AHOTANIA

Anoponosuu I''M. «YI0CKOHAJICHHSI TeXHOJIOTil XJ1i000y/IOUHUX BHPOOIB 3
BUKOPUCTAHHSAM TNPOAYKTIB mepepoOku Oioro JboHy» — Kspaaidikamiiina
HAYKOBA Npals HA IPaBaX PyKOMHUCY.

Hucepraniss Ha 3700yTTS HAyKOBOTO CTyINeEHs JokTtopa (inmocodii 3a
criemianbHicTIO 181 «XapuoBi TexHoJOTi» — HallloHalIbHUI YHIBEPCUTET Xap4yOBHUX
TexHoJIorii MiHicTepcTBa OCBiTH 1 Hayku YKpainu, Kuis, 2021.

JlucepTallisi NPUCBSYEHA BUKOPHCTAHHIO IUJIOTO Ta TMOAPIOHEHOTrO HACIHHS
BUCOKOJIIHOJICHOBUX KOBTOHACIHEBUX COPTIB JbOHY «30JOTUCTHI» Ta «CBITIO3IpY» y
BUPOOHUITBI  XJ1000YJ0YHUX BHpPOOIB 3 METOI0 30arayeHHs BUPOOIB  iioro
¢b1310710T19HO-QYHKITIOHATPHUMU PEYOBUHAMHU. «30JIOTUCTUI» Ta «CBITIO031p» - COPTHU
JHOHY 3 O1JTOKBITKOBUM T€HOTHUIIOM (01T JTHOH).

JloBeneHo, 110 HACiHHS JIbOHY IIMX COPTIB, 3aBISKH BHCOKOMY BMICTY O-
JHOJICHOBO1 KHCIIOTH, BOJIOPO3UMHHUX OJIICaXapyiB, BiTaMiHy E Ta MOBHOLIHHOMY 3a
aMIHOKHCIIOTHHM CKJIaJIOM OUIKY, 3/1aTHE MOKPAITUTH CKIIa] XI1000yT09HIX BUPOOIB Ta
HaJaTH oMy (YHKIIOHAJIBHUX BIACTUBOCTEH.

Bcranosneno, mo s 3a0e3neyeHHs 0alaHCy CMakOBUX BJIACTUBOCTEH Xiiiba 3
NIIEHUYHOTO0 OOpOIIHA Ta MAKCMMAJIBHOTO 30aradyeHHs BUPOOY CKJIaJIOBUMHM HACIHHS
JHOHY, PEKOMEH/IOBAHO I11JIE HACIHHS BKJIFOYATH Y PEIENTypYy BUPOOIB y KUIBKOCTI J0
15 % no macu GoporiHa, moApiOHEeHe HACIHHA JbOHY — Y KiIbKOCTI 10 20 % 10 macu
OoporrHa.

Jlnis 30araveHHsl MIIEHWYHOrO XJi0a HACIHHAM JbOHY Y MOJPIOHEHOMY CTaHi
JOITPHO MOTO BUKOPUCTOBYBATH KPYIHICTIO YaCTHHOK, IO MPOMILINA KPi3b CHUTO 3
po3mipoM yapyHOK Imm. OliHKa TpaHYJIOMETPHUYHOTO CKJIaJy TaKOTO MOAPIOHEHOTO
HACIHHA JhOHY TMOKa3ajia, M0 B HWOTro CKJIaJl TNEepeBaXalOTh YACTHHKUA PO3MipamMu
670...1000 MKM, 110 3HAQYHO MEPEBUILYE KPYMHICTh MIIEHUYHOTO OOpOIIHA BUIIOTO
copry (40...190 mxwm). Ile BmiIMBae Ha BOJONOMIMHAIBHY 3/aTHICTh TICTA, TOMY
PEKOMEH/I0BaHO IPU 3aMillyBaHHI TICTa 3 JOJaBaHHAM HOJPIOHEHOT0 HACIHHS JIbOHY
I1JBUIIYBAaTH BOJOTICTh TicTa Ha 1 %. 3MEHIlEHHsS KPYMHOCTI MOAPIOHEHOT0 HACIHHS

JbOHY HETaTUBHO MMO3HAYAETHCS HA CTaHI M’ SIKYIIKH BUPOOIB.



Bim3naueno, mo mnoapiOHEHE HACIHHS JIbOHY TEXHOJIOTIYHO  MOJKIIMBO
3aCTOCOBYBAaTH Y peELENTypl JHUCTKOBUX Xd1000ynounux BupoOiB. Ilpu mpomy
JI03yBaHHS MOAPIOHEHOT0 HACIHHA JIbOHY Yy KUTbKOCTI 15 % 10 Macu GopoIiHa 103BOJIsIE
HE JIUIIE MIABUIIUTU XapyoBY IIHHICTH BUPOOIB, a i 3HU3UTH PELENTYPHY KUIbKICTb
MaprapuHy Ha IIapyBaHHS.

JloBeieHO, 1110 3aCTOCYBAHHS TEXHOJIOTIYHMX 3aXOJIB CIPHUSE MOKPAIIAHHIO
SAKOCTI BUPOOIB 3 HACIHHSIM JIbOHY. BCTaHOBIIEHO, 1110 BUTOTOBIICHHS BUPOOIB Ha T'YCTiH
Ta PiAKIA omapi 3 BHECEHHSM B Hei HACIHHS JIbOHY 3yMOBIIIOE 30UIBIICHHS MUTOMOTO
00’emy BUpoOiB BIAMOBIIHO Ha 24 Ta 29 %, MOPIBHAHO 3 BUpoOaMu Ha T'YCTIH Ta piJKiii
omapi, B IKHX HACiHHS JIOJaHO y APYTY (a3y — Ticto. MIMOBipHO, MPHYMHOIO LEOTO €
B3a€EMO/Iisl BOJIOPO3UYMHHMX MOJIICAXapU/IIB HACIHHS JIbOHY 3 KJICMKOBUHHUMHU O1IKaMH
Ta KpoxXmajieM OOpOIlIHAa Omapu 3 YTBOPEHHSIM KOMIUICKCIB, 3aBASKH SKUM T 4ac
3aMIIIyBaHHS TICTa BUSBISIOTHCS MIHOYTBOPIOIOUl BJIACTHUBOCTI MOJIcaxapuiiB, a He
JIUIIE 1X 3/IJaTHICTh 3aryIlyBaTH TICTO.

BcranoBnieHi pexuMu 3aMillyBaHHS TicTa 3 IIJTUM Ta MOAPIOHEHUM HACIHHAM
J50HY. ONTUMAJIBLHOIO TPUBAIICTIO 3aMilllyBaHHS TICTa 3 LUIMM HACiHHSA € 5 XB Ha
nepiii mBUAKOCTI Ta 15 XB Ha JApyriil MBHAKOCTI. 3a TAKOTO PEKUMY 3aMilTyBaHHS
00’eM BUPOOIB 30UIBIIYETHCS MOPIBHSHO 3 KOHTPOJIBHUM 3pa3koM Ha 22,4 % Ta
MOKPAIIYEThCSA CTaH M SIKYIIKH: M’ SIKyIIKa CTa€ OlIbII €JaCTUYHOIO, 11 MOPHUCTICTh
TOHKOCTIHHOIO, 3B'SI30K HACIHHS JIbOHY 3 M SIKYIIKOIO XJI10a 3MIIHIOETHCS, M’ SIKYIIKa
HaOyBae cCBITJIIIIOro 3a0apBieHHs. ONTUMaIbHUM PEXHUMOM 3aMILIyBaHHS TicTa 3a
YMOBH BHECEHHS TOJIPIOHEHOTO HACIHHS JIbOHY € 5 XB Ha MepuIii mBUAKOCTI Ta 10 10
XB — Ha JIPYT1d MIBUIKOCTI.

JloBeneHa e(heKTHBHICTh 3aCTOCYBaHHS Omepallii MOMepeIHbOTO 3aMOYYyBaHHS
IIJIOTO Ta MOAPIOHEHOTO HACIHHS JIbOHY JJIA TOKpaIllaHHs SKOCTI xjiba. Bracmimox
3aMOYYBaHHS TOJICaXapuay HACIHHS JIbOHY €KCTParyrThCs Yy piaky a3y 1 mija yac
3aMilllyBaHHs TiCTa, MOTPAIUIAIOYH Y TICTOBY CUCTEMY YK€ Y BUIJISIIL B’ SI3KMX PO3UMHIB,
MOJTiCaxXapuau TMPOSBISIOTh CBOi CTPYKTYPOYTBOPIOBAJIbHI BIJIACTUBOCTI, BHACIIJOK
nepexoy MiJ yac 3aMillyBaHHS y MIHOMOJIOHUN CTaH 13 B’sA3Koro remo. KpiMm toro

BOHU YTBOPIOIOTh KOMIUIEKCH 3 OILITKOBUMH pEYOBMHAMHU OOpOINHA, MO0 TaKOX



00yMOBITI0€ (POpMYBaHHA PO3BUHEHOI MPOCTOPOBOI CTPYKTYPH Yy TICTOBIH CHUCTEMI.
OnTUMi3ali€en TEXHOIOTIYHOTO MpoLecy OyJI0 BCTAHOBJIEHO, IO y pa3i BUKOPUCTAHHS
I[IJIOTO Ta MOJIPIOHEHOT0 HACIHHS JIbOHY Y BUPOOHMIITBI MIIEHUYHOTO XJ110a JOLIIBHO
3aCTOCOBYBATH OIEpAIlil0 3aMOYYBAHHs 3a TAaKUX IapaMmeTpiB: TiIPOMOIYJIb HACIHHS
J0HY Ta Bogu 1:2 abo 1:3, temmneparypa Boau Ha 3amouyBaHHs 60 °C, TpuBaiCTh
3amouyBaHHs 90...120 xB. Y pa3si 3acTocyBaHHs OOpaHUX IMapaMeTpiB MUTOMUN 00’ €M
xy1i0a, BUTOTOBJIEHOTO 13 3aMOYYBaHHSIM IIUIOTO HACIHHS MiABUIIYEThCA Ha 36 %,
MOPIBHSIHO 31 3pa3koM 0€3 3aMOUYyBaHHs, a y BUIAJKY 13 3aMOYyBaHHSM MOJIPIOHEHOTO
HACIHHA JTHOHY — MiABUIIYEThCs Ha 13,7 %.

[IpunymienHsi, 00 BOJOPO3YMHHI IMOJIiCaxapuaud HaciHHS JIbOHY, Yy pasi
NOMEPETHHOI0 3aMOYYBAHHS HACIHHS, MPHU 3aMilIyBaHHI TiCTa yTBOPIOIOTH O1JIKOBO-
MoJTicCaxapuaHl KOMIUIEKCH, 3MIHIOIOYM OUIKOBUM CKJIaJ TICTa, MIATBEPIKEHO
NIJBUILIEHHSAM Yy 3pa3kax 13 3amouyBaHHAM Ha 60% (mas minoro) ta 49 % (ms
NOAPIOHEHOT0) BMICTY NPOMIDKHOI (¢pakuii OUIKIB, MOPIBHSIHO 31 3pa3kaMu Oe3
3aMOYyBaHHS. Y pa3l 3aMOUYyBaHHsS HACiHHS JIbOHY, SIK LIJIOTO, TaK 1 MOAPIOHEHOTO
CIIOCTEPITa€ThCS 3MEHIICHHS KIJTBKOCTI KJICHMKOBHHH, TOPIBHSHO 3 BIJMOBIAHUMU
3pa3zkamu 0e3 3amouyBaHHA Ha 32 % Ta 45 %.

3acTocyBaHHA 3aMOYYBaHHS 1 LLJIOTO 1 MOAPIOHEHOTO HACIHHS 3yMOBIIIOE€ 3HAYHE
CKOPOYEHHS TPUBAJIOCTI YTBOPEHHS TiCTa.

BcranoBnieHo, 110 BHECEHHS IIIJIOTO Ta MOAPIOHEHOTO HACIHHS JHOHY 3/1HCHIOE
3HAQYHUN BIUIMB HAa JUHAMIKY BHJIUICHHS JIOKCUIY BYIJICIIO IIiJI Yac OpOiHHS.
3okpema, 30aradyeHHs piakoi ¢asu TICTa PO3YMHAMHU TOJICaXapuliB JIHOHY,
BOJIOPO3YMHHUMHU OUIKOBUMH DPEUOBHHAMH CIIPUS€ 1HTEHCUBHINIOMY BHIUICHHIO
JTIOKCUIY BYTJIELIO Ta 3MiHI XapakTepy IWHAMIKWA BUAUICHHS BYTJEKHCIIOrO rasy Ha
OJTHOCTa/IiitHe OPOIHHSA IJisi 3pa3KiB 3 MOAPIOHEHUM CYXHM 1 3aMOYCHHM HACIHHAM
JHOHY Ta LITUM 3aMO4YeHUM. [Ipu 1bOMY pPEKOMEHIOBAHO CKOPOTUTH TPUBAIICTh
OpoJIHHS TiCTa JJIA 3pa3Ky 3 LUIMM HacIHHAM JIboHY 10 90 XB, a 1 3pa3kiB 3
MoPIOHEHUM Ta 3aMOYECHUMHU JUITHUMH MPOAYKTamMu 10 60 XB.

Big3znaueHno, 1o Ao0/aBaHHS HACIHHS JIbOHY 3YMOBIIIOE TIJIBUIIEHHS B’S3KOCTI

CUCTEMH, 110 B MOJIATBIIOMY 3YMOBIIIOE OIbII TOBIJIBLHE MPOTPIBAaHHS TICTOBUX IIapiB



1] Yac BUIIKAaHHS Ta MOJOBKY€E TPUBAIICTh BUIMIIKAHHS TICTOBUX 3arOTOBOK Ta 3...6 XB
MOPIBHSHO 3 KOHTPOJIEM.

['paBiMeTpUUYHUM aHAIII30M JIOBEACHO, IO B XJ1i01 3 3aMOYEHHUM HACIHHSAM JHLOHY
30UTBIITYETHCS BMICT 3B’SI3aHOi BOJIOTH, 3MEHIIYETHCS PETPOTpajaIlisi KpPOXMAIIo,
BHACJIIOK YIOBUIBHEHHS TIiJI JI€I0 CJIM3IB YTBOPEHHsS acoliaTiB 3 aMUIO3010 1
aMUJTONIEKTUHOM KJICHCTEPHU30BAHOTO KPOXMAJIO, IO CIIPHUSE YMOBIJILHEHHIO IPOIIECIB
YepCTBIHHA XJ1i0a.

Ha ocHOBi pe3ynbTaTiB JOCTIKEHb PO3POOJICHO PElEeNnTypHd Ta TEXHOJOTIYHI
IHCTpPYKLIi Ha HOBI X/11000yn04yH1 Bupobu: xmib «JIboHOK», Xmibeus «byTepOopoanuii 3
JHOHOMY», Oynouka «JInsHa» 13 MOoAgaBaHHAM BHCOKOJIIHOJECHOBUX >KOBTOHACIHEBHUX
COPTIB JIbOHY B IIJIOMY Ta MOJApiOHEeHOMY BUTIIsIA1. BripoBaiskeHHs HOBUX BUPOOIB Oyze
COPUATH PO3IIMPEHHIO ACOPTUMEHTY XJI1000ylIOYHMX BHPOOIB 3 03J0POBUUMU

BJIAaCTHUBOCTAMH, IO MA€ BAXKIINBEC COHiaJ'II)HC 3HA4YCHH.

Kuro4oBi ciioBa: xmi6, HaciHHs JIbOHY OJIIHHOTO, O-JIIHOJIEHOBA KUCJIOTA, TICTO,
KJIEHKOBUHA, 3aMOYYBAaHHS, MIKPOCTPYKTypa M’SKYIIKH, JHCTKOBI OyJIOYHI BHUpOOH,
YEPCTBIHHS.
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ANNOTATION

Andronovich G.M. "Refining bakery production technology by adding
processed white flax products™ - Qualifying scientific paperas manuscript.

The dissertation for obtaining theacademic degree of the Doctor of Philosophy of
specialty 181 "Food technologies™ - National University of Food Technologies of the
Ministry of Education and Science of Ukraine, Kyiv, 2021.

The work focuses on the use whole and crushed of seeds of high-linolenic
yellow-seed varieties of flax seeds "Zolotystyi" and "Svitlozir" in the production of
bakery products in order to enrich the products with physiological and functional
substances. "Zolotystyi" and "Svitlozir" are varieties of flax with white-flowered
genotype (white flax).

It has been proven that flax seeds of these varieties due to the high content of a-

linolenic acid, water-soluble polysaccharides, vitamin E and complete amino acid



proteins can improve the composition of bakery products and give it functional
properties.

It is established that to ensure the balance of dough properties of wheat flour
bread and maximum enrichment of the product with flax seed components, it is
recommended to dose whole seeds up to 15% by weight of flour, crushed flax seeds - up
to 20% by weight of flour.

To enrich wheat bread with crushedflax seeds, it is advisable to use thecrushed
seeds size of the particles that have passed through sieve the size of the cells 1 mm.
Estimation of the particle size distribution of such crushed flax seeds showed that it is
dominated by particles with a size of 670-1000um, which significantly exceeds the size
of high-grade wheat flour (40-190 um). This affects the water-absorbing ability of the
dough, so it is recommended to increase the humidity of the dough with crushed flax
seedsby 1%. Reducing the size of crushed flax seeds has a negative effect on the quality
of the crumb of the products.

It is noted that crushed flax seeds can be used in the recipe of puff pastry
products. At the same time, the dosage of crushed flax seeds in the amount of 15% by
weight of flour allows not only to increase the nutritional value of the products, but also
to reduce the prescribed amount of margarine per layer.

It has been proven that the application of technological measures helps to
improve the quality of products with flax seeds. It was found that the production of
products on sponge mixing methodwith the addition of flax seeds in to the first phase
leads to an increasing in the specific volume of products by 24 and 29%, respectively,
compared to products, in which seeds are added to the dough. Probably the reason for
this is the interaction of water-soluble flaxseed polysaccharides with gluten proteins and
flour starch in the preferment to form complexes, which show the foaming properties of
polysaccharides during kneading, not just their ability to increase the viscosity of the
dough.

Ehe optimal modes of dough kneading with whole and crushed flax seeds were
studied. The optimal duration of kneading the dough with whole seeds is 5 min at first

speed and 15 min at second speed. With this mode of kneading the volume of products



increases compared to the control sample by 22.4% and improves the characteristics of
the crumb: the crumb becomes more elastic, its porosity is thin-walled, the connection
of flax seeds with bread crumbs is strengthened, the crumb becomes lighter. The
optimal mode of kneading the dough with the addition of crushed flax seeds is 5 min at
the first speed and up to 10 min at the second speed.

The effectiveness of the operation of pre-soaking whole and crushed flax seeds to
improve the quality of bread has been proven. As a result of soaking, flaxseed
polysaccharides are extracted into the liquid phase and when kneading the dough,
entering the dough already in the form of viscous solutions, polysaccharides show their
structure-forming properties due to the transition from kneading to a foamy state from a
viscous gel. In addition, they form complexes with protein substances of flour, which
also leads to the formation of a developed spatial structure in wheat dough.
Optimization of the technological process revealed that when using whole and crushed
flax seeds in the production of wheat bread, it is advisable to use the soaking operation
on the following parameters: ratio of flax seeds and water 1: 2 or 1: 3, water
temperature for soaking 60°C, pre-soaking duration 90...120 min. In the case of these
parameters, the specific volume of bread made with pre-soaked whole seeds increases
by 36% compared to the sample with dry flax seeds, and in the case of pre-soaking
crushed flax seeds - increases by 13.7%.

It was suggested that water-soluble polysaccharides of flax seeds, in the case of
pre-soaking the seeds during kneading the dough form protein-polysaccharide
complexes, changing the protein composition of the dough. This is confirmed by an
increasing in samples with soaking of proteins of lower molecular weight by 60% (for
whole) and 49% (for crushed) compared to samples without pre-soaking. When soaking
both whole and ground flax seeds, the amount of gluten is reduced by 32% and 45%
compared to the corresponding samples without soaking.

The use of soaking both whole and crushed seeds causes a significant reduction in

the duration of the formation of wheat dough.



The results of research have shown that the addition of whole and crushed flax
seeds has a significant effect on the dynamics of carbon dioxide releasing and changes
in the nature of the dynamics of carbon dioxide releasing.

In particular, enrichment of the liquid phase of wheat dough with solutions of flax
polysaccharides, water-soluble protein substances promotes more intensive release of
carbon dioxide and changes the nature of the dynamics of carbon dioxide release in one-
stage fermentation for samples with crushed dry and pre-soaked and dryflax seeds.

It is recommended to reduce the fermentation time for the sample with whole
seeds to 90 minutes, and for samples with crushed and pre-soaked flax products to 60
minutes.

It was noted that the addition of flax seeds increases the viscosity of the system,
which causes a slower heating of the layers of wheat dough during baking and prolongs
the baking time by3...6 minutes compared to the control.

Gravimetric analysis has shown that bread with soaked flax seeds increases the
content of bound moisture, reduces the retrogradation of starch, due to slowing
formation of associations with amylose and amylopectin of gelatinized starch under the
action of the slime-forming flax polysaccharides, which slows down the hardening
process.

Based on the results of research, recipes and technological instructions for new
bakery products have been developed such us «Lonok» bread, «Buterbrodnyi» bread,
«Lliana» bun which contain high-linolenic yellow-seed flax varieties in whole and
crushed form. The introduction of new products is of social importance and will help

expand the range of products with health properties.

Key words: bread, flax seeds, a-linolenic acid, wheat dough, gluten, soaking, crumb
microstructure, bakery products, staling.



