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IMnaBroil 3a/1a9eil SKOHOMUKI BAMKHYTOI'O IUKJIA SIBJISOTCS MUHIMU3ATIS OTXO0B ITYTEM UX BIOPUYHOIT 1epepaboTKIL.
B pabore o606miennl famnbie o TPAAUIIMOHHBIM U HEKOTOPHIM HePCHeKTUBHBIM iiisi Poccnu cirocobam perurianmra
skoma caxapHoii cBérbl (FHCC) — KPYMHOTOHHAMKHOTO OTXOJIA CaXapHOil MPOMBIIIIIEHHOCTH ¢ TTOTEHINAIBHO BBICOKOI
sKrosorndeckoii Harpyskoit. Ocnosubim nnorpedurenem fRCC sBisiercs cebCKoe X0351CTBO, IJie OH HPUMEHSIETCS B KauecTBe
KopMoBoit mobaskm 1 yrooperns. Opnaro 1o 900% HHCC ocraéres memepepaboTaninIM 1 TIPH CRAAIMPOBATNN OKA3LIBACT
HeratTmBHoOe BJAUAHME HA COCTOAHUE O[(py}l(alolllel?l Cpellbl: yBeJinunBaeTcA Bhl6pOC IHaPHNUKOBLIX T'a30B, 3arpdAsHeHune
OYBKL 1 BOJ (B TOM umcie cHuskenne pH n3-3a obpasymornxces B mpoiecce OPOKeHUs MACISHON 1 YKCYCHOI KUCIOT),
pacipocTpanenue matorenos n . . Paccmarpusaiorcest ansrepuatusibie nanpasiaenns yrusmusanun fJKCC. Baaromgaps
HaJIMYUI0 MMOJIncaxapujion ¢ 6OJI bIITVM KOJIMNYECTBOM (X)YH KIIMOHAJBbHBIX T'PYIIII }HCC MOJKET NCIIOJIb30BaThHCsA B KauecTBe
copOeHTa [/l OUMCTKU BOJOBMOB U CTOYHBIX BOJL OT TS3KEABIX MeTa/ioB 1 HedTenpoyKkToB. Boibinoe KonmnyecTBo
JOCTYITHBIX JJISI HCITOMB30BAHMS MUKPOOPraHn3MaMi KoMIonenTos orkpeisaer moreniman fHCC kar crpykryparopa s
pPeryJabTuBaInm He(b're3al‘p;13 HéH HBIX ITOYB, a TAKKe KaK HAIIOJITHUTEeJIA 6HO|(0M I[TO3UTOB C COp6H pyrommnmmn CBOﬁCTHaN[ n
JUISL BAIUTHL OKPYsRatoIieil cpejbl or 3arpsiaHenusi. O6001eHbl JaHHBIE 0 Pa3pabOTaHHBIX TEXHOJOTUSIX [OJYyUeHIs
OuopasiaraeMbiX TPOAYKTOB (Oymara, ymakoBKa, KOMITO3WTHI), aJbTePHATHBHBIX BUOB ToIimBa (Omosranos, 6uoras)
13 HRCC. Tlpemyaraercst KoMIIeKe Mep, HalPaBIeHHBIX Ha MoBbIIeHTe s eRTnBHOCTH TTepepaboTKI 1 paciinpeHie
cep npumenenust fRCC. Pesynwrarsr ananusa nogrsepsrpator norenian fRHCC Kak BasKHOTO pecypea jijist peajinsarun
KOHTICTIINI DKOHOMUKI 3aMKHYTOTO TUKJIA, CIIOCOOCTBYIONeH CHIKeHN0 00hEMOB HerepepabaTbiBaeMbiX OTXO/[0B
N CHUFKEHUIO DKOJIOTMYECKNX PUCKOB.

Kaouesste ciosa: oM caxapHoil CBEKJIBI, YTUIN3AIUsA OTXO0B, BTOpUYHAsA 1epepadoTka, yjioopeHne, KopM s
SKITBOTHBIX, COPOEHT, CTPYKRTYPATOp, OMOpasiaraemMbie mpojlyKThl.
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The main objective of a circular economy is to minimize waste through recycling. The paper summarizes data on
traditional and some promising methods for recycling sugar beet pulp (SBP), a large-tonnage waste from the sugar
industry with a potentially high environmental burden. The main consumer of SBP is agriculture, where it is used as a
forage additive and fertilizer. However, up to 50% of SBP remains unprocessed and, when stored, has a negatively affect
the environment which is reflected in increased greenhouse gas emissions, soil and water pollution (including a decrease
in pH due to butyric and acetic acids formed during fermentation), the spread of pathogens, etc. Alternative ways of SBP
disposal are being considered. Due to the presence of polysaccharides with a large number of functional groups, SBP can
be used as a sorbent for the purification of waterbodies and wastewater from heavy metals and petroleum products. A large
number of components available for microorganisms opens up the SBP potential as a structurator for the oil-contaminated
soil reclamation, and as a biocomposites’ filler with sorbent properties to protect the environmental pollution. The data on
the developed technologies for the production of biodegradable products (paper, packaging, composites) and alternative
fuels (bioethanol, biogas) from SBP are summarized. A set of measures is proposed aimed at improving the efficiency
of processing and expanding the scope of SBP applications. The results of the analysis confirm the potential of SBP as
an important resource for the implementation of the concept of a circular economy, contributing to a reduction in the

volume of non-recyclable waste and reducing environmental risks.

Keywords: sugar beet pulp, waste disposal, recycling, fertilizer, forage, sorbent, structurator, biodegradable products.

Coxparienne KOTnuecTBa OTXO/[0B MTyTEM UX
MOBTOPHOTO MCITOJb30BAHMS WK ITepepadboTKI
C TTOJIy4eHIeM TPOYRITNY ¢ I0OaBIeHHOI CTOM-
MOCTBIO ABJIAETCA TJIABHON 3ajiaueil 9KOHOMUKH
zaMKHyTOTO nukia [1]. Beupy yBenuuenus
YUCJEHHOCTU HACEJIeHUs] CTPEMUTEIHLHO PACTET
MPOM3BOJICTBO MUIEBHIX MPOIYKTOB, PABHO KaK
" 9UCI0 OTXO/0B. KpymHOTOHHAaKHBIMI OTXO-
aMu TTUIEeBO TPOMBITIIIEHHOCTH CUYUTAIOTCS
(ppyrTOBas KOMKYypa, pucoOBbIie W MIMTEHTYHBIE
oTpyOu, JKMBIX CAXaPHOTO TPOCTHUKA M cAXaPHOI
cBérabl 1 7p. [Ipw nx nHecBoeBpeMeHHON 1/ mnn
HEQIeKBATHON YTUIM3AIMY PACTET HATPY3KA Ha
OKPYJKAIOIIYI0 Cpejly: yBeJnunBaercsi BbIOPOC
MapHUKOBBIX Ta30B, 3arpsi3HeHNe MTOUYBbI 1 BOJ,
pacipocTpanene maToreHon [2].

[TpousBojicTBO caxapa cunraercsi OJHON 13
manboyiee MaTepmaTOGMKIX OoTpacjen mepepa-
OaTBIBAIONIEIl TTPOMBITIIIEHHOCTI: HA KajK/YI0
TOHHY TOTOBOTO TIPOJYyKTa obpasyercst 9 T or-
xomos [3]. Boree 80% orxomos mponsBojcTBa
caxapa MpuXoJnTCs HA CBEKITOBUYHBIN KOM
(YRCC) — obeccaxapeHHYIO CTPYIRKY TOJIIITHOTN
MeHee 2MM |4, 5]. I1o pazHbiM orieHKaM, e3KerojiHo
B Poccun obpasyercst ot 16 o 70 My T chiporo
soma |3, 0—7]. B 3aBucumoctn or copreprranus
BojbI 1 cyxoro BerectBa (CB) paznnyator skom
esesxnii/cuipoit (92-93% sopwl, 7-8% CB),
omrareiii (12—14% CB), kucabtit (mosyuaercs
MpU XpaHEHWN CBEKEro MJIM OTRATOTO HKOMa
B XPAHUJININAX ), BHICYITEHHBII/TIPECCOBAHHbI
(18-25% CB), cyxoii (88% CB); mocaeaamii mo-
jKeT ObITh B PACCHIITHOM MJIN IPAHYJINPOBAHHOM
BHUJIe, a TaKyKe MeJlaccupoBaHublii [0, 7].

CBERJIOBUYHBIN KOM — JIUTHOTEJLTIONO3HOE
chiphé, comepskaiiee 17,6—56,0% temnnonossr,
21-23% remunestonos, 4% anranna, 0,7
16,3% monocaxapupos |6, 8—12]. Kpome Toro,
B HCC npentudunmpoBanbl aMIHOKNCTIOTHI
(amlaHnH, apTUHITH, acllaparnHoOBasi KNCJI0Ta, Ba-

JIAH, TUCTU/IAH, TTUIIH, TTYTaMIUHOBAs KUCTIO0Ta,
U3OJICUTINH, TEUIWH, IU3UH, METHOHIH, TIPOJINH,
CepuH, THPO3WH, TPeOHWH, TpunTodaH, heHmia-
JAHWH), BoflopacTBopuMbie Butamunbl (B1, B2,
B3, B5, B6, B7, B9, B12, C), maxkpo- u Mukpo-
anementnl (P, S, K, Ca, Mg, Zn, 1) [6, 7, 9-12].
Borarerii xuMudecKiii cocTan, «HATypPaIbHOCTDY,
HU3Kass ce0ecTONMOCTh, HOIBITNIE 00HLEMBI TTPO-
ussojcrea penaior fRCC nepcrnekTuBHBIM 1PO-
AYKTOM JIJIs1 BropuuHoii nepepadorku. B Poccun
RCC naunbdosee BocTpeboBaH B 3KUBOTHOBOICTRE,
I7Ie COCTABJISIET OCHOBY PAIIOHOB KPYITHOTO PO-
ratoro ckota (KPC) u cuneii [5—12]. Opnaxo
40-50% sxoma ocraérest HeBOCTPeOOBAHHBIM
7 TTOTIaJIaeT B OTXOIbI, IPUYEM ITPU XpaHEHN N N3-
HAYaJIbHO MATHIIT KJIACC OMACHOCTI OTXO0/[A «3KOM
CBEKJIOBUYHBIIT CBEKIIT» BO3pAcTaeT /10 TPEThero,
MOCKOJIbKY HAYMHAIOTCS TPOIecchl OPOKeHU s
[3,9,6].

B cBsi3u ¢ BBINTen3m0KeHHBIM, T1eJb JAHHOI
paboTHI cocTosITA B 0O0OITEHNN 1 cIcTeMaTm3a-
AT TIePCTIeKTUBHBIX METOJIOB YTHJIH3ATIN I }KOMa
caxapHoll CBEKJIBI, B TOM YHCJE ¢ MOTyYeHUEeM
MTPOJLYKRTOB ¢ TOOABIECHHOI CTONMOCTBIO.

O0BbeKTBHI 1 METO/bI HCCJIEI0BAHIS

Jlnst moncka MCTOUHMKOB HAYYHOI 1 TeXHMI-
yecKoll mHMOPMaIMN UCII0JIb30BAJIN CEPBUCH
eLIBRARY, KubepJlenunra, PubMed, Scopus,
Web of Science, Google Scholar, Pocmarent
mnargopma. [logdop mybaukranmii 3a mocyemnHme
MeCATD JIeT IMPOBOIILIIN TI0 TAKIM KITOUEBBIM CJT0-
BaM, KakK yKOM CBEKJOBUUHBIH, yROM caxXapHON
cBERJTBI, beet pulp, sugar beet pulp, muraomnes-
JIOJI03HOE CHIPhE, OTXOJBI caxapHOil TPOMBIII-
nennocru, agricultural waste. Ocoboe BHumare
V/@JISLTN BOITPOCAM, CBSABAHHBIM ¢ DKOJIOTHYCCKI-
MU aCIeKTaM YTUTU3ATNI KPYTTHOTOHHAMKHBIX
OTXOJIOB CAXapHOTO TTPOM3BOCTRA, & TAKIKE
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HKOHOMUYECKOT 11e1ecO000Pa3ZHOCTI Pa3TMIHBIX
CI10COOOB TTOTyYeHUsT BTOPUYHOI TTPOLYKITIN.

CesrbeROX03511iCTBEHHOE TIPON3BOJICTBO

RopmoBas pmodaBka. Poccus siBasiercs
KpyIHeiinnM B Mupe mpoussojuresnem (2023 r. —
1,87 man 1, 16,4% MupoBoro mpomsBomcTBA)
n sxcnoprépom (2023 1. — 1,30 man T, 27% mupo-
Boro srcrnopra; mporaod wa 2030 r — 1,6 morm 1)
cyménoro fRCC, ncionb3yeMoro Ha KopM cKory
[13].

oM caxapHoii CBERIIBI CBEIKITH, TIPECCOBAH-
HbII, CYXO0il, MeJIacCUPOBAHHbBII BXOIUT B COCTAB
KOMOMKOPMOB MJIT KOPMOBBIX JI0OABOK B PAT[NOHbBI
gpynuoro [6-8, 10, 14—25] u Mmenkoro poratoro
crora [14, 26, 27], ceunen |14, 28-31], noma-
ment [14, 32—-35], kpormkos [36—38], xyp [14,
39-41], yrok [42, 43], nepenenos [44], cobar
[45—47] n komer [48, 49].

Haubosee monmo B faHHOM HAIpaBJIeHUN
RCC ucnonbsyercst B pernonax, rje BoipaluBa-
ercst 1 1epepadarbiBaeTcs: caxapHas cBéraa |90,
o1]. B nepByio ouepesib 3T0 CBA3AHO ¢ HUBKOI
yeroitunBocthio cBeskero tHCC k okucaenunio:
yske Ha Tperbu cyrku pH cuumzkaercs o 5, uro
HeOJIATONPUATHO CKA3bIBAETCS HA KAUYeCTBe KOp-
moB. Rucawiit AHCC mefiTpaansyior pacTBOpoM
aMMUaKa ¢ 1oJyYeHneM aMMOHU3UPOBAHHOIO
sroma [02]. CustocoBanme TpaBbl, MOCTpajaBIIed
or 3acyxu, ¢ uctnonbzopannem fRCC pekomeny-
eTCSI JIJIST YTy UIIeH IS COXPAHHOCTH 1 MTOBBITIICH ST
KOPMOBOII IleHHOCTH cuyioca [93].

Jlnst apperTuBHOTO cCOXpaHeH s MUTATE ] b-
noctu u rpancroprabensuoctu JHCC BuicyIn-
Baercs o BaazkHocrn menee 13% [4, 53], na
Mporecchl 00e3BOKMBAHYS W TPAHYJIHMPOBAHIS
npuxopures 30-40% obux sHEeprorpar npun
nepepaborke cBERIbI [D1]. C 1ebio cHIsReHM S
3aTpar TenJa0BOI SHEPrun Ha BHICYIINBAHWE pe-
KOMEHJIYeTCsi TPaHyJIMPOBAHNUE ¢ TOCAe/LYIOIUM
ARTUBHBIM BeHTUINPOBAHTEM |4 ], mnbo cyTKRa
MeTOIoM Bopotienus [29], mubo obpadorra TRCC
repeJ; HKCTparupoBaHneM pacTBopaMu cysibga-
TOB QJIIOMUHUS 1 aMMOHus [06].

B pamumon skusornnix fRKCC BBomures s
obecIievueHus yIIeBOIHO-TTPOTeNHOBOTO HamaHca
KOPMOB, & TAK;Ke B KAUeCTBe MCTOUHITKA THTIEBHIX
BOJIOKOH, HOPMaJIM3YIONIX 0OMEeH XOoJecTepi-
Ha 1 OKa3bIBAIOIINX aHTHOKCH/AHTHOE JIeiicTBIe
[19, 28]. B 1 r cyxoro fRCC 0,85-0,98 kopmo-
BBIX IUHUTL (JIJIsI CPABHEHUSI — B CBEIKEM 3KOMe
0,06—0,09 kopwm. egxi.) |4, D3]. YceranoBieHo, uto
Briiouenne B panmonsl KPC kopmoBbix mobda-
Bok ¢ fRCC okasbiBaeT mososkuTeNIbHOE BJIS-
HIe Ha TI0e/IaeMOCTh 1 YCBOSIEMOCTH KOPMOB, (pep-

MEHTAIIO B TOJICTOM KUIIEYHNKEe 1 cOCTaB OaK-
Tepuii, Mopdo-6moXuMuYecKnii coctaB KpoBu
(pocT KRoHIeHTpaIMK Kanbius, gocdopa, spu-
TPOIIUTOB), CIIOCOOCTBYET MOBBIIIIEHN O MOJIOYHOI
npoaykrusHoctn |19, 20, 23-25], yBenmunsaer
JIOJTIO arterarta B pyoIe 1 ypoOBeHb IUPRYJIMPYIO-
mero uHeyanHa [57]. OpHako mpu ncioib3oBa-
nun HCC ¢ BbICOKOIT KOHIIEHTpaIMell Kpaxma-
Ja JKIPHOCTH MoJToKa cHmskaercst [23]. osnutns-
unie aderrol BBeennsa yHCC B panmon sxuBor-
HBIX COCTOSIT B CTUMYJIATIT 00pa3oBaHNs 1 Bea-
CBIBAHTIST ROPOTKOTIETIOYeYHBIX }KIPHBIX KNCJITOT,
opmupoBaHNT pazHO0OPa3HOIT MUKPOOHOIT HKO-
cucreMbl (yBesmdeHne KoJniecTBa mojie3Hoi M-
Kpobuothl, ocobenno Lactobacillus) B kuteunn-
Ke, IpebnoTnieckoM JIeMCTBUN, CHIREHUN YPOB-
g rpuranmepuos B kKposu |28, 30, 31, 49, 58].
Jlorazana sapdertTuBHOCTH B O0pHOE ¢ Muapeeit
y nopocsr-orbémbitieii [30]. B orHomennn kpo-
JMKOB YCTAHOBJIEHO, YTO BBHICOKOE COJIepsRaHIie
B parmone pacTBOPUMOIT RIETYATKHI, KOTOPOii 00-
rat fKCC, ¢ ofHoil cTOPOHDI, MOKET CIIOCOOCTBO-
BaTh CHIKEHWIO PICKA PACCTPOIICTB MuIIeBape-
HUIS, ¢ APYTOI — YBeJNdnBaeT BA3KOCTh XITMYCa,
3aTPYy/HAET eTo IepeBapuBaHie 1 BcachiBaHNe,
YBeJIMUNBAET OTHOCUTEbHYIO MACCY COJlePHRIMO-
TO CJIETION KUIITKY 1 BpeMsi TpeObIBaHIsI XUMYyca
B CJIETION KUIIKe, & 3aTeM PUBOJIUT K HAKOILIe-
HUIO TOKCUHOB B CJITION KUIITKE, HAPYIIIeHUTO 6
MUKPOQIOPHI 1 aHOMATIBLHOMY pocty [scherichia
coli, m, RaK cJeficTBIe, IMHEIHO CHIZKALT TTOKA-
3arTesim pocra 1 BbIXof Tyiiku [38, 59, 60].

[Tpu nodasrennn FKCC B panmon sKUBOT-
HBIX CIeyeT YYNThIBaTh BO3MOKHOCTD €T0 KOH-
TaMUHAINN TaTOTeHHOI MUKPO(I0POil 1 Trec-
HeBbIMU rpubamu popos Fusarium, Aspergillus
u Penicillium, a Takske MUKOTOKCUHAMU: 3eapa-
J€HOHOM, MUKO(EeHOJI0BOIT KICJI0TOI, 0XPATOK-
cunom A, pokdoprurom C [61]. TTo nanubim [62],
nnduimposanne cyxoro fRCC Huske, uem pyrux
10OOYHBIX ITPOJLYKTOB ITUTIEBOI HTPOMBIIILIEHHO-
¢t (STYMEHHBII COJION, TMBHAS JIPOOMHA), HO HTO
He OTMeHsIeT He0OXOIMOCTh CTPOTOTO KOHTPOJIS
KavecTBa npopykiun. [[pyrum perenunem mpo-
OJieMBbl ¢TAJIO IPUMeHeHne KOHCePBUPYIOTINX
M00ABOK HA OCHOBE OPTAHMUYECKNX KUCJIOT (MY-
paBbuHON ¥ 1p.) [63].

Ynoopenusi. IHepro3aTpaTHOCTh TPOU3-
BosicrBa cyxoro fRCC (cyxoii pacewIHOl, CyXo0it
IpaHyJIMpPOBAHHBII), HEOCTATOYHBIE TEXHO-
JOTUYECKIe MOIHOCTI CaXapHbIX 3aBOJIOB 110
nepepadorre cseskero yRCC ¢ momyuenmem HOBOI
HPOAYKIIUY (HEeKTHH, KAapOOKCUMETUIIeTI0-
71032 U T.I1.), Ce30HHOCTH MPOM3BOJICTBA caxapa
(c aBrycra 1o sIHBaph), a TaKyKe HeloCTaTOuHOe
KOJMYECTBO sKMBOTHOBOJUYECKNUX XO3AICTB-
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norpedureneit ceeskero tHCC BoIHYsRIAET 11PO-
M3BOJIUTEIICl CRIAIUPOBATL €r0 B sAMaxX WM Ha
OTKPBITBIX TIJIONA/IKAX, a 3aTeM YTHJIN3NPOBaThH
rar orxon [o1, 64, 65]. CBeRIOBUUHBIN KOM
MOJKHO OTHECTH K BTOPUUYHBIM pecypcam, KOTopbie
MOTYT OBITH MCTTOTH30BAHBI B XO3AMCTBEHHOM
[esITeIbHOCTH, B YaCTHOCTHU, B KAYeCTBE OPraHu-
4ecKoro ynoopenusi. PekomeHnyercst saraxubarh
ero B TeYeHme JIBYX CYTOK MOCJe JOCTaBKI Ha
moJjie, a JIIsi CHUYKeHUsT KUCIOTHOCTH BHOCUTH
¢ BeIecTBaMu, HEHTPAJIN3YIOMUMI KICTOT-
HocTh |66, 67]. Tak, mokazamno [68, 69], uro npn
BBIPANUBAHNY sPOBOIl MITEHUI[BI 1 SPOBOTO
siumenst Buecenne tRCC+rederar B rozax 100+5
n 150+15 1/ra, cooTBeTCTBEHHO, CIIOCOOCTBYET
MOBBIIEHNIO YPOKANHOCTH KYJIBTYP U YBeJl-
YeHU IO ToKaszaresneil 9ROHOMIUeCROT dperTnn-
HOCTHU (YUCTOTO 0XO0JIa, peHTabeTbHOCTH ).

Ha ocHoBe nuTHOIETIONO03HBIX OTXO/0B,
K KoTopbiM otHOCcuTCst fRCC, epcriekTnBHA pas-
paboTRa TEXHOJIOTHH TIOJTydeHusi Onoymo0peHnii.
Tar, npu yasrpassyrkosoii kasuraiuu fHCC
B HéM Ha 77% TOBLIIIACTCS COlepsRaHTe Cy-
xux BeniectB 1 Ha 80% — conepyranme pey-
MUPYIONINX caXapoB, 4TO HEOOXOMUMO LIS PO-
€Ta MUKPOOPraHU3MOB [P TIPOUBBOJICTRE Y/I0-
opennii [70].

B cBs3u ¢ veycroitunBoctbio cBeskero fHCC
K OKHICJIEHU IO PEKOMEH/TYeTCsl KOMIIOCTHPOBaHIe.
Xopoio 3apeKoMeHI0BaI0 ceOs BePMUKOM-
moctrpoBanme [71], TOCKOIBKY TMOTYIeHHBIH
Ouorymyc xapakrepusyercst 00jiee BHICOKUM
cofiepsranmeM azora, ocdopa, RaJaus, RaJIbIHs
U Marius 1Mo CPaBHEHUIO ¢ MCXOMHBIM CHIPhEM
[72]. Bepmuromiiocr, BRIOUYAIOIIMIL cyOcTpar u3
HRCC, nouBwl 1 PUIBTPATIMOHHOTO 0CAJIKA, TTepe-
pabarbiBaeMbiil KaTN@OPHUNCKIMEI YePBAMUI
B TeUeHUE D MecsIeB, 1m03BoJyser d3PPeKTUBHO
yrunuzuposath fRCC B ycaoBusx caxapHoro
3aBOJIa, CHUKAsI HATPY3KY HA ORPYKAIOIIYIO
Cpe/ly, I YMEeHbIIUTh 3aTPaThl HA IIPOUBBOJICTBO
omorymyca |73]. buokommoceT, moryueHHBIIT
nyrém cmeruBanms fRCC ¢ 6GmoakruBaropom,
coztepskatnum mrammbl Bacillus sp. BR 1256,
MO3BOJIsIeT 060TaTUTh W YAYUIIUTH CTPYKTYPY
[TOYBBI, IIOBLICUTH TLJIOf0poaue [74].

Nenonn3oBanue B KauecTBe cop6eHTa

CBERJIOBUYHBII KOM COICPIKUT ITOJICAXapi-
IibI, OBJIaafoII e COPOMPYIOTIUMI CBOMCTBAMMN:
MeKTUH, TeJUI0I03Y, JUTHUH, TeMUTIe/LITI0N03Y.
3a cuér peakImii XeMocopoIn, KOMILIecoodpa-
30BaHUA, peakinii MOHHOTO oOMeHa, MUKPO-
OCaKJICHMSA U T. T OCYIIECTBJIACTCS afcopOIs
Berects [75]. IlenTpamu copOiuu B MoJIeKyJIax

MOJMCAXaPUJOB SABISAIOTCS TUPOKCUIbHDIE
IPYIIIbI, TETEPOATOMBI NJIIOKOIMPAHO3HBIX KO-
nert, B(1—4)-TnInKO3UIHbIE CBA3YU TEJTION03bI,
RapOOKCUIIBHBIC, KAPOOHMILHBIE, alleTHILHBIE
rpynibl remuiesiono3 [75-77]. OrHocurenbHo
npumenenusi tHCC B kauecTBe copOeHTA MOFKHO
BBIJIEJINTH KaK MOJIOKUTeIbHbIE (JlereBu3Ha,
AKOJIOTHYHOCTD, JIOCTYIHOCTH, XOPOIIasi MOrI0-
MAIas crocodHOCTh, BO3MOKHOCTH TTOBTOP-
HOTO MCIOJIb30BAHNUSA), TaK 1 OTPHUIATEIbHbIE
MOMEHTHI (HU3Kasl yCTOMYUBOCTD K PABJIOKEH U0
MOJT JIefiCTBUEM TeMIIepaTyphl 1 BIasKHOCTH, 3a-
KUCJeHUe TTOYBEHHOTO PACTBOPA, HU3Kasl MACJI0-
€éMKOCTb BegieficTBre rujipopuibHocTin) [78-81].
Tewm He menee, psij aBropos paccmarpusaer fRCC
Kak 3(pPeRTUBHBIIT DHTEPOCOPOEHT HIUZKOMOJIe-
KYJISIDHBIX OPraHN4YecKIX BeIecTs u MeTadboii-
TOB OEITKOBOI TPUPOMHT [82].

Sanura okpyskariieii cpepl. B nadoparop-
HBIX DKCIIEPUMEHTAX YCTaHOBJICHO, YTO HATUBHbII
7 MO POBAHHBIN (RapOOHM3NPOBAHHBIN )
RCC mosker ncoab30BaTLCS [JIsI yiaJleHus
Rpacureseil (MeTuJIeHOBBI CHHUI, PeaKTUBHBI I
YEPHBIIT O, KUCJTOTHBINI KpacHubli 1 n ip.) n no-
HOB TsyKEMbIX MeTasnon: uHKa (11), xpoma (I11),
xpoma (VI), mepu (11), mapranna(1l), ceunma(ll),
ypana(VI), swenesa (111), auress (I1), ramnus (1),
ragmust (I1) u3 BojHBIX cpejt, B T. 4. IMAXTHBIX BOJT
|77, 83—-88]. Ancopbiiiss MeTaioB coracyercs
¢ uzorepmoii Jlenrmiopa mo mexaHuaMy HOHHOTO
oOMeHa, 3JeKTPOCTATIHYeCKOTO B3aUMO/CHCTBIUS
nubo xemaruposanus [83]. Copbupyromniue
CBOTICTBA MaTepPMaTOB MOKHO YBEJIMINTH TTYTEM
KapOOHM3AINN CHIPbS € MOCTeAYIONeil yrie-
KUCJTOTHON MJIM BOAHO-TTAPOBON aKTWBAI[MeE,
MOCKOJIBRY TTPU ATOM YBEJIMUNBAETCS TTOPUCTOCTh
" IJI0Ta b moBepxHoctu copbenton [81,89-91].
Tar, eciu 5ppeRTUBHOCTH N3BIEUEHUSI METAJITIOB
nag narusnoro tHCC cocrasager 55—80%, To
st mopmumuposanmoro — g0 98% [88]. Tlo
nanuabiM |92, 93], copbrimorHas akTHBHOCTH Kap-
OOHU3MPOBAHHOTO 1 AKTUBUPOBAHHOTO BOJISIHBIM
napom fHCC 1o ouneTrke ¢TOYHBIX BOJ TIOJAUTPa-
puveckoro u HePTEXMMUUECKOTO TTPON3BOJICTR
cormocTaBnMa ¢ 3HHERTUBHOCTHIO AKTUBUPO-
BAHHOTO yIiist, a crouMmocTh — Ha 20—40% muske.
Kpowme Toro, ncciaegoBaresn orMedaioT copoim-
OHHYIO aKTUBHOCTb M'MJIPO- 1 Kceporesieil Ha 6aze
nexruna, noayuennoro us yfHCC, B otHOomennn
nonos Meu (11), eceunna (11) n kagmus (11) [94].

Tarske THCC mokazan xoporiue coponpyro-
e CBOICTBA B OTHOIIEHUN PasinBOB HedTH
u Herenponaykros Ha Bosie |79, 81, 88, 95, 90].
YCeTaHOoBIEHO, UTO JIJisl HATUBHOTO BBICYTIIEHHOTO
HCC nereémrocts cocrasasier 1,16-2,17 v/,
nast oopaborannoro CBY-usnyuennem n1udo
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OpranmyecKnM PaCTBOPUTEIIEM ¢ TOCE Y IOTIIM
BeRUTaHMeM — 3,0—16 /v [79, 81, 88]. Ilpn
ATOM MAaCJOEMKOCTh }KOMAa 3aBUCUT OT TeMIle-
parypbl (CHUKAETCs NPU TOHUMKEHUN TeMIie-
parypbl) n pakimmoHHOro cocraBa (cpejHss
dparnusa yRCC, pasmepom 1,2-5 mm, umeer
HauJydline copOIMOHHbIE XapaKTePUCTUKIN)
[88, 95]. [lnst noBwitenus 3pheRTuBHOCTU He-
(drecopbenToB pazpaboTaHbl OMOKOMITO3UTHbBIE
Marepuasbl Ha OCHOBE MOJUMEPHOI MaTPHUI[hI
(HATTpUMep, COTOINMepa AKPUITOHUTPIIA 1 Me-
THJAMeTaKpujIara) ¢ NHKOPIMOPUPOBAHHBIMI
OUMOreHHBIMU KOMIOHEHTaMU (JUTHOIEIIO-
JO3HBI HanoHNTEN B, HanpuMep, FRCC) n um-
MOOMJIMBOBAHHON RYJIBTYPOUl MJIN accorua-
TaMu HeTEORUCAAONNX ObakTepuil (13 po-
nos Rodococcus, Leicobacter, Ochrobactrum,
Deinococcus n fp.); mamubie OMOKOMITO3UTHI
aJIcopoOMPYIOT YIIIEeBOOPO/IbI U PA3JIaraioT X 10
HeToOKCHUYHbIX 1porayKkToB [90, 96].

Jlns nukBupanum pa3nnBos HedTH B BO-
TOEMax 1 peRyJIBTUBATINN 3aTPA3HEHABIX HePTHIO
n HedTEIPOAYKTaMK TIOYB 1 TPYHTOB ITPEIO-
YTUTeJIbHA MUKPOOMOIOTHYECKAS IeCTPYKITNAS
OJIHOBPEMEHHO ¢ BHECeHNeM CTPYKTYPaTopoB.
[Tocaerme gpeHupPYOT MOYBBI, YIIYUIIAIOT UX BO-
JTHBIIT pesRUM, CTAaONIN3NPYIOT, CHIFRAIOT 9PO3HTO
u pecTpykinuio. CrpyKTypaTopoM MoskeT ObITh
pasjiuyHOe JIUTHOIE/JII0J03HOe ChIpbE, B TOM
YUCJIe MHOTOTOHHA3KHBIE OTXOJIbI TTPOUBBOJICTBA —
HRCC, crepsrIT KYKYPY3HBIX TOYATKOB, PUCOBAS
U TPeUUINHAs MeTyXa, Jy3ra mpoca u mojico-
HEYHWUKA, TUAPOJUZHBIN JUTHIH, TUBHAS JIPO-
OWHa, akKTUBHBIN W, [[peBECHbIe ONMIKN, Kopa
XBOWHBIX U JINCTBEHHBIX JIEPEBLEB, XJOIIKOCO-
JlepsKarme OTXobl MPSIIIBHOTO TTPON3BOICTBA
u JIp., & TaK;ke OMovap, BePXOBON M HU3WHHbBII
tTopd, HABO3, MOX, BepMuRyaut [89, 97-99].
Hanwume ocTymHBIX 71T MUKPOOPTAHN3MOB-
eCTPYKTOPOB aMUHOKUCIOT, OPraHM4YecKuxX
RUCTOT (A00UHASA U IP. ), BATAMIHOB, DJIEMCHTOB
MUHEPAJTbHOTO ITUTAHMS, & TAKKe 00Pa3yoInXcs
B pesysbrare (pepMEHTATHBHOTO U/UAN XUMI-
YeCKOTO TUPOJIN3a MOHOCAXApHUibl (IJII0KO3a,
ReMio3a, apabnuHo3a u Jip.), BHITOLHO OTJIHYATOT
RCC or apyrux crpykryparopos. Corgacuo
[100], nanuume nanToTeHOBOI, S0JIOYHOI 1 ac-
rRopounoBoit Kucaor (Bxoaar B cocran tHCC)
6JIarONMPUATHO CKA3bIBACTCS HA MeTadom3Me
Hereorucasomux darrepuii. IPdeKTnBHOCTHL
OUYMCTKYN HeTe3arps3HEHHBIX TPYHTOB MPH MC-
nornzoBarnn fHCC B kauecTBe cTpyRTYpaTopa
mosker gocturath 97% [91], mpu oarom He npouc-
XOJIMT BBIMBIBAHUS U [TEPEX0/a B IOYBY BeIecTR
13 CTPYRTYPATOPOB MTOJT JlelicTBIEM aTMOCepHbIX
ocajikon [101].

buopasnaraembie npoyKThbI
U IIPOJYKTBI «3€JIEHOIT» XUMNU

[To mammwim [51, 71, 102, 103], HRCC mosrer
3(pPeKTUBHO UCIIONB30BATHLCS B IIPOU3BOJICTBE
Oymaru u yrnakoBOUHBIX MaTepPUaIOB B KAU4ecTRe
qactnaroin (15% ) mirm morHO 3aMeHbI peBec-
uoIx BosokoH. C 2020 r. rommanacrass KOMITAHST
Crown Van Gelder mpousBogur Oymary, Ha
20% cocToATIYI0 N3 CBEKJIOBUUYHOTO BOJOKHA:
MPOYHYIO, IKOJOTHUHYIO (IKOJOTHUCCKIUI CIIe]]
na 16% wmenbiie, a Bo3elicTBIe BOJOKOH Ha
okpyskaoiyio cpeay na 80% menbiie, yuem y
N PeBEeCHBIX BOJIOKOH), O€30TaCHYIO JIJIsT TUIIe-
BBIX ITPOJIYKTOB, TPUTOHYTO /s TTeuati odhcer-
HBIM 1 (DIEKCOTPAPCKIM ¢TTOCODOM, a TaKIKe
BTOPUYHOI 11epepaboTKi 1 KOMIIOCTUPOBAHUS
[104]. B Poccum paspaborambl KOMITO3UITNT
OumopasaraeMbiX YIIakKOBOYHbBIX MATEPHUATIOB Ha
OCHOBE CMeCeIl CHHTeTHYeCKIX MOJIMMEpPOB 1 MO-
IUGUIIPYIOMIX BOJTOKHUCTHIX I00aBOK, B TOM
yucae yHCC [105, 106]. JIunus npousBogcTBa
OuopasaaraeMoil YIIaKOBKI MOYKeT ObITh ycTa-
HOBJEHA Ha cBEKITocaxapHbIX 3aBomax [107],
YT0 MO3BOJISIET COKOHOMUTD Ha JOTHCTUYECKIX
pacxoax.

CBeRJTOBUYHBI 3KOM sSIBJIIETCST OMopasarae-
MBIM HATIOJHUTEIEM, HA OCHOBE KOTOPOTO MOKHO
MOJTYUYNUTh PA3INUHBIC TIOTNMEPHBIC KOMITO3UTHI
[108—112]. B wactroctn, cunTe3npoBam HAHO-
KOMITO3UT U3 MeKTUHA U TeJIJTI003HbIX HAHOBO-
sokoH yKRCC n skerpakra rpanara, o0Jaaronui
anTNOAKTePNATBHBIMI 1 AHTHOKCUAAHTHBIMI
CBOMCTBAMHU, ROTOPBHIT MOKHO MCTOIH30BATH
IJISL IMOKPBITUIL ynakoBouHoii 6ymaru [111].
Paspaboranmbie TeXHOJOTUE MO3BOJISIOT T0-
JYUUTH IIGHOYHBIE MATePUabl s YIIAKOBKN
¢ BBICOKMMU YIPYTO-TIPOUHOCTHBIMU XapaKTe-
PUCTHKAMU CHUMKEHHON ¢e0eCcTOMMOCTH 34 CUET
MCTTOMB30BAHNA ArPONTPOMBITIIICHHBIX OTXO/IOB.
Hepocratkom nsrotoBieHusi Takux Matepuasion
CUMTAIOT HEBO3MOJKHOCTH TTOJTYUEHMST CTaOWUIb-
HOTI 110 COCTAaBY MACChI, & TAKKe HeOOXOINMOCTh
moatenbHoro xpanenus tHCC mepey n3rorosiie-
HIIeM KOMTIO3UTORB, TOTOJHUTETbHBIE PACXO/bI Ha
BuicymuBanne nanonanuress [113, 114], soico-
Ry1o 3aBucumocthb nmorydenubix fRCC-mmacrmace
OT BIQKHOCTH OKPYJKATIOTIEH cpefibl BCIeCTRIE
ux ruppodunsruoctu [115]. [lpusonsrces cpe-
MeHUsS O CUHTEe3UPOBAHHBIX TEPMOTIIACTAX W3
nonucaxapuaos fRCC myrém npsimoii nepesrepu-
(purarum, MO3BOJTUBIINEH OOUTHCA 3aMEIeHIs
10 96% rugpoKCOrpyIn aruibHbIMI IEISIMI
pazmamunoi ganwael [116].

AJbTepHATUBHOE TOTJINBO — OMOITAHON —
MPOMBBOUTCS N3 BO30OOHOBJSIEMBIX PECYPCOB
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B pe3yJbrare cOpasknuBaHus yriaeBo 0B, HATIPI-
Mep, ¢ moMoIrbio Saccharomyces carlsbergensis,
S. cerevisiae, Zymomonas mobilis w np. [71,
117-119]. Buorexnosornueckoe MPON3BOICTBO
OmosTaHOIa UMeeT KaK IpenMyIiecTBa (Bbl-
COKasl CeJeKTHBHOCTh JePMEHTOB, IMIAJsIIne
YCJIOBUST peariuu, He Tpedyercs mpeaBapi-
TeJIbHOE BHICYIINBAHNIE), TAK U HEJOCTATKN
(BhICOKasi ¢e6ecTOMMOCTh, HEOOXOMMOCTH
mpeaBapuTeSbHoil 00pPabOTKN JUTHOIEJJIIO-
JO3HOTO CHIPbsI U HOCTOSAHHOTO YJlaJeHWs
obpasyiomerocst aranona) [71, 117]. Breixon
copamuBaembix Mmounocaxapugon ua fHCC
MOJKHO YBEJUYNUTH ITYTEM TIpe/BapuTeJbHOI
00paboOTKN yJIbTPA3BYKOM WM HarpeBaHMEM
B coueraHmnu ¢ epMeHTATUBHbBIM TUPOTI30M
[120]. Cormacuo [119], mupokomy mpous-
BOJICTBY ¥ TipuMeHeHuIo Ouosranona B Poccun
MPeIsATCTBYET OTCYTCTBIE HEe0OXOIUMOI Tocy-
[apPCTBEHHO MOJJIe PYKKN, IOCTATOYHOTO PhIHKA
cObITa, Hepa3BuUTHIe NHPPACTPYKTYpa I cHcTeMa
TeXHUYECKOI HKCIIyaTaluu TPAHCITOPTHBIX
ABUTATEN eI HA TOTJIMBHBIX CMECSX ¢ HIM.

[Tyrém anaspobHOTrO cOpayKUBaHUs CBesKe-
ro wian cunocoanuoro yfRCC MoKHO THOSTYyUnThH
6uoras (OCHOBHOII KOMIIOHEeHT — MeTaH) [d1, 71,
117, 118]. llonoGHble TpoN3BOJICTBA NMEIOTCS
B llonnbre, Nepmannn, Berukobpuranum, Mon-
nose, Yrpanue, Poccun [51, 121]. Hecmorps
Ha OIpaHNYMBAIOIINE BLIXOJ O1oraza gharTopbl
(IUTHUH 1 KPUCTAIIMYECKAsl 1eJTI0J103a orpa-
HUYUBAIOT IOCTYT TUAPOJUZUPYIONNX hepMeH-
TOB K [EJLTI0NI03€ 1 TeMUTIeJITION03€e), eT0 BHIXO/T
HACTOJILKO BBICOK, YTO IPOM3BOJICTBO CUUTAETCS
pKoHoMuUYecku BoiropubiM [117]. Jloas npous-
BOJICTBA OMOTa3a B Ce30H MPOM3BOJICTBA caxapa
u3 CBEKJBI (aBrycT — sIHBApPh) MCHOJIbB3YETCS
ceesxuil YHCC, BHe ceszoHa — CHI0OCOBAHHBIN
[51]. IIporro3ubie moraszaTenn esReroHO KO-
HOMUYECKOIl 3(PPeKTUBHOCTU UCITOJb30BAHUS
OMorazoBoii CTaHIMN HA caxapHbIX 3aBOJlAX
B Pocenm cocrasnsior 120—-230 py6. na Raskmyto
TOHHY 1epepaboTaHHOTO ChIPhsI CaXapHOIl CBE-
RJIbI, okynaemocth — 10—12 jer [122-124].

N3 ppyrux mpogyKToB ¢ [00aBIEHHON CTOM-
MOCTBIO, M3TOTOBAEHHBIX ¢ MCIOJIb30BAHUEM
RCC, ynomunaiorest ouopusenn [71], Komio-
3UTHBIE cTpouTeabHbie MaTepuannl [125, 126],
ouoyrosb u nuponusueiii rasz [127], snexrpo-
Ibl s cyneprougencaropos [128], a rakxke
pasamvHble TTPOYRTHI OMOTEXHOJIOTHYECKOTO
cunaresa [71, 117]. Takum 06pazom, PerumKINHT
1103BOJISIET CHUBUTH KOJNYeCTBO HerlepepadaThi-
BaeMBIX OTXOJIOB CBEKJIOCAXAPHBIX TIPEJIITPUATHI
¢ 9110 200 r HA RAKYIO TOHHY TPOU3BOIMOTO
caxapa [129].

3axiroueHue

B nannoii pabore 00CyRIAIOTCS CYIIECTBYIO-
e u mnmepcruerTuBHbIe O6JIaCTI/I npuMeHeHund
KPYIHOTOHHAKHOTO OTXOJIa CaXapHOTl IIPOMBbIIII-
J@HHOCTH — CBEKJIOBUUYHOTO 3koMa. Poccusi —
RPYTTHEN TN TPOU3BONTETH 1 DKCIIOPTEP CYyXOTO
HHCC, ocHoBHBIM TTOTPEOUTE/IEM KOTOPOTO SIBJISIET-
51 RUBOTHOBOCTBO. OTHAKO OTCYTCTBYE CYTITITH-
HBIX YCTAHOBOK Ha Psijie TIPeIIIPUSTII, BHICOKAs
DHEPTO3aTPATHOCTh CYIIKHU JROMAa, HEJ[0CTaTOK
MPOU3BOJCTBEHHBIX MOIHOCTEI JIJIs CYIIKI He
MO3BOJISIIOT TepepaboTaTh Bech 00BEM sKOMa B CYy-
ménblit. [ToaTromy psj pocenitcKuxX npejinpusaTuii
ncnonbzyet tHCC iyist mponsBoicTBA B HEOOTBITIX
o0bémax rmektrHa min ounorasa. [Ipu srom 06bém
HerepepadaThiBa@MbIX OTX0/10B cOKpaitiaercs. Tem
He MeHee, BOSMOYKEH 0osree TTyOOKMIT PeTTKITTHT
JKOMA € TI0Jy4eHneM copOeHTOB U/Win CTPYK-
TYPATOPOB JIJIsl JIGKOHTAMUHAIINN OKPYKATOTIei
CPeJIbl, a TaKsKe OMOeTPaINPyeMbIX MaTepHaion
1 TIPOYKTOB «3esénoit» xumnn. K comanenmnio,
B HACTOsIIIlee BPeMsi JlaHHbIe HAIlPaBICHUs OCTa-
forest B Poccny Ha ypoBHE HAyIHBIX pa3zpaboTok
0e3 BHEJIPeHNsI B IIPAKTUKY.

Pabdoma évinoanena 6 pamkax zocydapcmaeen-
noeo 3adanus U OUI] Komu HI] ¥YpO PAH no meme
«Oyenka cocmosnus mpancghopmuposanbLe ILOCIL-
cmem nod3ombl 10JICHOTL maiieu, memoduueckie noo-

2006l K ux ouopemeduayuur, Homep 2ocydapcmaeei-
noit pecucmpayuu 8 ETHCY Né 125021402208-5.

References

1. Kachanova L.S., Bondarenko A.M. Involvement of
potential organic waste into the circular economy as a tool
ensuring the economic security of the state // Economic
Security. 2022. V. 5. No. 4. P. 1517-1530 (in Russian).
doi: 10.18334/ecsec.5.4.115059

2. AlZahabi S., Mamdouh W. Valorization of citrus
processing wasle into high-performance bionanomateri-
als: green synthesis, biomedicine, and environmental
remediation // RSC Adv. 2025. V. 15. No. 43. P. 36534—
36595. doi: 10.1039/d5ra04307¢g

3. Vinogradova K.I. Reclamation of disturbed lands
by agrarian industry wastes // Natural sciences: current
issues and social challenges: materialy IV Mezhdunar-
odnoy nauchno-prakticheskoy konferentsii. Astrakhan:
Izdatelskiy dom “Astrakhanskiy universitet”, 2021.
P.69-75 (in Russian).

4. Golubev 1.G., Shvanskaya I.A., Konovalenko L. Yu.,
Lopatnikov M.V. Waste recycling in agriculture. Moskva:
FGBNU “Rocinformagrotekh”, 2011. 296 p. (in Russian)

9. Zamotaev 1. V., Gracheva R.G., Mikheev P.V., Ko-
noplianikova Yu.V. Formation and transformation of soils

1

Teopernueckas u npurinagaas sxoaorus. 2025. Ne4 / Theoretical and Applied Ecology. 2025. No. 4




TEOPETUYECRUE ITPOBJIEMbI 9ROJIOTUN

12

in the areas of sugar industry waste disposal (review) //
Pochvovedenie. 2022. No. 8. P. 949-961 (in Russian).
doi: 10.31857/50032180X22080159

6. Slavyansky A.A., Mitroshina D.P., Gribkova V.A.,
Ermolaev V.A., Bondarchuk O.N. Beet pulp of sugar pro-
duction and prospects forits use // Vestnik of MSTU. 2023.
V.26. No. 3. P.292-303 (in Russian). doi: 10.21443/1560-
9278-2023-26-3-292-303

7. Starodubtsev D.A. Beet tops and beet pulp // Pro-
duction and processing of agricultural products: materialy
VIIT mezhdunarodnoy nauchno-prakticheskoy konferen-
tsii. Voronezh: Voronezhskiy gosudarstvennyy agrarnyy
universitet im. Imperatora Petra I, 2022. P. 198-203 (in
Russian).

8. Dobruk E.A., Taras A.M., Verttinskaya O.V.,
Yarosh A.E. Efficiency of feed mix usage based on sugar
beet pulp in the nutrutient of cattle // Agriculture — prob-
lems and prospects: shornik nauchnykh trudov. Grodno:
Grodnenskiy gosudarstvennyy agrarnyy universitet, 2017.
P. 24-36 (in Russian).

9. Zobova S.N., Ostrikov A.N., Frolova L.N., Kopylov M. V.,
Bogomolov .S. Influence of technological modes on chang-
es in the composition of beet pulp during its processing at
the Borinsky sugar plant // Vestnik VGUIT. 2021. V. 83.
No. 1. P. 71-77 (in Russian). doi: 10.20914/2310-1202-
2021-1-71-77

10. Lesnov A.P. Processing of beet pulp into high-
protein feed // Sugar. 2010. No. 8. P. 2-5 (in Russian).

11. Radchikov V.F., Tsay V.P., Gurin V.K., Kot A.N,
Sapsaleva T.L. Beet pulp in cattle feeding // Sugar. 2010.
No. 8. P. 2-5 (in Russian).

12.Schwab E.C., Schwab C.G., Shaver R.D. Girard C.L.,
Putnam D.E., Whitehouse N.L. Dietary forage and
nonfiber carbohydrate contents influence B-vitamin intake,
duodenal flow, and apparent ruminal synthesis in lactating
dairy cows //J. Dairy Sci. 2006. V. 89. No. 1. P. 174-187.
doi: 10.3168/jds.S0022-0302(06)72082-3

13. Beet pulp. Overview of foreign economic activ-
ity [Internet resource] https://aemex.ru/wp-content/
uploads/2024/06/0obzor-ved zhom-sveklovichnyj.pdf
(Accessed: 21.05.2025)

14. Donchenko L. V., Lastkov D.O. On the relevance of
deep processing of beet pulp in modern conditions // Sugar.
2023. No. 2. P. 40-45 (in Russian). doi: 10.24412/2413-
0918-2023-2-40-45

15. Lemesh E.A., Gulakov A.N. Increasing the produc-
tivity and quality of milk from dairy cows through the use
of probiotic feed additives in the diet // Vestnik Chuvash
SAU.2025. No. 1. P.107-111 (in Russian). doi: 10.48612/
veh /vxxd-vgnf-g2xd

16. Skrypka S.N., Shvetsov N.N., Chekhranova S.V.,
Nikolaev S.1., Vorontsova E.S., Ivanov A.V. The efficiency
of using “Ultra” premix when feeding dairy cows // Proc.
Lower Volga Agro-University Comp. 2025. No. 1(79).
P.348-355 (in Russian). doi: 10.32786 /2071-9485-2025-
01-36

17. Besarab G.V. The use of dry beet pulp, molasses,
and defecate in the young cattle feeding // Aktualnye
problemy intensivnogo razvitiya zhivotnovodstva. 2025.
No. 28-1. P. 151-159 (in Russian).

18. Radchikov V.F., Ganushchenko O.F. Beet pulp in
cattle feeding // Nashe selskoe khozyaystvo. 2025. No. 16.
P.18-21 (in Russian).

19. Sapsaleva T.L., Radchikova G.N., Glivanskiy E.O.,
Slozhenkina M.I., Izmaylovich [.B., Sadomov A.N., Sintsero-
va A.M., Skripin P.V., Kozlikin A.V. Efficiency of using sec-
ondary sugar production productsin cow diets // Engineering:
theory and practice: materialy IV mezhdunarodnoy nauchno-
prakticheskoy konferentsii. Pinsk: Polesskiy gosudarstven-
nyy universitet, 2024. P. 136—139 (in Russian).

20. Dudaev Sh.M. The influence of beet pulp on the dairy
productivity of Montbilliard cows // Breakthrough scientific
research as an engine of science in agriculture: materialy
dokladov Vserossiyskoy nauchno-prakticheskoy konferentsii.
Groznyy: Chechenskiy gosudarstvennyy universitet imeni
Akhmata Abdulkhamidovicha Kadyrova, 2024. P. 57-61
(in Russian). doi: 10.36684/140-1-2024-57-61

21. Azimova G.V., Yuferev R.A. Efficiency of us-
ing sugarbeet pulp in diets of highly productive cows //
Agrarnaya Rossiya. 2024. No. 12. P. 6-8 (in Russian).
doi: 10.30906/1999-5636-2024-12-6-8

22. Lamminen M., Halmemies-Beauchet-Filleau A.,
Pétursdottir A.H., Qin N., Desnica N., Bell L., Gunnlaugs-
dottir H., Honkanen A., Kokkonen T., Stergiadis S., Van-
hatalo A. Effects of protein source and seaweed supplementa-
tion on mineral intake, milk mineral concentrations, and
iodine transfer efficiency from feed to milk in lactating dairy
cows // J. Dairy Sci. 2025. doi: 10.3168/jds.2025-26779

23. Malekkhahi M., Razzaghi A., Vyas D. Replacement
of corn silage with shredded beet pulp and dietary starch
concentration: Effects on performance, milk fat output,
and body reserves of mid-lactation dairy cows // J. Dairy
Sci. 2023. V. 106. No. 3. P. 1734—1745. doi: 10.3168/
jds.2022-22415

24. Lyul., Yang Z., Wang E.., LiuG., Wang Y., Wang W,
Li S. Possibility of using by-products with high NDF
content to alter the fecal short chain fatty acid profiles,
bacterial community, and digestibility of lactating dairy
cows // Microorganisms. 2022. V. 10. No. 9. Article
No. 1731. doi: 10.3390/microorganisms10091731

25.Mohsen M.K., Ali M.F., Gaafar H.M., Al-SakkaT.S.,
Aboelenin S.M., Soliman M.M., Dawood M.A.O. Impact of
dry sugar beet pulp on milk production, digestibility traits,
and blood constituents of dairy Holstein cows // Animals
(Basel).2021. V. 11. No. 12. Article No. 3496. doi: 10.3390/
ani11123496

26. Peleki C., Kiosis E., Polizopoulou Z.S., Tsousis G-,
Fthenakis G.C., Giadinis N.D., Brozos C. Effect of sugar
beet pulp and anionic salts on metabolic status and mineral
homeostasis during the peri-parturient period of dairy
sheep // Animals. 2023. V. 13. No. 2. Article No. 213. doi:
10.3390/ani13020213

Teopernueckast n npurnamuas sroaorusi. 2025. Ne 4 / Theoretical and Applied Ecology. 2025. No. 4



TEOPETUNYECRUE INPOBJIEMbI 9OROJIOT'N

27. Poli C.H.E.C., Thornton-Kurth K.J., Legako J.F.,
Bremm C., Hampel V.S., Hall J., [pharraguerre [.R., Vil-
lalba J.J. The effect of plant bioactive compounds on lamb
performance, intake, gastrointestinal parasite burdens,
and lipid peroxidation in muscle // J. Anim. Sci. 2021.
V. 99. No. 1. Article No. skab009. doi: 10.1093 /jas /skab009

28. Bai Y., Zhou X., Zhao J., Wang Z., Ye H., Pi Y.,
Che D., Han D., Zhang S., Wang J. Sources of dietary fiber
affect the SCFA production and absorption in the hindgut of
growing pigs // Frontiers in Nutrition. 2022. V. 8. Article
No. 719935. doi: 10.3389/fnut.2021.719935

29. Feng L., Luo Z., Wang J., Wu K., Wang W, Liu Z.,
Wen J., Wang Z., Duns G.J., Ma X., Tan B. Effects of dif-
ferent ratios of soluble to insoluble dietary fiber on growth
performance and intestinal health of piglets // Anim. Nutr.
2024.V.18. P.257-271.doi: 10.1016/j.aninu.2024.05.005

30. Huang S., Cui Z., Hao X., Cheng C., Chen J., Wu D.,
Luo H., Deng J., Tan C. Dietary fibers with low hydra-
tion properties exacerbate diarrhea and impair intestinal
health and nutrient digestibility in weaned piglets // J.
Anim. Sci. Biotechnol. 2022. V. 13. No. 1. Article No. 142.
doi: 10.1186/s40104-022-00771-7

31. Badaras S., Ruzauskas M., Gruzauskas R.,
Zokaityte E., Starkute V., Klupsaite D., Mockus E., Kle-
mentaviciute J., Vadopalas L., Zokaityte G., Dauksiene A.,
Bartkevies V., Bartkiene E. Different creep compound feed
formulations for new born piglets: influence on growth per-
formance and health parameters // Front. Vet. Sci. 2022.
V. 9. Article No. 971783. doi: 10.3389/fvets.2022.971783

32. Sharaskina O.G. Dietary feeding techniques for
body weight control in horses with equine metabolic syn-
drome // Veterinaria i kormlenie. 2024. No. 6. P. 106—-108
(in Russian).doi: 10.30917/ATT-VK-1814-9588-2024-6-24

33. Popova S.A., Skoptsova T.I. Modern approaches
to horse feeding // lzvestiya Velikolukskoy gosudarstven-
noy selskokhozyaystvennoy akademii. 2020. No. 1(30).
P.14-19 (in Russian).

34. Souza L.A., Hunka M.M., Rezende Junior S.F.,
Silva C.J.F.L.D., Manso H.E.C.D.C.C., SimdesJ., Coelho C.S.,
Fazio F., Aragona F., Manso Filho H.C. Potential use
of beet-pulp concentrate supplementation in athletic
horse // Heliyon. 2024. V. 11. No. 1. Article No. e40961.
doi: 10.1016/j.heliyon.2024.e40961

39. Ford T., McAdams Z.L., Townsend K.S., Mar-
tin L.M., Johnson P.J., Ericsson A.C. Effect of sugar beet
pulp on the composition and predicted function of equine
fecal microbiota // Biology (Basel). 2023. V. 12. No. 9.
Article No. 1254. doi: 10.3390/biology12091254

36. Degtyar A.S., Levandovskaya A.V. Meat produc-
tivity and meat quality of rabbits using vitamin-mineral
complexes // Vestnik Donskogo gosudarstvennogo agrar-
nogo universiteta. 2025. No. 2(56). P.88-94 (in Russian).

37. Kvartnikova E.G., Kosovskiy G.Yu., Krovina E.V.
Features of feeding young rabbits // Agrarian Bulletin
of the Urals. 2023. V. 23. No. 12. P. 74-82 (in Russian).
doi: 10.32417/1997-4868-2023-23-12-74-82

38. Arce 0., Alagén G., Rodenas L., Martinez- Paredes E.,
Moya V.J., Cervera C., Pascual J.J. Effect of dietary level
of beet pulp, with or without molasses, on health status,
growth performance, and carcass and digestive tract traits
of rabbits // Animals. 2022. V. 12. No. 23. Article No. 3441.
doi: 10.3390/ani12233441

39. Shatskikh E.V., Latypova E.N. Additives con-
taining different phytobiotics in diets for layers // Ptitse-
vodstvo. 2025. No. 1. P. 30-36 (in Russian). doi: 10.33845/
0033-3239-2025-74-1-30-36

40. Dolgov E.P., Kuzminova E.V., Semenenko K.A.,
Abramov A.A. Influence of Sorbidexyl on hematological
blood parameters in broiler chickens with experimen-
tal mycotoxicosis // Collection of Scientific Papers of
KRCAHVM. 2024. V. 13. No. 1. P. 284-288 (in Russian).
doi: 10.48612/sbornik-2024-1-65

41. Kardel A.A., Kazemifard M., Rezaei M., Teimouri
Yansari A. Broiler responses to dietary fibre sources at
different ages: effects on growth performance, nutrient
digestibility, blood parameters and intestinal morpholo-
gy // Vel. Med. Sci. 2025. V. 11. No. 4. Article No. e70471.
doi: 10.1002/vms3.70471

42. Khaustov V.N., Pilyukshina Ye.V. Use of dried
beet chips in broiler-duckling nutrition // Bulletin of
Altai State Agricultural University. 2014. No 1. P. 83-86
(in Russian).

43. Zaremba 1., Grabowicz M., Biesek J. Effects of
feeding silage of beet pulp or maize on the growth perfor-
mance, meat quality, and production economics of broiler
ducks // Poult. Sci. 2024. V. 103. No. 3. Article No. 103441.
doi: 10.1016/j.psj.2024.103441

44. Bamedi A., Salari S., Baghban F. Changes in
performance, cecal microflora counts and intestinal histol-
ogy of Japanese quails fed diets containing different fibre
sources // Vet. Anim. Sci. 2024. V. 25. Article No. 100386.
doi: 10.1016/j.vas.2024.100386

45. Montserrat-Malagarriga M., Castillejos L., Salas-
Mani A., Torre C., Martin-Orte S.M. The impact of fiber
source on digestive function, fecal microbiota, and immune
response in adult dogs // Animals (Basel). 2024. V. 14.
No. 2. Article No. 196. doi: 10.3390/ani14020196

46. Le Bon M., Carvell-Miller L., Marshall-Jones Z.,
Watson P., Amos G. A novel prebiotic fibre blend supports
the gastrointestinal health of senior dogs // Animals (Ba-
sel). 2023. V. 13. No. 20. Article No. 3291. doi: 10.3390/
anil13203291

47. Finet S., He F., Clark L..V., de Godoy M.R.C.. Func-
tional properties of miscanthus fiber and prebiotic blends
in extruded canine diets // J. Anim. Seci. 2022. V. 100.
No. 4. Article No. skac078. doi: 10.1093 /jas/skac078

48. Donadelli R.A., Dogan H., Aldrich C.G. The effects
of fiber source on extrusion processing parameters and kibble
characteristics of dry cat foods // Transl. Anim. Sci. 2020.
V. 4. No. 4. Article No. txaa185. doi: 10.1093/tas/txaa185

49. Bayurov L.1., Mikheeva K.D. Comparative char-
acteristics of dry foods of foreign production for adult

13

Teopernueckasi n npurnaguas sxoaorms. 2025. Ne 4 / Theoretical and Applied Ecology. 2025. No. 4




TEOPETUYECRUE ITPOBJIEMbI 9ROJIOTUN

14

cats // Scientific Journal of KubSAU. 2023. No. 3(192).
P. 174-180. doi: 10.36718 /1819-4036-2023-3-174-180

50. Novikova A.V. Beet pulp as a possible source of
inhibitory substances of the human food chain // Bulliten
KrasSAU. 2023. No. 3. P. 174—180 (in Russian). doi:
10.36718/1819-4036-2023-3-174-180

o1. Ptak M., Skowronska A., Pinkowska H., Krzy-
wonos M. Sugar beet pulp in the context of developing the
concepl of circular bioeconomy // Energies. 2021. V. 15.
Article No. 175.

52. Buryakov N.P. The role of by-products of sugar beet
production in carbohydrate nutrition of animals // Sugar.
2023. No. 12. P.44-51 (in Russian). doi: 10.24412/2413-
9918-2023-12-44-51

53. Gruber T., Fliegerova K., Terler G., Resch R., Ze-
beli Q., Hartinger T. Mixed ensiling of drought-impaired
grass with agro-industrial by-products and silage additives
improves the nutritive value and shapes the microbial
community of silages // Grass and Forage Science 2024.
V. 79. P.179-197.

94. Chernikov A.M. Dried beet pulp production me-
thod // Patent RU 2542530. Application: 2013137985/13,
13.08.2013. Date of publication: 20.02.2015. Bull. 5 (in
Russian).

99. Chernikov A.M. Method for production of dried
beet pulp // Patent RU 2719156. Application: 2019110360,
08.04.2019. Date of publication: 17.04.2020. Bull. 11 (in
Russian).

56. Kulneva N.G., Zhuravlev M. V., Zirka N.E. Study
of the influence of thermochemical treatment of beet chips
on the water-retaining capability of beet pulp // Innova-
tive technologies in the food industry: science, education
and production: VIII Mezhdunarodnaya nauchno-tekh-
nicheskaya konferentsiya. Voronezh: Voronezhskiy gosu-
darstvennyy universitet inzhenernykh tekhnologiy, 2023.
P. 110-113 (in Russian).

o7.Jeong ., NaS.W., Kang H.J., Park S.J.,Jung D.J.S.,
Beak S.H., Lee J., Kim D.H., Kim H.J., Malekkhahi M.,
Ranaweera K.K.T.N., Baik M. Partial substitution of corn
grain in the diet with beet pulp reveals increased ruminal
acetate proportion and circulating insulin levels in Korean
cattle steers // Animals (Basel). 2022. V. 12. No. 11. Article
No. 1419. doi: 10.3390/ani12111419

08. Wilkowska A., Berlowska J., Nowak A., Motyl I.,
Antczak-Chrobot A., Wojtczak M., Kunicka-Styczynska A.,
Binczarski M., Dziugan P. Combined yeast cultivation
and pectin hydrolysis as an effective method of producing
prebiotic animal feed from sugar beet pulp // Biomol-
ecules. 2020. V. 10. No. 5. Article No. 724. doi: 10.3390/
biom 10050724

99. Liu B, Cui Y., Ali Q., Zhu X., Li D., Ma S., Wang Z.,
Wang C., Shi Y. Gut microbiota modulate rabbit meat
quality in response to dietary fiber // Front. Nutr. 2022.
V. 9. Article No. 849429. doi: 10.3389/fnut.2022.849429

60. Huang D., Wang J., Zhang L., Li Z., Liu Q. Effects
of dietary fibers with different sources on cecal fermentation

parameters and microflora amount of Fujian yellow rah-
bits // Chinese Journal of Animal Nutrition. 2019. V. 31.
No. 1. P. 236—242 (in Chinese). doi: 10.3969/j.issn.1006-
267x.2019.01.029

61. Boudra H., Rouillé B., Lyan B., Morgavi D.P.
Presence of mycotoxins in sugar beet pulp silage col-
lected in France // Anim. Feed Sci. Technol. 2015. V. 205.
P. 131-135. doi: 10.1016 /j.anifeedsci.2015.04.010

62. Lopes P., Sobral M.M.C., Lopes G.R., Martins Z.E.,
Passos C.P., Petronilho S., Ferreira [.LM.P.L..V.O. Myco-
toxins’ prevalence in food industry by-products: a system-
atic review // Toxins (Basel). 2023. V. 15. No. 4. Article
No. 249. doi: 10.3390/toxins15040249

63. [gnatiev B.Yu. Possibilities of reducing the risks
of microbiological contamination in the supply of beet
pulp using organic acids // Sugar. 2018. No. 1. P. 34-35
(in Russian).

64. Sabetova LL.A., Levina M.V. Perspective direc-
tions of secondary waste utilization sugar beet produc-
tion // Technologies of the food and processing industry of
the agroindustrial complex — healthy food products. 2017.
No. 5. P. 132-141 (in Russian).

65. Balabanova M.Yu., Panov S.Yu., Marnov A.Yu.
Research of technical solutions to environmental and en-
ergy problems during pyrolysis processing of large-tonnage
solid organic waste // Vestnik VGUIT. 2025. V. 87. No. 1.
P. 243-249 (in Russian). doi: 10.20914/2310-1202-2025-
1-243-249

66. Borzenkov A.A. Problems of beet pulp use by sugar
factories // Sugar. 2023. No. 11. P. 38—-39 (in Russian).
doi: 10.24412/2413-5518-2023-11-38-39

67. Ermolaev V.A. Secondary raw materials for sugar
production and directions for its processing // Innovatsii
i prodovolstvennaya bezopasnost. 2024. No. 1. P. 87-94
(in Russian). doi: 10.31677/2311-0651-2023-43-1-87-94

68. Gurin A.G., Rezvyakova S.V. Analysis of the eco-
nomic efficiency of using sugar production waste in spring
wheat crops // Innovations in agriculture: problems and
prospects. 2020. No. 2. P. 162—-168 (in Russian).

69. Kozhukhova T.S. Changes in yield and agrochemi-
cal properties of the soil when using unconventional organic
fertilizers on spring barley crops // Bulletin of agrarian sci-
ence. 2023. No. 2. P. 189-194 (in Russian). doi: 10.17238/
issn2587-666X.2023.2.189

70. Makarkin A.A., Khamitov L.A., Gorkova I.V.,
Kostromicheva E.V., Popova A.Yu., Yakovleva I.V. Pros-
pects for obtaining biofertilizers based on lignocellulose
waste from the agro-industrial complex // Innovative tech-
nologies for the production of competitive, environmentally
friendly livestock products: materialy mezhdunarodnoy
nauchno-prakticheskoy konferentsii. Chita: ZabAl, 2024.
P.308-312 (in Russian).

71. Jiménez-lIslas D., Pérez-Romero M.E., Ventura-
Cruz L., Flores-Romero M.B. Sugar beet pulp and research
efforts to diversify its use // Sugar beet cultivation, man-
agement and processing / Eds. V. Misra, S. Srivastava,

Teopernueckast n npurnamuas sroaorusi. 2025. Ne 4 / Theoretical and Applied Ecology. 2025. No. 4



TEOPETUNYECRUE INPOBJIEMbI 9OROJIOT'N

A.K. Mall. Singapore: Springer, 2022. doi: 10.1007/978-
981-19-2730-0_47

72. Paczka G., Garczynska M., Mazur-Paczka A.,
Podolak A., Szura R., Skoczko 1., Kostecka J. Vermicom-
posting of sugar beet pulp using Eisenia fetida (Sav.)
earthworms // Annual Set the Environment Protection.
2018. V. 20. P. 588-601.

73. Melnikova A.S., Kostriukova N.V., Elizarev A.N.,
Sultanova D.S. Method of producing vermicompost from
sugar production wastes // Patent RU 2840004 C1. Ap-
plication: 2024129971, 04.10.2024. Date of publication:
15.05.2025. Bull. 14 (in Russian).

74. Sultanova D.S., Kostriukova N.V., Nasyrova E.S.,
Melnikova A.S., Akhtiamova P.R. Method of producing
biocompost from sugar production wastes // Patent RU
2842538 C1. Application: 2024139332, 25.12.2024. Date
of publication: 30.06.2025. Bull. 19 (in Russian).

75. Nikiforova T.E., Gabrin V.A., Razgovorov P.B.
Peculiarities of sorption of heavy-metal ions by polysac-
charide and polyamide biopolymers // Prot. Met. Phys.
Chem. Surf. 2023. V. 59. No. 3. P. 313-324. doi: 10.1134/
S2070205123700363

76. Vurasko A.V., Simonova I.E., Minakova A.R.
Sorption materials on the basis of technical cellulose from
straw and rice husk // Izvestia Sankt-Peterburgskoj lesoteh-
niceskoj akademii. 2019. No. 226. P. 139-154 (in Russian).

77. Gérente C., du Mensil P.C., Andrés Y., ThibaultJ.F.,
Cloiree P.L. Removal of metal ions from aqueous solution
on low cost natural polysaccharides: sorption mechanism
approach // React. Funct. Polym. 2000. V. 46. P. 135—144.
doi: 10.1016/S1381-5148(00)00047-X

78. Muratova A.R., Kostryukova N.V. Analysis of
sorbents for oil spill response // Russia and the world
community: problems of demography, ecology and public
health: shornik statey VII Mezhdunarodnoy nauchno-prak-
ticheskoy konferentsii. Penza: Penzenskiy gosudarstven-
nyy agrarnyy universitet, 2024. P. 154—159 (in Russian).

79. Kostryukova N.V., Melnikova A.S., Platonova A.I.
Analysis of sorbing characteristics of modified sugar
production waste // Vestnik NTsBZhD. 2022. No. 3(53).
P.108-116 (in Russian).

80. Ulanova D.E., Zhitin Yu.l., Stekolnikova N.V. The
effect of beet pulp and distillery stillage on the functioning
of agrocoenosis in the central chernozem region // Vest-
nik of Voronezh State Agrarian University. 2015. No. 4.
P.27-33 (in Russian).

81. Meshcheryakov S.V., Eremin L.S., Sidorenko D.O.,
Kotelev M.S., Zaitseva E.A., Lavrentiev A.E. Obtaining of
sorbing material based on sugar beet pulp // Environmental
protection in oil and gas complex. 2019. No. 6. P. 10-16 (in
Russian). doi: 10.33285/2411-7013-2019-6(291)-10-16

82. Ryabinina E.I., Andreeva N.A., Nikitina T.N.,
Zotova E.E. The evaluation of the dried beet pulp detoxic
properties based on the model experiments // Proceedings
of Voronezh State University. Series: Chemistry. Biology.
Pharmacy. 2018. No. 2. P. 49-56 (in Russian).

83. Dronnet V.M., Renard C.M.G.C., Axelos M.A.V.,
ThibaultJ.-F. Binding of divalent metal cations by sugar-
beet pulp // Carbohydr. Polym. 1997. V. 34. No. 1-2.
P. 73-82. doi: 10.1016/S0144-8617(97)00055-6

84. Reddad Z., Gérente C., Andrés Y., Le Cloirec P.
Lead removal by a natural polysaccharide in membrane
reactors // Water Sci. Technol. 2004. V. 49. No. 1.
P. 163-170.

85. Aksu Z., Isoglu I.A. Removal of copper(I1) ions
from aqueous solution by biosorption onto agricultural
waste sugar beet pulp // Process Biochem. 2005. V. 40.
P. 3031-3044

86. Pehlivan E., Yanik B.H., Ahmetli G., Pehlivan M.
Equilibrium isotherm studies for the uptake of cadmium
and lead ions onto sugar beet pulp // Bioresour. Tech-
nol. 2008. V. 99. No. 9. P. 3520-3527. doi: 10.1016/j.
biortech.2007.07.052

87. Kuznetsova T.A., Pestov N.A., Revin V.V. Study of
the adsorption properties of plant cellulose with respect to
nickel ions // Chemistry of plant raw material. 2020. No. 2.
P.307-314 (in Russian). doi: 10.14258 /jcprm.2020026573

88. Shaikhieva K.I., Stepanova S.V., Shaikhiev 1.G.,
Sverguzova S.V. Use of native and modified samples of
sugar beet pulp (Bela vulgaris) as sorption materials to
remove pollutants from water environments // Chemistry
of plant raw material. 2024. No. 3. P. 49-70 (in Russian).
doi: 10.14258 /jcprm.20240313555

89. Lisichkin G.V., Kulakova I.I. Elimination of
emergency oil spills: state of the art and problems // Rus-
sian Journal of Applied Chemistry. 2022. V. 95. No. 9.
P. 1263—-1289. doi: 10.1134/s1070427222090014.

90. Dzhabrailova Kh.S., Aleskerova L.E., Shapi-
ro T.N., Lobakova E.S., Dedov A.G. Biocomposite materi-
als for oil spill response in the arctic conditions // Envi-
ronmental protection in oil and gas complex. 2024. No. 5.
P.6-17 (in Russian).

91. Grosheva S.V., Tikhonova 1.0. The potential of
using large-tonnage organic waste in the bioremediation
of oil-contaminated soils // Il Lavyorov Readings.
Arctic: current issues and challenges: shornik nauchnykh
materialov Vserossiyskoy konferentsii s mezhdunarodnym
uchastiem. Arkhangelsk: JSC “Tipografiya No. 2”7, 2023.
P. 386-388 (in Russian).

92. Grosheva S.V., Shlapak S.A., Tikhonova [.0.
New sorbents from large-tonnage agro-industrial waste //
Waste processing technologies to produce new products:
materialy VI Vserosiyskoy nauchno-prakticheskoy kon-
ferentsii. Kirov: Vyatka State University, 2024. P. 43-46
(in Russian).

93. Grosheva S.V., Tikhonova 1.0. Method of pro-
ducing sorbent from granulated beet pulp // Patent RU
2821395 C1. Application: 2023135150, 26.12.2023. Date
of publication: 24.06.2024. Bull. 18 (in Russian).

94. Mata Y.N., Blazquez M. L., Ballester A., Gonzalez I,
Mufoz J.A. Sugar-beet pulp pectin gels as biosorbent for
heavy metals: preparation and determination of biosorption

19

Teopernueckasi n npurnaguas sxoaorms. 2025. Ne 4 / Theoretical and Applied Ecology. 2025. No. 4




TEOPETUYECRUE ITPOBJIEMbI 9ROJIOTUN

16

and desorption characteristics // Chem. Eng. J. 2009.
V. 150. No. 2-3. P. 289-301. doi: 10.1016/j.cej.2009.01.001

95. Shaikhiev 1.G., Stepanova S.V., Shaikhieva K.I.,
Mavletbaeva A.l. Investigation of waste from sugar beet
processing as a sorption material of mineral oils // Herald of
Technological University. 2015. V. 18. No. 17. P. 258261
(in Russian).

96. Ivanova E.A., Lobakova E.S., Idiatulov R.K.,
Shapiro T.N., Sandzhieva D.A., Kuznetsova O.V., Zaitse-
va Yu.N., Dzhabrailova Kh.S., Dedov A.G. Biocomposite
materials for purification of aqueous media contaminated
with hydrocarbons // Pet. Chem. 2019. V. 59. P. 420-426.
doi: 10.1134/S096554411904008X

97. Lazareva A.M., Grosheva S.V., Tikhonova 1.0.
Prospects for deriving carbonizates from large-tonnage
organic wastes // Uspekhi v khimii i khimicheskoy tekh-
nologii. 2023. V. 37. No. 12. P. 98—101 (in Russian).

98. Kulikova N.V., Grosheva S.V., Tikhonova 1.0.
Lysimetric characterization of potential structurators
for bioremediation // Uspekhi v khimii i khimicheskoy
tekhnologii. 2022. V. 36. No. 12. P. 126—128 (in Russian).

99. Muratova A.Y., Panchenko L..V., Dubrovskaya E.V.,
Lyubun’ E.V., Golubev S.N., Sungurtseva I.Yu., Zakhare-
vich A.M., Biktasheva L.R., Galitskaya P.Yu., Turkov-
skaya O.V. Bioremediation potential of biochar-immobi-
lized cells of Azospirillum brasilense // Microbiology. 2022.
V. 91. P. 514-522. doi: 10.1134/50026261722601336

100. Mu Y.Q., Song J.B., Zhao M., Ren P., Liu H.Y.,
Huang X. Integrative omics analysis of plant-microbe
synergies in petroleum pollution remediation // Peerl.
2025. V. 13. Article No. e19396. doi: 10.7717 /peerj. 19396

101. Grosheva S.V., Tikhonova .O. Best environmental
practices in bioremediation of oil-contaminated lands // Envi-
ronmental problems of industrial cities: shornik nauchnykh
trudov 11 mezhdunarodnoy konferentsii. Saratov: Amirit
JSC, 2023. P. 128—130 (in Russian).

102. Lundin T., Karisalmi K., Sojakka H. Method for
production of paper or cardboard // Patent RU 2754187 C2.
Application: 2019134418, 29.03.2018. Date of publication:
30.08.2021. Bull. 25 (in Russian).

103. Revin V.V., Pestov N.A. Method of producing
pectin and cellulose from beet pulp // Patent RU 2580884
C1. Application: 2014154069/13, 29.12.2014. Date of pub-
lication: 10.04.2016. Bull. 10 (in Russian).

104. When sugar beets pack sugar [Internet resource]
https://packaging-journal.de/english-2022-07-crown-
van-gelder/ (Accessed: 16.08.2025)

105. Nemenushchaya L.A., Manokhina A.A. Eco-
logical technologies of recycling vegetable raw materials //
Tekhnika i oborudovanie dlya sela. 2023. No. 8(314).
P. 30-35 (in Russian). doi: 10.33267/2072-9642-2023-
8-30-35

106. Kuzmin A.M., Radaikina E.A. Biodegradable
polymer composition for packaging purposes // Patent RU
2805927 C1. Application: 2023110651, 25.04.2023. Date of
publication: 24.10.2023. Bull. 30 (in Russian).

107. DrannikovA.V.,Shakhov S.V., Erofeevskaya M.O.,
Sukhanov P.M. Method for production of biodegradable
package from secondary material resources of food produc-
tion // Patent RU 2745895 C1. Application: 2020112260,
26.03.2020. Date of publication: 02.04.2021. Bull. 10 (in
Russian).

108. Vodyakov V.N., Shabarin A.A., Shabarin A.A.,
Kuzmin A.M. Polymer composition for producing biodeg-
radated articles // Patent RU 2714887 C1. Application:
2016124877, 21.06.2016. Date of publication: 31.08.2017.
Bull. 25 (in Russian).

109. Kirsh I.A., Beznaeva O.V., Bannikova O.A.,
Ananev V.V., Korovikova I.A., Romanova V.A., Sdobniko-
va O.A., Tveritnikova [.S. Biologically degradable polymer
composition // Patent RU 2714887 C1. Application:
2018141075, 22.11.2018. Date of publication: 20.02.2020.
Bull. 5 (in Russian).

110. Pavlovskaya N.E., Gorkova I.V., Gavrilova A. Yu.,
Gagarina [.N. Study of the effect of composite fillers on the
rheological properties of polymers to create a biodegrad-
able film // Ecology and Industry of Russia. 2020. V. 24.
No. 3. P. 29-33 (in Russian). doi: 10.18412/1816-0395-
2020-3-29-33

111. Hassan E., Fadel S., Abou-Elseoud W., Mahmoud M.,
Hassan M. Cellulose nanofibers/pectin/pomegranate ex-
tract nanocomposite as antibacterial and antioxidant films
and coating for paper // Polymers. 2022. V. 14. No. 21.
Article No. 4605. doi: 10.3390/polym 14214605

112. Liu L., Fishman M.L., Hicks K.B., Liu C.K. Bio-
degradable composites from sugar beet pulp and poly(lactic
acid) // J. Agric. Food Chem. 2005. V. 53. No. 23.
P.9017-9022. doi: 10.1021/jf058083w

113. Nikiforova T.E., Guzenko O.A. Composition for
producing biodegradable polymer material and biodegrad-
able polymer material on its basis // Patent RU 2 796 732
C1. Application: 2022120925, 01.08.2022 Date of publica-
tion: 29.05.2023 Bull. 16 (in Russian).

114. Malinkina O.N., Papkina V.Yu., Shipovskaya A.B.
Composition for obtaining biodegradable polymer material
and biodegradable polymer material on its basis // Patent
RU 2669865 C1. Application: 2017136410, 16.10.2017.
Date of publication: 16.10.2018. Bull. 29 (in Russian).

115. Liu B., Zhang J., Liu L., Hotchkiss A.T. Prepa-
ration and properties of water and glycerol-plasticized
sugar beet pulp plastics //J. Polym. Environ. 2011. V. 19.
P. 559-567. doi: 10.1007/s10924-011-0322-4

116. Serizawa R., Milotskyi R., Iwata S., Fujie T.,
Wada N., Takahashi K. Synthesis and characterization of
thermoplastic resin from sugar beet polysaccharides via
one-step transesterification // Carbohydr. Polym. 2025.
V. 15. No. 352. Article No. 123224. doi: 10.1016/j.carb-
pol.2025.123224

117. Tomaszewska J., Bielinski D., Binczarski M.,
Berlowska J., Dziugan P., Piotrowski J., Stanishevsky A.,
Witonska [.A. Products of sugar beet processing as raw
materials for chemicals and biodegradable polymers //

Teopernueckast n npurnamuas sroaorusi. 2025. Ne 4 / Theoretical and Applied Ecology. 2025. No. 4



TEOPETUNYECRUE INPOBJIEMbI 9OROJIOT'N

RSC Adv. 2018. V. 8. No. 6. P. 3161-3177. doi: 10.1039/
C7TRA12782K

118. Usmani Z., Sharma M., Diwan D., Tripathi M.,
Whale E.,Jayakody L..N., Moreau B., Thakur V.K., Tuohy M.,
Gupta V.K. Valorization of sugar beet pulp to value-added
products: A review // Bioresour. Technol. 2022. V. 346.
Article No. 126580. doi: 10.1016/j.biortech.2021.126580

119. Penkin A.L., Ruppel” Ye.A., Vorob’yov A.A.,
Sobolev A.A., Novoselsky I.Yu. On the influence of fuel bio-
ethanol on the operational properties of transport engines //
Proceedings of Petersburg Transport University. 2023.
V. 20. No. 4. P. 1027-1033. doi: 10.20295/1815-588X-
2023-4-1027-1033.

120. Rezi¢ T., Oros D., Markovi¢ 1., Kracher D., Ludwig R.,
Santek B. Integrated hydrolyzation and fermentation of
sugar beet pulp to bioethanol // J. Microbiol. Biotechnol.
2013. V. 23. P. 1244—1252. doi: 10.4014/jmb.1210.10013

121. Shvechikova A. Waste will find a way out [In-
ternet resource] https://www.kommersant.ru/doc/79585
32?ysclid=mgzd4ghk2t479353234 (Assessed: 20.08.2025)

122. Mansurov R.E. Capacity of sugar beet subcomplex
for biogas production from beet pulp in Tula Region // Agra-
rian science. 2018. No. 9. P. 57-62 (in Russian).

123. Mansurov R.E. Feasibility study of biogas
production in the sugar beet subcomplex of the Nizhny
Novgorod Region // Vestnik of Lobachevsky state uni-
versity of Nizhni Novgorod. Series: Social sciences. 2018.
No. 4. P. 23-29 (in Russian).

124. Mansurov R.E., Zasedova A.A. Prospects for the
development of the sugar beet sub-complex of the republic
of Bashkortostan through the modernization of sugar
production using biogas plants // PNRPU sociology and
economics bulletin. 2019. Ne 1 P. 279-295 (in Russian).
doi: 10.15593/2224-9354/2019.1.23

125. Harb E., Maalouf C., Bliard C., Tenpierik M.,
Lachi M., Bogard F., Polidori G. Thermal performance of
starch /beet-pulp composite bricks for building insulation at
awallscale // Case Studies in Construction Materials. 2023.
V. 18. Article No. e01851. doi: 10.1016/j.csecm.2023.e01851

126. Borysiuk P., Jenczyk-Tolloczko 1., Auriga R.,
Kordzikowski M. Sugar beet pulp as raw material for par-
ticleboard production. // Ind. Crop. Prod. 2019. V. 141.
Article No. 111829. doi: 10.1016/j.indcrop.2019.111829

127. Chojnacki J., Kielar J., Kukietka L., Najser T.,
Pachuta A., Berner B., Zdanowicz A., Frantik J., NajserJ.,
Peer V. Batch pyrolysis and co-pyrolysis of beet pulp and
wheat straw // Materials. 2022. V. 15. Article No. 1230.
doi: 10.3390/ma15031230

128. SelingerJ., Meinander K., Wilson B.P., Abbas Q.,
Hummel M., Spirk S. Sweet side streams: sugar beet pulp as
source for high-performance supercapacitor electrodes //
ACS Omega. 2024. V. 9. No. 4. P. 4733-4743. doi: 10.1021/
acsomega.3c07976

129. Our processes result in almost zero waste [In-
ternet resource| https://www.britishsugar.co.uk/about-
sugar/co-products (Assessed: 20.08.2025)

17

Teopernueckasi n npurnaguas sxoaorms. 2025. Ne 4 / Theoretical and Applied Ecology. 2025. No. 4




