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1. YVIockoHaIeHHS TEXHOJIOTii HU3bKO0iJIKOBOIO IeYrBa
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Pedepar:

1. T'punesiy M.IO. «YnockoHasieHHs TeXHOJIOTii Hu3bK06iKoBOro neyusa» - KeasidikauiliHa HayKkoBa mpars Ha
npaBax pykonucy. JlucepTrauiiina po6oTa Ha 3M00yTTsI HAyKOBOTO CTyIleHsl JoKTopa ¢inocodii 3a crnenjanbHicTio 181
«Xap4oBi TexHOJIOri» - HallioHasibHUI yHIBEPCUTET Xap4OBUX TEXHOJIOTIN, MiHICTEPCTBO OCBITH i HAYKU YKpaiHy,
Kuis 2023. JuceprauiitHa po60oTa NpUCBIY€Ha yIOCKOHATIEHHIO TEXHOJIOTI] HU3bKOOIZIKOBOTO I1€YMBA SIKE 3MOTJIH O
CIIO>XKMBATU XBOPi Ha PEHIIKETOHYPII0. ¥ 11ii1 HayKOBiil po6OTi PO3risHyTa ITpobieMaTrrka QeHilIKeTOHypPii,
BKJIIOYAIOUU ii pO3MOBCIOPKEHHS], CUMIITOMATHKY Ta METOMY JIiKYBaHHsI, 0COOJIMBO JieToTeparilo. JlieToTeparnis
BM3HaHa Halle(EKTUBHIIIMM METOAOM JIiIKyBaHHS, i po60Ta MICTUTb pEKOMEH ANi] 1010 HU3bKOOINIKOBOI JieTH Ta
I060BOi HOpMU CHIO>KMBaHHS deHisanaHiny AJ1s nauieHTis. OKpeMui aCleKT IPUCBIYEHO aHali3y pUHKY
HU3bKOOIJIKOBUX IPOJYKTIB /1J1s Jifofel i3 peHiNIKeTOHypi€lo Ta NOCiIPKEHHIO CKIay TPaULiliHOTO [1eurBa 3
aKLIEHTOM Ha 3MEHIIEHHS BMICTy (eHinananiny. JlitepaTypHuUi OISy, BKa3ye Ha BifICYTHICTb NOKJIAIHUX MTyOJliKalii
IIOZ0 PeLenTyp HU3bKOBIIKOBOroO MeYynBa Ta MOro BIaCTUBOCTEN. BUOGpaHO KOMIIOHEHTH [1J151 TIO1aJIbIINX

IOCJiI)KeHb TEXHOJIOTII HU3bKOOIIKOBOrO NeYnBa, 30KpeMa Tiipokosoiny Ta kpoxmaii. Po3pobyeHo 610K-cxemy



IOCJIIKeHb [AJ1s1 BIOCKOHAJIEHHS! TEXHOJIOTi I BUpOOHULITBA. PO3p061eHO P, penenTyp HU3bKOOIIKOBOTO IIeYnBa
Ta pPO3Pax0BaHO MOJEJIb ileaJbHOTO IIPONYKTY IS AiTel pi3HOro BiKy XBOpUX Ha (peHinKeToHypito. JocaimKkeHHs
PEOJIOTiUHUX BJIACTUBOCTEHN HU3BKOOIJIKOBUX €MYJIbCil [10Ka3ao, 10 KPUBUM B'SI3KOCTi XapaKTepHa MOBeiHKa
3CYBHOTIO IIOTOHIIEHHS, IO € XapaKTEPHUM [J1s1 ICEBIOIVIACTUYHUX pigyH. HasBHICTh KaMe[li KCaHTaHy 30i/1bl1ye
B'SI3KiCTb €MYJIbCil, @ 3aMiHa BEPIIKOBOTO MacJjla KyKypyA3sHOIO 0Jli€l0 NIpU3BeJa 40 3HWKEHHS B'SI3KOCTi. EMyibcii 3
BUIIOIO B'SI3KICTIO IOTPEOYIOTh MOTY>KHILIOTr0 o6s1afHaHHs. Bysipbanky nucneproBaHoi gpasu emysbcii 6e3
CTPYKTYpPOYTBOPIOBAaUiB XapaKTE€pPU3YIOTbCsl HEOTHOPIJHICTIO 32 PO3MIPOM, PEKOMEHIYEThCSI 301IbIINUTH IIBUKICTh
30MBaHHS [1719 OTPUMAaHHS 6i/IbIll OJHOPiNHOI KOHCUCTEHIIii. B X0/i JOCTiI>)KEHHS PeoJIOriYHUX BIACTUBOCTEN TicTa
3'SICOBaHO, 1[0 MOZYJIi B'SI3KOCTi HU3bKOOIJIKOBOTO TiCTa HUYKYi TIOPIBHSHO 3 TPAAULITHUM 3J0OHUM TiCTOM, KPUBI
MoOJyJieil IPY>XKHOCTI i B'I3KOCTi He IepeciKalTbCs, 10 CBiTYUTD IIPO BifICYTHICTh TEKYYOCTi TicTa. Bci 3pa3ku
HU3bKOOIJIKOBOTO TiCTa pEKOMEH0BAHO (POPMYBATH BUIMHMM MeTOIOM. KOMIIJIEKCHI B'S1I3KOCTiI HU3bKOOINIKOBUX
BMPOOIB B OGHOMY [1iarla3oHi 3 TICTOM [1J1s1 TPAAULIIHOTO NIeYMBa, 10 HiITBEPIKYE MOKIIMBICTh BUPDOOHUIITBA HA
icHylouoMy o6Js1afiHaHHI. AHaJli3 asibBeorpadiuyHUX LOCiIKeHb MiATBEPAKYE BiICYTHICTh €JIaCTUYHOCTI Yy
HU3bKOOIJIKOBOMY TICTi, @ I0JaBaHHS TalliOKOBOTO KPOXMaJIIO 301JIblIye PO3TSKHICTB, 110 MOJIETIye (POPMYyBaHHS
TicTa. 3pa3Ku HU3bKOOIJIKOBOTO Ta TPAAULIMHOrO TiCTa MAlOTh BUPAXKEHI IJIACTUYHI BJIACTUBOCTI. JlogaBaHHs
MaJIbTOLEKCTPUHY Ta TalliOKOBOTO KPOXMAJIIO IiTBUIIY€E MIPYKHICTh TicTa. 3pa3ku HU3bKOOIJIKOBOrO TicTa Ta TicTa
17151 BAPOOHUIITBA TPALULIIMHOIO 3J00HOr0 Ne4uBa JeOopMYIOThCS Mifl Ji€lo CUM i He IIOBHICTIO BiJHOBJIIOIOTh
cBoto ¢popmy. KoedilieHTn BifHOBIEHHS 3BOPOTHOI AedopMallii 1711 HU3bKOOIIKOBOTO TiCTa 3HAXOAATHCS B
nianazoHi Bix 0,385 mo 0,525, a mig TicTta 11 TpapuniiHoro 3no6Horo neuynsa - 0,490. Ticto a1t HU3bKO6IIKOBOTO
[eYrBa Ma€ aHaJIOTIYHi PEOJIOTivHI BJIACTUBOCTI A0 TiCTa AJIsl TPAAULIAHOrO MeYXBa, MO MiATBEPIKY€E MOKIIUBICTD
BMPOOHHULITBA HU3bKOOIIKOBOrO N€YMBA Ha iCHYI0UOMY 06J1aiHaHHi. B pe3yspTaTi TepMiYHOrO aHasizy NpoBeeHOro
IIJIIXOM T€PMOrpaBiMeTpii Ta gudepeHLiaabHOi CKAaHYI0UO0] KAJIOPUMETPii BU3HAYEHO TeMIIEpPaTypy BTPaTu
HU3bKOOIJIKOBUMU 3pa3KaMU BCiei po3paxyHKOBOI BOJIOTH, Ta LOBELEHO TeEPMIYHUI PO3KJIaJ JOCTiKyBaHUX 3pa3KiB
IIpY IO AJIbIIOMY HarpiBaHHi. BcTaHOBJIEHO, 1110 pallioHasbHA TPUBAJICTb BUIIKAHHS-CYIIiHHS HU3bKOOIIKOBOTO
reyrBa CTaHOBUTD Ha 40% Oisblile MOPiBHSAHO 3 TPATULIITHUM 3100HUM IT€YMBOM. Bu3HaueHo, 1110 AJ151 TEPMiYHOI
06pOOKY TPAAULIIITHOTO 300HOTO NeYrBa HEOOXifjHa MEHINA KiJIbKICTh €Heprii HixX 11711 TepMIiYHOi 06pOOKHU
HU3bKOOINIKOBOrO neunsa. (AH=124,05 /T Ta AH=199,46 - 268,33 [I>x /T BifnosinHo). [lonaBaHHs
MaJIbTOAEKCTPUHY JO PELENTyP HU3bKOOIIKOBOTO TiCTa HE CYTTEBO 3MEHIIYE KiJIbKICTh €Heprii HeoOxinHOI s
TEepMiYHOiI 06POOKH I€YMBA, B TOM Yac K 3aMiHa 20% KyKypyI3sHOTO KPOXMAJIIO Ha TalliOKOBUM 3HMDKYE KiJIBKICThb
eHeprii Heo6ximHOI Ha TepMOO6GPOOKY eynBa Ha 25,7%. BusHayeHo, o0 OPraHOJIENTUYHI XapaKTEPUCTUKA
HU3bKOOIJIKOBOTO M€YMBA BiNOBIZAI0Th BUMOTraM J1il040i HOpMaTUYHOI OKyMeHTallii, a TepMiyHa 06po0Ka BIIJIMBaE
Ha reOMEeTPUYHi po3Mipy BUPOO6iB, BUMarady HajalTyBaHHs oOIafHaHH A1g popmyBaHHs. DisuKo-XimiuHi
[IOKa3HUKY PO3POGIEHUX HU3bKOOINIKOBUX BUPOGIB BifIIOBIAIOTh 1il090i HOPMATUBHOI JOKYMEHTAaLii, a BMICT
deHinananiny poouTs ix 6e3reYHUMHU 17151 CIIOKUBaHHS NaljjeHTaMu 3 peHinkeToHypiero. Hu3pkob6inkoBe ne4uBo
IIPOSIBJISiE NOJIIMOJIEKYJISIPHY aicOPOLIito 3i 3MiHaMU BOJIOTOYTPUMYBaHHSI, BIJIMBAIOYM HA IOT0 TEPMiH 30epiraHHs..
PiBHOBa>KHA BOJIOTICTb ITPU BiJHOCHII BOJIOTOCTI NOBITPs 75% pO3p061€HOT0 HU3bKOOIIKOBOrO I1€Y1Ba CTAHOBUTD
11,5 ... 12,7% Po3pobeHi BUpO6M peKOMEHI0BAaHO YIIaKOBYBAaTH T€pMETHYHO /1JIsI 3a1100iraHHS BILJIMBY

HABKOJIMIIHbOI'O CEPEOBUIIA.

2. Hrytsevich M. “ Improving the technology of low-protein cookies" - Qualifying scientific work on the rights of
the manuscript. Dissertation for the degree of Doctor of Philosophy in the speciality 181 "Food Technologies" -
National University of Food Technologies, Ministry of Education and Science of Ukraine, Kyiv 2023. The
dissertation is devoted to the improvement of low-protein cookies technology that could be consumed by patients
with phenylketonuria. The thesis discusses the issue of phenylketonuria, including its prevalence, symptoms and
treatment methods, especially dietary therapy. Dietary therapy is recognised as the most effective treatment, and
the scientific work provides recommendations on a low-protein diet and daily intake of phenylalanine for patients.
A separate aspect is devoted to the analysis of the market for low-protein foods for people with phenylketonuria
and the study of the composition of traditional biscuits with a focus on reducing the phenylalanine content. The
literature review indicates that there are no detailed publications on low-protein cookies formulations and their



properties. The components for further research of low-protein cookies technology, in particular hydrocolloids
and starches, were selected. A research flowchart for improving production technologies was developed. A number
of low-protein cookies recipes have been developed and a model of an ideal product for children of different ages
with phenylketonuria has been calculated. The study of the rheological properties of low-protein emulsions
showed that the viscosity curves exhibit shear thinning behaviour, which is typical of pseudoplastic liquids. The
presence of xanthan gum increases the viscosity of the emulsions, and the replacement of butter with corn oil led
to a decrease in viscosity. Emulsions with higher viscosities require more powerful equipment. The bubbles of the
dispersed phase of the emulsion without structuring agents are characterised by heterogeneity in size, it is
recommended to increase the whipping speed to obtain a more uniform consistency. The study of the rheological
properties of the dough revealed that the viscosity moduli of low-protein dough are lower than those of traditional
butter dough, and the elasticity and viscosity curves do not intersect, indicating that the dough does not flow. All
low-protein dough samples are recommended to be moulded using the notching method. The complex viscosities
of low-protein products are in the same range as the dough for traditional cookies, which confirms the possibility
of production using existing equipment. The analysis of alveographic studies confirms the absence of elasticity in
low-protein dough, and the addition of tapioca starch increases the extensibility, which facilitates dough
moulding. The samples of low-protein and traditional dough have pronounced plastic properties. The addition of
maltodextrin and tapioca starch increases the elasticity of the dough. Samples of low-protein dough and dough for
the production of traditional butter biscuits are deformed under force and do not fully restore their shape. The
recovery coefficients for low-protein dough are in the range of 0.385 to 0.525, and for traditional butter biscuit
dough - 0.490. The dough for low-protein cookies has similar rheological properties to the dough for traditional
cookies, which confirms the possibility of producing low-protein cookies using existing equipment. As a result of
the thermal analysis carried out by thermogravimetry and differential scanning calorimetry, the temperature of
loss of all calculated moisture of low-protein samples was determined, and the thermal decomposition of the
studied samples during further heating was proved. It has been established that the rational duration of baking and
drying of low-protein cookies is 40% longer than that of traditional butter cookies. It was determined that less
energy is required for the heat treatment of traditional butter cookies than for the heat treatment of low-protein
cookies (AH=124.05J /g and AH=199.46-268.33 ] /g, respectively). The addition of maltodextrin to low-protein
dough formulations does not significantly reduce the amount of energy required for cookies heat treatment, while
the replacement of 20% corn starch with tapioca starch reduces the amount of energy required for cookies heat
treatment by 25.7%. It has been determined that the sensory characteristics of low-protein cookies meet the
requirements of current regulatory documents, and heat treatment affects the geometric dimensions of products,
requiring adjustment of moulding equipment. The physicochemical characteristics of the developed low-protein
products comply with the current regulatory documents, and the phenylalanine content makes them safe for
consumption by patients with phenylketonuria. Low-protein cookies exhibit polymolecular adsorption with
changes in moisture retention, affecting their shelf life.

Jep>kaBHHHM peecTpaniiiHuii Homep [iP:

IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHM: OyHaMeHTasbHI HAyKOBI HOCIIIIPKEHHS 3 HANGLIbII
Ba)KJIMBYX IIPOGJIEM PO3BUTKY HayKOBO-TEXHIYHOTI0, COLiaJIbHO-€KOHOMIYHOT0, CyCIIiJIbHO-TIOJIITUYHOTO,
JIIOACBHKOTO MOTEHLjany 1181 3a6e3le4yeHHs KOHKYPEHTOCIIPOMOKHOCTI YKpaiHu y CBITi Ta CTAaJIoro pO3BUTKY
CYCIIiJIbCTBA i Aep>KaBy

CrpareriyHuil NpiOpUTETHUH HANIPSIM iHHOBALiHHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIH
TPaHCIIOPTYBaHHS €HEPTii, BIPOBAJKEHHS €HEProeHEKTUBHUX, PECYPCO30€PIraloYnx TEXHOJIOTiN, OCBOEHHS
aIbTEPHATUBHUX JpKEpeJl eHeprii

I'[i,qcyMKH IOCJIiA>KEHHS: HoBuii HaNpAMOK y Haylli i TexHii
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¢ Dorokhovych, V., Hrytsevich, M., & Loza, I. (2020). Problems of confectionery products development for
patients with phenylketonuria. Scientific Works of National University of Food Technologies, 26(2), 187-194.
(daxoBe BunaHHs, Kateropis b)

e Dorokhovych, V., & Hrytsevich, M. (2022). The use of corn and tapioca starch in the production of low-protein
cookies for patients with phenylketonuria. Scientific Works of National University of Food Technologies,
28(3), 144-153. (PaxoBe BUAaHH4, Kareropis b)

¢ Hrytsevich, M., Dorokhovych, V. (2023). Influence of the dough composition on the heat treatment of low-
protein cookies. Ukrainian Journal Food Science, 11(1), 29-41 (PaxoBe BunaHHs, Kateropis b)

¢ I'punesiy, M.1O., lopoxosuy, B.B. (2023). JocigkeHHs BIIJIMBY KpPOXMaJlbHOI CUPDOBUHU Ha COPOLIiHO-
IlecopOLiliHi BIaCTUBOCTI HU3bKOOIIKOBOTO I1e4rBa. XapuoBa IIPOMUCIOBICTb, 33(1), 18-27. (PaxoBe BuOaHHS,
kareropis b)
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