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Xogoouesa LII. «YaockoHa/leHHsI TeXHOJIOrii 3700HOro Ie4YuBa,
30ara4yeHoro Ha KaJjbliil, IIJIIXOM BHKOPHCTAHHS Jd00aBOK OLIKOBO-
MiHepaJabHuX». — KBanidikaniiiHa HaykoBa npans Ha NpaBax pyKoIuUcy.

Hucepraliiss Ha 3100yTTS HAyKOBOTO CTyIEHs JokTopa (ditocodii 3a
cnemianpHicTIO 181 «XapuoBi TexHosorii» — JlepxaBHUN O010TEXHOJIOTTYHUN
yHiBepcuteT, Xapkis, 2021.

JuceprariiitHa poOoTa IPUCBSUYEHA PO3pOOIll Ta HAYKOBOMY OOTPYHTYBaHHIO
TEXHOJIOT1i OOpONTHSHUX KOHIUTEPCHKUX BHUPOOIB, a came 3J00HOr0 IMICOYHO-
BiJICAIHOTO TIeUMBa, 30araueHoro 3aCBOIOBAHUMU CIIOTYKaMH KaJbIIii0, 38 paXyHOK
BUKOPHUCTaHHA J0OaBOK O1JIKOBO-MiHEpaIbHUX.

B pe3ynbTaTi MNpOBEAEHHS AHANITUYHOTO OIJISAY JITEpaTypHUX Ta
MATEHTHUX JIKEPEN CUCTEeMAaTH30BaHO IUISAXU MoAU]iKallii pelenTypHoro CKiamy
OOpOIIHAHUX KOHJIUTEPCHKUX BUPOOIB 3 METOI YJOCKOHAJICHHS iX XapyoBOi Ta
010JIOT1YHOTI I[IHHOCTI Ta HaJaHHS 1M TIEBHUX [IIETUYHUX BIACTUBOCTEM.
BcranoBneHo, 110 BUKOPUCTAaHHSA 30aradyylouydx IHTPEAIEHTIB Jla€  3MOTY
KOMIIJIEKCHO BILJIMBATH HA Xap4yOBY Ta O10JIOT1UHY I[IHHICTh HOBUX BUPOOIB.

Busznaueno, mo oaHuM 3 HaWOUIbII AehIIUTHUX HYTPIEHTIB y pallioHax
XapuyBaHHA € Kaubllii. BukopucTaHHS BIJOMHX Ha TEMEPINIHINA dYac Kepen
KaJIBI[II0 Ma€ HU3KY HEIOIIKIB, 30KpeMa, HEBHCOKa MeTaboJiyHa AaKTHUBHICTH
KJIBI[i}0, CTOPOHHI OPTaHOJENTUYHI O3HAKH TOTOBOTO IMPOAYKTY, OOMEXKEHICTh
CUPOBMHHOI 0a3W, HE3JaTHICTb [MO3UTHUBHO BIUIMHYTH Ha TEXHOJOTIYHI
BJIACTUBOCTI MPOAYKTY Toilo. Ha mijacTaBl y3arajJibHEHHX JaHHMX 3allpOINIOHOBAHO
BUKOPUCTAaHHA J00aBOK OITKOBO-MIHEPAIBHUX B TEXHOJOTIAX OOPOIIHIHUX
KOHJUTEPCHKUX BUPOOIB, 30KpeMa 3J00HOT0 TIeUHBa.

3anponoHOBAaHO BHKOPUCTAHHS J00aBKH OinkoBo-miHepanbHOi (JIBM) Ta
n00aBku OLTKOBO-MiHepaibHOI ymockoHaneHoi (JIbBMY) B TexHomorii 3100HOTO
neynBa. [[o0aBkyM OTpuUMaHl HUISXOM TiAPOJI3y KOJAreHBMICHOI CHPOBUHU 3
HACTYITHOIO MiHepali3ali€lo OUIKOBUX TKaHMH Ta NPEACTaBISIOTH COOO0I0

MOPOIIKOTO10H1 CUCTEMH 3 HEUTpPaJIbHUMHU OpraHOJENTUYHUMU



xapaktepuctukamu. MacoBa yacTtka kanbiito B 100 r JIBM cranoButs 7500 mr, a
B JIBMY — 6700 wmr. JBMY wictute B cBoemy ckimami g0  20%
XOHJIPOITUHCYIB(DITIB, K1 € BAXIMBUM 010JI0TTYHUM (PAKTOPOM JIJIsi 3aCBOIOBAHHS
CIONMYK Kambllifo. Bka3zani XapakTepHCTUKH OOYMOBIIOIOTh MOKJIHMBICTh iX
BUKOPUCTAHHA B CKJIaJl PEUENTYpHOro HA0OpYy OOPOUIHSHUX KOHIUTEPCHKUX
BHUPOOIB.

B wMexax Bu3HA4YeHOI KOHIEMIl 1HHOBAIIKHOTO TPOAYKTY HAYKOBO
OOTpYyHTOBAHO JIOIIILHICTE BUKOpHUCcTaHHs JIBM ta IBMY B TexHom0T11 3100HOTO
MICOYHO-BIJICAAHOr0 neunBa. OTprMaHl HOBI JaHl MPO HU3KY (I3UKO-XIMIYHHMX
BJIACTUBOCTEN J100aBOK. AHaI3 TPaHYyJIOMETPUYHOTO CKJIaay JIOBIB, IO
npeBaioounMu Ppakiismu B ckiagl JIbM e dpakiis 13 po3MipoM YacTOUYOK
70...90 MM 13 BMmicToM 30%, B ckmami ABMY — no 50 mxm 3 Bmictom 27%.
HaykoBo oOrpyHTOBaHO mapameTpu MOIMEpPEeAHbOI MIATOTOBKU J00aBOK OLIKOBO-
MIHEpaJIbHUX MUIIXOM Tifparamii iX Yy CEepeloBUIl MOJIOKAa KOPOB’SIYOTO
(t=18...20°C, OBM - (15...18)x60 c; ABMY — (21...24)x60c.) 3 MeTOI0
3a0€3MeUeHHs] TIOBHOI peaiizarmii TEeXHOJIOTIYHUX BJIACTUBOCTEH J00aBOK Ta
YHUKHECHHSI HeOa)KaHUX OPTaHOJENTUYHUX BaJl TOTOBOTO MIPOIYKTY.

OTpuMaHO KOMIUIEKC HAYKOBHUX JAHUX 1010 TO3UTUBHOTO BIUIUBY J100aBOK
Ha BJIACTUBOCTI €MYJIbCIH, 10 € BUPIMAILHUM (PaKkTOpoM y POpMyBaHHI SIKICHUX
XapaKTEPUCTUK 3100HOr0 TMeuyrBa. BCTaHOBIEHO BHpaXeHl KUPOYTPUMYIOUI
BJIACTUBOCTI J00aBoK. JloBemeHo, mo 3a miaBuileHHs Temmepatypu jgo 80 °C
Bi/I3HavaeThe ii 30uTbieHHst Ha 107% y JIBM Tta Ha 126% y JIBMY. Busnaueno,
0 EeMYJbI'YIOUMH BIUIUB J00ABOK CITIBCTABHUM 13 €MYJIbI'YIOUUM BILTHBOM
emyneratopis E322 ta E471, BUKOPUCTaHHS SIKUX € TOIMUPEHUM Y TEXHOJIOT1i
3100HOTO MeurBa. BCTaHOBIEHO, 1110 Kpallli MOKa3HUKHU CTIMKOCTI eMyJIbCii MatOTh
Bupobu 13 BukopuctanHsm 7% JIBM Tta 5% JIBMY. PesynbraTté nociigxeHb
B’SI3KOCTI  €MYJIbCIH  TaKOXK  MIATBEPAWSIM  TEXHOJIOTIUHY  €(EeKTUBHICTh
BUKOpUCTaHHA J00aBOK. Tak, B’S3KICTh €MyJbCid 3 BHUKOPUCTAHHSIM 10 7%

no0aBok B 3,5...4 pa3u Ouiblle B’S3KOCTI TPaguIliiiHUX eMmyjbCiii. B’s3kicTb



emyibciii 3 JIBMY Bume Ha 12...16% NOpIBHAHO 3 €MYJbCISIMH, IO MICTSTh
JIBM, 1110 TO3UTUBHO BILIMBAE HA iX CTAOLILHICTD.

PesynbpraTu mociimkeHb BIUMBY J00aBOK (B KUIBKOCTI 5...7% Bim macu
OopoliHa) Ha KIEWKOBHUHY MIIEHUYHOTO OOpOIIHA MOKAa3adl Pi3HOBEKTOPHHIA
BIUIUB OKPEMHX IHTPEIIE€HTIB J00aBOK Ha Horo BiacTUBOCTI. [Ipu BUKOpHUCTaHHI
JABMY BigMiueHO 30UTbLIEHHS BUXOJY CHUpOi KiedWkoBuHM Ha 1,9%, a mnpu
BukopuctanHi [IbM 3menmenHs ii Buxony Ha 1,4%. BcTaHOBIEHO 3HMXKEHHS
rigpataiiiioi 31aTHOCTI KJICWKOBHHM MPH JOJaBaHHI 000X BHJIB J00aBOK J10
25%. Bukopuctanns J[bM y BHIIICO3HAYEHUX MHO3YBAHHAX MPU3BOJIUTH O
MIJBUIICHHS PO3TSHKHOCTI 10 4,1 cM, 3MeHIeHHs npykHocTi Ha 4,0 oquuuii BJIK
Ta 30LIBIICHHS PO3IUIMBAHHS KYyJIbKU KiehkoBuHH Ha 3,0 mMm. [Ipu BUKOpucTaHHI
JABMY (B Tux € KUIBKOCTSIX) BIAOYBAEThCS 3MEHIIEHHS PO3TSHKHOCTI A0 1,5 cwMm,
30uTBIIeHHS TIpY>KHOCTI Ha 3,0 ogunuii B/IK Ta 3MeHIIeHHs po3IIMBaHHS KYJIbKH
KJIeiikoBMHM Ha 1,2 MMm. BcrtaHoBieHo, mo BukopucTaHHs JIBM 3ymMmoBitoe
nocialdiaeHHs] KJICWKOBMHHUX OUIKIB, a BuKopucTaHHs JIBMY  uuHuTh
3MIHIOBaJILHUM €(EeKT.

AHani3 CTPYKTypHO-MEXaHIYHMX XapaKTEepPUCTHK TICTa I 3J00HOro
neuyrBa Mpy BUKopucTaHHl 1...7% no0aBoK MoKa3aB HACTYIHI pe3yJIbTaTH. 3pa3Ku
3 AIBMY wmatote 6inbmry Ha 12...17% edekTuBHY B’SI3KICTh TICTa y TIOPIBHSIHHI 3
JABM. Biamiueno 3MmeHmeHHs aaresii npu BukopuctanHi JAbMY no 46% 1 no 28%
npu Bukopuctandi JIbM. JloBeneno 30ubleHHs mIacTUYHOl B si3k0cTi Ha 43,5%
Tta 54% Ta Momymwo mpyxkHocTi Ticta Ha 13,8% Tta 20,0% npu BUKOpHUCTaHHI
BianoBigHo JIBM Ta JIBMY. JloBeneHO 3MEHIIEHHS €NacTUYHOCTI TICTa MpH
nonaBanHi JIbBM Ha 18,5% 1 npm nomaBanui JIBMY nHa 12,5%. Ha miacrasi
OTPUMaHUX JaHUX 3POOJICHO BHCHOBOK TIPO ITO3WTHBHHM BIUITMB J00aBOK Ha
pPEOJIOTiYHI BIIACTMBOCTI TIicTa Uil 3700HOrO TIeYMBa Ta HA 3JaTHICTH J0
dbopmyBaHHS BUPOOIB BIICAIHUM CIIOCOOOM.

3a pe3ynbTaTaMy JOCHTIKEHb OPraHOJCNTUYHUX, (PI3UKO-XIMIYHMX Ta
MIKpOOIOJIOTTYHUX TIOKA3HHUKIB SIKOCTI PO3POOJICHOTO I€YMBa, BCTAHOBIIEHA iX

BIIMOBIHICT BHMOTaM  JIiF0OYO01 HOPMATHMBHOI  JoKyMmeHTarii. JloBeneHi



OakTepiocTaTuHi Ta (QYHTICTATHYHI BJIACTUBOCTI J00aBOK, IO TO3UTHBHO
BiTOOpaKaloThCsl HA 3HIDKEHHI MIKpoOiasbHOT (pyiopu B TOTOBIM MPOTYKINi
MPOTATOM HOPMATHUBHOTO TepMiHY 30epiranss (j10 90 1i0).

B pe3ynbTrati moCaipKeHHS] MIITHOCTI MICOYHO-BIICaTHOTO MEYNBA JTOBEICHO
HEOOXIIHICTh BHECEHHSA [JI0 peHenTypu BHUPOOIB  3I00HOTO  KPOXMAJIo
KapTOIUIIHOTO npu BUKOpucTanHi 5% JIBMY B kinbkocTi 15%, npu BUKOpHUCTaHHI
7% JABM — 25% Bim macu OOpoIlllHa, 3 METOI HAJaHHS TOTOBIM MPOTYKINi
HaJICKHUX CTPYKTYPHUX XapaKTEPUCTHK.

Bcranosneno, mo BuxopuctanHs 7% 1 5% JAMb 1 JIBMY BianoBijiHO
JTIO3BOJIIE TIOKPAIUTUA XIMIYHUM CKJIaJ 3J00HOTO MICOYHO-BIJICAJIHOTO II€UUBA.
JloBeeHO 30UIbIIEHHS BMICTY 3aCBOIOBAHMX CIONYK Kajbilio A0 320,9 1 218 mr
Ha 100 r roroBoi npoaykuii BiANOBIAHO. BcTaHOBIIEHO 301IbIIEHHS BMICTY OUIKY Y
po3pobiieHnx BupoOax BiamoBigHO Ha 1,8% Tta 0,5%. BinOyBaeThcs 3HaAYHE
MOKpAIICHHS X aMIHOKUCIOTHOTO CKJIaly OLIKIB, sIkeé OOYMOBIIIOE 3MEHIIECHHS Ha
15,0 ta 18,9% mnokaznuka KPAC. BpaxoByrouu 30UIBIIEHHS 3arajbHOl
NepeTpaBiOBaHOCTI OUIKIB HOBOi mpoxykiii Ha 20,0% Tta 16,4%, mnosemeHo
301JIBIIICHHS 010I0TIYHOI IIIHHOCTI HOBMX BHJIIB IICUMBA, 110 BIJIMNOBI1JIA€ KOHIICHIIIT
MPOAYKITT JIETUYHOTO MPHU3HAYCHHS.

Ha migcraBi mpoBemeHWX — JOCHIKEHb  PO3POOJIEHO  pelentypu
ACOPTUMEHTHOIO pPsIy PI3HUX BHAIB 3400HOT0 TMICOYHO-BIJICATHOTO TICYMBA,
TEXHOJIOTIYHY 1 amapaTypHO-TEXHOJOTIYHY CXEMHU BHUTOTOBJICHHS TOTOBOI
MPOAYKIIIi.

3riIH0 MOPOBEJACHUX EKOHOMIYHMX PO3PaxXyHKiB BCTAHOBJICHO, IO
po3po0ieHe 3100HE MICOYHO-BIACAJHE TEYMBO, € KOHKYPEHTOCIIPOMOXKHUM 32
niHoto. Ilina 1 kr HOBOI NpoOAyKUii B aCOPTHUMEHTI BHU3HAY€HAa Ha pIBHI
80,09...92,93 rpH. ms neuusa 3 JIBM 1 78,64...91,49 rpu nis neunBa 3 J[BMY,
10 BiAMOBIAa€ mMiHaMm Ha poaykTu ananoru (78,30...92,50 rpu/kr). [IpubyTok Bifg
peanmzamii 1000 xr HoBoi mpoaykiii craHoButume 3,4...4,0 THC. TpH.

BcTranoBieHo, 1110 KOMIUIEKCHUN MOKA3HUK SIKOCTI CKIAa€ IS TpaguIliiHOl

npoaykii 0,661 of., 11 3100HOTO MICOYHO-BIJCATHOTO MMEYUBA, BUTOTOBJIEHOTO



13 Bukopuctanasm 7 % JIBM — 0,720 oa., 5% JABMY — 0,715 ox. Po3pobiieno
MPOEKT  HOPMATHBHO-TEXHOJOTIYHOI  JOKYMEHTamii (TeXHIYHI yMOBH Ta
TEXHOJIOT1YHI IHCTPYKIIii) Ha HOBI BUAM 3/J00HOTO MICOYHO-BIJICATHOTO MTEYHBA.

[IpoBeneHO KOMIUIEKC 3aXOIB 13 BIPOBA/KEHHS OTPHUMAHHMX HAYKOBUX Ta
NPaKTUYHUX Ppe3yJbTaTIB Yy OCBITHIM mponec XapKiBChKOTO € KaBHOTO
YHIBEPCUTETY XapuyyBaHHS Ta TOPTiBiIi Ta J{HIMIPOBCHKOTO JIEPKABHOTO arpapHo-
eKOHOMIYHOTO yHIBepcHUTeTy Ta y BUpoOHUITBO B ymMoBax TOB «I'es» ta TOB
«bpiomby M. JIHinpo.

KirouoBi  ciaoBa: 3700HE€ MICOYHO-BIJCATHE MEYHUBO, OOPOIIHAHI
KOHJUTEPCbKI BUPOOHM, J00aBKM OIKOBO-MIHEpaJIbHI, CHOJYKH KaJbIIilo,

EMYJIbCisl, TIOKa3HUKHU SIKOCTI, XapuoBa IIHHICTb.
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ABSTRACT

Kholobtseva I.P. «Improving the technology of calcium-enriched butter
cookies through the use of protein-mineral additives». — Qualifying scientific
work on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 181
"Food Technology" — State Biotechnological University, Kharkiv, 2021.

The dissertation is devoted to the development and scientific substantiation
of the technology of flour confectionery, namely butter sand-deposit cookies,
enriched with digestible calcium compounds, due to the use of protein-mineral
additives.

As a result of the analytical review of literature and patent sources, the ways
of modification of the recipe composition of flour confectionery products in order

to improve their nutritional and biological value and provide them with certain



dietary properties are systematized. It is established that the use of enriching
ingredients allows to influence in complex the nutritional and biological value of
new products.

It is determined that one of the most deficient nutrients in the diets is
calcium. The use of currently known sources of calcium has a number of
disadvantages, in particular, low metabolic activity of calcium, foreign
organoleptic characteristics of the finished product, limited raw material base, the
inability to affect the technological properties of the product positively and so on.,
The use of protein-mineral additives in the technologies of flour confectionery, in
particular butter cookies, is proposed on the base of the generalized data.

The use of protein-mineral additive (PMA) and advanced protein-mineral
additive (APMA\) in the technology of butter cookies is proposed. The additives are
obtained by hydrolysis of collagen-containing raw materials followed by
mineralization of protein tissues and are powder systems with neutral organoleptic
characteristics. The mass fraction of calcium in 100 g of PMA is 7500 mg, and in
APMA is 6700 mg. APMA contains up to 20% of chondroitin sulfites, which are
an important biological factor for the absorption of calcium compounds. These
characteristics of additives determine their possibility of use in the recipe set of
flour confectionery.

The expediency of PMA and APMA using in the technology of butter sand-
deposit cookies is scientifically substantiated within the defined concept of the
innovative product. New data about a number of physicochemical properties of
additives are received. Analysis of the particle size distribution proved that the
predominant fractions are: in the PMA fraction with a particle size of 70... 90 pm
with content of 30%, in the APMA fraction with a particle size up to 50 pum with
content of 27%. The parameters of preliminary preparation of protein-mineral
additives by their hydration in the environment of cow's milk (t = 18... 20 °C,
PMA — (15... 18) x 60 s; APMA — (21... 24) x 60 s) in order to ensure full
realization of the technological properties of additives and avoid unwanted

organoleptic defects of the finished product are scientifically substantiated.



Scientific data complex on the positive effect of additives on the emulsions’
properties, which is a decisive factor in the formation of qualitative characteristics
of butter cookies, is obtained. The expressed fat-retaining properties of additives
are defined. It is proved that it increases at 107% in PMA and at 126% in APMA
when the temperature increases to 80 °C. It was determined that the emulsifying
effect of additives is comparable to the emulsifying effect of emulsifiers E322 and
E471, the use of which is common in the technology of butter cookies. It was
found that the best indicators of emulsion stability have products with 7% PMA
and 5% APMA. The results of studies of emulsions’ viscosity also confirmed the
technological efficiency of the additives use. Thus, the viscosity of emulsions
using up to 7% of additives is 3.5... 4 times higher than the viscosity of traditional
emulsions. The viscosity of emulsions with APMA is higher at 12...16%
compared to emulsions containing PMA, that positively impacts their stability.

The results of studies of the additives (in the amount of 5...7% by weight of
flour) effect on wheat flour gluten showed a different effect of individual
ingredients of additives on its properties. An increase in the yield of crude gluten at
1.9% was observed when using APMA and a decrease in its yield at 1.4% when
using PMA. A decrease in the hydration capacity of gluten with the addition of
both types of additives up to 25% was found out. Using PMA in the
abovementioned dosages leads to an increase in elongation to 4.1 cm, a decrease in
elasticity in 4.0 units of GDM and an increase in the gluten ball spread in 3.0 mm.
When using APMA (in the same quantities) there is a decrease in elongation to 1.5
cm, an increase in elasticity in 3.0 units of GDM and a decrease in the gluten ball
spread in 1.2 mm. It is established that the PMA use causes the gluten proteins
weakening, and the APMA use has a changing effect.

Analysis of the structural and mechanical characteristics of the butter
cookies dough using 1...7% of additives showed the following results. Samples
with APMA have a 12... 17% higher effective viscosity of the dough compared to
PMA. There was a decrease in adhesion when using APMA to 46% and when
using PMA to 28%. The increase in plastic viscosity at 43.5% and 54% and the



modulus of elasticity of the dough at 13.8% and 20.0% when using PMA and
APMA respectively is proven. The decrease in the elasticity of the dough with the
addition of PMA at 18.5% and with the addition of APMA at 12.5% is proved. A
conclusion about the positive effect of additives on the rheological properties of
butter cookies dough and on the ability to form products by jigging method is
made based on the obtained data.

According to the results of research of organoleptic, physicochemical and
microbiological indicators of the quality of the developed cookies, their
compliance with the requirements of current regulations has been established.
Bacteriostatic and fungistatic properties of additives, which have a positive effect
on the reduction of microbial flora in the finished product during the standard shelf
life (up to 90 days), are proved.

As a result of research of strength of sand-deposit cookies, in order to
provide the finished product with appropriate structural characteristics the need to
add potato starch to the recipe of butter cookies using 5% APMA in the amount of
15%, using 7% PMA in the amount of 25% of weight of flour is proven.

It is found that the use of 7% PMA and 5% APMA lets to improve the
chemical composition of butter sand-deposit cookies. An increase in the content of
digestible calcium compounds to 320.9 and 218 mg per 100 g of finished product
respectively is proven. An increase in the protein content in developed products at
1.8% and 0.5% respectively is revealed. There is a significant improvement in their
amino acid composition of the proteins, which causes a decrease at 15.0 and 18.9%
of the DRAS. Given the increase in the total digestibility of proteins of new
products at 20.0% and 16.4%, the increase in the biological value of new types of
cookies is proved, that corresponds to the concept of dietary products.

On the basis of the conducted researches recipes of assortment number of
different types of butter sand-deposit cookies and technological and hardware-
technological schemes of manufacturing of finished products are developed.

According to the economic calculations, it was established that the

developed butter sand-deposit cookies are competitive in price. The price of 1 kg



of new products in the range is set at the level of 80.09... 92.93 UAH for cookies
with PMA and 78.64... 91.49 UAH for cookies with APMA, what corresponds to
the prices for similar products (78.30... 92.50 UAH / kg). The profit from the sale
of 1000 kg of new products will be 3.4... 4.0 thousand UAH.

It is found that the complex quality index is 0.661 units for traditional
products, 0.720 units for butter sand-deposit cookies made using 7% PMA, 0.715
units for butter cookies made using 5% APMA. The project of normative-
technological documentation (technical conditions and technological instructions)
for a new types of butter sand-deposit cookies is developed.

A set of measures was taken to implement the obtained scientific and
practical results in the educational process of Kharkiv State University of Food
Technology and Trade and Dnipro State Agrarian and Economic University and in
production in the conditions of LLC "Gaya" and LLC "Briosh", Dnipro.
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