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YnakoBo4Hoe IMNOKPLITHEC HA OCHOBC KpaxMaJia
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Bnanuciaas A. ActaxoB

AHHOTANNA. AHTUMHKPOOHBIE YMaKOBOYHbIE MOKPHITHA Ha OCHOBE HMPHPOAHBIX MOJIUMEPOB SBILIIOTCS Oojee O€30MacHBIMHU IO
CPaBHEHUIO C TPAAUIMOHHOM YIaKOBKOI A7 HCIOIB30BaHUS B MUIIEBOM MPOMBIIIIEHHOCTH. VIcTIoab30BaHIe TaKOTO BUIA YIIAKOBKH
CMOCOOHO HE TOJBKO MOBIUATH HA YIyUIIEHHE 3KOJOTHH, 33 CUET 3aMEHbl CHHTETHYECKHX MOIMMEPHBIX YMAKOBOK C IIMTEIbHBIM
CPOKOM Pa3JIOKEHHs, HO U MOXKET yBEINYNBATh CPOK XPAHEHUSI MPOIYKTOB TUTAHUS NIPU BBEACHUH B HUX aHTUMUKPOOHBIX T0OABOK.
B craTbe mpezacTaBieHO HaydHOE HCCIIENOBAaHME IO pa3paboTKe YIMaKOBOYHOTO IMOKPHITHS Ha OCHOBE Kpaxmaia c Jo0aBiIeHHEM
IKCTpaKTa KOPHS aupa, 00JamaloIero aHTUMUKPOOHBIMH CBOWCTBaMH, NMPEAHA3HAUYCHHOTO UL IPOJOHTAIMU CPOKOB XPAHEHUS
npoaykToB nuTanus. [IpoBeneHo uccneqoBanue OHOIOIMMEPHBIX KOMIIO3UIINIL, B COCTaB KOTOPBIX BBOJMIIN KapTO(eIbHBIN Kpaxmall,
TIINLEPHH, YKCYCHYIO KHCIIOTY, U, B KA4eCTBE aHTUMHUKPOOHOH 100aBKM HKCTpaKT KOpHs aupa B kommdectse 0,5; 1 u 3%. Dkcrpakr
OBUI BBIZIENICH M3 IOPOIIKA KOPHS anpa B 1abopaTopHoM ammnapare Cokcinera. Jucko-audy3HbIM METOJOM MPOBEICHBI HCCIICTOBAHUS
MOTy4eHHBIX 00Pa31l0B MaTEePHATIOB HA AHTUMHUKPOOHYIO aKTUBHOCTH 110 OTHOIICHHIO K Pa3NIUYHBIM MHKpOOpraHm3MaM. B kauectse
TECT-KyJbTYp HCIOJB30BAIUCH MUKPOOPTaHW3MBl KaHauAa ansbukaHc (Candida albicans), cennas manouka (Bacillus subtilis),
kumeyHas naiouka (Escherichia coli) n acneprmwutyc Hurep (A.Niger). AHTUMUKPOOHYIO aKTHBHOCTH OLICHHBAIW BU3YalbHO U
CUUTAIIN CpeJHee 3Ha4YeHHE 30HbI ITOJABJICHUS 110 CTEIIEHH Pa3BUTHS TECT-KyJIbTYp OTHOCHUTEIHFHO MOBEPXHOCTH KOHTPOJBHBIX U
MOIMGHUIMPOBAHHBIX 00pa3lOB MaTepuaioB. B pesynpTaTe HCCleNOBaHUS BBIIBICHO, YTO ITOJYYEHHBIH IKCTPAKT KOPHS aupa
HPOSIBISICT aHTUMHUKPOOHYIO aKTUBHOCTH, IIPH BBEJCHHH B COCTaB KOMIIO3MLMH YHNAaKOBOYHOTO MaTepHana Ha OCHOBE Kpaxmalya
9KCTPAKTAa M3 MOPOILIKA KOPHS anpa MPOUCXOINUT NOAABICHUE KOHTAMHHAIIMY MHUKPOOPTraHU3MOB.

Ki1ioueBble c/10Ba: aKTHBHAs YNAKOBKA, IUICHKA HA OCHOBE KpaxMasia, SKCTPAKT KOPHS aupa, aHTUMUKPOOHAs IUICHKA, aHTUMHKPOOHOE
THIOKPBITHE.
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Abstract. Antimicrobial packaging coatings based on natural polymers are safer than traditional packaging for use in the food industry.
The use of this type of packaging can not only affect the improvement of the environment by replacing synthetic polymer packages
with a long decomposition period, but can also increase the shelf life of food products when antimicrobial additives are introduced into
them. The article presents a study on the development of a starch-based packaging coating with the addition of calamus root extract,
which has antimicrobial properties and is intended to prolong the shelf life of food. A study was conducted of compounds containing
potato starch, glycerin, acetic acid, and calamus root extract in amounts of 0.5%, 1%, and 3% as an antimicrobial additive. The extract
was isolated from calamus root powder in a Soxler laboratory apparatus. The samples were tested for antimicrobial activity against
various microorganisms using the disco-diffuse method. Antimicrobial activity was assessed visually and the average value of the
suppression zone was calculated depending on the degree of development of the test cultures relative to the surface of the control and
modified material samples. As a result of the study, it was revealed that when the extract from the calamus root is introduced into the
packaging material, microbial contamination is suppressed.

Keywords: active packaging, starch-based film, calamus root extract, antimicrobial film, antimicrobial coating.

Brenenue U3 CHHTETHYECKUX IOJIUMEPOB, KOTOPHIE 3a CUET
0apbepHBIX CBOMCTB MOTYT MpPOJJIEBATH CPOKH
XpaHeHHs1 MPOAyKTOB nuTanus. OnHaKko u3-3a -
TEJIBHBIX CPOKOB PA3JIOKEHUS CHHTETUYECKUX MOJH-
MEPHBIX MAaTepHalIOB JKOJIOrMYeckas 0O0CTaHOBKa
YXYIIIaeTCS B CBSI3M C 3arpsi3HEHHEM OCHOBHBIX
KOMIIOHEHTOB IPHUPOJHONW Cpensl: aTtMochepsl,

ITIOYBBEI, TMOBCPXHOCTHBIX 1 IMOA3EMHBIX BOJ.

[pu ynakoBKe pa3iMIHbIX IPOAYKTOB TUTAHUS
BOKHYIO POJIb UIpaeT 0e30MacHOCTh YIaKOBOYHBIX
MaTepHajioB M UX CBOWCTBA, KOTOPHIE B IEPBYIO
o4epeb BIUSIOT Ha CPOK T'OTHOCTH POIYKTOB MPH
XpaHEHUH U TpaHCIOPTUPOBKe. B coBpeMeHHOM mu-
IIIEBOM TPOM3BOJICTBE HCTIONB3YIOTCS, B OCHOBHOM,
YIIaKOBOYHBIE MOHO-JTIO0 MHOTOCJIOWHBIE MaTepHaIIbI
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Hcnonb3oBaHue yrnakoBOYHBIX MAaTEpUAIOB U3 IIpU-
POIHBIX OJIUMEPOB, KOTOPBIE 00J1aJal0T CIIOCOOHO-
CTBIO K OMOPa3JI0KEHUIO B KOPOTKUE CPOKH, SIBIIS-
eTcd  IEpCIEeKTUBHBIM, TaKk  Kak  BeAeT
K 3HAYUTEIILHOMY YIIYYIIEHHIO SKOJIOTHH, YMEHb-
IIMB THTAaHTCKUU TMOTOK IUIOXO TepepabaTbiBae-
MOTO ymakoBo4HOro Marepuana [1, 2]. Takum 06-
pa3oM, YMaKoBKa M3 NPUPOIHBIX MOJIMMEPOB,
B TOM YHCJIE C aHTUMHKPOOHBIMH CBOMCTBaMH,
HaOmpaeT OONBIIYI0 TOIMYJISPHOCTh H IPAKTHUe-
CKYIO IPUMEHUMOCTH [3, 4]. B GompmmHCTBE CITy-
YaeB B COCTaB TaKMX MAaTEePHajOB U MOKPBITHN
BXOJMT HECKOJIBKO MPUPOAHBIX TTOTMMEPOB, IIACTH-
(ukarop BBHIE TIMIEpHHA [5], a Takke M00aBKH,
B BUJIE DKCTPAaKTOB MU 3PHUPHBIX Macel. B cBszu
C 9THUM pa3paboTka MOKPBITHHA
13 TIPUPOTHBIX MOIUMEPOB C AaHTUMHKPOOHBIM (-
(heKTOM SABISIETCS AKTYalbHBIM U NEPCHEKTHBHBIM
HarpaBJICHUEM B ITUIIEBOI OTPACIIH, TAK KaK CIIOCO0-
CTBYET YBEJIMYCHHIO CPOKOB TOAHOCTH MPOIYKTOB
IIPY XPaHEHUH U TPAHCHIOPTUPOBKE.

I[.Hﬂ npuaaHyusa YIIaKOBOYHBIM IIJICHKaM
" MOKPBITUAM Ha OCHOBC IMPUPOAHBIX ITOJHUMEPOB
AHTUMUKPOOHBIX CBOIMCTB OJHUM M3 MEPCIIEKTUBHBIX
Coco0O0B SIBIISIETCSI BBEJICHHE B COCTaB HATypaib-
HBIX aHTI/IMI/IKpO6HI>IX KOMIIOHCHTOB, TaKHX KakK
aHpHBIE Maclia ¥ Pa3IuIHbIe 3KCTPAKTHL. DPHUPHBIE
MacJlia CoJep>KaT KOMIIOHEHTbI, KOTOPBIE SBIISIFOTCS
MPOTUBOMUKPOOHBIMH [6, 7].  Tlo muTeparTypHBIM
JaHHBIM, BBEACHUE 3(PUPHBIX Maces WIH 3KCTPAK-
TOB HA OCHOBE IPHUPOAHBIX IOJIHMEPOB B COCTaB
YIAKOBOYHBIX IIJICHOK M HOKpBITI/Iﬁ II0O3BOJIACT
yIy4YlInTh (PU3UKO-MEXaHUYECKue CBOMCTBa [§],
a TaloKe YCOBEPIICHCTBOBATh YIIAKOBOUYHBIA MaTepHall
MyTeM TMpUIaHus AHTUMHUKPOOHOTO JedcTBus [9],
B pe3yJIbTaTe YBEINYUBACTCS CPOK TOJHOCTH yIia-
KOBaHHBIX B JJAHHBIH MaTepHall IPOAYKTOB 3a CUET
MOJIaBJICHHSI TATOr€HHBIX MUKPOOPTaHU3MOB.

K mocromncTBaM aHTUMHKPOOHBIX MOKPBITHHA
MO>KHO OTHECTH CIIOCOOHOCTB K MPEI0TBPAILCHHIO
pocTa M pa3MHOXEHHST MUKPOOPTaHW3MOB Ha I10-
BEPXHOCTH IHUILEBBIX NPOIAYKTOB; OOecreueHHe
0€30I1aCHOCTH U YBEIIMYEHUE CPOKOB XpaHCHUS
MPOAYKTOB; TOBBIIIEHHUE KauecTBa IPOAYKTOB,
a K HEAOoCTaTKaM — JOIIOJIHHUTCJILHBIC 3aTpaThbl
Ha MPOMU3BOJICTBO U KCIIOIb30BAHHUE CIICIATBHBIX
n00aBOK; BO3MOXKHOE BIIMSIHUE HA BKYCOBBIE Kaue-
CTBa TPOIYKTOB; HEOOXOIUMOCTH COOIOJCHUS
OTIpEIeJICHHBIX YCIOBUM XpaHEHUs ¥ TPAHCIIOPTH-
POBKM I COXPAaHEHU CTPYKTYPbl YIIAKOBKH,
a Taroke 3(PEKTUBHOCTH aHTHMHKPOOHBIX CBOKCTB.

OnHUM W3 HEOPOTHX NPENaparoB, UCTIONb3Y-
eMbIX B (papMaleBTHKE pacTeHUi, SBISIETCS KOPEHb
anpa. Ilo nuTepaTypHBIM [aHHBIM SKCTPAKT M3
KOpHsS avpa UMECT aHTI/IMI/IKpOGHYIO AKTUBHOCTH
T10 OTHOIIEHHWIO K MUKpoopranmsMam Lactobacillus
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acidophilus, Staphylococcus aureus, Escherichia
coli, Bacillus subtilis [10, 11, 17]. OCHOBHBIMHU
KOMITOHEHTAMH B OKCTPAKTE KOPHS aupa SIBISOTCSL:
kamopa, kKamdeH, OyTupar o-TepImHeosa, aKOPEHOH,
asapos [12, 13], a Takxe B-kenpes [ 14, 15].

B ¢apmanieBTHKE KOpEHB anpa MPUMEHSIETCS
JUISI U3TOTOBJICHUST  JIEKQPCTBEHHBIX  CPEJICTB,
HampUMep Takoro mpemnapara, kak «CtomatohuT»
(AO «Durodapm Kmenka», Ilonpma) B cocraB
KOTOPOTO BXOJSIT Pa3iM4HbIC PACTUTEIbHBIC DKC-
TpakThl [16]. Takke KopeHb ampa MPUMEHSICTCS
JUTS JIGYCHUS ITUPOKOTO CHEKTPa BOCIIAIUTEIbHBIX
3a0osieBaHuil pa3ianyuHoii dTronoruu [18,19].

B mnwmmeBolf MPOMBINIUIGHHOCTH 3(QHUpPHOE
Maclio aupa UCIONB3YIOT B Ka4eCTBE aHTHMUKPOO-
HOW J100aBKM ¢ OaKTEpUIMIHBIMU CBOWCTBAMU
B perenType X1e000yIOTHBIX U3ISIUM TS YITydIIIe-
HUS MHIIEBOM [EHHOCTH U (PU3UKO-XUMHUSCKUX
cBoiicTB Xxieba [20].

Heapb pa6oTsl — pa3paboTKa yIaKOBOYHOTO
TIOKPBITUSI Ha OCHOBE KpaxMasa C HCIIOJb30BAHUEM
AHTHMUKPOOHOW [OOABKH — DJKCTpPAaKTa KOPHS
anpa (KA) i mposioHTaruu CpOKOB XpaHEHUS
MUILEBBIX MTPOTYKTOB.

MarepuaJibl M1 METOAbI

Jnst momydeHuss 00pas3IoB yIMaKOBOYHBIX
TOKPBITHH OBLIH UCTIONB30BAHBI CIIETYIOIIHAE KOMIIO-
HEHTBI: KapTO(eNbHBI Kpaxmai, MTpOU3BOIANUTENb
000 «IEL-XAAC» Poccusa, 'OCTP 53876-2010;
ruuepud, npousogutens OO0 «IJIMLIEPUH
COJIIOIIEH» Poccus, TOCT 6824-96; ykcyc
cronoBeit 9%, npomssomutesis OO0 «bACTHUOH»
Poccus, TY 10.84.11-015-46896390-2005; anp kopeHb
(Acorus calamus), npomssomurens 000 «Pycckue
Kopumn» Poccus, r. buiick, TY 10.89.19. — 001—
49786532-2021.

OnpeneneHne aHTUMUKPOOHBIX CBOWCTB
IKCTpaKTa KOPHS aupa U YIaKOBOYHOTO MOKPBITHS
npoBoauan MetoaoM auckoB (MYK 4.2.1890-04
OnpezeneHre 9yBCTBUTEIFHOCTH MUKPOOPTaHU3MOB
K aHTHOAaKTepHaJIbHBIM Ipernapatam). B kauectBe
TECT-KYJIBTYP HUCIOJB30BAJIMCh MHUKPOOPTaHU3MBI
kaaauna anwoukanc (Candida albicans), cennas
nanouka (Bacillus subtilis), kueyHas mnanoyka
(Escherichia coli) n actiepruutyc uurep (4. Niger).

THonyuenue sxcmpaxkma xopHs aupa. Beicy-
IICHHBI KOpEHb aupa HM3MENbYalld B MOPOIIOK,
NoMeniam B QUIBTPOBAILHBIA MaKeT M IPOBOIUIN
9KCTPAKIIHIO B JabopaTopHOM ammapare CokcieTa.
OKCTpakiusi TMPOBOAWIACH B TeUEHUE 64U TMpH
TeMIIepaType KUICHUSI pacTBOPUTENsS, B KAUeCTBE
pacTBopHTENs ObUT UCTIOIB30BaH 3TaHoI. [lomyden-
HBIA 3KCTPAKT KOPHS aWpa CYIIMIA B CYIIWIBHOM
mkady npu 40 °C 10 MOCTOSIHHON MaCCHI.
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Hzeomoenenue nokpvimust ¢ AaHMUMUKPOO-
HbIMU colicmeamu. B MUCTUIIMPOBAHHYIO BOAY
BBOJIWJIM KpaxmaJl, TIHUICPUH, YKCYC H ITOTyYCHHBIH
akcTpakT KA ¢ xornentparmeii 0,5-3%. Mexanu-
YeCKH TEPEMEIIUBAIA HCXOJHbIC KOMIIOHCHTHI
Y HarpeBaJid IMOJyYCHHBI PAacTBOP Ha BOASHOM
Oane pu Temmeparype 98 + 2 °C 5 munyr. [locie
HArpeBaHUsl PACTBOP pa3lUBAd B CTCKIISTHHBIC
(OpMBI B CYIIHIIY TUICHKHU NPH KOMHATHON TeMIIe-
paType B Te4eHHUE 3 CYTOK.
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?
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Ha mepBom sTame sKcreprMeHTa MPOBOIMIIH
WCCIIEIOBAHUS MO BIJICIICHHIO SKCTPAKTA U3 KOPHS
aupa M OLEHKY €ro aHTHMHUKPOOHBIX CBOICTB.
Ormpeaenenne aHTHMUKPOOHBIX CBOWCTB MaTepHa-
JIOB TIPOBOJAMJIM METOJOM JTUCKOB. AHTHMHUKPOO-
HYIO0 aKTUBHOCTh OIICHUBAJIH I10 30HE TIOJaBICHUS
TECT-KYJBTYP.

Bpems mHKyOHMpoBanus coctapisuio 24 daca,
npu temneparype 36 °C. IlomydyeHHsle pe3ynbTaThl
MpeICTaBIeHH! Ha (puUCyHKe 1).

Pucynok 1. OmnpezeneHrue aHTUMHKPOOHBIX CBOMCTB IKCTPakTa KOPHS aWpa, 30HA TOJABICHHUS MO OTHOUICHHIO
K MuKpooprauusmam: a) Candida albicans — cpenHee 3HaueHue 30HBI mojaBiieHust 5,8 mm; 0) Escherichia coli—
cpeaHee 3HaUYCHUE 30HbI oAaBieHus 3,7 MM; B) Bacillus subtilis cpeqHee 3HaYCHUE 30HBI TIOAABICHHS 3,6 MM.

Figure 1. Determination of antimicrobial properties of calamus root extract, inhibition zone in relation to
microorganisms: a) Candida albicans has an average suppression zone of 5.8 mm; b) Escherichia coli has an average
suppression zone of 3.7 mm; ¢) Bacillus subtilis has an average suppression zone of 3.6 mm

Ha npencrasiennom pucyske 1 BUIHO, 4TO
MaKCHMaJIbHasi CpeiHss 30Ha mojasieHus (5,8 MM)
y 3KCTpaKkTa KOpHs ampa 1o oTHommeHuo k Candida
albicans, 1o otHomenuio K Escherichia coli n
Bacillus subtilis cpenHss 30Ha MOJABICHUAS COCTA-
Buia 3,7 1 3,6 MM COOTBETCTBEHHO.

Ha cnenyromem »stane ObUIM TOJTYYEHBI
OMOMOJUMEpPHBbIC ITUICHKA Ha OCHOBE KpaxMaa,
KOHTPOJIbHBIC U C 3KCTpakToM KA ¢ KoHIEeHTpa-
nueit 0,5-3% (pucyHok 2).

K ~ 5%, o/ 2 2,

PucyHok 2. briononmMepHbIe TIIeHKH Ha OCHOBE Kpaxmaiia

Figure 2. Starch-based biopolymer films

AHTHUMUKPOOHYIO aKTHBHOCTh OICHUBAIIH
BHU3yaJIbHO IIO CTEIEHU Pa3BUTHS TECT-KYIbTYP
OTHOCUTEJIBHO NOBEPXHOCTH KOHTPOJBHBIX U MO-
TUUIIPOBAHHBIX MaTEPHUAIOB.

162

IIpy BU3yanbHON OLIEHKE MOJTYYEHHBIX IUIEHOK
YCTaHOBJIEHO, YTO C yBEIIMUYEHUEM KOHLIEHTpammn KA,
IJICHKa CTAHOBUTCSI 0OJieeé MHTEHCHUBHOI'O JKEJITOrO
IBETA, & TAKOKE Ha MTOBEPXHOCTH KOHTPOJIBHBIX 00pa3lioB
MPOMCXOUT TOCTENEHHBII POCT OakTepHii ¥ TpruOOB.
Ipu 3T0M Ha OBEpXHOCTH 00pasLoB ¢ FKcTpakToM KA
POCT TeCT-KYJILTYP HE3HAUMTEIIBHBIH, JIMOO He HAOMIO-
naercst (pucyHok 3, 4, 5).

244 484 24

PucyHnok 3. BHemrHui BUJ MIIEHOK MHOKYJIHPOBAHHBIX
¢ Bacillus subtilis B Teuenne 24—72 4: 1 — KOHTpPOJIb,
2 — mueHka coakcrpaktoM KA 0,5%, 3 — mueHka
¢ akctpakToM KA 1%, 4 — nenka ¢ akcrpakrom KA 3%

Figure 3. Appearance of films inoculated with Bacillus
subtilis for 2472 hours: 1 — control, 2 — film with 0.5%
KA extract, 3 — film with 1% KA extract, 4 — film with
3% KA extract
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Pucynok 4. BHenHu# BUI MJICHOK HHOKYJIHPOBAHHBIX
¢ Candida albicans B Teuenne 24—72 4: 1 — KOHTPOJIB,
2 — menka coakcrpaktom KA 0,5%, 3 — muieHka
¢ akctpakToM KA 1%, 4 — mrenka c skctpakrom KA 3%

Figure 4. Appearance of films inoculated with Candida
albicans for 24-72 hours: 1— control, 2 — film with
0.5% KA extract, 3 — film with 1% KA extract, 4 — film
with 3% KA extract

, !
(@)
PucyHnok 6. AHTUMUKpPOOHAsE aKTHBHOCTh 00pa3LoB MaTepHaa ¢ KOHIeHTpauuei 3% SKCTpaKkTa KOpHS aupa B TeUeHHE
24 u: a) Candida albicans — cpennee 3HaueHue 30HE ogasneHus 0,57 mm; 0) Escherichia coli — cpenHee 3HaYCHNE 30HBI
momasieHus 0,21 mM; B) Bacillus subtilis cpenaee 3HaueHHE 30HHI moaaBieHus 0,48 MM

€0

(b)

244 484 724

PucyHnok 5. BHemHuil BuJ INIEHOK MHOKYJIMPOBAHHBIX
¢ Escherichia coli B Teaenne 24—72 4: 1 — KOHTpPOIIB,
2 — mnenka cokcrpaktom KA 0,5%, 3 — mueHka
¢ akctpakToM KA 1%, 4 — renka ¢ sxctpakrom KA 3%

Figure 5. Appearance of films inoculated with Escherichia
coli for 24-72 hours: 1 — control, 2 — film with 0.5% KA
extract, 3 — film with 1% KA extract, 4 — film with 3%
KA extract%
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Figure 6. Antimicrobial activity of material samples with a concentration of 3% calamus root extract for 24 hours: a)
Candida albicans — the average value of the suppression zone is 0.57mm; b) Escherichia coli — the average value of the
suppression zone is 0.21mm; ¢) Bacillus subtilis — the average value of the suppression zone is 0.48mm

[IpoBeneHHble HCCIEAOBAaHMSA —MOKa3aiy,
YTO KOHTPOJIbHBIE 00pa3upl Oe3 skcTpakta KA
He 00NalaloT  AaHTUMHUKPOOHBIMH — CBOWCTBAMU;
MOBBIILIEHHE KOHLEHTpaLuK 3kcTpakTa KA B Mate-
pHaine MOBBIIIAET ero aHTUMUKPOOHBIE CBOMCTBA,
oOpasibl MaTepuayia ¢ KOHIeHTparwmedt 3% 3Kc-
Tpakta KA, nmokazanu HarTydmIyto aHTUHMAKPOOHYIO
AKTUBHOCTH B TeueHue 24 4 (pUCYHOK 6).

IIpu BU3yaNIbHOH OLIEHKE YCTaHOBJIEHO, YTO
Ha MOBEPXHOCTH KOHTPOJBHBIX 00pa3loB MPOMC-
XOAMT POCT OaKTEpHid, Ha IOBEPXHOCTH 00pa3LOB
c akctpaktoM KA poct TecT-KynbTyp 3ameryis-
€Tcsl, & TIPY MOBBIIIEHUN KOHIIGHTPAIMH KCTPAKTa
KA 1o 3% pocta TecT-KyJIbTYpbl He Ha0II0AaeTCs,
TO €CTh YKa3aHHbIE MOJU(PULIUPOBAHHBIE 00PA3LIBI
MPOSIBIISIIOT OaKTEPUOCTATUYECKUE U (PyHTHUCTATH-
YECKUE CBOMCTBA.

Ha (pucynke 7) npencrasiieHsl (oTo 00pas3-
IIOB TUICHOK HHKYOMpoBaHHBIX A. Niger B TeueHue
729w 168 4.
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Pucynox 7. BHemHuil BUA IUICHOK WHKYOHMPOBAaHHBIX
¢ Aspergillus niger B Teuerne 72 4 1 168 4: 1 — KOHTPOJIBHBIN
obpazerr 0e3 aHTUMUKpOOHOW m00aBkM; 2— oOpaser|
C KOHIIEHTparel sKkcTpakTa KopHs anpa 0,5%; 3 — oOpaszent
C KOHIICHTpAIeH dKCcTpakTa KopHs ampa 1%; 4 — oOpasen
C KOHIIEHTpalMei SKcTpaKTa KopHs aupa 3%

Figure 7. Appearance of films incubated with
Aspergillus niger for 72 hours and 168 hours: 1 —control
sample without antimicrobial additive; 2 — sample with
0.5% calamus root extract concentration; 3 — sample
with 1% calamus root extract concentration; 4 — sample
with 3% calamus root extract concentration
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Ha nipencraBiieHHOM pUCYHKE 7 BHUIHO, YTO
Ha MOBEPXHOCTH KOHTPOJIHBIX 00pa3oB MaTepH-
aJIoB HaOMoAaeTcsl Hanboyiee MHTEHCUBHBINA POCT
TECT-KYJBTYphl. Y 00pa3lloB ¢ KOHIEHTpaLUeH
skcrpakta KA 0,5 u 1% wuHTEHCHBHOCTH pOCTa
TECT-KYJIBTYPBI HIDKE TI0 CPABHEHHIO C KOHTPOJIBHBIM
oOpasrom. Y o0Opasiia ¢ KOHIICHTpayer SKCTpaKTa
KA 3% pocT TecT-KyIbTypbl Ha IOBEPXHOCTH ITOJTHO-
CTBIO OTCYTCTBYET uepe3 72 yaca. Uepe3 168 uvacos
y KOHTPOJIBHOTO 00pasiia 1 y 00pa3lioB ¢ KOHIEHTpa-
et sxerpakta KA 0,5 u 1% rabmongaercst momHoe
3apacTaHue TIOBEPXHOCTH TECT-KyJIbTypOoH, ay 00-
pasiia MaTepraia ¢ KOHIEHTpauuer skcTpakta 3%
MIOBEPXHOCTH 3apOciia TeCT-KynbTypoit Ha 50—-60%.

3akiaouenue

Hccenenosanre n0ka3ano, 4YTo MOJIYYEHHbBIN
9KCTPAKT KOPHS anpa MPOSBIAET AHTUMUKPOOHYTO
aKTUBHOCTb, a TaKke TMpHmaeT oOpas3laM Ha Oc-
HOBE Kpaxmana OakTepuocTaThieckue M (QyHru-
CTaTUYECKHUE CBOMCTBA. JJaHHBIN 3KCTPaKT MOKa3all

post@uestnik-vsuet.ru

MaKCHUMAaJIbHBIH aHTUMHKPOOHBIH 3(PQEKT 1Mo OT-
vomennto kK Candida albicans co cpemueii 30HOMH
nofasneHust 5,8 MMm. lcnonbp3oBaHME 3KCTpakTa
KOpHSI aupa B YIaKOBOYHBIX MOKPBITHAX U3 MPH-
POJHBIX ITOJIMMEPOB C PA3TUYHBIMU KOHIICHTPAITU-
amu 0,5%; 1%; 3% o0nagar0T aHTUMHUKPOOHOMH
aKTUBHOCTBIO I10 OTHOIICHHUIO K TECT-KYJIbTypam
MUKPOOPTraHu3MOB. [IpoBe/IcHHbIC SKCIIEPUMEHTHI
MoKa3alii CrocoOHOCTh MaTephalia ¢ KOHIIEHTpa-
et 3% sxcrpakta KA Kk nofaBineHuro TeCT-KyJIbTyp
MukpoopranmmoB Candida albicans, Bacillus subtilis,
Escherichia coli. A Taxke qaHHBINA 00pa3ell MPOSBIIT
(¢yHrHCTaTHYeCKHE CBOWCTBA IO OTHOLICHHUIO
K Aspergillus niger B Teuenue 72 4. B pesynbrare uc-
CIIeJIOBaHUSI OBLIO JIOKA3aHO, YTO JKCTPAKT KOPHS
anpa B yMaKOBOYHBIX TOKPBITUSX HA OCHOBE Kpax-
MaJjia MOXET OBbITh HCIIOJIb30BaH B KAYECTBE T00ABKU
JUTS CO3TIaHUST YTIAKOBOYHBIX MOKPBITHH, CIOCOOHBIX
MPOJJIUTh CPOK TOJHOCTH TMHIIECBBIX MPOTYKTOB
3a CUeT MOJIABJICHUS POCTa MUKPOOPTaHU3MOB.

Jluteparypa

1 Ravichandran S., Jasim A., Rahul T. et al. Starch-based edible packaging: theological, thermal, mechanical, microstructural,
and barrier properties - a review // Sustainable Food Technology. 2024. Vol. 2. P. 307-330. doi: 10.1039/D3FB00211J

2 Harypos A.B., [Toropoxo N.1O., Kagu A.M.S1. u ap. buopa3znaraembie 5KOIIICHKH HA OCHOBE OPIaHUYECKOTO ChIPhS
C aKTHBHBIMH KoMmoHeHTamHu // BectHuk HOkHO-Ypanbckoro rocymapctBeHHoro yHuBepcureta. Cepus: [luineBbie u

ouorexnonorun. 2023. Ne 3. C. 40-47.

3 Ashish T., Anurag T., Santosh K. et al. Perspectives for polymer-based antimicrobial films in food packaging applications
// Nanobiotechnology for Food Processing and Packaging. 2024. P. 323-366. doi: 10.1016/B978-0-323-91749-0.00024-1
4 Bbypak JL.U. O630p pa3paboTok OHOpas3iaracMpIX YHaKOBOYHBIX MAaTECPHUANOB JJIS MHUILIEBON MPOMBIIUICHHOCTH //

IMon3ynoBckuit BecTHuk. 2023. Ne 1. C. 91-105.

5 Zhu Y.B., Hayati S., Mohd F.Y. Glycerol: Its properties, polymer synthesis, and applications in starch based films //
European Polymer Journal. 2022. Vol. 175. 111377. doi: 10.1016/j.eurpolym;j.2022.111377

6 El-Baky R.M.A., Shawky Z. Eugenol and linalool: Comparison of their antibacterial and antifungal activities //
African Journal of Microbiology Research. 2016. Vol. 10. Ne 44. P. 1860-1872. doi: 10.5897/AJMR2016.8283

7 Aseppsnosa E.B., lllkonsaukosa M.H., [1aBnosa H.B. u np. MukpoHusanus B TEXHOIOTUM MUHOPHOTO KOMIIOHEHTA
KOHCEpBHpPYIOLIETo NeicTBHs / TeXHUKa ¥ TEXHOJIOTHS MUIIEBBIX Mpon3BoaAcTB. 2024. Ne 3. C. 508-521. doi: 10.21603/2074-

9414-2024-3-2515

8 Sharma S., Barkauskaite S., Jaiswal A.K. et al. Essential oils as additives in active food packaging // Food Chemistry.

2021. Vol. 343. 128403. doi: 10.1016/j.foodchem.2020.128403

9 Aunpxanp A., lllykuna E.A., T'ybanoBa M.I. u np. Pa3zpa®oTka 1 rccne1oBaHre akTHBHOTO YIIAKOBOYHOT'O MaTepHaa
Ha OCHOBE Kpaxmalia ¢ MCIOJb30BaHUEM B KauecTBE aHTUMHKPOOHOH M00aBKKM HaTypanbHoe 3dupHOE Macio // XpaHeHHue u
nepepaboTka cenbxo3chiphs. 2023. Ne 4. C. 16-31. doi: 10.36107/spfp.2023.4.474

10 Cubupues B.C., Heunnopenko Y .1O., Kadanos B.JI. u ap. MeToanka 37eKTPOXUMUYECKOT0 MHKPOOHOJIOTHYECKOTO
TECTUPOBaHMS B IPUMEHEHUU K CPaBHUTEILHOMY aHAIN3y CBOWCTB PA3IMUHBIX PACTHTENBHBIX dKCcTpakToB // Kypran COY.

Buonorus. 2023. Ne 1. C. 109-124.

11 Kayposa 3.I'., YMmepenkoBa M.B. AHTHMuKpOOHAasi aKTHBHOCTH CHHPTOBBIX JKCTPAKTOB PACTEHHH CeMeWcTBa
0000BBIX // Mex1yHapOAHbIH HAy4YHO-UCCIIe0BaTeNbCKUi )KypHai. 2022, Ne 1-2(115). C. 19-22.

12 3eikoBa U.J1., Edpemor A.A., Haiimymuna JI.B. AHTHUpaauKkanbHas akTHBHOCTH OTJACIBHBIX (pakiuii 3hUpHOro
Macja KOpHe# aupa 60510THOTO // XuMus pacTUTeNbHOTO chIpbsi. 2020. Ne 2. C. 73-78.

13 Danae X.A., AxunoB J1.X., HypmyxamenoBa P.A. Aup OO0JOTHBIH, mpuMeHeHHe B Menuuune // buonorus u

uHTerpaTuBHas MmeauuuHa. 2021. Ne 1. C. 218-232.

14 Ps3anoBa T.K., Kypkun B.A. AxTyaibHble BONPOCHI CTaHIAPTH3AIMU JIEKAPCTBEHHOTO PACTUTEIBHOTO CHIPhS U
(apMaleBTHYECKUX CYOCTaHIMH paCTUTEILHOTO MPOUCXOXKACHHS, cojaepkamux 3¢upHbie Macna // Bemomoctn Hayunoro
LEHTpa SKCIEePTHU3bI CPeCTB MeaAnIMHCKOro npuMeHenus. 2023. T. 13. Ne 2. C. 146-153.

15 Kapomartos U.J1., Tor6oes K.T., XKamunoB H.A. Aup OONOTHBIN - MEPCHEKTHBHOE JIGKAPCTBEHHOE pacTeHue //
Buonorus n unrerparusHas meauuna. 2021. Ne 1(48). C. 264-295.

16 Kepnesa I'.B., I'ankuna O.I1., [Tonemyk O.1O. IIpumenenne npenapata «CToMaTouT» NpH I€UCHUN THHTUBUTA Y
JeTel ¢ 9K30TreHHO-KOHCTUTYMOHHBIM OXkupeHneM // BecTHuk ¢gusnotepamun u kypoptonoruu. 2019. Ne 1. C. 64-67.



Acmasxoe B.A. u dp. Becmuux BTYHIIL, 2025, IIT. 87, Ne. 2, C. 160-166 post@vestniR-vsuet.1i

17 Beata O., Magdalena B. Is it safe to use Acorus calamus as a source of promising bioactive compounds in prevention
and treatment of cardiovascular diseases // Chemico-Biological Interactions. 2018. Vol. 281. P. 32-36. doi:
10.1016/j.cbi.2017.12.026

18 Hepexuna A.B., @aneesa T.B. AHTUMUKPOOHBIH NOTeHIMaN HoacoAepKalluxX BEIIeCTB M MaTepuanoB // Acta
Biomedica Scientifica. 2023. T. 8. Ne 5. C. 36-49.

19 UBanosa T.H., Cumonenkosa A.Il., EBnokumoB H.C. O6ocHOBaHUE PELENTYPHOIO KOMIIOHEHTa PACTEHUH IpH
MPOU3BOJCTBE MPOMYKTOB (DYHKIHOHANBHOTO muTaHUs // BecTHHK HOKHO-YpampCckoro rocyqapcTBEHHOTO YHHBEPCHTETA.
Cepust: [Tumessie u 6uotexuonorun. 2024. Ne 2. C. 5-11.

20 3umusikoB B.M., I'appkuna I1.K. Mcnons3oBaHue pacTUTENBHBIX HHIPEAUEHTOB IS TOBLIIIEHHUS TOTPEOUTEIBCKIX
CBOHCTB XJ1€000y10uHbIX U3enuii / IHHOBaIMOHHAs TeXHUKa U TexHoxorus. 2023. T. 10. Ne 1. C. 24-27.

References

1 Ravichandran S., Jasim A., Rahul T., Preetam S. Starch-based edible packaging: rheological, thermal, mechanical,
microstructural, and barrier properties. Sustainable Food Technology. 2024. vol. 2. pp. 307-330. doi:10.1039/D3FB00211J

2 Tsaturov A.V., Potoroko 1.Y., Kadi A.M.Y., Shemek M., Malinin A.V. Biodegradable eco-films based on organic
raw materials with active components. Bulletin of the South Ural State University. Series: Food and Biotechnology. 2023. no. 3.
pp- 40—47. (in Russian)

3 Ashish T., Anurag T., Santosh K., Shalinee S., PK D. Perspectives for polymer-based antimicrobial films in food
packaging applications. Nanobiotechnology for Food Processing and Packaging. 2024. pp. 323-366. doi:10.1016/B978-0-323-
91749-0.00024-1

4 Burak L.Ch. Review of the development of biodegradable packaging materials for the food industry. Polzunovsky
vestnik. 2023. no. 1. pp. 91-105. (in Russian)

5 Zhu Y.B., Hayati S., Mohd F.Y. Glycerol: Its properties, polymer synthesis, and applications in starch based films.
European Polymer Journal. 2022. vol. 175. p. 111377. doi:10.1016/j.eurpolymj.2022.111377

6 El-Baky R.M.A., Shawky Z. Eugenol and linalool: Comparison of their antibacterial and antifungal activities. African
Journal of Microbiology Research. 2016. vol. 10. no. 44. pp. 1860—1872. doi:10.5897/AJMR2016.8283

7 Averyanova E.V., Shkolnikova M.N., Pavlova N.V., Rozhnov E.D. Micronization in technology of a minor
component of preservative action. Technique and technology of food production. 2024. no. 3. pp. 508—-521. doi:10.21603/2074-
9414-2024-3-2515 (in Russian)

8 Sharma S., Barkauskaite S., Jaiswal A.K., Jaiswal S. Essential oils as additives in active food packaging. Food
Chemistry. 2021. vol. 343. p. 128403. doi:10.1016/j.foodchem.2020.128403

9 Alkhair A., Shchukina E.A., Gubanova M.I., Kirsh .A., Ermilova A.M. Development and research of an active
starch-based packaging material using natural essential oil as an antimicrobial additive. Storage and processing of agricultural
raw materials. 2023. no. 4. pp. 16-31. doi:10.36107/spfp.2023.4.474 (in Russian)

10 Sibirtsev V.S., Nechiporenko U.Y., Kabanov V.L., Kukin M.Y., Radin M.A. Methodology of electrochemical
microbiological testing in application to comparative analysis of properties of various plant extracts. Journal of SibFU, Biology.
2023. no. 1. pp. 109—124. (in Russian)

11 Kaurova Z.G., Umerenkova M.V. Antimicrobial activity of alcohol extracts of plants of the legume family.
International scientific research journal. 2022. no. 1-2(115). pp. 19-22. (in Russian)

12 Zykova 1.D., Efremov A.A., Naimushina L.V. Antiradical activity of individual fractions of essential oil of calamus
roots of the marsh. Chemistry of vegetable raw materials. 2020. no. 2. pp. 73—78. (in Russian)

13 Dadaev H.A., Akilov D.H., Nurmukhamedova R.A. Air bolotny, application in medicine. Biology and integrative
medicine. 2021. no. 1. pp. 218-232. (in Russian)

14 Ryazanova T.K., Kurkin V.A. Actual issues of standardization of medicinal plant raw materials and pharmaceutical
substances of plant origin containing essential oils. Vedomosti Nauchnogo tsentra ekspertizy sredstv meditsinskogo
primeneniya. 2023. vol. 13. no. 2. pp. 146—153. (in Russian)

15 Karomatov I.D., Togboev K.T., Shamilov N.A. Air bolotny promising medicinal plant (literature review). Biology
and integrative medicine. 2021. no. 1(48). pp. 264-295. (in Russian)

16 Zherdeva G.V., Galkina O.P., Poleshchuk O.Y. The use of the drug "Stomatophyte" in the treatment of gingivitis in
children with exogenous constitutional obesity. Bulletin of Physiotherapy and Balneology. 2019. no. 1. pp. 64—67. (in Russian)

17 Beata O., Magdalena B. Is it safe to use Acorus calamus as a source of promising bioactive compounds in prevention
and treatment of cardiovascular diseases? Chemico-Biological Interactions. 2018. wvol. 281. pp. 32-36.
doi:10.1016/j.¢bi.2017.12.026

18 Nevezhina A.V., Fadeeva T.V. Antimicrobial potential of iodine-containing substances and materials. Acta
Biomedica Scientifica. 2023. vol. 8. no. 5. pp. 36-49. (in Russian)

19 Ivanova T.N., Simonenkova A.P., Evdokimov N.S. Substantiation of the prescription component of plants in the
production of functional nutrition products. Bulletin of the South Ural State University Food and Biotechnology. 2024. no. 2.
pp. 5-11. (in Russian)

20 Zimnyakov V.M., Garkina P.K. Use of plant ingredients to improve consumer properties of bakery products.
Innovative technique and technology. 2023. vol. 10. no. 1. pp. 24-27. (in Russian)

165



Astakfov V. A. et al. Proceedings of VSUET, 2025, vol. 87, no. 2, pp. 160-166

CaeeHus 06 aBTopax

Baagucaas A. AcraxoB acrupaHT, kKadenpa MpOMBIIUIEHHOTO
n3aiiHa, TEXHOJOTMM YNAKOBKH M JKCHEpTU3bl, Poccuiickuii
OMOTEXHOJIOTHUECKUH YHUBEpcUTeT, Bomokoiamckoe mocce,11,
r. Mocksa, 125080 Poccusi, astashik27v@mail.ru
https://orcid.org/0009-0002-5462-0646
Mapuna U. I'y6anoBa K.T.H., IOLEHT, Kadeapa IPOMBIIIIEHHOTO -
3aifHa, TEXHOJIOTUN YIIAKOBKH M 3KCTICPTU3bI, POCCHIICKIIT OHOTEXHO-
JIOTMYeCKUi yHUBepcuTeT, Bosokonamckoe miocce,l1, r. Mocksa,
125080 Poccust, gubanovami@mgupp.ru
https://orcid.org/0000-0003-3547-716X
Aimu $1. AiabXamp acCUCTEHT,
Ju3aiiHa, TEXHOJIOTHMHM YIMAaKOBKU M AKCHEepTH3bl, Poccuiickuii
OMOTEXHOJIOTHUECKUH YHUBEpcUTET, Bomokoiamckoe mocce,11,
r. Mocksa, 125080 Poccusi, alkheerali@gmail.com
https://orcid.org/0000-0002-9518-7781
BsiueciaB A. Mep3siKoB acIUpaHT, kadeapa MpOMBILUICHHOTO
u3aiiHa, TEXHOJIOTHMHM YIAKOBKH W SKCIEpTU3bl, Poccuiickuii
OHOTEXHOJIOTHUCCKHI YHUBEpCHUTET, Bosokonamckoe mocce,11,
r. Mockga, 125080 Poccus, sebastianvelll 999@mail.ru
https://orcid.org/0009-0002-9367-8947

Kadeapa IPOMBIIUICHHOTO

Bkiag aBTopos
Bce aBTophl B paBHOH CTENEHU NPUHMMAIN y4yacTHE B HANMCaHUU
PYKOIIUCH U HECYT OTBETCTBEHHOCTD 32 IUIaruaT
KondumkT nHTepecon
ABTODBI 3a5BJIIIOT 00 OTCYTCTBHM KOH(JIMKTA HHTEPECOB.

post@uestnik-vsuet.ru

Information about authors

Vladislav A. Astakhov graduate student, Department of
Industrial Design, Packaging Technology and Expertise, Russian
Biotechnological University, Volokolamsk highway,11, Moscow,
125080, Russia, astashik27v@mail.ru
https://orcid.org/0009-0002-5462-0646
Marina I. Gubanova Ph.D. assistant professor, Department of
Industrial Design, Packaging Technology and Expertise, Russian
Biotechnological University, Volokolamsk highway,11, Moscow,
125080, Russia, gubanovami@mgupp.ru
https://orcid.org/0000-0003-3547-716X
Ali Y. Alkhair Ass. Prof.,, Department of Industrial Design,
Packaging Technology and Expertise, Russian Biotechnological
University, Volokolamsk highway,11, Moscow, 125080, Russia,
alkheerali@gmail.com
https://orcid.org/0000-0002-9518-7781
Vyacheslav A. Merzlyakov graduate student, Department of
Industrial Design, Packaging Technology and Expertise, Russian
Biotechnological University, Volokolamsk highway,11, Moscow,
125080, Russia, sebastianvelll999@mail.ru
https://orcid.org/0009-0002-9367-8947

Contribution

All authors are equally involved in the writing of the manuscript and
are responsible for plagiarism

Conflict of interest
The authors declare no conflict of interest.

Hocrynuaa 01/03/2025

Iocae pexakuuu 18/04/2025

IIpunsTa B neuarn 20/04/2025

Received 01/03/2025

Accepted in revised 18/04/2025

Accepted 20/04/2025

166



