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1. TexHostoriss MOM()IKOBAHOTO KPOXMAJIIO 3 iHKAIICYJIIOBaHHSM 6i0JIOTiYHO aKTMBHUX PEYOBUH J1J151 30ara4yeHHs
Xap4YOBUX NPOIYKTIB

2. Technology of modified starch with encapsulation of biologically active substances for food enrichment

Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYE€HO PO3POOJIEHHIO TEXHOJIOTIi MOAM(IKOBAaHOrO IOPUCTOIO KPOXMAJIIO,
TOCJIIIPKEHHIO M0r0 (i3NKO-XiMiYHUX BJIACTMBOCTEN, OOrPYHTYBAHHIO NIPUJATHOCTI 10 iHKAIICYJII0BaHHS 6i0JI0TYHO
aKTMBHUX PEYOBUH i BUKOPUCTAHHIO 151 30arayeHHs Xap4oBUX NPOAYKTiB. Ha 0CHOBI aHani3y yiteparypu,
BCTAHOBJIEHO, IO NTEPCIEKTUBHUM HaNPSIMKOM JIOCJIi/IKEHHS € PO3POOJIEHHS TEXHOJIOTIi i BUKOPUCTaHHS
MOI1(}PiKOBAaHOTO PE3UCTEHTHOrO KPOXMAJIIO Y IKOCTI HOCIS 171 iHKaIICyIl0BaHHS 6i0JI0rYHO aKTUBHUX PEYOBUH 3
METOIO iX 30€pe>KeHHS Bif Aii He6a )KaHNX YMHHUKIB Y XO/Ii IPUTOTYBAaHHS Xap4OBUX NPOAYKTIB 034,0POBYOr0O
npu3HaueHHs. Ha OCHOBI TEOpETUYHNX Ta eKCIIEPUMEHTAJIbHUX JOCIiIKEHb PO3POOIEHO TEXHOJIOT0 (i3uyHOI
mopu@ikanii Kpoxmaro, B OCHOBI IKOi 3aMOPO>XKyBaHHSI KDOXMaJIbHUX KJI€ICTEPiB HU3bKUX KOHLeHTpaliil (5, 10 %)
3a TemnepaTypu -180 npoTsarom 24 rogyH 3 NOJAJIbIIMM PO3MOPOKYBAHHSIM, BilTABAaHHSIM, 3HEBOJHEHHSIM,
nonpi6bHeHHsIM i BucymyBaHHSM. Ha nifcTaBi eKcliepuMeHTaIbHUX JOCiIPKEHb PO3PO06JIEHO IPUHIUIIOBY i

arapaTypHO-TEXHOJIOTIYHY CXeMU BUPOOHULITBA [IOPUCTOrO Kpoxmaso. Po3pobsieHa TeXHOJIOTisl BUPDOOHUIITBA



moaudikoBaHOro Kpoxmato 6ysa anpoboBaHa Ha mignpueMctsi [1BIT «Buman». [JocaiIHO-TPOMUCIIOB]
BUIIPOOYBaHHS pO3pO06JIeHOI TeXHOJIOTI] MiATBEepANIIN, 110 32 HEBUCOKUX KalliTaJIbHUX BUTPAT MOKHA HAJIarOAUTU
BUPOOHHULITBO HOBOT'O BUJy MOAM(IKOBAaHOrO KPOXMAJIIO [1JIs1 iHKAIICYJII0BaHHS 6i0JI0rYHO aKTUBHUX PEYOBUH.
JJoBE€HO MO>KJIMBICTb HKAIICYJIIOBAHHS HU3bKOMOJIEKYJISIPHUX PEYOBUH Y CTPYKTYPY IOPUCTOTO KPOXMAJIKO Ha
IIPUKJIaTi acKOp6iHOBOI KMCIIOTH i TUMOJY. ACKOP6iHOBA KKcioTa Ha 60-77 % BKIIIOYAETHCS B CTPYKTYPY KPOXMAJIIO
IIpY 3aMOPO>KyBaHHi kierictepy. CTymniHb ii 38’13yBaHHS MaJjlo 3aJI€XUTh BiJj KOHIEHTpalii kieiicTepy i
KOHILIEHTpallii KUCIOTU. 36araueHnil aCKopO6iHOBOIO KMCJIOTOI0 MOAU(IKOBAaHUI KPOXMaJb, OTPUMAHUI IpU
3aMOPO’KYBaHHi KJleficTepiB KOHIeHTpalielo 5 i 10% kpaiie yrpuMye acKOp6iHOBY KUCIIOTY CBOEIO IIOBEPXHEIO.
3arasioM KyKypyZA3sHUM KpOXMaslb Jello Kpallie 3B8'13ye aCKOPOiHOBY KHCJIOTY 3 PO3UMHIB HDK KapTOIJISIHUH.
JoBeneHo, 110 Kpoxmalb, SIKUH MifggaBanu Mogudikalii 3aMOpOoKyBaHHSIM, Mae OiJIbIly CTiHKICTb 10
(PepMEHTATUBHOTO TiApoJi3y, HiXK HaTUBHUIA. OTPUMAaHi pe3yJIbTaTu AOCIiIPKEHb [10Ka3YIOTh, 1[0 NP KOMOiHalji
eTariB 3aMOPOKYBaHHSI-BiiTaBaHHS BHACJIiJOK JIbOJOYTBOPEHHS Y KJIelICTepax, Bifj0yBaeTbCsl peTporpajallis
KPOXMaJIbHUX I0JIicaxapyiB 3 yTBOPEHHSIM MIlJHOI CTPYKTYpH, He IOCTYIIHOI 10 [ii aMiIomiTUYHUX (PEepPMEHTIB.
[lepeBipka Ha pe3UCTEHTHICTb [TOKA3aJ1a, 10 MOPUCTUI KPOXMAaJlb BUSIBJISIE CTINKICTh 1O (PEPMEHTATHBHOIO
rigpoJiidy i Ma€e BIACTUBOCTI PE3UCTEHTHOIO KPOXMaso TpeTboro tuny PK3. Haibinbm CTiikuM € Mogu(ikKoBaHUN
KPOXMaJlb OTPUMaHUM 3 5% KpOXMasbHOro Kjeicrepy. Po3po6eHo crocié oTpuMaHHS IOPOIIKOIOAiGHOTO
iHKaICyJb0BaHOIO €KCTPAKTY ribicKycy Ha OCHOBI MOJM(PiKOBAaHOTO HabyXa4oro KapTOIJISTHOTO KPOXMAJIIO, SIKUH
MOXe OyTH 3aCTOCOBAaHUM B SIKOCTI 3ryLIyBaya, IIiIKUCII0BA4a i 6apBHMKA B PELIENTYpax XapuOBUX KOHLIEHTPATIB, a
HasIBHICTb B €KCTPAKTI ribiCKyCy BiTaMiHiB, OpraHiuHMX KMCJIOT, (PJIaBOHOILIB i, 0CO6/IMBO, AaHTOLiaHiB NigBUILye
6i0JI0TiYHY LIiHHICTb TOTOBOTO MPOAYKTY. PO3p0obseHo penenTypy Kekcy «HoBrHKa» i3 3aMiHo10 30 % MIIEHUYHOTO
OopollIHa Ha IOPUCTU PE3UCTEHTHUN KPOXMaslb. 3 OTPUMAaHUX Pe3yJIbTaTiB JOCIiI’)KEHb BUJIHO, 10 3 OJaBaHHIM
IO PELIENTYyPH KEKCiB MOAM(DIKOBAHOIO PE3UCTEHTHOTO KPOXMAJIIO MOKPALIYIOThCSI OPraHOJIENTUYHI TOKa3HUKU
rOTOBUX BUPOOIB ITOPiBHSAHO 3 KeKcoM «CTonmmuyHuM». Kpim Toro, BUkopuctaHHs mogudikoBanoro PK peuentypi
KEKCY 3HIDKYe [TI0Ka3HUK IJlikeMiyHOCTi Ha 4,79 of., a KayopiliHicTb BupoOy — Ha 41,01 kkas. Crio>XUBaHHS OJHOTO
Kekcy, macolo 100 r, Ha 100y 3a00BOJIbHSE OOOBY IOTPEOY Y PE3UCTEHTHOMY Kpoxmali Ha 24,6 %. Po3pob6yieHo
PELENTYpPy KEKCY i3 3aMIHOI0 LIYKPY Y PELIENTYPi HA PE3UCTEHTHI BUAY KPOXMAJIIO 3 iHKAIICYJIIOBAaHHSIM KBEPLETUHY i
cTeBii, B3sTi y cniBBigHOWmMeHHi 1:1: oguH 36arauenuii 3% po3unHOM CTeBii, a gpyruii — 1%-M po34MHOM KBEPLETHHY,
1J0 BBOAMJIUCH ¥ 5-% KpOXMaJlbHi KileiicTepy. Ha OCHOBI OTpMMaHUX JAHUX BCTAHOBJIEHO, 110 [TOBHA 3aMiHa IIyKpY
Ha pe3UCTEHTHI KPOXMaJli, 30araueHi KBepLLEeTUHOM i CTeBi€10, 103BOJIsIE OTPUMATU KEKCH JJIs1 CIIeLliaJIbHOTO
IiETUYHOTO CIIOXKUBAaHHS. Po3po6iieHo pecypco3bepiraiody TeXHOJIOT 0 HU3bKOKAJIOPIMHOIO MalOHE3HOTO COYCY
nifBUILEHOI 6i010TiYHOI LIIHHOCTI i3 3aMiHOI0 sieuHMX 6i/KiB Ha akBadaby - BifBap 6i10i KBacoJi Ta 3 A0 aBaHHIM
PE3UCTEHTHOrO IIOPUCTOTO KPOXMAJIIO 3 KBepLeTUHOM. OGI'PYHTOBAHO pallioHaJIbHE CIiBBiIHOLIEHHS akBadadbu Ta
pocanHHOI oii 5K (40-.60):40, 1mo gae 3MOry OTPUMAaTH eMYJIbCiliHI cucTeMu 3i cTabispHicTIO 97 + 2 %. Po3pobiaeHo
peLenTypy eMyJIbCiiHOrO HU3bKOKaJIOpiliHOTO coycy «AkBadaday. CouianbHuil eexT Bif, BIPOBAI>KEHHS
PO3p006JI€HOI TEXHOJIOT ] HU3bKOKAJIOPiTHOTO MallOHE3HOTO COYCy MOJISIrae B 3a6e3le4eHH] HaceJeHHS TPOAYKTOM
IIOAEHHOTO BXXABAHHS MiIBUIIEHOI 610JI0TiYHOI LHiHHOCTI. JJOCTOBIpHICTh OTPMMAHUX €KCIIEPUMEHTAIbHUX JAHUX
3a0e31e4eHa BUKOPUCTAHHSIM CYy4aCHMX MeTOAMK [IOCIiI>)KeHb Ta BiAoBigHOro 06agHaHHs. HayKoBi 1010KeHHS

Ta peKOMeHallii MifTBepKeHi J1abopaTOPHUMHU JOCHiIKEHHSIMY i BUPOOHUYMMHU BUIIPOOYBaHHSIMU.

2. The dissertation is devoted to the development of the technology of modified porous starch, the study of its
physical and chemical properties, the substantiation of its suitability for encapsulation of biologically active
substances and its use for the enrichment of food products. Based on the analysis of the literature, it was
established that the development of technology and the use of modified resistant starch in the carrier for the
encapsulation of biologically active substances with the indication of their preservation from the action of
undesirable factors during the preparation of health food products is a promising direction of research. On the
basis of theoretical and experimental studies, a technology of physical modification of starch has been developed,
based on which starch pastes of low concentrations (5, 10%) are frozen at a temperature of -18o for 24 hours,
followed by thawing, thawing, dehydration, grinding and drying. On the basis of experimental studies, a principle
and equipment-technological scheme for the production of porous starch was developed. The developed



technology for the production of modified starch was tested at the «Vymal» PBP enterprise. Research and
industrial tests of the developed technology confirmed that with low capital costs it is possible to establish the
production of a new type of modified starch for encapsulation of biologically active substances. The possibility of
encapsulation of low-molecular-weight substances in the structure of porous starch was proved using the
example of ascorbic acid and thymol. 60-77% of ascorbic acid is incorporated into the starch structure when the
paste is frozen. The degree of its binding depends little on the concentration of the paste and the concentration of
the acid. Modified starch enriched with ascorbic acid, obtained by freezing pastes with a concentration of 5 and
10%, better retains ascorbic acid with its surface. In general, corn starch binds ascorbic acid from solutions
somewhat better than potato starch.It has been proven that the starch, which was subjected to modification by
freezing, has greater resistance to enzymatic hydrolysis than the native one. The obtained research results show
that with a combination of freezing-thawing stages as a result of ice formation in pastes, retrogradation of starch
polysaccharides occurs with the formation of a strong structure that is not accessible to the action of amylolytic
enzymes. Testing for resistance showed that porous starch is resistant to enzymatic hydrolysis and has the
properties of resistant starch of the third type RS3. The most stable is the modified starch obtained from 5% starch
paste.A method of obtaining powdered encapsulated hibiscus extract based on modified swelling potato starch has
been developed, which can be used as a thickener, acidifier, and dye in the recipes of food concentrates, and the
presence of vitamins, organic acids, flavonoids, and, especially, anthocyanins in the hibiscus extract increases the
biological value of the finished product The recipe for the «Novinka» cake was developed with the replacement of
30% of wheat flour with porous resistant starch. From the research results, it can be seen that with the addition of
modified resistant starch to the cake recipe, the organoleptic indicators of the finished products improve
compared to the «Stolichny» cake. In addition, the use of a modified RS cake recipe reduces the glycemic index by
4.79 units, and the calorie content of the product by 41.01 kcal. The consumption of one cake weighing 100 g per
day satisfies the daily need for resistant starch by 24.6%. A cake recipe was developed with the replacement of
sugar in the recipe for resistant starch types with quercetin and stevia encapsulation, taken in a 1:1 ratio: one
enriched with a 3% stevia solution, and the other with a 1% quercetin solution, which were introduced into 5%
starch pastes . Based on the obtained data, it was established that the complete replacement of sugar with
resistant starches enriched with quercetin and stevia makes it possible to obtain cakes for special dietary
consumption. A resource-saving technology of low-calorie mayonnaise sauce of increased biological value was
developed with the replacement of egg whites with aquafaba - a decoction of white beans and with the addition of
resistant porous starch with quercetin. The rational ratio of aquafaba and vegetable oil is substantiated as
(40-.60):40, which makes it possible to obtain emulsion systems with a stability of 97 + 2%. A recipe for emulsion
low-calorie sauce «Aquafaba» has been developed. The social effect of the introduction of the developed
technology of low-calorie mayonnaise sauce consists in providing the population with a product of daily use of
increased biological value. The reliability of the obtained experimental data is ensured by the use of modern
research methods and appropriate equipment.
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