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WU3cnepoBaTencku uenu v 3again:

Llen — npoy4yBaHe Ha MOCTUXXEHUATA 3a MMOBUNIM3UPAHE Ha NPUPOAHU NPOAYKTU C PUTOXMMUYEH NMPOU3XOL BbPXY
GuononumMepu, kaTo Ha Tasu Gasa e ce cb3hanaT HOBU CTpaTerny 3a YCbBbPLUEHCTBaHe Ha CblUecTByBalLUTE
TEXHOSOMN 1 EBEHTYanHoO pa3paboTBaHe Ha HOBM MOAXOAM 38 UMOBUIM3MPAHETO, KakTo U HeobxoaumaTa TeXHUYecka
OCUIYPEHOCT 3a MpunaraHe Ha cTpaTterumre.

3apauum:

-KOHTEHT aHanu3 Ha NoCTWXeHusITa 3a UMoBUNM3npaHe Ha NPUPOLAHU NMPOAYKTU C (PUTOXMMUYEH NMPOU3XOM BbPXY
Ovononumepu;

-N36op Ha noaxomsLy mMeTond 3a AUPEKTHO MMOBMNU3MpaHe Ha BELLECTBOTO C (DUTOXMMWUYEH MPOU3XOL BbPXY
Ovononumep;

-N36op Ha kOHKpPeTeH MeTon (NMPOTOKOIM) 3a MUKPO/HaHOKancynMpaHe Ha NPUPOAHOTO BELLUEeCTBO BbPXY KOHKPETEH
Guononumep;

-KayectBeH aHanu3 Ha MUKpPO/HAHO Kamncynure;

-MukpocKkoncky aHanu3 Ha NoslyCMHTETUYHOTO BMakHO MO OTHOLLEHME Ha UMOBUNN3MPaHUTE BELLECTBA;
-NooGopynBaHe Ha CblUecTByBalla uacnegoBaterncka nabopatopus, B KoATO We O6baat paspaboTBaHu MeToau U
NPOTOKONMM 32 MMOBWMM3NpPaHe Ha pasnvMyHM BELLEeCTBa C (OUTOXMMUYEH MPOM3XOA BbpXy Guononumepw;
-PaspabotBaHe Ha omMTHa TEXHWYECKa YCTaHOBKAa 3a OCbLLUECTBABAHE Ha Ha MMOOMMM3aLMOHHW NpoLedypu C
BelllecTBa C PUTOXMMUYEH NPou3xXon Bbpxy Ouononvmepu;

-My6nukyBaHe Ha pe3ynTaTy OT eKCneprvMeHTanHaTa YacTt B NPECTUXHU MeXAYHapPOAHU CNIUCaHNS C UMMAaKT hakTop U1
MHAEKCUpaHU KoHbepeHunn.

Pe3ynTatu:

1. HanpaBeH e nayepnateneH nurepaTypeH 0630p Mo OTHOLLEHME Ha Ha4YMHWTE 3a MMOBMIM3npaHe Ha BellecTBaTa C
PUTOXMMUYEH (MPUPOAEH) NPOU3Xoa BbpXy O1MOMonMMepw, Kato e yCTaHOBEHO, Ye Te Brxa Mornu ga 6baaT pasgeneHu
Ha [jBa OCHOBHU Noaxoaa: 6asupally ce Ha AMPEKTHO BrpaXaaHe Ha BELLeCTBOTO BbpXY G1ononumepa; 1 Ha BrpaxaaHe
nocpeacTBOM NpeaBapuTeENHO MUKpoKancynpaHe. [NpouechbT Ha NpegBapmuTENHO MUKPOKaNCynMpaHe Ha NPUPOAHOTO
BELLLeCTBO LieNnu OT e4Ha CTpaHa akTUBHUAT CbpLEBMHEH MaTepuyan Aa 6bae 3aluMTeH OT BbHLUHATa cpeaa, a oT gpyra—
[a ce Mo3Bony Mo-npoabIPKUTENHO AEWCTBUE HA CaMus MaTepuarn, yBenmyaBanku BpEMETO Ha HeroBata akTUBHOCT
Ypes3 MOCTEMNEHHOTO My MPOMyckaHe Npe3 MonynponyckrnvBaTta nperpaga Ha creHarta, uarpaxkzalla kancynara.

2. Bb3 OocHOBa Ha aHanu3a Ha Tesu OBa OCHOBHW Moaxoda, eKUMbT W3rOTBS HOBa OpUIMHaNHa crpaTterns 3a
KOMOVHMpaHO npunaraHe BbpXy BMaKHOTO (Ype3 KOBaNeHTHO CBbpP3BaHE) KakTO Ha HekancynvpaH, Taka U Ha
KancynupaH matepuari, nopaau pes npeauMcTea — MHOTO No-Marsku 3arybu Ha CbpLEBUHEH MaTepuan 1 CbkpallaBaHe
Ha HAKOW OT eTanuTe Npu MMOBUNM3NpaHe Ha BELLEeCTBaTa C NPUPOAEH NPOU3X0A BbpXY GMONONMMEpPHUST hunamMeHT.
Mo To3n HauyvH GU ce MO3BOMMIIO HEKancynUMPaHOTO BELLECTBO Aa He ce rybu, a ga 6bae u3non3saHo 3aegHo C
MWKPOKarncynmpaHoTO BELLECTBO.

3. Crpaterusita e nogkpeneHa C eKcnepuMeHTanHa npoueaypa, KaTo [OKa3BaHEeTO Ha peanusyemoctta U,
eheKkTMBHOCTTa M, KAKTO M HEMHOTO ONTUMM3UpaHEe NPEeAcToAT Aa ObaaT HanpaBeHu.

4. [o oTHOLLUEHVE Ha MmpoLeca MUKpoKancynvMpaHe Ha BELLEeCTBOTO - HarnpaBeH € MblleH nuTepatypeH 063op BbpXY
MeToaMTE 3a MUKpOKAmcynvMpaHe Ha aKTUBHWUTE KOMMOHEHTMW.

5. Bb3 OCHOBa Ha TOBa €KMMbT 136Mpa M3MNOMN3BaHETO Ha (PU3MKO-XMMUYHUTE METOAM 33 MUKpPOKancynmpaHe 1 no-
KOHKPETHO Ype3 MpocTa U KoMnsekcHa koauepBauus. Mo To3n HavuH ce n3bsarea paborata ¢ BpeHu 3a 34paBeTo
MOHOMEpW, a ce paboTn MoYTM M3UANo C BuomornyHu maTtepuanu, npunaraikv eKornorMyHo 4yucra “"3eneHa"
TEXHOMOorus, n3nonseaiwa GropasrpaguMuy BeLLecTBa.

6. MeTogukaTa, oCHOBaBaLla ce Ha KOMOMHUPaHWUSI NOAXOZ (AUPEKTHO MMOBUNN3MPaHE Ha BELLECTBOTO U UHAUPEKTHO,
T.€. Ype3 NpeaBapUTENHO MUKPOKANCYMpaHe) 3a BrpaxaaHe Ha MpUpoaHM BeLLecTBa C (OUTOXUMUYEH NPOU3X0S BbPXY
6uononuvepn Gelle nsnpobBaHa, KaTo HAKOM MapaMeTpu 6sixa MPOMEHSHU C LN — ONTUMU3MPAHETO W.

7. Ha 6a3ata Ha KoHCTaTupaHuTe (Bb3 OCHOBA Ha NUTEpaTypHUs 0630p) HEAOCTATbLIM MPU HAHACAHETO Ha BELLIECTBOTO
Yypes BNpbCKBaHE Mo HansraHe 1 BUCOKa TeMnepatypa, EKMMbT U3MNOM3Ba OpUrimHaneH Noaxon 3a MMobunmanpaHe Ha
KancynupaHoTO UMM HEKaMNCynMpaHOTO BELLECTBO Ype3 HaknucBaHe Ha OMOMONMMEPHOTO BMAKHO B pas3pedeH BoAeH
pasTBOP Ha aKTUBHWUSI KOMMOHEHT.
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* 1) ®n3nyHm metoau:
* i. ypes “naHupaHe” ( oT aHrn. pan coating);
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Buononumepute no pasnpocTpaHeHe ca Ha BTopa no3uuma cneg
CYpPOBUHHMUTE MaTepuanun B npupogata. ToBa € BaXeH, HO He
eOWHCTBEH aprymMeHT, npegonpegenduw, HeobxogumocTtrta OT
3aa4bnbo4YeHOTO MM Uu3cnegBaHe U M3yyaBaHe KaTo BellecTBa U
mMaTepuanu. buononumepute cbCcTaBAT Hag 75% OT CyXOTO BELLLECTBO
Ha >XmMBarta KJfieTka 1 no ceomte PyHKUMM ca C peLlaBall NpuUHOC 3a
CbLLECTBYBaHETO U reHe3nca Ha xxvBaTta matepusi. Ha gpyrus nontoc
ca CUHTETUYHUTE MOSNIMMEPHU MOSTYNPOBOAHULN, CBPBXMPOBOAHNULM,
cBeToemMuTupallm guoam n batepun, TOMANHHU U CITBHYEBU KINETKW,
BUCOKOCESIEKTUBHN MeMOBpaHn, reHHOTO M TbKaHHO WHXEHEPCTBO,
nnactoenekTpoHunkaTta, 6GuomHpopmaTukata M MNOAUMEPHUTE
HaHomMmaTepuanun. M BCcM4ko ToBa € Ha (poHa Ha BeYe Kracuyeckute
NoNUMepHU POSTIMNHN, BIAKHECTU U KOMMO3ULMOHHM MaTepuanu, 6e3
KOUTO CbBPEMEHHUAT XMBOT € MPOCTO HemMucrmm. WIHTeH3MBHO
HapacTBa uscnegosarernckara u npunoXxHa genHocT B obracTtta Ha
nonuMepHaTa Hayka U npakTuka.

BrpaxxgaHeto Ha pasnuyHM BeLlecTBa, KakTo MosiydeHu OoT
NPUPOLAHN W3TOYHUUM, Taka WM W3KYCTBEHO CUHTE3MpPaHW, BbPXY
HULIKOBUOHW MONMMMEPU € MNpoLeC C MHOFOCTPaHHU MNPUMOXKHU
acnektn. MmobunmsmpaHeTo Ha KOMMOHEHTU C @aHTUCENTUYHU WU
OpraHonenTUYHN CBOWCTBA, BbPXY pPa3fIM4HU NPUPOLHMN,
NOSTYCUHTETUYHM W WU3KYCTBEHO [MOSIyYEHW MONMMEPHU BnakHa
nony4yasa Bce NO-ronsiMo NoTpebuTencko TbpceHe. MNpouechT uenu
OT efHa CTpaHa 3ana3BaHe Ha 0a30BUTE CBOMCTBA Ha BNakHOTO, a OT
apyra — npugobuBaHe Ha nonesHn edekTu 3a NpoabIDKUTENEH
nepuoa, npu KOMTO oOpaboTeHUAT maTepuan Lie U3obpXu BbB
BPEMETO Ha pPasfUYHN BUTOBM TPETUPAHUS.

Bb3MOXHM ca pasnmyHm cTpaTernyeckm peweHumda 3a
OCblLEeCTBABAaHE Ha WUMOBUNIM3AUMOHHNA npouec — AUPEKTHO;
WHOMPEKTHO T.e. 4pe3 npeaBapuTeNHO MUKpOKancyrMpaHe Ha
BELLIECTBOTO; U1 KOMBUHaUNA Ha ABaTa MeToAa C Lien JoMbriBaHe Ha
edomkacHocTTa. TBopYeckMTe AUPEHNS Ha N3cnenoBaTesiCKNA ekun ca
Haco4yeHn B ABE WHTEPAUCUMMNIIMHAPHW MOCOKM — XUMMUYECKN U
TEXHUYECKN peLleHns B pasrnexpaHara npegmetHa obnacr.

ycnoBus 3A NPOBEXOAHE HA NPOLIECA HA MUKPOKATICYJIMPAHE #
NMPU METOAUTE HA NMPOCTATA U KOMIJIEKCHA KOALIEEPBALIUA
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PROJECT 2018-RU-08

Project title:
STUDY OF METHODS AND APPROACHES, AND THE DEVELOPMENT OF A STRATEGY FOR IMMOBILIZATION
OF NATURAL SUBSTANCES OF PHYTOCHEMICAL ORIGIN ON BIOPOLYMERS - first part

Project director:

assist. prof. Stanislav Georgiev Bayryamov, PhD, h-index (G.S.) 3, h10-index 1

Project team: assoc. prof. eng. Dimiter Ivanov Zafirov, PhD; assoc. prof. eng. Tanya Petkova Grozeva, PhD; assist.
prof. Vasil Petrov Kopchev, PhD; assist. prof. Bozhana Stoycheva, PhD; eng. Svetlin Svetoslavov Marinov; Miroslav
Marinov Milanov; Lilyana Slavova lvanova

Address: Ruse University, 8, Studentska str., 7017 Ruse, Bulgaria

Phone: +359 082 888 459, E-mail: sbayryamov@uni-ruse.bg

Project objective and activities:

Project objective — A study of the achievements for the immobilization of natural products of phytochemical origin
on biopolymers and on this basis new strategies will be developed for the improvement of the existing technologies
and possible development of new approaches for the immobilization as well as the necessary technical assurance
for the implementation of the strategies. .

Main activities:

1. Content analysis of the achievements for immobilization of natural products of phytochemical origin on
biopolymers;

2. Selection of a suitable method for direct immobilization of a substance of phytochemical origin on a
biopolymer;

3. Selection of a specific method (protocol) for micro/nanocapsulation of the natural compound on a
particular biopolymer;

4. Qualitative analysis of micro / nano capsules;

5. Microscopic analysis of the semi-synthetic fiber with respect to immobilized substances;

6. A retrofit of an existing research laboratory where methods and protocols for the immobilization of
different substances of phytochemical origin on biopolymers will be developed;

7. Development of an experimental technical facility for carrying out immobilization procedures with
substances of phytochemical origin on biopolymers;

8. Publication of results from the experimental part in prestigious international journals with impact factor
and indexed conferences.

Main outcomes:

1. A comprehensive literature review has been carried out in regard to the ways to immobilize substances of
phytochemical (natural) origin on biopolymers. It has been found that they could be divided into two main
approaches: based on direct incorporation of the substance on the biopolymer; and embedding by pre-
microencapsulation. The process of pre-microencapsulation of the natural substance aims, on the one hand, to
protect the active core material from the external environment and, on the other hand, to permit longer duration
of the material itself by increasing its activity time by gradually passing it through the semipermeable shell
forming the capsule.

2. Based on the analysis of these two main approaches, the team is working on a new original strategy for
combined application on the fiber (by covalent bonding) of both unpacked and encapsulated material, due to a
number of advantages - much lower core loss and shortening some of the steps of immobilizing naturally
occurring substances on the biopolymer filament. This would allow the unpacked substance to be lost but to be
used together with the microencapsulated substance.

3. The strategy is supported by an experimental procedure, and proof of its feasibility, its effectiveness, and its
optimization are yet to be made.

4. Regarding the microencapsulation process of the substance - a complete literature review on the methods of
microencapsulation of the active ingredients is made.

5. Based on this, the team chooses the use of physicochemical microencapsulation methods, and in particular
through simple and complex coacervation. This avoids working with harmful monomers, and works almost
entirely on biological materials, applying environmentally friendly "green" technology, using biodegradable
substances.

6. The methodology based on the combined approach (direct immobilization of the substance and indirectly, ie
by pre-microencapsulation) for the incorporation of natural substances of phytochemical origin on
biopolymers was tested and some parameters were changed in respect to to optimize it.

7. Based on the deficiencies in the application of the substance by pressure injection and high temperature, the
team uses an original approach to immobilize the encapsulated or uncapsulated substance by soaking the
biopolymer fiber in a dilute aqueous solution of the active ingredient.
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U3CJIEOBAHE HA METOOU U NOAXOAOU, U PASPABOTBAHE HA
CTPATEI'NA SA MUMOBUITMSUNPAHE HA NMPUPOOHU BELLECTBA C

PUTOXUMUYEH MNMPOU3XOA4 BbPXY BUONOJIMMEPU - MbPBA HACT
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KNACUOUKALUNA HA MUKPOKANCYJIUTE
HA OCHOBA HA TAXHATA MOP®OIOINA
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A b B

dur. 3. Mopdonorns Ha MUKPOKaNcynute: MOHOCBHbPLEBUHHMN
(egHoagpeHn) (A), nonucbpueBUHHN (MHorosapenn) (B), matpudHu (B).
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dur. 4. Bugose MuKpokancynu B 3aBUCUMOCT OT 6posi Ha
nnactoBeTe, wu3arpaxpgawu obsBuBkaTa: egHonnacTosa
(eaHocTeHHa) (M), MHoronnacTtoBa (MHorocTeHHa) (1)
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