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VY auceprauiiiHiii poGOTI TEOPETUYHO Ta €KCIIEPUMEHTAIBLHO OOIPYHTOBAHO
HEOOXIJTHICTh YJOCKOHAJIEHHSI TEXHOJOrli BUPOOHHUITBA >KUPOBHUX CHUCTEM s
MaprapuHiB 3 MIHIMaJbHUM BMICTOM TpPAaHC-130MEpPIB 1 BU3HAYEHO HEOOXIJIHI
TEXHOJIOT1YHI MPUUOMH 100 11 peatizaliii.

XKupoBi cucTteMu € HEBIJ EMHOIO CKJIAJOBOIO XapuyBaHHS JIOAUHU. Tomy
CydyacHI BHUMOTM JI0 TIJBUILECHHS SIKOCTI Ta Oe3neku OoO0yMOBIIOIOThH
BJIOCKOHAJICHHS BIJIMOBIIHUX TEXHOJIOT1M 1X BUPOOHMIITBA.

CdopMoBaHa KOH'FOHKTYpa 30BHIIIHBOIO 1 BHYTPIIIHBOTO PUHKIB AUKTYE
HEOOXIJTHICTh HApOILyBaHHA TEMIIIB BHUPOOHMIITBA OCHOBHHUX OJIIMHO-KUPOBHX
MPOAYKTIB 3 BUCOKOIO JI0JIaHOI0 COOIBAPTICTIO, 30KpEMa MaprapuHiB.

B 3anexxHoCTI Bii BHUKJIIOYEHHS a00 BIOPOBAIKEHHA TOrO YW I1HLIOTO
KOMIIOHEHTa B pELENTypy >KUPOBOrO MNPOAYKTY, MOKPAIUIy€eThCS ab0 3HAYHO
3MIHIOETBCSL HOro BiacTuBiCTh. HEOOX1IHICTh KOpPEryBaHHs XapyoOBOI'O pALIOHY
CY4YacHOI JIFOJIMHU B HANpPSIMKY 3HUKEHHS B HbOMY YACTKH KHUPIB, SIKI B CBOEMY
CKJIaJ[l MICTSITh HaJIMIPHY KUIBKICTh TPAHC-130MEPIB KUPHUX KHUCIIOT, 00YMOBJIEHA
COLIIAIbBHUM €(EeKTOM CIOKMBAHHS >KUPOBUX MPOAYKTIB MIJABUIIEHOI SKOCTI Ta

CIIPSIMOBAHA Ha 03OPOBJICHHS HACEJIEHHS Y KpaiHU.



JIOLIbHICTh 3HM)KEHHS BMICTY TpaHC-130MepiB B KUPOBHX CHUCTEMax
IPYHTYETBHCSL Ha JIOBEJCHOMY 3B'A3Ky MDXK KUIBKICTIO BKa3aHUX 130MEpiB y CKIaJl
KUPOBUX XapyOBHX TMPOAYKTIB 1 MiJABUIICHHSIM PHU3UKY PO3BUTKY CEPILEBO-
CYIMHHHMX 3aXBOPIOBAHb, & TaKOX XBOpPOO MOpYyLIEHHS MeTabomi3My. 30Kpema,
N1JBULIEHUN BMICT TPaHC-130MepIB OJIOKYE A1I0 JIMOMPOTEiIB BUCOKOI IIIBHOCTI,
IHILIIOIOYM BIJKJIAJICHHS XOJECTEPUHOBHUX OJISIIOK Ha CTIHKaX KPOBOHOCHHX
CYJIMH JIIOJJMHU Ta MPOBOKYIOUU PO3BUTOK aTEPOCKIIEPO3Y.

B poOOTI  IOCTIKEHO KIHETUKY  TPOLECIB 010KaTaJIITUYHOTO
nepeerepu(ikyBaHHd Ta TJILEPOJI3y, HA SKUX IPYHTYETbCS TEXHOJOTIA
BUPOOHHUIITBA JKUPOBUX CUCTEM 31 3HUKEHUM BMICTOM TPaHC-130MEPIB.

3 BUKOPUCTaHHSIM MAaTE€MaTUYHOTO MOJIENIOBAaHHS BCTAHOBJIEHO OCHOBHI
3aKOHOMIPHOCTI KIHETUKHU 010KaTaIITUHYHOTO nepeeTepuikyBaHHs
TpUALMITITINEPUHIB M1 Al€to (epMmenTHoro mnpenapary Novozym 40086 Ta
O10KaTaJITUYHOTO  [JIIUEPOJI3y  TPUALUMIIIILEPUHIB, 30aradyeHux omera-3
MOJIIHEHACUYEHUMH KUPHUMU KUCITOTAMH.

BuszHaueHO KOHCTAaHTHM IIBHAKOCTEH MPSMHUX 1 3BOPOTHUX pEakIiii, Mo
IPOTIKAIOTh Y PEAKUIAHUX CHUCTEMax, a TAKOXX KOHCTAHTH PIBHOBArM KOXKHOI 3
HUX.

Ha ocHOBI oTpuMaHHUX JaHUX PO3pPaXxOBAHO TEPMOJMHAMIYHI MMApaMETPHU Ta
3p00JIEHO BUCHOBKH PO BHECOK KOKHOI 3 peaKIliil B 3arajibHUI MPOLEC Y LIJIOMY.

OtpumaHi pe3yJbTaTH CIYTYBaTUMYTh HAyKOBUM HIAIPYHTAM  JUIS
BCTAHOBJIEHHS! TEXHOJOTIYHUX TMapaMeTpiB BUPOOHULTBA >KUPOBUX CHCTEM 3
MIHIMAJIbHUM BMICTOM TpaHC-130MePiB.

JocnipxeHo 3aKOHOMIPHOCTI npouecy 010KaTaJIITUHYHOTO
nepeerepuikyBaHHd SKUpIB A BIMBoM mpenapary Novozym 40086 Ta
BCTAHOBJIEHO palllOHaJbHI MapaMeTpH TEXHOJIOTIT BUPOOHUIITBA KUPOBUX CHUCTEM

31 3HUKEHUM BMICTOM TPaHC-130MEpIB.



OTpuMaHO MaTeMaTHUYHy MOJIEb, SIKa JO3BOJISIE Ha OCHOBI JAaHHUX PO
KOMIIOHEHTHUM CKJIaJl KUPOBOI OCHOBM MPOTHO3YBAaTH BMICT TBepaoi (a3u B
OpOAyKTax  OlOKAaTaJiTUYHOrO  mepeeTepu(piKyBaHHsI, 1O € OJHUM 13
HaWBaXXJIMBIIIUX CIIOCOOIB OILIIHKM X KOHCUCTEHIIi. Po3pobiieHa Mojienb 103BOJIsIE
BUPILIYBaTH 3BOPOTHY 3aJladyy — BUXOJSYM 3 ILIBOBOI KOHCUCTEHIUIi >KMPOBOTO
IPOJYKTY 3HAXOJIUTU HOTO PELenTypy.

[Toka3aHa MOXJIHMBICTh YJIOCKOHAJIEHHS CKJIaay Ta BJIACTUBOCTEH >KUPOBUX
CUCTEM 31 3HM)KEHHUM BMICT TPaHC-130MEPIB HUIAXOM (DPAKIIOHYBAHHS MPOAYKTY
O10KaTaJIITUYHOTO NIepeeTepruPiKyBaHHS.

Po3pobsieHo mMaremMaTHuHy MOJIEb, SKa JI03BOJISIE, BUXOASYM 3 JAHUX IPO
KOMITOHEHTHUH CKJIaJ] 0JIEOTEJIIB MPOrHO3YBAaTH 1X TEPMOCTaOUIbHICTB. [Ipu boMy
OyJI0 3aCTOCOBaHO METOJOJOTII0 MOBEPXHI BIJKIMKY, @ BU3HAUCHHS HEBIJIOMHUX
3HAYE€Hb BEKTOpa MapaMeTpiB 3/1MCHIOBAIOCH IUIIXOM 3aCTOCYBAaHHS aJITOPUTMIB
perpeciiiHoro aHanizy.

AHaJli3 OTPUMAHUX 3aJEKHOCTEH JO3BOJIMB 3pPOOUTH BHCHOBOK, IO
30LIBIIEHHST B pPELeNnTypl oJieoreniB BMICTY OmxonuHoro Bocky Bin 0,30 nmo
3,30 % Mac. 00yMOBIIIO€ 3pOoCTaHHs TepMmocTabuibHOCTI. [lomanbiie miBUIICHHS
BMICTY BKa3aHOTO KOMIIOHEHTa HE € palllOHAJbHUM, OCKUIBKA MPAKTUYHO HE
BIUIMBA€ Ha BIAKIMK. Pa3oM 3 TUM NIpH BapitOBaHHI BMICTY TPUIAJIbMITUHY BiJl
0,30 mo 3,10 % mac. cnoctepiraeTbcs 30UIBIIEHHS TEPMOCTAOLIBHOCTI, a MpHU
NOIaJIbIIOMY MIJBUILIEHHI — 3MEHIIEHHS [HOTO MOKA3HUKA.

Busznaueno paiioHasibHI 3HAYEHHS MAaCOBUX YacTOK KOMIIOHEHTIB
0JIEOTeJIIB: BMICT OJIKOJMHOTO BOCKY 3,27 % mac.; BMicT TpunansMituny 3,07 %
Mac. Ta BMIiCT MoHoaumiarmineputis 4,70 % mac. [lpu 1ux 3HaYeHHAX JOCATAETHCA
MaKCHMaJIbHE 3HAYECHHSI KOe(ilI€EHTa TEPMOCTA01IbHOCTI.

[loka3aHo, 1O KUIBKICTh Me30(UIbHUX aepoOHUX 1 (HaKyJIbTaTUBHO-
aHaepOOHUX MIKPOOPraHi3MiB B M’SIKHUX MaprapuHax Ha OCHOBI KMPOBUX CHUCTEM

31 3HDKEHUM BMICTOM TpaHc-130MepiB mpoTsromM 60 ai6 30epiranns Oyna HUXK4YE 32



BCTAHOBJICHI CTAHIAPTOM HOPMH 1 3HAXOIWINCH HA PiBHI He BHue HiX 3,410,
TOOTO OUIBII HIXK HAa MOPSAOK MEHILE 32 HOPMAaTUBHMM moka3sHuk. Kpim toro, y
0,01 r mocmimkenux 3pa3kiB He BusBieHO BI'KII, a KiiIbKICHI NMOKa3HUKHU
HAsIBHOCTI TUTICHSABUX TPUOIB Ta IPIXK/KIB TAKOXK HE MEPEBUILYBATU HOPMHU.

3anponoHOBaHO TEXHOJOTIYHY CXeMY BHUPOOHHMIITBA M’SKHMX MaprapuHiB 3i
3HMKEHUM BMICTOM TPaHC-130MePiB KUPHUX KUCIIOT.

Haykoea noeuzna ompumanux pe3yiomamie MOJSTa€ y TOMY, 1O BIIEpILIE:

— BCTaHOBJIEHO OCHOBHI 3aKOHOMIPHOCTI Tmiepediry OiloKaTaliTHYHUX
IPOLIECIB, 110 JEXATh B OCHOBI TEXHOJOTIi BUPOOHUUTBA >KUPOBUX CHCTEM 31
3HMKEHUM BMICTOM TPaHC-130MEPiB;

— BU3HAYEHO paiioHaJIbHI napamMeTpu 010KaTaJIITUHYHOTO
nepeerepudikyBaHHs KUPIB N Ai€ro pepmeHTHOro npenapaty Novozym 40086;

— po3po0JIEHO MaTeMaTHU4Hy MOJIENb, sIKa J03BOJIIE HA OCHOBI JAHUX IPO
KOMITOHEHTHUH CKJIaJ *UPOBOi CUPOBUHM MPOTHO3YBATH BMICT TBEpAoi (a3u 3a
PI3HUX TeMIlepaTyp B MPOIYyKTax 010KaTaAIITUYHOTO NepeeTeprudiKyBaHH,;

— BCTAHOBJICHO KIJIBKICHI 3aJI€KHOCTI TEPMOCTAOUIHLHOCTI OJICOTENIB Bij
peLenTypHOro CKJIaay ix AucnepcHoi dasu.

lIpakmuune 3HaueHHs OMPUMAHUX pe3yTbmamis AJisl ONMHO-KUPOBOT rary31
MOJISITA€ Y CTBOPEHHI MEPCIEKTUBHOI TEXHOJOTi XKUPOBUX CHUCTEM 31 3HM)XCHUM
BMICTOM TpPaHC-130MEPIB 3 BUKOPUCTAHHAM MPOAYKTIB OlOKAaTATITUUHHUX DPEaKI1i
Ta OJeorediB. 3alpolOHOBAHO PELENTYypU €MYJIbCIMHUX NpPOJYKTIB Ha OCHOBI
PO3p00IIEHUX KUPOBUX cucTeM. Po3pobiieno HopmaTuBHui Matepian: TY ¥V 10.4 —
02071180 — 155 :2019 Ha HOBUH BUJ NPOAYKTYy — Maprapud M’ skuil «Hosemn» 3
MOJIOB’KEHUM TEPMIHOM 30€piraHHs.

Pesynbrat nucepraiiiiHoi poOOTH BOPOBAKEHO Y HABYAJIBHUWA MPOIIEC
Kadeapu TEeXHOJIOTi JKUPIB Ta MPOAYKTIB OpoAiHHsA HalioHanbHOro TEXHIYHOTO

YHIBEPCUTETY «XapKIBChbKUW MOMITEXHIYHUN IHCTUTYTH.
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ABSTRACT

Gudz O.M. The improvement of the technology of fatty systems with
the reduced content of trans fatty acids for margarines. — Qualification scientific
work with manuscript copyright.

The thesis for a candidate of technical science degree by speciality
05.18.06 — technology of fats, essential oils and perfume-cosmetic products. —
National Technical University «Kharkiv Polytechnic Institute», The Ministry of
Education and Science of Ukraine, Kharkiv, 2019.

In the dissertation the need of improvement of the production technology of
fatty systems for margarines with minimal content of trans-isomers has been
theoretically and experimentally substantiated and the necessary technological
techniques for its implementation have been determined.

Fatty systems are the integral part of human nutrition. Therefore, the modern
demands for quality and safety require the improvement of the respective
technologies for their production.

The formed conjuncture of the foreign and domestic markets dictates the
need to increase the production rate of major fat-and-oil products with high added
cost, in particular margarines.

Depending on the exclusion or introduction of a component in the
formulation of the fatty product, its property is improved or significantly changed.
The need to adjust the diet of modern humans in the direction of reducing the
proportion of fats, which in their composition contain an excessive amount of
trans-isomers of fatty acids, arises from the social effect of consumption of high-
quality fatty products and aims at improving the health of the population of
Ukraine.

The feasibility of reducing the content of trans-isomers in fatty systems is
based on the proven relationship between the content of these isomers in the

composition of fatty foods and the increased risk of cardiovascular disease, as well



as diseases of metabolic disorders. In particular, the increased content of trans-
isomers blocks the action of high density lipoproteins, initiating the deposition of
cholesterol plaques on the walls of human blood vessels and provoking the
development of atherosclerosis.

The kinetics of the processes of biocatalytic interesterification and
glycerolysis, on which the technology of production of fatty systems with reduced
content of trans isomers is based, has been investigated.

The basic regularities of kinetics of biocatalytic interesterification of
triacylglycerols under the action of the enzymatic preparation Novozym 40086 and
biocatalytic glycerolysis of triacylglycerols enriched with omega-3 polyunsaturated
fatty acids have been determined using mathematical modeling.

The rate constants of the forward and reverse reactions occurring in the
reaction systems and the equilibrium constants of each of them have been
determined.

Based on the obtained data, the thermodynamic parameters have been
calculated and conclusions have been made about the contribution of each of the
reactions to the overall process as a whole.

The results obtained will serve as the scientific basis for the determination of
technological parameters for the production of fatty systems with a minimal
content of trans-isomers.

The regularities of the process of biocatalytic interesterification of fats under
the influence of Novozym 40086 have been investigated and rational parameters of
technology of production of fatty systems with reduced content of trans-isomers
have been established.

A mathematical model has been obtained, which allows to predict the solid
phase content of biocatalytic interesterification products, which is one of the most

important ways of estimating their consistency, based on data of the fat base



composition. The developed model allows to solve the inverse problem — based on
the target consistency of the fat product to find its formula.

The possibility of improving the composition and properties of fat systems
with reduced content of trans-isomers by fractionation of the product of
biocatalytic interesterification has been shown.

A mathematical model has been developed that allows to predict oleogels
thermal stability based on the their component composition. The response surface
methodology was applied, and the unknown values of the parameter vector have
been determined by applying regression analysis algorithms.

The analysis of the obtained dependences made it possible to conclude that
the increase in the oleogel formulation of the content of beeswax from 0.30 to
3.30% of the mass. causes an increase in thermal stability. Further enhancement of
the content of the specified component is not rational, as it practically does not
affect the response. However, when varying the content of tripalmitin from 0.30 to
3.10% of the mass. there is an increase in thermal stability, and with a further
increase — a decrease in this indicator.

The rational values of the mass fractions of oleogel components have been
determined: the content of beeswax is 3.27 wt%; the content of tripalmitin 3.07%
of the mass. and the content of monoacylglycerols 4.70% wt. At these values, the
maximum value of the coefficient of thermal stability is reached.

It has beem shown that the number of mesophilic aerobic and optional
anaerobic microorganisms in soft margarines based on fatty systems with reduced
content of trans-isomers during 60 days of storage was below the standard and
were not higher than 3.4 - 10°, i.e. more than an order of magnitude less than the
norm. In addition, 0.01 g of the tested samples did not show CGB, and quantitative
indicators of the presence of molds and yeast also did not exceed the norm.

The process operational diagram for the production of soft margarines with

reduced content of trans-isomers of fatty acids has been proposed.



The scientific novelty of the obtained results is that for the first time:

— the basic regularities of the course of biocatalytic processes underlying the
technology of production of fat systems with reduced content of trans-isomers have
been established;

— rational parameters of biocatalytic interesterification of fats under the
action of the enzyme preparation Novozym 40086 have been determined;

— a mathematical model has been developed that allows to predict the
content of the solid phase at different temperatures in the products of biocatalytic
interesterification on the basis of data on the component composition of fatty raw
materials;

— quantitative dependences of thermal stability of oleogels on the
formulation composition of their dispersed phase have been established.

The practical significance of the results for the fat-and-oil industry consists
in the developing of promising technology of fatty systems with reduced content of
trans-isomers using products of biocatalytic reactions and oleogels. Formulations
of emulsion products based on developed fat systems have been offered. The
standard manual has been developed: TUU 10.4-02071180-087: 2019 for a new
type of product — soft margarine "Novel" with extended shelf life.

The results of the dissertation have been introduced into the educational
process of the Department of Technology of Fats and Fermentation Products of the
National Technical University "Kharkiv Polytechnic Institute".

Keywords: biocatalyst, interesterification, kinetics, optimization, oleogel,
margarine.
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