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AHHOTAL A

B pab6oTe npMBeAeHbI Pe3yIbTaThl MCCIENOBAHNI IO M3YYEHMIO BHICBOOOKIEHNST 610IOTMUECKMX aKTUBHBIX COe-
JIVMHEHU 13 X MHKATICYJIMPOBAaHHbBIX (hOPM B yCJIOBUSIX (pepMeHTaTMBHOTO TMAPOIM3a in vitro. B dase mogenbHo-
O «KUIIEYHMKa» MPOMUCXOOUT HaByXaHue Karcy/1 ¥ X MOCIeAyIoIMii paca, YTo I03BOJISIET TOBOPUTb O KOHTP-
OJIIPyeMOM BBICBOGOKIEHUY MHKAIICYIMPOBAHHBIX 6M10aKTUBHBIX KOMIIOHEHTOB. BoIsiB/IeHO, uTO mmouTti 90 % ot
OCTaTOYHOTO KOJIMYECTBA 3CCEHIMATbHbIX MHIPEAMEHTOB GbUIO BHICBOOOKIEHO M3 KarlCyl B MOIEIbHON (ase
«UCKYCCTBEHHOTO KMIIEYHMKA». B KOHIE HKCIIEPUMEHTA KaTICy/Ibl BHICBOOOKIAIM BCE MHKATICYIMPOBaHHbIE O1-
OJIOTMYECKM aKTUBHbBIE BEIECTBA, HE3aBUCUMO OT COJIEPKAHMUS B HUX PbIObEro k1pa U (GeHOMbHBIX COeAVHEHMIA.
OTMeYeHO, UTO TOMUCIONHBIE KAIlCy/Ibl MMENM HAauGOJbIIYI0 CKIOHHOCTb MTPOTUBOCTOSITh arpecCUBHON Cpefie
«MOJEJIbHOTO JKeJTy[IKa» M CKOHLIEHTPUPOBATDb B cebe MaKCMMalbHOe KOIMYECTBO GMONOTMYeCKY aKTUBHBIX Be-
miecTB. MaTemaTrueckoe MOJeIMPOBaHMe MOATBEPKAAET HAPaBI€HHbI TPAHCIIOPT 6MOTOTMYECKM aKTUBHBIX
COeAVHEHMIT U POJIb HaGyXaHMS KaIlCy/l B BBICBOOOKAEHMM GMOTOTMUYECKY aKTUBHbIX COeIMHEeHU. [IBe MaTeMa-
TUYECKME MOZEJIH, ONMChIBAIOIME KJIACCUUYECKYI0 Teoputo nuddy3un U3 Karcy 1 ¢ BRIrdeHneM KoddduimeHra
peylakcauyy MaTepuaioB, [EMOHCTPUPYIOT KOMOVHALIMIO SMITMPUYECKOTO U TEOPETUUYECKOTO ITOIX00B B YITPaB-
JIEHUM CBOJICTB MHKAIICYJIMPOBAHHBIX OMOIOTMUECKY aKTUBHbBIX BeIleCTB. [ToyueHHble JaHHbIE TIePCITEeKTUBHBI
B 067acTy pa3paboTKy YIy4IIeHHbIX ¥ (QYHKUMOHAIBHBIX MTPOAYKTOB MUTAHUS, & TAKKE CYXUX MHTPEIMEHTOB
¥ KOHLIEHTPATOB.
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ABSTRACT

In this paper, the results of studies on the release of biological active compounds from their encapsulated forms
under conditions of enzymatic hydrolysis in vitro are presented. In the phase of the model «small intestine»
swelling of the capsules and their subsequent decay occurs, which allows to speak about the controlled release
of encapsulated bioactive components. It was revealed that almost 90 % of the residual quantity of essential in-
gredients was released from the capsules in the model phase of the artificial «<small intestine». At the end of the
experiment, the capsules released all the encapsulated biologically active substances, regardless of the content
of fish oil and phenolic compounds in them. It was noted that the poly-capsules had the greatest propensity
to withstand the aggressive environment of the «model stomach» and concentrate in themselves the maximum
amount of biologically active substances. Mathematical modeling confirms the direct transport of biologically
active compounds and the role of the swelling of capsules in the release of biologically active compounds. Two
mathematical models describing the classical theory of diffusion from capsules and incorporating the material
relaxation coefficient demonstrate a combination of empirical and theoretical approaches in controlling the prop-
erties of encapsulated biologically active substances. The obtained data are promising in the field of development
of improved and functional food products, as well as the dry ingredients and concentrates.

K1 aCCOpTMMEHTa IIPOAYKTOB, 060rameHme 61M0JIOTMYeCKM aK-

[InmeBasi MPOMBINIJIEHHOCTh XapaKTePU3yeTCs DPa3BUTHU-
€M TEeXHOJIOTMM KauyeCTBEHHO HOBOTO 3Tarla, MPOSIBIISIONIErocs
B 3¢bdeKTMBHOM UCIIONb30BaHUM PeCYPCOB IJISI UX TPOMU3BOLCT-
Ba. [IpM 3TOM MOBBINIAETCS KAYECTBO MPOSYKIIVY, PACIINPSIETCS
aCCOPTMMEHT IIPOJOBOJIBCTBHMS, NPENCTABIEHHOIO Ha IIONKAX
B MarasuHax. CTaTucTnyeckue NaHHbIE TABHO YKa3bIBAIOT HA
JeduuuT pasnaMUHBIX HYTPUEHTOB B MUTAHUM HaceaeHus [1].
JaHHYIO0 MTpo6JIeMy BO3MOKHO PEIINTDb C MOMOIIbI0 pa3paboT-

[JId UUTUPOBAHUS: EBteeB A. B., Top6yHoBa H. B., Jlapuonosa O.C.,
BanHukoBa A. B. Teoperuueckoe 060CHOBaHMe HalpaBJIe€HHOTO TPaHCIIOP-
Ta GMONOTMYECKY AKTUMBHBIX KOMIIOHEHTOB B YCJIOBUSIX MOAENMPYEMOTO 3Ke-
JIyOOYHO-KUIIEYHOTro TpakTra. [luweesie cucmemsl. 2018;1(2):21-28. DOI:
10.21323/2618-9771-2018-1-2-21-28

TUBHBIMM BellleCTBaMu [2].

B HacTos1ee BpeMsI B Hallleji CTpaHe MHOTMe IIPOMBbILILIeH-
Hble MpeAmnpUsITUS Hayalay BBIIYCKATb MPOLYKTHI, 06/1amaio-
mye GyHKUMOHAIbHBIMY CBOCTBAMM, OOOTalleHHbIe BUTAMMU-
HaMy, MYHepalaMy ¥ aHTHoKcuaanTamu. CrnesyeT OTMETUTD,
YTO MHOTVE OMOJNIOTMYECKV aKTMBHbBIE COeNVHEHMS] CHIKAIOT
CBOI0 aKTMBHOCTb B 3aBMCUMOCTYM OT YCIOBMII OKpYyXKalolei
cpefipl, UTO MO3BOJIsIET PeKOMEH0BaTh TEXHOIOTMUIO MHKAIICY-
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JISTLY, TIPOJIOHTUPYIOIETT eicTBYE GMONTOTMUECKY aKTUBHBIX
BelecTs [3,4].

MUKpPOVHKAIICYIMPOBAHME MOXKET ObITh OIpele/ieHO Kak
MPOIeCC MOCTPOeHUsT (PYHKIMOHATBHOTO 6apbepa MeXIy MH-
Karcy1MpyeMbIM BelleCTBOM U CTEHOBBIM MaTepuaioM B LeNISX
U30eKaHUST XMMUYECKUX U (DU3UUECKUK peakuuit u mommep-
sKaHUST OMONMOTMYeCcKUX U QYHKIIMOHAIBHBIX CBOMCTB 3CCEHLIM-
aJIbHBIX BEIECTB. B 3TOi CBSI3M MX 3allMTa M MMMOOMIM3ALIVS
SIBJISIETCSI aKTyaJIbHBIM HAampaBJieHMEM WUCCaeqoBanmii [2,4,5].
B smTepaType ommcaHO OOCTaTOYHOE KOAMYECTBO MPUMEPOB
110 MHKaICyJIMPOBAaHMIO Maces, KpacuTerneil, apoMaTu3aTo-
pOB, 6eIKOB, BUTAMMHOB U IPYTMX BELECTB, OGHAKO MMEIOTCS
BeCcbMa OTpaHMYEHHbIE CBEEHMS 110 CTENEeHY 6MOJOCTYITHOCTH
MHKAICYIMPOBAHHOTO WHIPEIMEeHTa, MPOSIBIEHUI0 3aJaHHbIX
busmonormyecky LeHHbIX CBOMCTB U UX TEOPeTUYeCKOMY 060-
CHOBaHMIO.

Llenpi0o TAHHOTO MCC/IEOBaHUSI SIBJSETCSl TeopeTuyeckoe
060CHOBaHMe HAaIMpaBIeHHOTO TPAHCIIOPTAa MHKAICYIMPOBaH-
HbIX GOpPM phIOGbEro kupa 1 GeHOMbHBIX COeIMHEHMIT B YCIIOBU-
SIX MOZ,eTMPYeMOTO 3KeTyJOYHO-KMUIIeYHOr0 TPaKTa uesoBeKa Ha
OCHOBE KOMILIEKCHOTO OAX0/1a, BKIOYAIOIIEro SMIUpuIecKue
M TeOpeTUYeCcKre MeTOAbI U3yUeHMUs.

2. MarepuaJisl ¥ METOJbI MCC/IeJOBAHU
2.1 Mamepuansl ucciedoeaHus

[ns mpoBedeHMUsT MCCAeNOBaHMUII MUCIIOIb30BaAM SKCTPAKT
CBEKOJIbHOI 6OTBbI, TTOYUYEeHHOI U3 Beta vulgaris L. copta 1u-
JIVHIpa, B KauecTBe 3KCTpareHTa ucronb3oBaau 70-% crompr.
B xopme sKkCTpakUuyuy IPUMEHSIIM YIbTPa3ByKOBOE BO3JeliCTBIE
nipu 35 kI, 450 Bt 60 MyH 1 BbITTapMBaHMe MO BaKyyMOM IIpK
40°C [6], a TakKe PBIOMIL XXUP U anbruHaT HaTpus (Sigma Al-
drich, UK).

2.2 MemoOobsl uccnedoeanus
[T TPUTOTOBJIEHUST KATICy/l C PHIObUM SKMPOM B BOMHBIN

1,5% pactBop anbruHarta HaTpusi BHocwin 20% u 40% skupa,

COOTBETCTBEHHO. DMY/IbCUIO TLIATENbHO MPUMELINBaIN, TOMO-

TeHU3UPOBaIN, a 3aTeM Karuii, chopMUPOBaHHbBIE C TTIOMOIIbIO

IeInTeabHOM Urbl guamerpom 0,5 mm, mobasnsii B 0,012 M

pacTBOp XJIOpUAA Kalablus Ijig obpasoBaHus chep AuaMeTpoM

1,5-2 mm. [MonyueHHsie karcy/abl xpaHwm B 0,01 M pactBope

CaCl [3].

[t mosryyeHMsI MHKAICyIMpOBaHHBIX GOpM (eHONbHBIX CO-
eIVHeHMit 6bIIM MCITO/Ib30BaHbl TPU CII0CO6A MPUTOTOBIEHNS
Karcyin:

1. PacTtBOp asbruHaTa Karaau B pacTBop, cogepskamuii 0,012 M
xnopuaa kanbuys u 1 % srcrpakra. [layee Karcysbl XpaHWIN
B pacTBOpe xyopuaa kamabiys 0,012 M mipu 5 °C.

2. PacrtBop anbruuHara kananu B 0,012 M pacTBopa xjopuia
KaJIbLIMsI, TIOKa He 06pa3oBanuch mapuku. llapuku ocrapa-
JIUCh B BaHHe XJIOpUAA Kaablusi B TeueHue 30 MUH, 3aTeM
MX TIPOCEUBAIM U TIPOMBIBAIM IEMOHMU3MPOBAHHON BOJOIA.
Manee kamcynsl nmoMmewanu B 1%-ii pacTBOp 3KCTpakTa
U OCTaBJIsUIM TaM, Ha 30 MuH, 3ateM nepesocwin B 0,012 M
pacTBOp Xjaopuaa Kaublys Ha 30 MMH M IIPOMBIBAIN IEUO-
HM30BaHHO BOmO¥. Karcymbl XpaHMIM Kak OMMCAHO BhIIIIE.

3. PacrtBop anbruHara HaTpus U skcrpakTa kanaau B 0,012 M
pacTBOp XJIOpUAA Kanablys 1 Xpauwuim rpu 5 °C.
BbIcBOGOKIEHME KOMITOHEHTOB M3 KaIlCysl ObLIO MCCIENO-

BAaHO B XOfie UMUTAIMM MOZEIN IepeBapMBaHMs B KeTyIOUHbIX

M KMIIeYHBIX COKax [2].

MopenbHbIi «MCKYCCTBEHHBIV JKeNynoK»: 2%-i pacTBOP
NaCl B memonmsupoBaHHoi Bome, pH 2 (1 M HCI), nencuu
3600 U/mi, Temmeparypa 37 °C. O6pasiibl MHKYOMPOBAIM Ha BO-
IISTHOJi 6aHe NPV MTOCTOSTHHOM BCTPSIXMBAHUM B TeUeHMe 3a/1aH-
Horo nepuona BpemeHu (120 MuH).
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MopenbHbI «MCKYCCTBEHHBI KuUllledHUK»: 0,68 % omHOOC-
HOBHOTO (ocdata xanus; 0,1 % comeit skemuHbIX KUCIOT; 0,4 %
rmaHkpeatusa, pH 7,5 (0,5 M NaOH), remmiepartypa 37 °C. O6pas-
IIbI UHKYGMPOBAIM B BOMISIHOV GaHe TIPY MOCTOSTHHOM BCTPSIXM-
BaHMM B TeUEHME 3a[IaHHOTO Mepuoga BpeMenu (= 20 MUH).

KuneTnka BbICBOOOXKIEHMSI 3CCEHIMANTbHBIX Macel U3 UX
MHKATICYTMPOBAHHBIX (HOPM KOHTPOIMPOBAIACH METOLOM KO-
JINYeCTBEHHOTO aHanu3a ¢ nomoibio UV-VIS-cnekTpockonun.
laHHBI METO OCHOBAH HAa OTpeie/IeHNY ONTUUECKO TIIOTHO-
CTY pacTBOPEHHBIX B rekcane macen npu 260-300 M. [Tonyuen-
Hble pe3y/IbTaThl KOHLIEHTPAlLMii Mace B reKCaHe, B MakCuMyme
nornomenns A= 280,5 um nmpu 20°C, B npefenax KCIepu-
MeHTanbHOro ayanasoHa 0,4-1,2 Mr/Mi UMeIoT JIMHEeHYIO 3a-
BucuMoOcTb R? = 0,999 (3akoH Jlambepra-Bepa) [7].

Inst ompeneneHus: cyMMbl (DeHONbHBIX COeIMHEHUIT aHa-
Mu3upyeMoro obpasia, M3MepeHHOe CBETOIOIIONeHMEe Tepe-
CUMTHIBAIY B €OUMHUIBI KOHLIEHTPALUU 1O TPagyUupPOBOUHOMY
rpaduxy, MoaTydyeHHOMY [Js1 CTaHAApTHOTO monudeHosna, Ha-
npuMep, KBeplieTuHa. [TomyueHHbIi pe3ynbTaT SIBJISIeTCs yepe-
HEHHbBIM aHaJIUTUIECKUM OTK/IMKOM BCeX q)EHOJ'[beIX coegHe-
HUiA, comepyKaluxcs B o0bekTe aHanusa. OnpeneneHe o61ero
comep>kaHusl oaM(eHOoI0B OIpenesyiv ¢ IIOMOIIbI0 PeaKkTUBa
@onuHa-YokanbTey. B konbe Ha 25 MJI cMelIMBaIKU MUCCIemye-
Mblit pacTBop, 0.3 M peaktusa, 3 mi 20% mac. Na, CO,, moBo-
I 06bEM 00 MeTKM. CBETOMNOIIOIIeH e pacTBOPOB U3MePS-
v yepe3 20 muuyT nipu 720 HM [8]. CriekTpsl nornouieHus B YO
¥ BUOMMOI 06/1aCTSIX M3MePsUIM IIPU MOMOILM cIieKTpodoToMe-
Tpa CP-26.

3. Pe3yiabTaThl M 06CYKAEHUE
3.1 Ouenka napamempog 8v1c6000340eHUS

UHKANCyAUupo8aHHslX popm HCUPHBIX KUCSIOM

B HacTosIee BpeMs MOTPeOUTEIbCKIUIT MHTEpeC 3HaUMTeTb-
HO BO3pOC B (YHKIIMOHAIbHBIX MUINEBBIX MPOAYKTaxX, o6ora-
LeHHBbIX ®-3 >XUPHBIMU KUCIOTaMM, BUTAMUHAMM, aHTUOKCU-
JaHtamu u 1p. IIpo6iema B MPOU3BOACTBE TAKUX MPOAYKTOB
CBSI3aHA CO CTAGMIBHOCTHIO OMONOTMUYECKM AKTMBHBIX KOMIIO-
HEHTOB B IPOAYKTe, a Takke C MoAAepkKaHUeM MpUeMIeMbIX
peonorMueckmx M OpraHOoMeNTHUUeCcKMUX IoKasaTesneil. Xopoiio
M3BECTHO, YTO MHOTME (YHKIMOHAIbHbIE MHTPEAVNEHTHI UYBCT-
BUTEJIbHBI K BO3JEJICTBUIO CBETA, TeIla M KUCI0POAa, U, TAKUM
06pa3oM, TpeTepIieBa0T OKMUCIUTEIbHbBIE TTPOIIECCHI, UTO SBJIS-
eTCsI OHO 13 OCHOBHBIX IPUYMH YXYOIII€HNUS] TeKCTYPbI, BKyCa,
apomara, IJBeTa ¥ CpoKka rogHOCTH IPOoAyKTOoB [9,10].

ToBOpSI O BAMSIHMM BHEIIHMX YCJIOBUI Cpelbl Ha GMOIOTU-
YeCKM aKTUBHbIE COeNMHEHUs ClefyeT YUYUThIBaTh, YTO B3a-
MUMOAENCTBUS MMKDPO- ¥ MaKpOHYTPUEHTOB MOTYT He TOJbKO

60 T
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Bpems hepMeHTaTHBHOIO I'HAPOIH3a, MHH
Puc. 1. KoHIleHTpauus 3cCeHIMalIbHbIX JKUPHBIX KUCIOT
B KarllCyJlaX B MOJIe/IbHbIX YCJIOBUSX JKeJIyLOUYHO-KUIIeUHOI 0
TpakTa
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OKa3bIBaTh IIPSIMOE paspyuialollee Wiy MHAKTUBYPYIOIIee BO3-
JIeliCTBMe, HO U KOCBEHHOE BJIMSIHME TIyTeM CHVDKeHMSI 6GMOJI0-
CTYITHOCTU U CTelleH! BCAaCbIBaHMSI MUKDOHYTPUEHTA B KUILEY-
HUKe [2,3]. B 3TOi1 CBS13M aKTyaIbHBIMU SIBJISIIOTCSI UCCIIeA,0BAHMS
[0 OLIEHKe KMHETMKM BBICBOOOKIEHMSI MHKAIICYIMPYEeMOTro
KOMIIOHEHTA, YTO B IIOJTHOM Mepe XapaKTepusyeT IIPOoLiecC YCBO-
s1eMOCTY JaHHBIX 5CCEHLIMATbHBIX MHTPEAVIEHTOB.

OKCcIepUMMeHTalbHble JaHHbIE CBUIETENbCTBYIOT, UTO CO-
3IaHHbIe VHKAICYIMPOBaHHBIE (OPMBI 3CCEHIMATBHBIX KMUP-
HBIX KHUCJIOT 3alUIIeHbl OT BO3AENCTBUSI HEeBIAarOmpUsSTHBIX
(axTOpOB ¥ MPOXOJAT arpeCcCUBHYIO Cpely MOJeIbHOTO «KeJTy.I-
ka» (Puc. 1). Beigiieno, uro noutut 90 % OT OCTaTOYHOI'O KOJIN-
YecTBa 3CCEHIMATbHBIX JXMUPHBIX KUCIOT GBUIO BBICBOOOXKIEHO
M3 KaIcyl B MOJeIbHO ¢a3e «MCKYCCTBEHHOTO KUIIEYHMKa».
B KoHIIe aKkclepMMeHTa KallCy/ibl BBICBOOOXKIAIM BCe MHKATICY-
JMPOBaHHbIE GMOIOTUMYECKM aKTMBHbBIE BeIllleCcTBa, He3aBUCUMO
OT COZeP’KaHMs B HUX JKMpa.

TakuM 006pa3oM, MOTyYyeHHbIe HAHHBIE ITO3BOJSIIOT IIpeN-
TIOJIOXKUTh, YTO JAHHASI TEXHOJIOTMS TIePCIeKTVBHA B KayecTBe
6apbepHOI TeXHOIOTUY, UYTO JOTIOTHUTENIbHO MOXKEeT UCIIO/Nb30-
BaThCs B ITPOM3BOLICTBE MUILEBBIX MTPOAYKTOB IMPOQIIIAKTIIe-
CKO ¥ QYHKIMOHAIbHO HAINpaBAeHHOCTH. [IJi onpeneneHus
CKOPOCTM TPAHCIIOPTUPOBKM PBIGBETO KMpa B PaMKaxX 3TOTO
MCC/IeqOBaHMSI Mbl PacCMOTpeny KOHILeMUMM KIacCUyeckoi
teopun nuddys3nn, KOTOpble PA3bSICHSIOT JIEXKAIINWA B OCHOBE
MeXaH)3M IlepeHoca M MPeJCKa3bIBaloT ITOMy4eHHYI0 KMHeTH-
Ky BBICBOOOXKIEHMSI B 3aBMCMMOCTU OT T€OMETPUM U COCTaBa
ycrpoiicTBa. Teopusi BbIpaskaeTcs cienyomum auddepeHun-
QJIbHBIM YpaBHeHMeM C YaCTHBIMMU ITPOV3BOAHBIMM [11]:

96, _1[a(, 5 36), 2 (D G ), 2, G
o r|or or 0\ r 090 | oz oz
rae C, 1 D, — ko3 dunyeHT KoHIeHTpauuy u Auddysun 61M0aKTUBHOTO

KOMIIOHEHTA B HallleM C/Iy4Jae), r 0603HavaeT pafyaabHyI0 KOOPIu-
HATY, Z — OCEBYIO KOOPAWHATY, O — YITIOBYIO KOODAMHATY, t — BpeMSI.

VpaBHeHMe (1) MOXeT ObITh pellleHO aHATUTUYECKU B YCIIO-
BUSIX MAEATIbHOTO IOTPY>KeHMs, OOHOPOJHOM HayaJlbHOM pac-
IIpeie/IeHUY JIEKAPCTBEHHOTO CPeICTBa U ITOCTOSIHHOM Anddy-
3UM JIEKapCTBEHHOIO CpefcTBa AJIsl chep ¢ paamycoM Rs, uto
JlaeT HIDKe MaTeMaTu4ecKkoe BolpaxkeHue [12,13]:

M, 6 &1 D-n’-m*-t
=l-— ) —exp| ————— 2
M ;ﬁznz P R’ @

oo n=l1
roe Mr " Mue — KYMYJIITUBHbIE KOJIMYECTBa 6G1OIOrMYeCK aKTUBHOTO Be-

I1eCTBa, BBICBOGOXXIAE€MOT0 B MOMEHT BpeMeHM ¢ U t=00, D — KaXy-
muiicst koaddumment puddysun, a n — GUKTUBHOE YUCTIO.

Ha Puc. 2 mokasaHbl 3KCIIepMMEHTa/IbHble Ha6IIIeHNs
M pesylbTaThl MPUMMEHEHUS] ypaBHeHUs! (2) B IpemcKasaHuu
ckopocteit nuddysun Mpu MOAENbHBIX JKeTyI0YHO-KUIIeY-
HBIX YCIOBUSIX. DKCIIEPMMEHTAIbHbIE CKOPOCTM BBICBOOOXKIE-
Hus (M, / M) ocTaBaiuch CTabMIbHBIMM B JKelTyJ0uHO cpene,
HO pe3KO BO3pacTali B MIEIIOUHBIX YCIOBUSIX, KaK COOOIIANIOCh
B ITPOLIEHTHOM COZIEP’KaHMUM BbIAEISIEMOTro Xypa Ha Puc. 1. [JaH-
HbIe GbUIM CMOJIEIMPOBAHbI B 3aBUCUMMOCTY OT BpEMEHM HaOII0-
nmeHust B Microsoft Visual Basic 1 omm6Kky mporpaMMuUpOBaHus
6GbUIM CBEIEHbI K MMHUMYMY C OUeHb ITpueMaeMbIiMu Ko3ddu-
uueHTamu koppesnsituu (R? = 0,980-0,990).

PeltaemMoe B JaHHOM MucciienoBauuy auddepeHIaabHoe
ypaBHEHME COOTBETCTBYET SKCIIEPUMEHTATbHBIM HAOTIOIeHUSIM
M,/ M, < 1,0) u naet 3HaueHus D myisg nByx 06pasiioB: OKOJIO
1,0x 10-10 cm?/c B sxemymouHoii ¢ase u 1,5x 10~> cm?/c B Kulieu-
HoJt dase. SIcHO, UTO BIMSIHME HAOYXaHMSI TIOMMEDPHBIX CeTeil
B IIEJIOYHOI Cpefie 3TOTO UCCAeIOBAHMS TeMOHCTPUPYETCS BbI-
COKMMM 3HAYeHMUSIMM Kaxyinerocst koadduimenta nuddysun,
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MIPUBOASIIETO K OBICTPBHIM SIBIEHMSIM IepeHoca. Brimenenue
PBIObETO KUPA U3 «MAJOTBEPIOI CUCTEMbBI» AJIbTMHATA HATPUS
TaKkKe SIB/ISIETCSI OGBICTPHIM TI0 CPaBHEHUIO C SIBJIEHUSIMU TIepe-
HOCA 0.-TMHOJIEHOBOM KUCTOTHI, AUGGOYHIUPYIOIUMU U3 «KOH-
JIEHCHPOBAHHON MaTPUILbI» K-KapparMHaHa ¥ IOJMUAEKCTPO3bI
(85 % ob1ero comep>kaHus TBEPIBIX BEIIECTB) IIPU ee Iepexojie
yepes TemmepaTypy crekioBanus (D = 1,0x 10713 cm?/c) [14].
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Puc. 2. CKOpoCTb Bbife/eHNs] MHKAICY/JIMPOBAHHOTO X1pa
20 (o) 1 40 (m)% B 3aBUCUMOCTH OT BpeMeHU B MOZeNMPyeMbIX
KeTyIOYHO-KMULIEeYHBIX YCIOBUSIX IIPYU MOZeNVPOBaHUN
C MCTI0/Ib30BaHMEM aHAIUTUUECKOTO YPaBHEHMSI YaCTHBIX
MPOU3BOSHBIX (CIJIOUIHbIE IMHUN)

Vcxonst M3 TOMyYeHHBbIX JAHHBIX, MOXKHO CHEIaTh BbIBOI,
YTO M3MEHEeHMEe KUCIOTHOCTYU CPelbl ¥ KOHIEHTPAIUU COoeit
BO BpeMsT pepMeHTaTMBHOIO IMAPOIN3a MIPUBOMSAT K U3MeHe-
HUSIM B IIOJIMMEPHOJI CeTKe, 06eCIeunBaroyM 6M0aKTUBHOCTD
B MOJI€JIbHOM TOHKOM KMIIIEUHVKE B CBSI3M CO 3HAUMUTEbHBIM
HabyxaHueM Karicyi. CTpYKTypHbBIE CBOJCTBA OKa3bIBAIOT 3HA-
YMTEIbHOE BJMSHME Ha BBDKMBAEMOCTb GMONOTMYECKU aK-
TUBHBIX BEIECTB MJISI KOHTpoOIMpyemoi auddysum u mpen-
1OJIaraioT, YTO Karcyabl MOTYT MCIIONb30BAThCSI B KauecTBe
TTOTEHIMATbHO CUCTEMBI OPAJILHOTO MpUeMa B LENSX YMEHb-
neHus geduiuta BUTAMMHOB ¥ aHTUOKCUIAHTOB B pallliOHe
yesoBeKa. VcxXonsl M3 TMOMYYEHHBIX JTaHHbBIX, MOXXHO CHeIaThb
BBIBOJI, O TOM, UTO KarlCyJbl SIBJSIIOTCSI Hauboee rmepCrekTuB-
HBIMM B IeJISIX COXpaHeHUsT PYHKIY 6M0aKTUBHOTO BellleCTBa
¥ KOHTPOJMMPYEMBIM €ro BhICBOOOXKIeHMeM. [layibHeitmas pa-
60Ta mpexrionaraeT M3ydyeHue BBICBOOOXKIEHUS 3CCEHIMAb-
HBIX KOMIIOHEHTOB B 3aBUCMMOCTM OT BPEMEHMU, UTO MOIOJ-
HUTEJIbHO MOXET yKa3aTh Ha GMOJOCTYITHOCTbh PACTUTENIbHBIX
9KCTPAaKTOB.

3.2 H3yuenue ougysuu uHKancyauposaHHsix popm

¢henonvHbIX cOeduHeHULT

Kunetuka BbICBOOOKIEeHMsI (€HONbHBIX COeAVHEeHMIT Oblaa
OXapakTepu3oBaHa C MOMOIIbIO criekTpodorometpa [15]. Iu-
TeJIbHOCTh MCCAemoBanus coctaBuia 180 MUHYT B MOMEIbHBIX
pacTBOpax keayaKa M KuineyHuka. Ha Puc. 3 nmokasaHa KuHe-
TMKa BBICBOOOXKIEHMUST (DEHONMbHBIX COEOUMHEHMIA, TPU ITOM U3
rpaduka BUIHO, UTO MaKCMMaJIbHOE BBICBOGOKIEHME HAOIIO-
JaeTCsT M3 KarCysl, IPUTOTOBIEHHBIX 10 TPETHEMY CITOCO6Y, UTO
yKa3bIBaeT Ha UX CJIAOYIO YCTOMUMBOCTh COXPAHEHMsT aHTUOKCH-
JIAaHTa BHYTPM MaTPUIIBI BCAEACTBME YACTUUHO Pa3pylIeHHOM
TIPMPOABI HOCUTENST HA CTaaAuM TOoaydeHus Karcya. [TokasaHo,
uTto nuddy3us 61M0aKTUBHBIX BEIECTB M3 KaIlCy/l, IOTyUYeHHbIX
T10 cItoco0y 2, 6bIa MeHee BbIpakeHa B CBSI3Y C MMONMCIOTHBIM
CrIoco60M MX ITPUTOTOBJIEHMSI.
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Puc. 3. KonienTtpaiiust peHoIbHbIX COeAVHEHNI B KarCy/iax,
MOJTYYeHHbIX Pa3HbIMM CIIOCO0AM B MOIETbHbBIX YCIOBUSIX
SKeTYyIOYHO-KUIIIeYHOTO TPaKTa

TakuM 06pa3oM, MOTyYeHHbIe JaHHbIE MOATBEPKIAIOT paHee
MIpOBeJieHHbIe MCCIef0BaHMsl, 4TO 0K0I0 90 % 0CTaTOYHOTO KOMN-
YyecTBa MHKAICYIMPOBAHHBIX KOMIIOHEHTOB GBLIO BBICBOOOXKIE-
HO U3 Karcyi B ¢pase «<MOJeIbHOTO KueyHuKa» [2,3]. Oxomno 80 %
MHKAIICY/IPOBaHHbIX KOMIIOHEHTOB OCTaBalXCh B HATUMBHOM
BUJIe, Tepsisl B «KECTOKOM» Cpelle MCKYCCTBEHHOIO JKelyAKa OT
TepBOHAYaILHOTO cocTaBa okoo 20 %. Kak u B crydyae ¢ ppiobUM
SKMPOM, B KOHIIE SKCIIePUMEHTA KaIICY/Ibl BHICBOOOXKIAN BCE VH-
KaIlCyMMPOBaHHbIE OMOTOTMYECKY aKTUBHbIE BeLleCTBa.

B maHHOM 3KcIepuMeHTe Ijisl 60jiee TOUHOTO MOHMMaHMS
TPAHCIIOPTa GMOAKTUBHBIX BEIECTB B YCIOBUSIX KOHTPOIUPY-
€MOTO BBICBOOOKIEHMSI B MOJEIMPYEMBIX JKeTyTOUYHO-KUIIeY-
HBIX YCIOBUSIX UCIIO/Ib30Ba/IaCh METOL 0O, KOTOPast paccMa-
TpuBaeT Mozenb b dy3noHHOI penakcanyy. JaHHbI poliecc
MOXKHO OIMCATh CeAyIouM obpasom [16]:

M k
—L =" [ 1+ 21" (3)
M k,
W3 ypaBHeHMs (3) IPOIEHT BbICBOGOKIAEHNS BEIeCcTBa 13-
3a MexaHu3Ma auddysnoHHoit MmobmnbHOCTH (F) pacCUMThIBA-
ercs Kak:

1
F‘=-——7;——— “)
1+ 2"
1
YTO MPUBOAUT K COOTHOLIEHUIO penakcanuu (R) o Briaanmy nud-

(by3moHHOIT MOOGMITBHOCTH KaK [3]:
R_k

F kK

DKCIEPUMEHTAIbHbIE CKOPOCTY BBICBOOOXKIEHUSI HA pUC. 3
OBUTV HU3KMMM B SKETyOOUYHBIX YCIOBUSIX, HO YCKOPSUTUCH B KU-
IIIeYHOI cpefie, obecrieunBas TpebyeMble JaHHbIE AJIS UCTIONb-
30BaHMsS ypaBHeHMil. TeopeTmyeckass (QYHKUMSI TPOBEPSIETCS
IyTEM YCTAHOBKM HE3aBUCUMBIX CKOPOCTEI BbICBOOOXKIEHMS
C OueHb IIpMeMJIEMbIMU KO3GDUIMEHTAMU KOPPEISLUn
(R, = 0,980-0,990). Pe3ynbTaThl MOLEIMPOBAHNUL BBICBOOOXKIE-
HuS (GeHONbHBIX COeOMHEHMIT) B 00euX CUCTEMAaX MUIlEeBape-
HUS TIpUBeeHbI Ha Puic. 4. TTokasaHo, uTo BKIam Audy3moHHOI

" ®)

1. Introduction

The food industry is characterized by the development of
technology of a qualitatively new stage, manifested in the ef-
fective use of resources for their production. At the same time,
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Puc. 4. (a) PenakcauyioHHbli BKaaL, (R, MyHKTUpPHAS JIMHNS,
OCHOBHasI 0Cb y), dpakuus quddysum (F, CTUIONIHAS TMHUS,
BTOpUYHAs OCh Y) U (6) oTHOIIeHMe R/F GheHOMbHBIX COeAVHEeHU
B 3aBMCUMOCTH OT BpeMeHU B UMUTHUPYEMbIX
SKeJTyIOYHO-KUILIIEYHBIX YCIIOBUSIX

MOOWJIbHOCTH SIBJISIETCSI AOMVHMPYIOLIVIM B HauaJie BbIAEIeHUS
6GMOIOTMYECKM aKTUBHOTO BENeCTBa, HO OH YMEHBIIIAeTCsT 9KC-
MTOHEHIMAIBHO C YBeJIMUeHneM BpeMeHn HabmomeHns. OmHaKo
(paxuus penakcanyy CTaHOBUTCST GoJiee JIMHEIHOI CO BpeMe-
HeM (oTHoieHue R/F), UTO TOBOPUT O ee mpeobnamanuu. IIpe-
obrajaHue MexaHM3Ma pelakcalyy B KOHIIE 3KCIIepMMeHTa
MOATBEePKIAET MpeabIAyIe HabMomeHsT 3a KaTiCcyJlaMu B 9TOii
paboTe 1 BO3MOKHOCTD paciazia B KUIIEUHO cpefie.

4. BpIBOIBI

B pesynbraTe MpOBEIEeHHBIX UCCIENOBAHUM MOXHO CIENaTh
BBIBOZ, O TOM, UTO MCIIOJIb30BaHME TMOIUCIOMHBIX KATCy/l I0-
3BOJISITh 06ECIIeYNTh HAIIPaBIEHHBI TPAHCIIOPT 6MOIOTMYECKN
aKTMBHBIX BellecTB. TakuMM 06pa3oM, pa3paboTaH CUCTEeMHBI
MPOTOKO/ Il PAlVIOHANIMU3AIUY TE€XHOJIOTUU TIONyIeHUs MH-
Karcy/IMpoBaHHbIX GOPM IUNUAOB U HEHOTbHBIX COEIMHEHMUI.
[TpukinagHOe 3HaYeHNe MCCIeIOBaHNS 3aKII0YaeTCsl, B TOM, UTO
Ha OCHOBAHUM JAHHON TEXHOJOTUY OyayT pa3paboTaHbl QYHK-
L[MOHAJIbHBIE TPOAYKTHI IUTAaHMS MaCCOBOTO CIIpoca, obora-
IIEHHbIE BEIIeCTBAMY C GMOaKTUBHBIMM CBOMCTBAMMA.

5. BbIpaskeHMe MPU3HATETbHOCTU
ABTOpDBI BBIPAXKAIOT MTPU3HATETBHOCTD 32 (GMHAHCOBYIO MO -
nepxkky I'panTa [Ipe3ugenta PO MK-3069.2017.11.

the quality of products improves, the various kinds of foods
on shelves of supermarkets are expanding. Statistical data has
long indicated a deficiency of various nutrients in the diet of
the population [1]. This problem can be solved by the devel-
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opment of a novel products enriched with biologically active
substances [2].

At present, many industrial enterprises in our country have
started to produce products that have functional properties and
enriched with vitamins, minerals and antioxidants. It should be
noted that many biologically active compounds decrease their
activity depending on environmental conditions, which makes it
possible to recommend encapsulation technology that prolongs
the action of biologically active substances [3,4].

Microencapsulation can be defined as the process of con-
structing a functional barrier between the encapsulated mate-
rial and the wall material in order to avoid chemical and physical
reactions and to maintain the biological and functional proper-
ties of essential substances. In this regard, their protection and
immobilization is a relevant area of research [2,4,5]. A sufficient
number of examples on the encapsulation of oils, dyes, flavors,
proteins, vitamins and other substances have been described in
the literature, but there is a very limited information on the de-
gree of bioavailability of the encapsulated ingredient, the mani-
festation of predetermined physiologically valuable properties
and their theoretical justification.

The purpose of this study is the theoretical justification of
the direct transport of encapsulated forms of fish oil and phe-
nolic compounds under the conditions of the simulated gastro-
intestinal tract of humans on the basis of a complex approach
involving empirical and theoretical methods of study.

2. Materials and methods
2.1 Materials

For the study, a beet extract from Beta vulgaris L. of the
Cylinder variety was used, and 70% alcohol was used as the
extractant. During the extraction, ultrasound was applied at
35 kHz, 450 W 60 min and evaporation under vacuum at 40 °C
[6]. Also fish oil and sodium alginate were utilized from Sigma
Aldrich, UK.

2.2 Methods
For the preparation of fish oil capsules, 20% and 40% fat

were added to the aqueous 1.5% sodium alginate solution, re-

spectively. The emulsion was thoroughly mixed, homogenized,
and then the drops formed by a 0.5 mm diameter separating nee-
dle were added to a 0.012 M calcium chloride solution to form
spheres with a diameter of 1.5-2 mm. The resulting capsules

were stored in a 0.01 M CacCl solution [3].

Three methods for the preparation of capsules were used to
prepare encapsulated forms of phenolic compounds:

1. The alginate solution was dripped into a solution containing
0.012 M calcium chloride and 1% extract. The capsules were
then stored in a solution of calcium chloride 0.012 M at 5 °C.

2. The alginate solution was dripped into a 0.012 M calcium
chloride solution until the capsules were formed. The beads
remained in the calcium chloride bath for 30 minutes, then
they were sieved and washed with deionized water. The cap-
sules were then placed in a 1 % solution of the extract and left
there for 30 minutes, then transferred to a 0.012 M calcium
chloride solution for 30 minutes and washed with deionized
water. The capsules were stored as described above.

3. A solution of sodium alginate and extract was dripped into a
0.012 M calcium chloride solution and stored at 5 °C.

The release of components from the capsules was examined
during the simulation of the digestion model in gastric and in-
testinal juices [2].

Model «artificial stomach»: 2% NaCl solution in deionized
water, pH 2 (1 M HCI), pepsin 3600 U / ml, temperature 37 °C.
Samples were incubated in a water bath with constant shaking
for a predetermined period of time (120 min).
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Model «artificial intestine»: 0.68% of monobasic potas-
sium phosphate; 0.1% of bile salts; 0.4% pancreatin, pH 7.5
(0.5 M NaOH), temperature 37 °C. Samples were incubated in a
water bath with constant shaking for a predetermined period of
time (= 20 min).

The kinetics of the release of essential oils from their encap-
sulated forms was monitored by quantitative analysis using UV-
VIS spectroscopy. This method is based on the determination of
the optical density of oils dissolved in hexane at 260-300 nm.
The results of the concentrations of oils in hexane, at an absorp-
tion maximum of A =280.5 nm at 20 °C, within the experimen-
tal range of 0.4-1.2 mg/ ml have a linear dependence R?=0.999
(Lambert-Beer law) [7].

To determine the amount of phenolic compounds of the
sample analyzed, the measured light absorption was converted
into units of concentration according to the calibration curve
obtained for the standard polyphenol, for example quercetin.
The results obtained were averaged to the analytical response
of all phenolic compounds in the object of analysis. Determina-
tion of the total content of polyphenols was determined with the
help of the Folin-Chokalteu reagent. In a 25 ml flask, the test so-
lution was mixed, 0.3 ml of the reagent, 3 ml of 20 % wt. Na,CO,
was adjusted on the volume to the mark. The light absorption
of the solutions was measured after 20 minutes at 720 nm [8].
Absorption spectra in the UV and visible regions were measured
using a SF-26 spectrophotometer.

3. Results and discussion
3.1 Estimation of release parameters of encapsulated

fatty acid forms

At present, consumer interest has increased significantly in
functional food products enriched with »-3 fatty acids, vitamins,
antioxidants, etc. The problem in the production of such prod-
ucts is associated with the stability of biologically active compo-
nents in the product, and also with the maintenance of accept-
able rheological and organoleptic parameters. It is well known
that many functional ingredients are sensitive to light, heat and
oxygen, and thus undergo oxidative processes, which is one of
the main causes of deterioration of texture, taste, flavor, color
and shelf life of products [9,10].

Speaking about the influence of external environmental con-
ditions on biologically active compounds, one should take into
account that the interactions of micro- and macronutrients can
not only exert a direct destructive or inactivating effect, but also
indirect influence by decreasing the bioavailability and the de-
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Fig. 1. Oil content as a function of time for alginate capsules
in simulated gastrointestinal conditions with 20 (m)
and 40 (0)% oil loading
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gree of absorption of the micronutrient in the intestine [2,3]. In
this connection, studies of the release kinetics of encapsulated
component are relevant, which fully characterizes the assimila-
tion of these essential ingredient data.

Experimental data indicate that the encapsulated forms of
essential fatty acids are protected from the effects of unfavor-
able factors and pass through the aggressive environment of
the model «stomach» (Fig. 1). It was revealed that almost 90 %
of the residual quantity of essential fatty acids was released
from the capsules in the model phase of the «artificial intes-
tine». At the end of the experiment, the capsules released all
encapsulated biologically active substances regardless of their
fat content.

Thus, the obtained data suggest that this technology is prom-
ising as a barrier technology, which can additionally be used in
the production of preventive and functional food products. To
determine the rate of transportation of fish oil within the frame-
work of this study, we considered the concepts of classical diffu-
sion theory, which explain the underlying transport mechanism
and predict the resulting release kinetics depending on the ge-
ometry and composition of the device. The theory is expressed
by the following partial differential equation [11]:

1 D
a&:, i r-Dka& +i Ja& +i r-D,(a& )
o r|or or 0\ r 00 | oz 0z
where, C,_and D, are the concentration and diffusion coefficient of the
diffusing species (bioactive component in our case), r denotes the ra-

dial coordinate, z is the axial coordinate, 6 is the angular coordinate,
and t represents time.

Equation (1) can be solved analytically under perfect sink
conditions, homogeneous initial drug distribution, and constant
drug diffusivity for spheres of radius R_yielding the below math-
ematical expression (Siepmann & Siepmann, 2008):

M, 6 o1 D-n*-7’-t
=l-— ) —exp| ————— 2
M n'zznz p( R} J @

where, M, and M_ are the cumulative amounts of drug released at time t
and t = «, Dis the apparent diffusion coefficient, and n is a dummy
number.

Fig. 2 reproduces the experimental observations and
the outcome of employing equation (7) in the prediction of
diffusion rates under model gastrointestinal conditions.
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Fig. 2. Release rate of encapsulated oil in simulated
gastrointestinal conditions for 20 (e) and 40 (w)% oil loading, and
predictions of computerized modeling using a partial differential

equation (solid lines)
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Experimental release rates (M/M_) remained stable in
the gastric environment but increased sharply in alkaline
conditions, as reported for the percentage of released oil
in Figure 5. These were modelled as a function of time of
observation in Microsoft Visual Basic, and programming errors
were minimised by considering a certain number of sequential
layers (n = 50). The theoretical function is verified by fitting
the independent release rates with a very acceptable correla-
tion coefficients (R?= 0.980 - 0.990).

The differential equation solvable in this study corresponds
to experimental observations (Mt / M < 1.0) and gives D values
for two samples: about 1.0 x 1071° cm?/s in the gastric phase and
1.5 x 10~ cm?/s in the intestinal phase. It is clear that the effect
of the swelling of polymer networks in the alkaline medium of
this study is demonstrated by the high values of the apparent
diffusion coefficient, which leads to a rapid transport phenom-
ena. The release of fish oil from the «low solid» system of sodium
alginate is also rapid compared to the phenomena of transfer
of a-linolenic acid diffusing from the «condensed matrix» of
k-carrageenan and polydextrose (85% of the total solids con-
tent) upon its transition through the glass transition tempera-
ture (D =1.0 x 10-5 cm?/s) [14].

Based on the data obtained, it can be concluded that a
change in the acidity of the medium and the concentration of
salts during enzymatic hydrolysis lead to changes in the polymer
network that provides bioactivity in the model small intestine
due to a significant swelling of the capsules. Structural proper-
ties have a significant effect on the survival of biologically active
substances for controlled diffusion and suggest that capsules
can be used as a potential oral intake system in order to reduce
the deficiency of vitamins and antioxidants in the human diet.
Based on the data obtained, it can be concluded that the cap-
sules are the most promising in order to preserve the function of
the bioactive substance and its controlled release. Further work
involves the study of the release of essential components as a
function of time, which may further indicate the bioavailability
of plant extracts.

3.2 The study of the diffusion of encapsulated forms

of phenolic compounds

The kinetics of the release of phenolic compounds was char-
acterized by a spectrophotometer [15]. The duration of the study
was 180 minutes in model solutions of the stomach and intes-
tines. Figure 3 shows the kinetics of release of phenolic com-
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Fig. 3. Amount of phenolic compounds as a function of time in
alginate capsules prepared according to Routes 1 (m), 2 (A) and 3
(e) in simulated gastrointestinal conditions
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pounds, while the graph shows that the maximum release is ob-
served from the capsules prepared by the third method, which
indicates their weak stability of the antioxidant retention within
the matrix due to the partially destroyed nature of the carrier
in the capsule preparation step. It was shown that the diffusion
of bioactive substances from the capsules obtained by Method 2
was less pronounced in connection with the multilayer method
of their preparation.

Thus, the obtained data suggest that this technology is prom-
ising as a barrier technology, which can additionally be used in
the production of preventive and functional food products. To
determine the rate of transportation of fish oil within the frame-
work of this study, we considered the concepts of classical diffu-
sion theory, which explain the underlying transport mechanism
and predict the resulting release kinetics depending on the ge-
ometry and composition of the device. The theory is expressed
by the following partial differential equation [11]:

M
oot

1

oo

and from (6), the percentage of drug release due to the Fickian

mechanism, F, is calculated as:

1
F=—p— )
1+-2¢"
1
which leads to the ratio of the relaxation (R) over the Fickian

contribution as:

5 — k_zt”'

F kK

The experimental release rates in Fig. 3 were low in the

stomach conditions, but accelerated in the intestinal envi-
ronment, providing the required data for the use of the equa-
tions. The theoretical function is verified by setting indepen-
dent release rates with very acceptable correlation coefficients
(R? = 0.980-0.990). The results of modeling the release (phe-
nolic compounds) in both digestive systems are shown in Fig. 4.
It is shown that the contribution of diffusion mobility is domi-
nant at the beginning of the release of the biologically active
substance, but it decreases exponentially with increasing ob-
servation time. However, the relaxation fraction becomes more
linear with time (ratio R/F), which indicates its predominance.
The predominance of the relaxation mechanism at the end of
the experiment confirms the previous observations of the cap-
sules in this work and the possibility of disintegration in the
intestinal medium.
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Fig. 4. Relaxation contribution (R, dashed line, primary y-axis),
Fickian release fraction (F, solid line, secondary y-axis) and their
R/F ratio in the inset of phenolic compounds as a function of time
for alginate capsules in simulated gastrointestinal conditions

4. Conclusions

As a result of the study, it can be concluded that the use of
poly-capsules allows the provision of targeted transport of bio-
logically active substances. Thus, a system protocol has been
developed to rationalize the technology of obtaining encap-
sulated forms of lipids and phenolic compounds. The applied
value of the research is that based on this technology func-
tional foods enriched with substances can be developed with
bioactive properties.
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