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B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblky». 3a roibl CBOSH OesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTBI, KYJABTYpPBI, 31IpaBooXpaHeHus u cnopra, Ponp Beaenna Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue birarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, C4uTas 3TO HallPaBJICHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxas3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa30oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBYS
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OnHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe craim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOAMMBIE B COBPEMEHHOM MHpE
MpeANpPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OM3HECY IMIKOJbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iis moaiep KKy TaJaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHI HEOAHOKPATHO BBIACISUT TPaHThI HAa 00yueHue B MexIyHapOJHOH IIKOoJIe
«Mupacy» u B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CLLIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIN B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepke M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAIWU IIE€AaroroB,
COBEpIIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIbBKY HMEHHO OHHU SIBJISIOTCS
[IPOBOAHUKAMH 3HAHUHM OyIyIIMX MOKOJeHHH KazaxcTaHueB. [Ipu mognepxkke donna
«XanplK» B IOKHOH cTONMie ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKONW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTall pealn3yeMblii MPOEKT 1O OOYYEeHHIO OCHOBaM
(MHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MpEeIIPUHUMATEIBCKOTO MBIIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaXAaH CTPaHBI.

Heob6xonumyro nmomois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIHATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMITJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJJICP’KKa B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hame# crpaHe. JKU3HEHHO BaKHYIO TIOMOIL biaroTBopuTeNnbHbIN QOHT «XaIbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HenasHel nangemuun COVID-19. Torna,
B pasrap TsDKenod 0oprObl ¢ KopoHaBUpyCcHOH nHpeknuerd Doun Beiaenui cBbime 11
MUJUTMAPJIOB TEHTe Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPENICTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy C IOpYyrUMU TpPOCKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0c000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJIICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIENAET yPOBEHD Pa3BUTHUS TOCY1apCTBA.

I[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AxageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos U B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUU W
HAy4HO-UCCIIEA0BATENIbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKu1ajioM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBa.

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!



Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Abstract. Microbial contamination is the main cause of food spoilage. Antimicrobial
agents are used to extend the shelf life of food products. They also serve the food
packaging industry as they are used to form antimicrobial packaging films that
preserve the structure, texture, color and nutritional value of food products. In this
study, a method was created for the production of copper oxide nanoparticles that were
stabilized with gelatin and pectin. The synthesis process was carried out through direct
chemical precipitation, while copper chlorides were used as starting compounds for
the production of copper oxide. Gelatin and pectin were used as stabilizers. As a result,
particles with a minimum diameter of 62 nm were formed in an aqueous solution.
According to spectroscopic data, the nanoparticles synthesized in an aqueous solution
were stable. The effect of pH on the colloidal stability of copper oxide nanoparticles
has been investigated, and it has been shown that the samples are stable in the pH range
6.5-10.2. CuO nanoparticles stabilized with gelatin and pectin exhibit antimicrobial
activity in certain concentrations, which makes it possible to increase the shelf life of
food products as nanopackaging materials. The possibility of using polylactide films
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modified with CuO nanoparticles for packaging and storage of solid products has been
investigated. The distribution of CuO nanoparticles in the polylactide film was uniform.
The results showed that CuO nanoparticles stabilized with gelatin and pectin have a
high potential for use in food packaging, both as an independent nanofilm and as part of
other packaging materials.

Keywords: CuO nanoparticles, gelatin, pectin, polylactide, antimicrobial, packaging
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Annorauus. Taram eHIMiHIH Oy3bUTYbIHBIH HETi3r1 ce0e01 MUKpOOTapMeH JlacTaHyhbl
Oonpil  TaObuTAABl. MUKpOOKa Kapchl 3arTap TaraMHBIH JKapaMIbUIBIK Mep3iMiH
y3apTy YIIiH KoiiaHbuiaapl. Ojap TaMak eHEpKICiOiHJe Jie KOJIaHbLIAIbl, OUTKEHI
oJlap TaFaMHBIH KYPBUIBIMBIH, KYPBUIBIMBIH, TYCiH JKOHE TaraMIbIK KYHJBUIBIFBIH
CaKTaMThIH MHUKPOOKa Kapchl Kamrama IUICHKalapblH jKacay YIIiH KOJJaHbUIaIbL.
Byn 3eprreyne kenaTMH MEH MEKTHHAI TYPaKTAHABIPFBII PETiHAE KOJIIAHBIT MBIC
OKCH/IIHIH HAHOOOJIIICKTEePiH CUHTEe3/ey 9/ici x)acauapl. CHHTE3 TIKeJIeH XUMHUSUIBIK
TYHJBIPY apKbUIbl XKY3€re achlpbUIAbl. MBIC OKCHAIH CHHTE3ICY YIUiH OacTamkbl 3aT
peTiHAe MBIC XJIOpHII MaiaamaHbUiAbl. TypaKkTaHIBIPFBIII PETiHAE JKEIaTHH MeH
MEKTHH KONJaHbUABl. HoTwkenep, HaHOOONIIEKTEPHiH €H Killl AMaMeTpi CyIbl
opraga 62 HM OonarhiHBIH KepceTTi. Cyibl opTaza CHHTE3IENTeH MbBIC OKCHUAIHIH
HaHOOOJIIEKTEPI KOFAphl TYPAKTHUIBIKKA M€ EKHAITH CIEKTPOCKOMMSITBIK, HOTHKEIEP
kepceTTi. Komnmouarsl epiTiHAiiepaeri MbIC HaHOOONIIEKTEPiHIH TYPaKThUIBIFbIHA
pH-TBIH ocepiH 3eprTey HoTmxkeci pH 6,5-10,2-re neiiinri apanblKTa YyITiHIH TYPaKThl
eKeHiH kepceTTi. JKenmaruH, meKTHHMEH TypakTaHisipbuiran CuO HaHOOemmIeKTepi
OenriTi KOHIEHTpaIusiAa MHUKPOOKAa Kapchl OCJICEHIUINK KOPCETeTIHJITT aHBIKTAJF.
HanonakerTep TaraMHBIH caKTay MEp3iMiH Y3apTyabl KaMTamachl3 eTe ananpl. KaTTel
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TaraMIapabl opay >koHe cakray ymin CuO HaHOOeIIeKTepiMeH MOTU(pUKALUIIaHFAaH
MOJMJIAKTUATI  IUICHKANapAsl KOJAaHy MYMKiHAiri 3eprrenmi. [lommmaxruari
rieHkaaarsl CuO HaHOOOIIEKTEPiHIH Tapalybl OipKeJKi O0bl. AJNBIHFaH HITHKEIEP
KETIaTUHMEH JKOHE MEeKTHHMEH TypakTanislpbuiran CuO HaHOOeNIIeKTepiH a3blK —
TYJiK KalTama MaTepHajlapblH, HaHOIUICHKaJapAbl alyda MaiaaiaHy MYMKIHAIr
YKOFapbl €KEHIHIIT1H KOPCETTi.

Tyiiin ce3mep: CuO HaHOOOINIIEKTEDI, KEIATUH, MEKTUH, MMOJIMIAKTH], MUKPOOKa
Kapchl, KanTama

© A.M. Camanyn'*, B.P. Taycaposa', I.T. /lapu6aena’,
J.E. Hypmyxan6eroBa?, 2024
'AJIMaTUHCKUIT TeXHONOrn4ecKuil ynuBepcutert, PecyOnuka Kasaxcran;
*Yuusepcuret Hapxos, . Anmarsl, KazaxcraH.
E-mail: abdu.93 93@mail.ru

CUHTE3 HAHOYACTHULl OKCUJIA MEJIU U ITPUMEHEHUE
JJISA YITAKOBKH MUIIEBBIX ITPOAYKTOB

Camanyn A.M. — noxropanT xadenpsl « XUMUH, XUMUIECKOH TEXHOJIOTHH U AKOJIOTHI» AJTMATHHCKUH
TEXHOJIOTHUEeCKHI yHUBepcuTeT, yi. Tomne 6u. 100, Anmarsl, Kasaxcran

E-mail: abdu.93_93(@ mail.ru. ORCID:0000-0002-5286-5175;

TaycopoBa B.P. — mnpodeccop kxadenpbr «Xummus, XuMudeckass TEXHOJOTHS W DKOJIOTHS», I.X.H.,
AJIMaTHHCKHH TEeXHOJIOTHUECKHI yHUBepcuTeT, yi1. Tome 6u. 100, Anmarsl, Kasaxcran

E-mail: birtausarova@mail.ru. Orcid ID 0000-0002-2718-2102;

Japub6aesa I.T. — 3aBenyromias ncreltarenbHol 1aboparopueii «[Inmesas 6e3omacHoCTbY, TokTOp PhD,
AJIMaTHHCKHH TEXHOJIOTHUECKHI yHUBepcuTeT, yi1. Tore 6u. 100, Anmarsl, Kasaxcran

E-mail: daribaeva.80@mail.ru. ORCID :0000-0003-4109-5272;

Hypmyxan6etoBa JI.E. — k.T.H., accuct-nipoceccop, Yausepcurer Hapxo3. Anmarer, Kazaxcran

E-mail: dinara.nurmukhanbetova@narxoz.kz. ORCID: 0000-0002-8939-6325.

AHHOTanmusa. MukpoOHOE 3arpsi3HCHHE SBISCTCSI OCHOBHOW NPUYMHON MOPYH
MUIIEBBIX TPONYKTOB. [IpOTHBOMUKPOOHBIC areHThl HCIOIB3YOTCS JJIsS TPOJUICHUS
CpPOKa XpaHEHHs MNHILEBBIX OpoAykToB. OHHU TakkKe CIyKaT UHAYCTPUU YMAKOBKH
MUIIEBBIX TPOAYKTOB, TIOCKOJIBKY UCIIOIB3YHOTCS IJisi (JOPMUPOBAHUS AHTHMHUKPOOHBIX
YIAKOBOYHBIX IUICHOK, KOTOPBIE COXPAHSIOT CTPYKTYpY, TEKCTYPY, IIBET U IMHUILIEBYIO
LIEHHOCTh MPOAYKTOB. B JaHHOM HCCieOBaHUU OBUI CO3JaH METOJ IOJyYCHUS
HAHOYACTHUI] OKCHJIA ME/IH, KOTOPbIC OBUIHA CTAOUIM3UPOBAHBI )KEITATHHOM U MIEKTUHOM.
[Ipouiecc cuHTEe3a MPOBOAMIICA Yepe3 MPsIMOE XUMHUYECKOE OCAXKICHUE, MPH 3TOM
B Ka4e€CTBE MCXOJHBIX COCIUHECHUU AJI1 TMOJYUYEHHUS OKCHIIAa MEIU HCIOJIb30BATIUCH
xJIopuabpl Meau. JKelaTHH M TIEKTHH HMCIOJIb30BAIMCh B KaueCTBE CTa0MIIM3aTOPOB.
B pesynbrare B BomHOM pacTBOpe ObLIM CHOPMUPOBAHBI YACTHUIBI ¢ MUHHMAIbHBIM
quamerpoM 62 HM. CoOmMacHO CHEKTPOCKOMUYECKUM JAHHBIM, HAaHOYACTHUIIbI
CUHTE3UPOBAHHBIC B BOJTHOM PacTBOpE, ObUIH cTa0MWIbHBL. Brusiaue pH Ha kouton1Hy0
CTaOMUIIBLHOCTH HAHOYACTHUIL OKCHJIA ME/IH OBLIO UCCIICA0BAHO, U IIOKA3aHO, YTO 00pa3Iibl
crabunbHbl B guanazoHe pH 6,5-10,2. Hanowactuisr CuO, craOuinu3upoBaHHBIC
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JKEJIATHHOM M TEKTUHOM, TPOSIBIISIOT aHTUMUKPOOHYHO aKTHBHOCTh B OIPEIEICHHBIX
KOHIICHTPALMSIX, YTO TO3BOJSET YBEIHMYUTH CPOK XPAHEHUS MHUIIEBLIX MPOMYKTOB
B KaueCTBE HAHOYIAKOBOYHBIX MarepuaioB. A paboTe HcCCiemoBaHa BO3MOXKHOCTH
WCIIONIB30BAHMS  IICHOK  IMONHJIAKTHIA, MOAW(PHUIIMPOBAHHBIX  HAaHOYACTHIIAMH
CuO, s ymakoBKM M XpaHEHUS TBEPABIX MPOMYKTOB. PacmpeneneHne HaHOYACTHUIL
CuO B MONWIAKTUIHOW IUICHKE OBLIO pAaBHOMEPHBIM. Pe3ynbrarhl TOKas3alld, 4To
HaHovacTullel CuO, CTaOMITN3NPOBAHHBIC KEJTATUHOM H IIEKTUHOM, 00J1aJal0T BEICOKUM
MIOTCHITNAJIOM JUISI UCTIONB30BAHHUS B YIIAKOBKE MHUIIEBBIX MPOTYKTOB — KaK B KAYECTBE
CaMOCTOSATEITFHOM HAHOTUICHKH, TaK U B COCTaBE APYTUX YIIAKOBOYHBIX MaTepHaIOB.

KawueBble caoBa: Hanodactunbl CuQ, JKellaTUH, TIIEKTUH, MOJUJIAKTH]I,
AHTHUMHKPOOHAsI, yIIaKOBKa

Introduction

Copper (I)oxide (CuO)is known as a p-type semiconductor with a narrow bandgap
that ranges from 1.9 to 2.1 eV. This material has promising useful physical properties
such as high temperature superconductivity, electron correlation effects, and spin
dynamics a. CuO nanoparticles have found wide application in various fields of science
and technology, including electronics (Singh, 2017: 16-34), agriculture (Mousa, 2020:
155-160), medicine (Amalraj, 2019: 102), and solar energy (Tungsoy, 2021: 412—-420).
CuO nanoparticles can be used to remove organic pollutants from wastewater. However,
the use of CuO nanoparticles in food formulations is still limited due to increased toxicity
(Katsumiti, 2018: 146—-158). CuO nanoparticles at a concentration of 1-50 ug/ml have
a dose-dependent cytotoxic effect on the human body. To improve their application in
the food industry, researchers are striving to find optimal approaches to the synthesis
and stabilization of CuO nanoparticles, if necessary to reduce toxicity, maintain or even
improve their beneficial properties.

Nanoparticles are often used in the food industry to create antibacterial films
(Esmailzadeh, 2021: 1671-1682). Today, research is underway to develop antimicrobial
packaging materials using various nanoparticles, including CuO (Jovanovi¢, 2021:
2865). Nanopackets can be applied to food by wrapping, dipping, brushing or spraying
to provide a selective barrier against the movement of gases, moisture and dissolved
materials, as well as protection against mechanical damage (Yousuf, 2018: 198-209).
The main developments are aimed at obtaining nanoparticles with subsequent surface
treatment of finished packaging materials. According to many researchers, the activity of
nanoparticles depends on the shape and their dispersion (Singh, 2021: 101). An important
aspect when developing food packaging with nanocompositions is the stabilization of
nanoparticles. The stability of nanoparticles in the polymer composition of packaging
materials is a condition for bactericidal activity and migration of nanoparticles into
the product (Kayani, 2015: 3704-3709) and depends on the synthesis method. With
high stability, migration of CuO nanoparticles into the product will be excluded, which
guarantees the absence of toxicity of the packaging material.

CuO nanoparticles: sol-gel method (Arunkumar, 2019: 698-705), sonochemical
method, hydrothermal method (Silva, 2019: 1-13), reverse micelles method, and
exploding wire method.
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It is important to note that for use in real systems, nanoparticles must be stabilized to
prevent aggregation, coagulation and sedimentation, which lead to particle enlargement
and loss of physicochemical properties associated with the nanoscale state (Blinov,
2021: 209-217).

To stabilize CuO nanoparticles, various surfactants can be used, such as: sodium
dodecyl sulfate, cetyltrimethylammonium bromide, alkyloxyethyldimethylammonium
chloride, polyvinylpyrrolidone (PVP) (Korpy, 2020: 158), monomers acrylonitrile and
methyl methacrylate (Igbal, 2020: 224), polyethylene glycol (PEG) (Rodriguez, 2021:
161-181), etc. However, there is no mention in the literature of the use of pectin to
stabilize copper oxide nanoparticles. Pectin - This heteropolysaccharide , a structural
acid found in the primary lamina, middle lamina , and cell walls land plants . The main
chemical component of pectin is galacturonic acid , with a long coiled-coil chain of
repeating units and high molecular weight, and has the properties of a lyophilic colloid.
Unlike other natural colloids (gelatin, agar-agar), pectin sols turn into a gel only in the
presence of sugar and acid or polyvalent metals.

Gelatin - it is a food ingredient that is a mixture of linear polypeptides with different
molecular weights. Gelatin contains up to 18 amino acids. Gelatin contains both
negatively charged carboxyl and hydroxyl groups and positively charged amino groups.

Based on the analysis of literature sources, it was decided to investigate a method for
producing copper nanoparticles by reduction with ascorbic acid (Blinov, 2020: 56—70).

The purpose of this work was to develop a method for the synthesis of CuO
nanoparticles stabilized by gelatin and pectin, to study their colloidal stability in various
dispersion media and to study the possibility of their use in food packaging.

Materials and methods

Copper (II) chloride, 2-aqueous (Sigma-Aldrich Pty Ltd, a subsidiary of Merck
KGaA, Darmstadt, Germany), gelatin (Sigma-Aldrich Pty Ltd, a subsidiary of Merck
KGaA, Darmstadt, Germany), sodium hydroxide (Shandong Zhoushun International
Trade Co., Ltd), Ascorbic Acid-L (Sigma-Aldrich Pty Ltd, a subsidiary of Merck KGaA,
Darmstadt, Germany), pectin (Jiaxing Renze Import & Export Co., Ltd.).

Method for the synthesis of CuO nanoparticles

CuO nanoparticles stabilized by gelatin and pectin were prepared by direct chemical
precipitation. Copper (II) chloride was used as precursors for CuO nanoparticles. Pectin
and gelatin acted as a stabilizer, ascorbic acid was used as a reducing agent, and sodium
hydroxide was used as a precipitant. Distilled water was used as the reaction medium.

CuO nanoparticles stabilized by gelatin and pectin were prepared by the following
procedure: 0.03 g of precursor (copper chloride), 0.03 g of gelatin and 0.1 g of ascorbic
acid were dissolved in 90 ml of reaction medium (distilled water), a similar procedure
was carried out with pectin. The resulting solution was heated to boiling with constant
stirring and an additional 0.5% NaOH solution was added to pH—10. The sample was
stirred for 2—3 minutes, cooled to room temperature, and stirred at room temperature for
20 minutes. As a result, a sol of copper oxide nanoparticles was obtained.

CuO nanoparticles

CuO nanoparticle samples and elemental composition data were obtained using an
INTEGRA TERMA scanning electron microscope and integration of probe and optical
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microscopy and spectroscopy, AFM — Raman — SNOM — TERS. The samples were dried
for testing. The samples were prepared as follows: double-sided conductive carbon tape
was glued to a standard tool table. Powder applied to conductive carbon tape CuO. Then
a carbon coating about 10 nm thick was applied. pH was measured using a Testo 206
phl pH meter using a combined silver chloride electrode.

Preparation and study of polylactide films modified with CuO nanoparticles.

To prepare packaging material modified with CuO nanoparticles, we used polylactide
film, which is often used in the production of eco-bags. We took the company's regular
polylactide film ECO Products Group LLP (Astana) as a control sample.

Polylactide films modified with CuO nanoparticles on the quality and shelf life of
bread was studied.

For the experiment, we took white wheat bread produced by “Aksai Nan” (Almaty).
The expiration date at the time of purchase was 3 days. To study the initial parameters
of bread, on the day the experiment began, slices weighing 50 + 0.2 g corresponding to
the amount of experimental films were cut.

Bread samples were stored in a SKTB TS-1/80 SPU thermostat at a temperature of
30 + 1°C for 120 + 3 hours of the experiment. After time, microbiological analysis was
carried out. The analysis was carried out in accordance with State standard 10444.15—
94 Food products. Methods for determining the number of mesophilic aerobic and
facultative anaerobic microorganisms. The method for determining the number of
mesophilic aerobic and facultative anaerobic microorganisms by sowing into agar
nutrient media is based on sowing the product or diluting a sample of the product into
the nutrient medium, incubating the crops, and counting all grown visible colonies.

In order to identify the migration of copper nanoparticles to products, the elemental
composition of control and experimental samples was studied on a KVANT-Z.ETA
atomic absorption spectrometer according to State standard 30178-96 Raw materials
and food products. Atomic absorption method for determining toxic elements.

Results and discussion

Characteristics of CuO nanoparticles

CuO nanoparticles were obtained using copper (II) chloride. The synthesis was
carried out in an aqueous medium. The resulting samples were studied by Raman
spectroscopy, the spectra are shown in Figure 1.
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Figure 1 — Raman spectra of the studied nanoparticles
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During the reaction, the solutions changed from colorless to yellow, and then to
a dark brown color, as can be seen from Figure 2. The maximum optical density was
demonstrated by solutions at 590-640 nm, results are listed in tables 1 and 2. This
corresponds to the surface plasma resonance of copper nanoparticles. Diagram of the
optical density of the resulting chemical compound, obtained from a Jenway 6705
spectrophotometer instrument, (Jenway, England, scanning in the visible range (190-
1100 nm), bandwidth 4 nm) in Figure - 3.

Figure 2 — Color change during the formation of copper nanoparticles

—&—pectin as a stabilizer —— gelatin as a stabilizer

Optical density

540 550 560 570 580 590 600 610 620

Wavelength, nm

Figure 3 — Graph of the data obtained on the Jenway 6705 spectrophotometer

Table 1 - Optical densities when using gelatin as a stabilizer in initial solutions
CuCl , :ascorbic acid (1:3)
Wavelength A, nm 580 590 600 610 620 630 640 650 670
Optical density 0.485 | 0.500 | 0.550 | 0.625 | 0.628 | 0.620 | 0.510 | 0.470 | 0.383

Table 2 - Optical densities when using pectin as a stabilizer in initial solutions
CuCl, : ascorbic acid (1:3)

Wavelength A, nm | 550 560 570 |580 590 {600 610 [620 |550
Optical density | 0.029 0.291 |0.404 [0.316 0.367 [0.425 [0.575 [0.325 |0.029

Is worth noting that the optical spectra of colloidal solutions have a characteristic
maximum of surface plasma resonance. When analyzing colloidal solutions, it was
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found that for spherical copper nanoparticles stabilized gelatin, the position of the
surface plasmon resonance was 580-620 nm. For copper nanoparticles stabilized by
pectin, the position of the surface plasmon resonance was 570-610 nm.

CuO nanoparticles were studied using scanning electron microscopy. The obtained
data are presented in Figure 4.
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Figure 4 — Photographs of copper nanoparticles, (a), (b) when using gelatin as a stabilizer and (c), (d)
when using pectin, taken using EFM at different resolutions

SEM results showed that in samples obtained in an aqueous environment,
nanoparticles have a diameter from 6 2 to 313 nm.

Analysis of the elemental composition of the solutions showed that they contain
the following elements Cu, O, Cl and C in all samples. X-ray spectral analysis. was
carried out electron microprobe EDAX analyzer (Energy-Dispersive X- ray Analyzer).
Elemental analysis spectra are shown in Figures 5, 6.
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Figure 5 — Elemental analysis spectrum of the resulting copper nanoparticles using pectin as a
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Figure 6 — Elemental analysis spectrum of the resulting copper nanoparticles using gelatin as a
stabilizer

To prepare packaging material modified with CuO nanoparticles, polylactide film
was used, which is often used in food packaging. Nanoparticles were deposited onto the

film by sputtering.

Next, we studied the effect of polylactide films modified with CuO nanoparticles on
changes in microbiological purity during storage of bread (Table 3).

Table 3 - Dynamics of changes in microbiological parameters of bread samples during storage

QMAFAnM indicator, CFU/g

Ne [S 1
ample Day 1 Day 2 Day 3 4 day 5 day Day 6 Day 7

| |Bread without 1y 102 | 2.5%100 | 3.5%10° | 6.5%102 | 9.5%10| SOUd | Solid

packaging growth growth

Bread with control Solid Solid
2 | packaging without 1.0*10% | 1.5*%10%> | 2.0*10% | 4.2*10? |8.5*10?

. growth | growth
processing
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Bread with processed
3 | packaging (using 1.0*¥10% | 1.2*¥102 | 1.5%10% | 1.8*%10% |3.2*10*| 3.5%10* | 4.5%10?
gelatin as a stabilizer)
Bread with processed
4 |packaging (using pectin | 1.0¥10? | 1.1*10? 1.2*10% | 2.0*%10% [2.5*%10%| 3.8*10% | 4.5*10?
as a stabilizer)

According to the results presented in Table 3, it was found that films modified with
CuO nanoparticles reduced the growth and development of QMAFANM in experimental
bread samples compared to the control bread sample. The data obtained show the activity
of CuO nanoparticles stabilized by gelatin and pectin, and also coincides with the data
of other authors (Gvozdenko, 2022: 198-209), who studied the antibacterial activity of
CuO nanoparticles.

Conclusions

CuO nanoparticles stabilized by gelatin and pectin, the study of their colloidal
stability in various dispersion media, and the possibility of their use in bread packaging
has been studied.

The results showed that the use of copper chloride as a precursor allows the production
of copper (II)oxide. According to the data, copper oxide nanoparticles stabilized by
gelatin and pectin in an aqueous medium had a smallest particle diameter of 62 nm. A
study of the effect of pH on colloidal stability showed that the sample in the pH range
from 6.5 to 10.2 was stable. It was assumed that stabilization occurs due to the interaction
of CuO nanoparticles with hydroxyl groups of gelatin and pectin. CuO nanoparticles
stabilized by gelatin and pectin have been found to have antimicrobial activity and can
be used as a material for food nanobags, providing increased shelf life of products, as
shown in the example of bread. High level of stability of CuO nanoparticles stabilized
by gelatin and pectin, will also facilitate their use in the creation of active packaging
materials for food products.

It was found that polylactide films modified with CuO nanoparticles inhibited
the growth and development of QMAFAnM in experimental bread samples. The
study showed that when bread was stored in an incubator at 30 = 1 °C for 7 days,
CuO nanoparticles did not migrate into the film product. Copper concentrations in the
experimental samples remained at the same level, in the amount of 0.016 pg/kg, which
is not a toxic concentration. In general, these indicators of CuO nanoparticles confirm
the high stability of colloidal solutions. The surface morphology was studied by electron
microscopy. The results obtained showed that when using gelatin as a stabilizer, the
maximum size of copper nanoparticles was 313 nm, and when using pectin, the particle
size was 246 nm.

Thus, the experimental results show that CuO nanoparticles stabilized by gelatin and
pectin have high potential for use in food packaging - both as an independent nanofilm
and as part of other packaging materials.
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