUTHI HA OCHOBE MPHPOHBIX TonucaxapumoB. Munck : BI'Y, 2018. 207 c.

57. Kapkesuu B. U., Capunkas T. A. BapbepHbie cBoiicTBa OMOpa3naraeMbpIx MOJUMEPHBIX IIEHOK 10 OTHOLICHHIO K JIETYYHM KOMIIOHEHTaM
CIIeNMiT U HOBBIN CTATHYECKHI METO JUIS MX ompeferneHus / XuMHIecKnue MpoOeMbl COBPEMEHHOCTH : COOpHHUK MatepranoB |V Mexmay-
HapOJIHOM Hay4yHOI KOH(EPEHIMH CTYICHTOB, aCIIMPAHTOB U MOJIOABIX yueHbIX (Honenk, 19-21 mas 2020 r.) / peaxon.: A. B. Bensrii (oTB.
pen.) [u op.]. Houenx : JJouHY, 2020. C. 265-268.

References

1. Packaging Statistics. Available at: https://Aww.plasticsconverters.eu/project-1 (accessed: 14.05.2020).

2. Lyubeshkina E. G. Polimernye materialy dlya upakovki pishchevykh produktov: trebovaniya i printsipy vybora [Polymer materials for food packaging:
requirements and principles of choice]. Polimernye materialy. Izdeliya. Oborudovanie. Tekhnologii [ Polymer materials. Products, equipment, technolo-
gy], 2009, no. 4, pp. 4-10.

3. Thailand  supermarket  ditches  plastic  pack-aging for banana leaves.  Available at:  https://www.forbes.com/
sites/trevornace/2019/03/25/thailand-supermarket-uses-banana-leaves-instead-of-plastic-packaging/ (accessed 14.05.2020).

4. Gul' V. E. Polimery sokhranyayut produkty [Polymers save products]. Moscow: Znanie Publ., 1985. 128 p.

5. Fabra M. J., Hambleton A., Talens P., Debeaufort F., Chiralt A., VVoilley A. Aroma barrier properties of sodium caseinate-based films. Bi-
omacromolecules, 2008, vol. 9, is. 5, pp. 1406-1410. doi: 10.1021/bm701363p

6. Miller K. S., Krochta J. M. Oxygen and aroma barrier properties of edible films: A review. Trends in Food Science & Technology, 1997, vol. 8, is. 7,
pp. 228-237. doi: 10.1016/S0924-2244(97)01051-0

7. loelovich M. Influence of distortion in polymer coating on barrier properties of composite materials. J. Sita, 2001, vol. 3, no. 2, pp. 182-187.

8. Salgado P. R. Ortiz C. M., Musso Ya. S., Giorgio L. Di, Mauri A. N. Edible films and coatings containing bioactives. Current Opinion in
Food Science, 2015, vol. 5, pp. 86-92. doi: 10.1016/j.cofs.2015.09.004

9. Hernandez R. J., Giacin J. R., Baner A. L. The evaluation of the aroma barrier properties of polymer films. Journal of plastic film and sheet-
ing, 1986, vol. 2, is. 3, pp. 187-211. doi: 10.1177/875608798600200304

10. Leelaphiwat P., Auras R. A., Harte Ja. B., Ong P. K. C., Chonhenchob V. Barrier properties of polymeric packaging materials to major aroma volatiles in
herbs. MATEC Web of Conferences, 2016, vol. 67, pp. 1-6. doi: 10.1051/matecconf/20166706100

11. Véaha-Nissi M., Hjelt T., Jokio M., Kokkonen R., Kukkonen J., Mikkelson A. New method for aroma barrier testing. Packaging Technology
and Science, 2008, vol. 21, pp. 425-431. doi: 10.1002/pts.833

12. Franz R. Permeation of Volatile Organic Compounds across Polymer Films — Part I: Development of a Sensitive Test Method Suitable for
High-barrier Packaging Films at very Low Permeant Vapour Pressures. Packaging Technology & Science, 1993, vol. 6, is. 2, pp. 91-102.
doi: 10.1002/pts.2770060207

13. Sereno N. M., Hill S. E., Taylor A. J., Mitchell J. R., Davies S. J. Aroma Permeability of Hydroxypropyl Maize Starch Films. J. Agric. Food
Chem, 2009, vol. 57, is. 3, pp.985-990. doi: 10.1021/jf8036775

14. Krutovskiy A. V. Pronitsaemost' polimernoy pishchevoy upakovki [Permeability of polymeric food packaging]. Vestnik REU im. G. V.
Plekhanova. Vstuplenie. Put' v nauku [REU Messenger, a step into science], 2016, no. 3, pp. 113-118.

15. Hamouda S. B., Boubakri A., Nguyen Q. T., Ben Amor M. PEBAX membranes for water desalination by pervaporation process. High Performance
Polymers, 2011, vol. 23, is. 2, pp. 170-173. doi: 10.1177/0954008310389202

16. Bayati F, Boluk Y., Choi S. Inverse gas chromatography study of the permeability of aroma through hydroxypropy! xylan films. ACS Sus-
tainable Chem. Eng, 2015, vol. 3, is. 12, pp. 3114-3122. doi: 10.1021/acssuschemeng.5b00629

17. Choudalakis G., Gotsis A. D. Free volume and mass transport in polymer nanocomposites. Current Opinion in Colloid & Interface Science,
2012, vol. 17, is. 3, pp. 132-140. doi: 10.1016/j.cocis.2012.01.004

18. Fungi. Available at: https://www.britannica.com/topic/food-preservation/Fungi (accessed 14.05.2020).

19. Takakhasi G. Plenki iz polimerov [Films from polymers]. Leningrad : Khimiya Publ., 1971. 152 p.

20. Gontard N., Thibault R., Cuq B., Guilbert S. Influence of Relative Humidity and Film Composition on Oxygen and Carbon Dioxide Perme-
abilities of Edible Films. Journal of Agricultural and Food Chemistry, 1996, vol. 44, no. 4, pp. 1064-1069. doi: 10.1021/jf9504327

21. DIN 53380-1-2000. Bestimmung der Gasdurchléssigkeit. Teil 1: VVolumetrisches Verfahren zur Messung an Kunststoff-Folien [DIN 53380-1-2000.
Determination of gas permeability. Part 1: Volumetric method for measuring plastic films]. Berlin, 2000. 4 p.

22. DIN 53380-2-2006. Bestimmung der Gasdurchléssigkeit. Teil 2: Manometrisches Verfahren zur Messung an Kunststoff-Folien [DIN 53380-2-2006.
Determination of gas permeability. Part 2: Manometric method for measuring plastic films]. Berlin, 2006. 7 p.

23. DIN 53380-3-1998. Bestimmung der Gasdurchlassigkeit. Teil 3: Sauerstoffspe-zifisches Tragergas-Verfahren zur Messung an Kunststoff-
Folien und Kunststoff-Formteilen [DIN 53380-3-1998. Determination of gas permeability. Part 3: Oxygen-specific carrier gas method for
measuring plastic films and plastic molded parts]. Berlin, 1998, 9 p.

24. DIN 53380-4-2006. Bestimmung der Gasdurchlassigkeit Teil 4: Kohlenstoffdioxidspezifisches Infrarotabsorptions-Verfahren zur Messung an
Kunststoff-Folien und Kunststoff-Formteilen [DIN 53380-4-2006. Determination of gas permeability. Part 4: Carbon dioxide-specific infrared
absorption method for measurements on plastic films and plastic molded parts]. Berlin, 2006. 15 p.

25. DIN 53380-5-2014. Bestimmung der Gasdurchlassigkeit. Teil 5: Sauerstoffspezifisches optisches Gassammelverfahren zur Messung an
Kunststoff-Folien und Kunststoff-Formteilen [DIN 53380-5-2014. Determination of gas permeability. Part 5: Oxygen-specific optical gas
collection method for measurements on plastic films and plastic molded parts]. Berlin, 2014. 16 p.

26. Reytlinger S. A. Pronitsaemost' polimernykh materialov [Permeability of polymer materials]. Moscow : Khimiya Publ., 1974. 272 p.

27. Tolmacheva M. N., Raytses L. M., Kim V. P., Rozenberg A. Ya. Tekhnologiya proizvodstva polietilentsellofanovoy plenki i ee pererabotka
[Technology of polyethylene cellophane film production and its processing]. Moscow : Khimiya Publ., 1975. 192 p.

28. DIN 53122-2001. Bestimmung der Wasserdampfdurchlassigkeit Teil 1: Gravimetrisches Verfahren [DIN 53122-2001. Determination of water vapor
permeability Part 1: Gravimetric method]. Berlin, 2001. 9 p.

29. Scheuerer Z., M. Jesdinszki. Permeationsmessungen: Priifpraxis im Verpackungswesen. Teil 3 [Permeation measurements: Testing practice
in packaging. Part 3]. Verpackungs-Rundschau, 2013, no. 4, pp. 48-51.

30. Detzel A., Bodrogi F., Kauertz B., Bick C., Welle F., Schmid M., Schmitz K., Miiller K., K&b H. Biobasierte Kunststoffe Als Verpackung


https://www.soltec-development.com/en/dishwasher-tablets/
https://www.soltec-development.com/en/dishwasher-tablets/
https://doi.org/10.1016/S0278-6915(02)00258-2
https://www.plasticsconverters.eu/project-1
https://www.britannica.com/topic/food-preservation/Fungi

10

B. U. XKapxesuu, T. A. Casuyxas, J. . [ punmwnan, T. H. Cumam

31.
32.

33.

34.

35.
36.
3r.
38.
39.
40.
41.
42.
43.
44,
45.
46.

47.

48.

49.

50.
51.
. Sodium alginate safety data sheet. Available at: https://www.spectrumchemical.com/MSDS/S0106_AGHS.pdf (accessed 01.06.2020).
53.
54.

55.
. Savitskaya T. A. Biorazlagaemye kompozity na osnove prirodnykh polisakharidov: ucheb.-metod. posobie [Biodegradable composites based

57.

von Lebensmitteln [Bio-based plastics as packaging for food]. Heidelberg ; Freising ; Berlin, 2018. 122 p.

Technical Overview of Volatile Organic Compounds. Available at: https://www.epa.gov/indoor-air-quality-iag/technical-overview-
volatile-organic-compounds (accessed 01.11.2019).

Hatzidimitriu E, Gilbert S. G., Loukalis G. Odor barrier properties of multi-layer packaging films at different relative humidities. Journal of
food science, 1987, vol. 52, is. 2, pp. 472-474. doi: 10.1111/j.1365-2621.1987.th06641.x

Willige R. Van, Schoolmeester D., Van Ooij A., Linssen J., Voragen A. Influence of storage time and temperature on absorption of
flavor com-pounds from solutions by plastic packaging materials. Journal of Food Science, 2001, vol. 67, is. 6, pp. 2023-2031. doi:
10.1111/j.1365-2621.2002.tb09495.x

Gavara R., Catald R., Heméndez-Mufioz P. M., Herndndez R. J. Evaluation of Permeability Through Permeation Experiments: Isostatic and Quasi-
isostatic Methods Compared. Packaging Technology and Science, 1996, vol. 9, is. 4, pp. 215-224. doi: 10.1002/(SIC1)1099-1522(199607)9:4<215::AlD-
PTS366>3.0.CO;2-U

Colomines G., Domenek S., Ducruet V., Guinault A. Influences of the crystallization rate on thermal and barrier properties of polylactide
acid (PLA) food packaging films. International Journal of Material Forming, 2008, vol. 1, pp. 607-610. doi: 10.1007/s12289-008-0329-0
Debeaufort F., Voilley A. Aroma compound and water vapor permeability of edible films and polymeric packagings. J. Agric. Food Chem,
1994, vol. 42, is. 12, pp. 2871-2875. doi:10.1021/jf00048a041

Zhang Y., Liu Z., Han J. Starch-based edible films. Environmentally Compatible Food Packaging. Ed. E. Chiellini. Boca Raton : CRC ;
Cambridge : Woodhead, 2008, ch. 5, pp. 108-136.

Padberg J., Bauer W, Gliese H. Measuring the oil and grease barrier properties of MFC coated paper — using ultrasonic signal variation. International Con-
ference on Nanotechnology for Renewable Materials. Canada, 2017, pp. 1-31. doi: 10.13140/RG.2.2.34536.78082

DIN 53116-2003. Priifung von Papier. Bestimmung der Fettdurchlassigkeit [DIN 53116-2003. Testing of paper — determination of grease
permeability]. Berlin, 2003. 7 p.

70% prodazh spetsiy i priprav nosyat impul'snyy kharakter [70% of sales of spices and seasonings are impulsive]. Available at:
https://produkt.by/story/70-prodazh-speciy-i-priprav-nosyat-impulsnyy-harakter (accessed 10.06.2020).

Indiramma A. R. Packaging aspects of spices and spice products. Available at: http://icpe.in/Plastics%20in%20Fo0d%20
Packaging/pdf/12-Final.pmd.pdf (accessed 10.06.2020).

The shelf life of spices. Available at: https://highdesertbotanicals.com/blog-headlines/shelf-life-spices (accessed 14.05.2020).

Worldwide: Spice production increasing. Available at: https://www.freshplaza.com/article/2127205/worldwide-spice-production-
increasing/#:~:text=Asia%20produces%2094.2%25%

200f%20global,and%20Turkey%20(59%2C056%20tons) (accessed 10.06.2020).

Production volume of spices across India in FY 2019, by state (in 1,000 metric tons). Available at:
https://www.statista.com/statistics/870934/spice-production-by-state-india/ (accessed 10.06.2020).

GRAS Notification for Polyvinyl Alcohol : Prepared by: Keller and Heckman LLP; Prepared for: U.S. Food and Drug Administration.
Washington, 2018. 26 p.

Kumar S., Maiti P. Controlled biodegradation of polymers using nanoparticles and its application. RSC Advances, 2016, vol. 6, no. 72, pp.
67449-67480. doi: 10.1039/C6RA08641A

Muniyasamy S., Ofosu O., John M. J., Anandjiwala R. D. Mineralization of Poly(lactic acid) (PLA), Poly(3-hydroxybutyrate-co-valerate)
(PHBV) and PLA/PHBV Blend in Compost and Soil Environments. J. Renew. Mater, 2016, vol. 4, no. 2, pp.133-146. doi:
10.7569/JRM.2016.634104

Savitskaya T., Kimlenko I., Makarevich S., Tsygankova N., Grinshpan D., Tran Day Lam, Fam Tkhi Lan, Rubitska I. K. Krakhmaly
razlichnogo proiskhozhdeniya kak osnova biorazlagaemoy upakovki dlya pishchevykh produktov [Starches of various origins as the
basis of biodegradable packaging for food products]. Materialy mezhdunarodnoy nauchno-prakticheskoy konferentsii «Zhenshchiny-
uchenye Belarusi i Pol'shi» [Proc. “Women-Scientists of Belarus and Poland”]. Minsk : BGU Publ., 2020, pp. 229-234. Available at:
https://elib.bsu.by/handle/123456789/242486 (accessed 10.06.2020).

Abdul Khalil H. P. S., Banerjee Aparajita, Saurabh Chaturbhuj K., Tye Y. Y., Suriani A. B., Mohamed A., Karim A. A., Rizal Samsul, Paridah M. T. Bi-
odegradable Films for Fruits and Vegetables Packaging Application: Preparation and Properties. Food Engineering Reviews, 2018, vol. 10, pp. 139-153.
doi: 10.1007/s12393-018-9180-3

Versino F., Lopez O. V., Garcia M. A,, Zaritzky N. E. Starch-based films and food coatings: An overview. Starch, 2016, vol. 68, is. 11-12,
pp. 1026-1037. doi: 10.1002/star.201600095

Ash M., Ash I. Ash Handbook of Preservatives. Endicott, NY : Synapse Information Resources, 2004. 850 p.

Water soluble film wrapper for dishwasher tablets. Available at: https://www.soltec-development.com/en/dishwasher-tablets/ (accessed
14.05.2020).

DeMerlis C. C., Schoneker D. R. Review of the oral toxicity of polyvinyl alcohol (PVA). Food and Chemical Toxicology, 2003, vol. 41, is.
3, pp. 319-326. doi:10.1016/S0278-6915(02)00258-2

Polymer nanocomposites. Eds. Mai Y.-W., Yu Z.-Z. Boca Raton, FL : CRC Press ; Cambridge, England : Woodhead, 2006. 613 p.

on natural polysaccharides: study guide]. Minsk : BSU Publ., 2018. 207 p.

Zharkevich V. I., Savitskaya T. A. Bar'ernye svoystva biorazlagaemykh polimernykh plenok po otnosheniyu k letuchim komponentam
spetsiy i novyy staticheskiy metod dlya ikh opredeleniya [Barrier properties of biodegradable polymer films in relation to the volatile
components of spices and a new static method for their determination]. Sbornik materialov IV Mezhdunarodnoy nauchnoy konferentsii
studentov, aspirantov i molodykh uchenykh «Khimicheskie problemy sovremennosti» [Proc. “Chemical problems of modern day”]. Do-
netsk : DonNU Publ., 2020, pp. 265-268.



https://www.epa.gov/indoor-air-quality-iaq/technical-overview-volatile-organic-compounds
https://www.epa.gov/indoor-air-quality-iaq/technical-overview-volatile-organic-compounds
https://produkt.by/story/70-prodazh-speciy-i-priprav-nosyat-impulsnyy-harakter
http://icpe.in/Plastics%20in%20Food
https://highdesertbotanicals.com/blog-headlines/shelf-life-spices
https://www.statista.com/statistics/870934/spice-production-by-state-india
https://www.spectrumchemical.com/MSDS/SO106_AGHS.pdf

	МЕТОДЫ ОПРЕДЕЛЕНИЯ БАРЬЕРНЫХ СВОЙСТВ ПИЩЕВЫХ ПЛЕНОК (ОБЗОР)
	METHODS FOR THE DETERMINATION OF BARRIER PROPERTIES OF FOOD PACKAGING FILMS (A REVIEW)
	Литература
	References

